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Abstract

Protease is an enzyme that conducts proteolysis and receives high attention as the most important
enzyme in many industries. The enzymes find applications in waste treatment, bioremediation process,
detergents and leather industry. However, the search for microbial sources of novel proteases in
natural diversity is a promising area of interest for researchers. In the present research work, protease
producing microorganisms were isolated from soil samples collected from three different locations in
Petaling Jaya region from soil surface and at depths of 15 cm. The isolated organisms screened for their
protease generating abilities by using the skim milk agar experiment. The isolates that gave high positive
results in screening identified as Aspergillus sp., Rhizopus sp., Fusarium sp., and Mucor sp. by analyzing
the colonies morphology and using lacto- phenol cotton blue (LPCB) staining technique. Among these
isolates, Aspergillus sp. 14L3S which isolated from soil surface demonstrated the highest protease
activity indicated by the clear zone around the colony which is incubated at room temperature and
maintained a pH of about 6.0 for 96 hours. The results showed that among the isolates four fungi had
great potential to be used for the production of protease enzymes and upscale for industrial production.
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INTRODUCTION

Animals, plants and microorganisms
produce protease and have an important role in
numerous physiological as well as pathological
processes like catabolism of protein, cell growth
and migration, blood clotting, estimates of tissue
morphogenesis in development, tumor growth and
metastasis, inflammation, hormone production,
activation of zymogens, and the pharmacologically
active peptides from the precursor protein, and
that protein transport across the membrane
(Sawant & Nagendran., 2014; Souza et al.2015).
Extracellular proteases help catalyzes the proteins
hydrolysis in the form of minor peptides as well
as amino acids for final cells immersion, forming
a highly significant step in the nitrogen metabolic
processes (Sabotie & Kos, 2012; Souza et al.2015).

According to a recent study, the vast
majority of industrial enzymes currently used
are hydrolytic in action, with the use of it in the
degradation of natural materials. Protease enzyme
remained the dominant type, because of the fact
thatitis used by the vast majority of the industries.

Proteases (peptidases or proteolytic
enzymes) are a group of enzymes that catalyse
the hydrolysis of peptide bonds (Aladdin et al.,
2017). Protease has been categorized based
on several standards, proteases are classified
according to the position of the peptide bond
cleaved into two major groups as exopeptidases
and endopeptidases (El Enshasy et al., 2016;
Prassas et al., 2015]. They can also be classified as
the acidic range (pH 2.0 to 6.0), neutral (pH 6.0 to
8.0) or alkaline proteases (pH 8.0 to 13.0) (Souza
et al,, 2015; 10Aladdin et al., 2017)

By emphasis, there are a lot of merits and
benefits while using different enzyme biocatalysts
with conventional chemicals. Considering that,
the most important achievement made by using
biocatalysts in preceding periods is chemical-
free industrial processes that contribute to
environmental degradation and pollutions (Xu et
al., 2011; Sawant & Nagendran, 2014; Kumar &
Jain 2017).

In other words, they are molecules
with a higher amount of substrate specificity
of biochemical processes that result in efficient
product formation (Xu et al., 2011). For microbes
and soil biological activity is considered an active

medium with numerous microorganisms that
exist in the soil, and they relied on a number of
ecological factors (Willey et al., 2009).

The enzyme that carries out proteolysis
is the protease which represents almost 60% of
the total enzyme markets (Deng et al., 2010; (Xu
et al., 2011; Sawant & Nagendran., 2014; Kumar
& Jain 2017). This enzyme plays an important
role in a variety of applications in the medicine
formulations, detergents, leather industry
(Paul et al., 2016), and other processes such as
waste treatment (Savitha et al., 2011; Sawant &
Nagendran., 2014; Souza et al.2015). In addition,
the protease has application in food processing,
brewing, grain mashing, milk freezes enzyme used
to turn milk into products like cheese, and in terms
of changing the properties of viscoelastic dough in
baking and the production of protein hydrolysates
(Veloorvalappil et al., 2013; Kumar & Jain 2017);
Kumari et al., 2012).

In the microorganisms, which is the most
common source of commercial enzymes due to
the nature of their physiology and biochemistry,
facile cultural conditions, and ease of manipulation
of the cells. Moreover, the fungus is generally
considered as a good strain for the production
of protease enzymes. They are simpler to be
regenerated from mold fermentation broth of
the genus Aspergillus, Penicillium, and Rhizopus.
They are very valuable for protease production
(Vishwanatha et al. 2009; Kumar & Jain 2017).

Fungal protease has attracted
the attention of experts of environmental
biotechnology since fungi can grow on low-cost
substrates and secrete huge quantities of the
enzyme into the culture medium. Production of
fungal protease has advantages over bacterial
protease as mycelium may be easily detached by
filtration (Kumar & Jain 2017; Souza et al.2015
Anitha & Palanivel, 2012; Vishwanatha et al.,
2010b; Anitha & Palanivelu, 2013).

An early stage in the development of
industrial fermentation process isolated different
organisms for the production of protease in the
large-scale (Germano et al., 2003). In the current
investigation, the fungal protease is isolated from
soil samples at the surface and a depth of 15 cm
under a banana tree.
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METHODOLGY
Sample Collection

The soil samples were collected from the
surface of the soil and at a depth of about 15 cm
and taken with the help of a sterilized hand trowel
was used to collect about 100 g each of the top
soil and depths according to Oyeleke et al., (2010).
The hand trowel was applied perpendicular to the
vertical surface of the profile (Azaz, 2003), where
all soil samples were collected in a sealed plastic
bag and labeled as sample L1, L2, and L3.

The samples were collected from
Persiaran Tropicana Petaling Jaya Jalan BU 11/17
(L1) loring 14/47 Petaling Jaya (L2) behind Surau
Assamad Jalan PJU 1A/4A- Petaling Jaya Malaysia
(L3) as shownintable 1, all the samples specially
collected under the banana trees. The samples
kept at 42C until process.

Soil samples

Soil samples of Persiaran Tropicana
Petaling Jaya Jalan BU 11/17 (L1) were low-
lying area and the soil saturated with moisture
waterlogged, While other soil samples from
loring 14/47 Petaling Jaya (L2) and behind Surau
Assamad Jalan PJU 1A/4A-Petaling Jaya (L3) were
sandy and dry.

Isolation and purification of fungi

The serial dilution technique are used for
the isolation of fungi from the soil (Kutateladze et
al., 2016; Waksman, 1922) The twenty-five grams
of the soil samples were mixed with a solution 225
ml of 1% peptone water (Choudhary & Jain, 20123;
Sharpley, 1966; Mohanasrinvasan et al., 2012) with
some modification.

Five screw cap test tubes with nine ml
distilled water were autoclaved and arranged into
the laminar flow hood for further processing, and
serial dilutions were made from 10%, 103, and 10°°.
First, third and fifth dilution were used to obtain
fungal colonies. Then one milliliter (1ml) of soil
suspension from the third dilution was taken and
spread on the Potato Dextrose Agar (PDA) media
plates using a glass rod spreader, sterilized by
dipping in 70 % ethanol and flaming. The plates
were incubated at room temperature (27°C) for
5 days, after spreading (Oyeleke et al., 2010;
Choudhary & Jain, 2012).

A mixture of various soil-borne fungi
was grown on PDA medium, and a single spore
of each fungus transferred to new PDA medium,

plate by a sterilized needle for isolation of pure
culture. After ensuring purity, the cultures were
subcultured on PDA plates and allowed to grow
for a period of 5-7 days and subsequently stored
at 42C as stock cultures (Cappuccino & Sherman,
2008; Mohanasrinvasan et al., 2012).

Potato dextrose agar (PDA) preparation

Suspend 39 g of the Potato Dextrose
Agar (PDA) medium (Oxoid, England) in 1000 ml of
distilled water. Autoclaved at 121°C for 15 minutes
then poured into plates. The plates were sterilized
in fume hood cabinet.

Preparation of Skim Milk Agar (SMA)

Skim milk agar medium (Oxoid, England) is
used for primary screening of protease producing
fungi by mixing 25 g of nonfat dry milk was mixed
with 250 ml of distilled water. The mixture was
stirred thoroughly and autoclaved at 121°C for 15
min. The pH of the medium adjusted by using the
pH meter (OMEGA, England) maintained at pH 6,
the suspension of 2.5% agar (Oxoid, England) used
for solidification were autoclaved at 121°C for
15 min. For plating, skim milk and agar solutions
were held in a water bath at 50°C and then the
skim milk was poured into the agar flask and
mixed thoroughly. To restrict the bacterial growth
1 mg/1000 ml ampicillin (Duchefa Brochemie
B.A, Netherlands) was added to the media. The
skim milk agar was poured quickly into plates
then kept at 4°C until used (Pailin et al., 2001;
Mohanasrinvasan et al., 2012).

Lacto phenol cotton blue

Lactophenol Cotton Blue stain was used
(Sigma-Aldrich, Germany) to study the microscopic
characteristics of fungi, a drop of lactophenol
solution was placed onto a clean slide. The needles
were sterilized in the bunsen burner, the small
amount of fungal culture was removed from the
edge of the colony with taken a little of the agar
medium together with the fungus. The fungal
culture was spread onto a slide by using second
needle in order to tease out the fungal structures.
The needles sterilised in bunsen flame (Holt et al.,
1994; Leck, 1999; Mohanasrinvasan et al., 2012).
Screening for protease production

Skim milk agar medium is used for
screening of protease production by fungi
(Namasivayam & Nirmala, 2013; Ayob & Simarani,
2016; Vijayaraghavan & Vincent, 2013). The pure
culture isolates were streak on the skim milk agar

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Maitig et al. J Pure Appl Microbiol, 12(4), 2059-2067 | Dec. 2018 | http://dx.doi.org/10.22207/JPAM.12.4.42

plates and incubated at room temperature (27°C)
for four days. Then the appearance of clear zone in
the medium around the colony indicates protease
activity. The zones diameter were measured in
mm and results are recorded (Warcup, 1950;
Abe et al., 2015). The enzymatic index (El)
expressed as R/r, which R is the degradation zone
diameter and r is the colony diameter (Hankin &
Anagnostakis, 1975; Abe et al., 2015). The species
that exhibits maximum clear zone selected for
further identification.
Identification of isolated fungi

The isolated fungi were subcultured on
PDA and allowed to grow and sporulation. Then
from their colony and morphological characteristics,
the fungi were identified. Lactophenol cotton
blue stain used as the mounting fluid. The slides
observed under the microscope then fungi were
identified by following the mycological literature
(Mohanasrinvasan et al., 2012; Bradner et al.,
1999). The following morphological characteristics
evaluated the colony growth (length, width,
presence or absence of aerial mycelium, colony
color, a presence of wrinkles and furrows, and
pigment production) (Tarman et al., 2011). The

Table 1. Different soil samples from Petaling Jaya.

characteristics were compared with the standard
description in Bergey’s manual of determinative
bacteriology (Holt et al., 1994; Malloch, 1981).

RESULTS

The fungal isolates were isolated
using PDA agar plates was incubated at room
temperature (27°C) for five days. Forty four (44)
fungi were isolated from the soil samples as in
Table 2. The isolates had different morphological
characteristics, different colony colors and
different colony sizes. The average incubation time
was five days to observe the full growth on the agar
plates. The total of 44 fungal isolates were isolated
from different soils, collected from (L1) [Persiaran
Tropicana Petaling Jaya Jalan BU 11/17] gives the
highest isolates number of about 19 isolates (from
surface with at depths 15cm), while location three
(L3) [Jalan PJU 1A/4A- Petaling Jaya] which had 13
isolates and the lowest number of isolates studied
at location two (L2) [loring 14/47 Petaling Jaya].
The surface of the soil showed the higher number
of isolates in comparison with the 15 cm depth in
the soil (Table 2).

Site

Code

Persiaran Tropicana Petaling Jaya Jalan BU 11/17( surface)
Persiaran Tropicana Petaling Jaya Jalan BU 11/17, (15 cm depth)

loring 14/47 Petaling Jaya, (surface)

loring 14/47 Petaling Jaya, (15 cm depth)
Jalan PJU 1A/4A- Petaling Jaya (surface)
Jalan PJU 1A/4A- Petaling Jaya (15 cm depth)

L1S
L1D
L2S
L2D
L3S
L3D

Table 2. Location of soil samples

Sample  Number of Location Percentage of
isolates total isolates
L1S 11 Persiaran Tropicana Petaling
Jaya Jalan BU 11/17 25%
L1D 8 Persiaran Tropicana Petaling
Jaya Jalan BU 11/17 18.18 %
L2S 7 loring 14/47 Petaling Jaya 15 %
L2D 5 loring 14/47 Petaling Jaya 11.36 %
L3S 7 Jalan PJU 1A/4A- Petaling Jaya 15 %
L3D 6 Jalan PJU 1A/4A- Petaling Jaya 13 %
Totals 44

*S= soil surface, D=15 cm depth in soil, L=location
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The fungal isolates were screened for their
ability to produce protease enzymes. Majority of
the isolates showed protease production activity
as shown in Table 3. The maximum production
observed after 96 hours. Based on the skim milk
agar experiment for protease detection, total
of eight isolates from the soil at 15 cm depth
exhibited protease production activity while seven
isolates from the surface produced high protease
enzymes. Among the protease producing fungi,
six were isolated from location two (loring 14/47
Petaling Jaya), five from location three (Jalan PJU
1A/AA- Petaling Jaya), and four samples isolated
from location one (Persiaran Tropicana Petaling
JayaJalan BU 11/17). Isolate 14L3S demonstrated
the highest protease activity followed by 6L1D,

24 hours 72 hours

D
Fig. 1. Clearance Zone diameter around the fungal isolates A) 14L3S, B) 6L1D, C) 5L2S, and D) 9L2D.

5L2S and 9L2D as seen by the clear zone around
the colonies (Figure 1). At 48 hours 14L3S isolate
zone was 12.75 mm and increased to 15.75 mm
after 72 hrs, then reached to 17 mm after 96 hrs.
17L1D did not show any protease production
activity at 48 hrs, while the protease production
started after 72 hrs to finally reach 3.25 mm after
96 hrs.

Fungi 8L2D and 10L1D did not develop any
significant increasing in the protease production
from the 48 hrs till 96 hrs. Fungi 9L2D protease
activity increased more than 100% after 96 hrs
of incubation. All the protease producing isolates
showed clear zones around their colonies with
variation in the diameters as in Table 3.

96 hours
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The enzyme activity was estimated by
the presence of a clear zone around the colonies.
Among 15 fungi which shows protease activity,

Table 3. Clearance zone diameter around the fungal
colonies

Isolates Protease activity Diameter of the

Zone clearance (mm)

48 hrs 72 hrs 96 hrs
1L3S 3 4 4.5
2L3D 2.5 6.75 7.5
3L2D 1.25 2.75 4.0
412D 2.75 3.25 4.75
5L2S 6.25 8 11.5
6L1D 4 10 13.25
8L2D 6.5 7 7.0
9L2D 4.25 5 9.75
10L1D 2 2.25 2.5
11L1S 3.5 3.75 7.0
14L3S 12.75 15.75 17
15L3S 1.75 1.75 2.0
17L1D 0 1.5 3.25
18L2S 5.5 4.25 5.75
19L3S 3.5 4.5 3.0

*S=soil surface, D=15 cm depth in soil, L=location

the isolate 14 L3S exhibited the highest of enzyme
activity (2.09) based on the ratio of diameter of
clearing zone and colony, while the isolate 19 L3S
showed the lowest activity (1.07) as in Table 4.

The fungal isolates from the different
soil samples were examined by using the lacto-
phenol cotton blue (LPCB) wet mount preparation
method in compensation with their morphological
characteristics. Out of 15 isolates that showed
protease activity, four were identified as follows,
14L3S isolate identified as Aspergillus. sp, isolate
6L1D belonged to Rhizopus. sp, isolate 5L2S
belonged to Fusarium. sp, and isolate 9L2D
identified as Mucor. sp (Table 5).

For the identification of isolated fungal
species which shows highest production of
extracellular protease were done based on
macroscopic and microscopic characteristics as
shown in isolate 14L3S as Aspergillus sp., isolate
6L1D Rhizopus sp, isolate 5L2S Fusarium sp, isolate
9L2D also Fusarium sp. The identified fungal
samples are listed in table 5.

The production of protease enzyme at
different time, which shows the highest production
by Aspergillus sp. at 96 hours followed by Rhizopus
sp., Fusarium sp., Mucor sp.

Table 4. Enzyme index of the 15 positives isolated from surface and depths of soil

Isolates Clear zone Colony Enzyme index (EI) =
diameter (mm) diameter (mm) Clear zone diameter/
Colony diameter
Incubation hours
48 72 96 48 72 96 48 72 96

1L3S 13.5 17.5 24 10.5 13.5 19.5 1.3 1.29 1.23
2L3D 7.25 10.5 18 4.75 3.75 10.5 1.5 2.8 1.71
3L2D 8.75 12 17 7.5 9.25 13 1.2 1.29 1.30
412D 11 15.75 23.25 8.25 12.5 18.5 1.3 1.26 1.29
5L2S 13.5 19 29 7.25 11 18 1.9 1.72 1.61
6L1D 11 20.5 26 7.0 10.5 12.75 1.6 1.95 2.03
8L2D 13.75 21.25 35.5 7.25 14.25 28.5 1.9 1.49 1.24
9L2D 12 16.75 23.5 7.75 11.75 13.75 1.5 1.42 1.70
10L1D 8.0 10.5 13.5 6.0 8.25 11.0 1.3 1.27 1.22
11L1S 10.5 15.75 26.75 7.0 12.0 19.75 1.5 1.31 1.35
14L3S 19.25 24.75 32.5 6.5 9.0 15.5 3.0 2.75 2.09
15L3S 7.25 11.25 16.25 5.5 9.5 14.25 13 1.18 1.14
17L1D 6.0 8.0 12.0 6.0 6.5 8.75 N 1.23 1.37
18L2S 15.75 20 28.75 10.25 15.75 23 1.5 1.26 1.25
19L3S 10.5 22.25 42 7.0 17.75 39 1.5 1.25 1.07
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Table 5. Identification of isolated fungi

Isolates code Fungi

1413S Aspergillus sp.
6L1D Rhizopus sp
5L2S Fusarium sp
9L2D Mucor sp

DISCUSSION AND CONCLUSION

In the current study, a total of 44 fungi
were isolated from six soil samples, and the focus is
to choose fungi that have different characteristics.
Fungal strains belonging to different genera and
exhibited variation in protease activity. Isolates
identified from their morphological characteristics,
Aspergillus sp. colonies are green to gray and
small, Rhizopus sp. has a large white settlement,
Fusarium sp. also white, but a small colony, and
Mucor sp. a colony of medium size white and
yellow on the back.

Results of the clear zone around the
isolates showed that Aspergillus sp. shows highest
protease activity compared with other isolates
in this study. The area formed by the digestion
of proteins with multiple protease enzymes
produced by the isolates, sources of protein are
from skimmed milk added to it to determine the
production of protease by strains, zone showed
greater digestibility higher activity (Cappuccino &
Sherman, 2008). The protease enzymes activity
increased from 48 hrs to 96 hrs of incubation and
after the point that the production of enzyme was
forced to stop because there is no increase in the
emission zone is observed. This may be caused
by nutrient stress, aging culture, accumulation
of toxic end products, and moderate protein
degradation by protease.

The Aspergillus niger showed maximum
activity at a temperature of 27°C, maximum
protease production was also observed at 32° Cis
shown by the size of the zone around the colonies
(Dubey et al., 2010). . The study found that the
protease activity showed maximum activity at pH
6 media used for the experiment. Results clearly
showed that the fungus isolated prefer a lower
pH for growth and protease production. But in
another study reported (Tharwat et al., 2014) that
Aspergillus. fumigatus showed that the optimum
pHis 11. Hussain et al. (2010) have found that the

optimum pH is from 7-11 for the production of
serine protease by Aspergillus terreus. Optimum
protease activity from Aspergillus oryzae was
found at pH 8-9 (Samarntarn et al., 1999). In
another study, the optimal pH of 7 has been
reported to Aspergillus flavus (Dubey et al., 2010),
but Ali (1992) have found that the optimum pH
is 6 for the protease produced by Aspergillus
fumigatus, it is similar to our study, the Aspergillus
sp. protease showed the highest activity at pH 6.

In the current study, a total of 44 fungi
were isolated from six different samples, and
the focus is to choose fungi that have different
characteristics in order to avoid repeating the
isolates from the soil surface and 15 cm deep.
Fungal isolates belonging to different genera and
variation exhibited in protease activity. Protease
which has been produced from the isolated
fungi, Aspergillus sp. isolated from the surface
using room temperature (27°C) provided high
production in a relatively short incubation period.

Our research revealed that the fungi
isolated from the soil in three different locations
under banana trees has protease activity
determined by skim milk agar method. Based on
the microscopic observations, the 14L3S fungi
isolate was identified as Aspergillus sp., then 6L1D
fungi isolate was identified as Rhizopus sp, after
that 5L2S fungi isolate was identified as Fusarium
sp., and 9L2D fungi was identified as Mucor sp.
Aspergillus sp. resulted in the highest production
of the active protease as indicated by the halo
hydrolysis zone formed around the colony. This
study has given a hint that microbial wealth of
protease producing fungi isolated from soil can
harness for biotechnological processes.
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