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Abstract: The effect of temperature, pH and metal ions on the activity and stability of crude protease
from Bacillus licheniformis MZK03 was studied. The fermentation in shake culture revealed that
maximum level of enzyme was produced at 37°C and pH 8.5 after 39 hr at 120 rpm. It lost its activity
rapidly above 50°C and half-life of the protease at this temperature was 50 min with optimum activity
at 40°C. It was most stable at pH 8.5 and lost its activity rapidly above pH 10.0, and at pH 11.0 reached
30% of the activity obtained at pH 9.0. The enzyme lost its activity completely at pH 13.0. Optimum
proteolytic activity was found at 40oC and pH 9.5. The enzyme activity was accelerated by the addition
of Mg2+, Ca2+ and Mn2+, whereas it was inhibited by Hg2+.
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Introduction

Proteases represent the class of enzymes,
which occupy a pivotal position in respect to their
physiological roles as well as their commercial
applications [1]. The current estimated value of
the worldwide sales of industrial enzymes is US
$1 billion; among them 75% are hydrolytic [2,3].
The vast diversity of proteases, in contrast to the
specificity of their action, has attracted world-
wide attention in attempts to exploit their physi-
ological and biotechnological applications [1].
Proteases have a long history of application in
the food and detergent industries, and a relatively
new development is the use of protease in the
leather industry for dehairing and bating of hides
to substitute currently used toxic chemicals in
the leather industry [4]. Biotechnological produc-
tion of this enzyme locally can at best save for-
eign currency each year but its successful appli-
cation in the leather industry and bioremediation

is bound to replace the usage of harsh chemicals
thus curtailing environmental pollution. In view
of the recent trend of developing environmen-
tally friendly enzymes, proteases are envisaged
to have extensive applications in leather process-
ing and in several bioremediation processes. Pre-
liminary study of this cell-free enzyme prepara-
tion proved to be very promising in its applica-
tion in pre-tanning and feather solubilization (to
be published elsewhere). Proteases occur ubiq-
uitously in animals, plants and microbes. How-
ever, microbes are the goldmine of protease pro-
duction and the most significant source compared
with animal or plant proteases [5]. Proteases from
Bacillus stearothermophilus, B. subtilis and B.
licheniformis have been marketed but most of
the development of these works is patented. So
to develop our own strain, we investigated the
protease of B. licheniformis MZK03 that was iso-
lated and identified from the local environment
[6].
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Materials and Methods

Microorganisms and growth conditions

Bacillus licheniformis MZK03 was isolated
and identified by 16 S rRNA gene sequence
analysis [6]. The organisms were then studied
for their ability to grow on casein containing solid
medium to determine their caseinolytic activity
as protease enzyme potential. In this medium,
they were cultured at 45ºC for 48 hr. The strain
was preserved at 70ºC  in the Department of
Microbiology, University of Dhaka. A single
colony was tansferred into screw cap test tube
containing 5.0 ml of nutrient broth to obtain fresh
inoculums, and was incubated for 24 hours at
37°C in an orbital shaker.

Fermentation

A 5.0 ml portion of the above inoculums
was transferred to 100 ml of alkaline protease-
producing broth (APPB) consisting of 10.0 g of
glucose, 5.0 peptone g, 5.0 g yeast extract, 5.0 g
K2HPO4, 0.1 g MgSO4.7H2O and 1000.0 ml
distilled water in several 500 ml Erlenmeyer
flasks. The inoculated medium was placed in a
thermostatic orbital shaker for 42 hrs at 37°C
and 120 rpm. Samples were withdrawn at
different time intervals and centrifuged at 4000´g
for 25 minutes. The cell free supernatant was used
as a crude enzyme preparation. Protease activity
was determined with azocasein as  substrate by
a modified procedure described by Kreger and
Lockwood [7]. One unit of protease activity was
defined as the amount of enzyme that produces
an increase in absorbance of 0.01 under the above
assay condition. Soluble protein in the culture
supernatant was estimated according to the
Bradford method [8].

Optimization of the Cultural Conditions for the
Production of Alkaline Protease by Bacillus
licheniformis MZK03 in shake culture

To determine the optimum incubation time

for alkaline protease production by the strain, B.
licheniformis MZK03, fermentation was carried
out at 37°C and 120 rpm in an orbital shaker
and the samples were collected at different time
intervals. The supernatant was separated by
centrifugation for 30 min at 4000 xg for the
determination of alkaline protease activity as well
as soluble protein estimation.

To detect the effect of different initial pH
on the production of alkaline protease by B.
licheniformis MZK03, the pH of the fermentation
broth was adjusted to 6, 6.5, 7, 7.5, 8, 8.5, 9, 9.5
and 10 separately with NaOH in 500 ml
Erlenmeyer flasks. The fermentation was carried
out for 42 hrs at 37°C and 120 rpm in an orbital
shaker.

To investigate the effect of different
temperatures on the production of alkaline
protease, fermentation was carried out at different
temperatures (30°C, 35°C, 37°C, 40°C, 45°C
and 50ºC) in an orbital shaker at 120 rpm for 42
hr.

Characterization of alkaline protease

The thermostability of crude enzyme was
measured by incubating the enzyme preparation
at 30°C, 40°C, 50°C, 60°C, 70°C and 80°C
and pH stability was measured by incubating the
enzyme at pH 6 to 12 in different buffers (0.1M)
such as KH2PO4-K2HPO4 (6.0-7.5), Tris -HCl
(8.0 -9.0), Glycine-NaOH (9.0 –13.0) and
Na2HPO4-NaOH (11.0-12.0) and the residual
activity was measured.

To detect the effect of metal ions (Ca2+,
Mg2+, Mn2+ and Hg2+) on crude enzymes, metal
salt solutions were prepared in a concentration
of 10 mM, and 1.0 ml of metal solution was
mixed with 5.0 ml of crude enzymes and was
incubated for 2 hr. Initial and final enzyme
activities were measured by the azo-casein digest
method.
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Results and Discussion

B. licheniformis MZK03 demonstrated a
large zone of hydrolysis around the large colony
on skim milk agar medium (SMA) (Fig. 1). This
indicated their good growth with the ability of
producing extracellular proteolytic enzymes at
high temperature. From the industrial viewpoint,
it is necessary to select a strain with high yield
of alkaline protease in a short fermentation
period. The study of the time course for alkaline
protease revealed that B. licheniformis MZK03
produced maximum level of alkaline protease
after 39 hr (98 U/ml; Fig. 2). Almost similar
results were obtained by Frankea et al. [9] and
Manachini et al. [10]. Some earlier studies have
shown that the Optimum incubation period for
protease production by B. licheniformis is about
36 hr [11], 24-36 hr for B. stearothermophilus
[12] and 48 hr for B. subtilis [13]. Kunamneni et
al. [14] have found that the highest activity is
after 48-hr of incubation with B. subtilis PE-11.

The production of enzyme is greatly
influenced by the initial culture pH. The optimum
pH for production of alkaline protease by B.
licheniformis MZK03 was 8.5 (98 U/ml)(Fig. 3).
The earlier reported optimum pH for B.

licheniformis is 8.0 and for B. licheniformes MIR-
29 it is 7.5 [15]. For B. subtilis and B. cereus it
has been shown to be 8.2 and 9.0, respectively
[13,16]. In the present study, however, the most
significant level of growth and production of
protease was supported by pH ranging between
8.0 and 10.

Temperature is an important environmental
factor affecting the growth and production of
metabolites by microorganisms. The optimum
initial temperature for production of alkaline

Figure 1
Zone of clearance due to hydrolysis of casein by

MZK03 on SMA medium.B.licheniformis

Figure 3
Determination of optimum initial pH on the production

of alkaline protease by MZK03.B.licheniformis
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protease by B. licheniformis MZK03 was 37o C,
although appreciable amount of the enzyme
production occurred at temperatures ranging
between 30°C and 50°C (Fig. 4). Hameed et al.
found that 36°C to be the optimum temperature
for B. licheniformis [13].

Protease from B. licheniformis MZK03
remained stable over a wide pH range (6 to 11).
The residual activity at pH 6.0 was about 20%
and remained above 70% up to pH 10.0, but
elevation of pH beyond 10.0 caused rapid
decrease in enzyme activity (about 29% at pH
11.0 and almost zero at pH 12.0). Maximum
activity was found at pH 8.5 (Fig. 5). The enzyme
studied by Malathi and Dhar [17] and Manachini
et al. [10] had a pH optimum range of 9.0-9.5.
This indicates that the enzyme studied by them
was alkaline in nature. The present results show
it to be slightly less alkaline even when compared
with the protease produced by Bacillus No. 221
[18] and B. licheniformis MIR 29 [15] with an
optimum pH of 11.5, 12.0 and 13 respectively.

The effect of the reaction pH value on the
activity of protease was investigated in Tris–HCl

buffer (pH 7.0–9.0) and Glycine–NaOH buffer
(pH 10.0-11.0). The results in Fig. 4 show that
the protease of B. licheniformis MZK03 was
optimally active at pH 9.5, below or above which
the activity decreased gradually. Protease of
Bacillus pseudofirmus AL-89 exhibited optimum
activity at pH 11 and showed low activity at pH
values below pH 10 and above 11.5 [19].

Temperature also plays an important role in
activation and inactivation of enzymes. Each
enzyme has an optimum temperature for
maximum enzyme activity. The present study has
demonstrated that at temperatures of 60°C and
70°C, the enzyme lost its activity rapidly. Its half-
life at 50o C was 50 min, at 60o C 17min, and at
70o C it was 8 min,   with the optimum at 40o C
(Fig. 6). For B. licheniformis S-40, it has been
reported to be 50°C [20]. The results of the
present study are not discordant with the results
for B. licheniformis MIR-29 [15], in which case
the enzyme retained 90% stability at 70°C
followed by decrease.

The effect of the temperature on the enzyme
substrate reaction was investigated using the Azo-
casein digest method at pH 9.0. It was found that
the activity of protease increased with the

Figure 4
Determination of optimum temperature in the production

of protease by MZK03B.licheniformis .
Figure 5

pH profile and pH stability of alkaline protease at 37 C.
o
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increase of the reaction temperature up to 40o C
(Fig. 6). However, further rise in the reaction
temperature caused loss of proteolytic activity.
Hossain et al. [17] have also obtained similar
result.

Storage stability is a prominent factor for
commercialization of an enzyme. With the view
of increasing the storage stability, the effect of
various metal ions on crude protease was
investigated. Fig 7 shows that the enzyme activity
increased by 31%, 39%, 28% with Mg2+, Mn2+,
Ca2+, respectively, and decreased by 46% with
Hg2+. This phenomena indicates that the enzyme
requires metal ions as cofactors. These results

correlate with the observations of Kunamneni et
al. [14] who found that Mg2+, Ca2+ and Mn2+

increased the enzyme activity by 16%, 35% and
8%, respectively, while Hg2+ reduced the activity
by 7% and has also been reported by Takeda et
al. [19].
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