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Screening and isolation of proteolytic bacteria were carried out from soil samples of lkogosi warm
spring (SW, Nigeria). Eighteen isolates were positive on skim milk agar (10%) of which fifteen produced
protease in culture broth. Three isolates, identified as Bacillus macerans IKBM-11, B. licheniformis
IKBL-17 and B. subtilis IKBS-10, were selected for further study. These Bacillus species could grow up
to 65°C within a broad pH range of 5 to 10 with an optimal growth temperature and pH at 60°C and 8.0,
respectively. For the three Bacillus species, protease production occurred between 37°C and 65°C and
pH 5 to 10. Maximum growth and maximum enzyme production was observed at 48 h when grown in 50
ml medium (pH 8.0) under shaking condition at 60°C. The results showed that Bacillus species under
study are good producers of extracellular protease at high temperature. This might be an indication that

proteases produced would be thermostable.
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INTRODUCTION

Proteases (serine protease (EC. 3.4.21), cysteine (thiol)
protease (EC.3.4.22), aspartic proteases (EC. 3.4.23)
and metallo-protease (EC. 3.4.24) constitute one of the
most important groups of industrial enzymes accounting
for about 60% of the total worldwide enzyme sales
(Nascimento and Martins, 2004; Beg and Gupta, 2003;
Ellaiah et al., 2003). Among the various proteases,
bacterial proteases are the most significant, compared
with animal and fungal proteases. And among bacteria,
Bacillus species are specific producers of extracellular
proteases. These proteases have wide applications in
pharmaceutical, leather, laundry, food and waste
processing industries (Pastor et al., 2001; Ward, 1985).
Global requirements of thermostable biocatalysts are
far greater than those of the mesophiles of which
proteases contribute two thirds (Beg et al, 2003).
Thermostable proteases are advantageous in some
applications because higher processing temperatures
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can be employed, resulting in faster reaction rates,
increase in solubility of nongaseous reactants and
products, and reduced incidence of microbial
contamination by mesophilic organisms. Thermophilic
bacteria from hot springs produced unique thermostable
enzymes (Rao et al., 1998).

In this study, bacteria isolates from Ikogosi warm
spring, S.W. Nigeria were screened for proteolytic
activity. Dynamics of protease production from B.
macerans IKBM-11, B. licheniformis IKBM-17 and B.
subtilis IKBM-10 with growth temperature range of 35 to
65°C was examined at different pH and temperature.

MATERIALS AND METHODS
Isolation and identification

Soil samples were taken from 0-5 cm layers at the point of outflow
of the lkogosi warm spring, SW Nigeria for preparation of initial
cultures. These were subcultured to obtain pure isolates of bacteria
species using Aslim et al. (2002) methods. The isolated bacteria
were identified based on cellular morphology, growth conditions,



Table 1. Identification of bacteria species.
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gram stain, motility and biochemical tests (Sneath and Halt, 1986;
Watanabe and Hayano, 1993). Growth in 5% nutrient broth at pH 5
-8 and temperature of 37 - 70°C were examined.

Screening for proteolytic activity

The identified bacterial isolates were plated onto skim milk agar
plates and were incubated at 37°C for 24 h. A clear zone of skim
hydrolysis gave an indication of protease producing organisms.
Depending on the zone of clearance and growth temperature of
organism, three Bacillus species, B. macerans IKBM-11, B.
licheniformis IKBL-17 and B. subtilis IKBS-10 were selected for
further experimental studies.

Protease production

The culture medium used in this work for protease production
contained 0.5% glucose (w/v), 0.75% peptone (w/v), 0.5% (w/v)
MgSQ..7H20, 0.5% (w/v) KH2POs, and 0.01% (w/v) FeS04.7H,0
maintained at 37°C for 24 to 72 h in a shaking incubator (140 rpm).
At the end of each fermentation period, the whole fermentation
broth was centrifuged at 10,000 rpm at 4°C for 15 min and the clear
supernatant was used as crude enzyme preparation.

Determination of protease activity

Protease activity was determined in triplicate by incubating 500 pL
of 0.5% azocasein in Tris-HCI buffer with 100 uL enzyme solution
for 60 minutes at 37°C. Reaction was stopped by adding 500 uL of
15% Trichloroacetic acid (TCA) with shaking. This was left for 15
min and centrifuged at 4°C for 15 min at 3000 rpm. 1 ml of
supernatant was added to 1 ml of 1 M NaOH and absorbance was
read at 440 nm. One unit (U) of protease activity was defined as
micromole of substrate converted per minute under standard assay
conditions.

Effect of pH on protease production

The effect of pH on protease production from Bacillus species
under study was determined by growing each specie in
fermentation media of different pH using appropriate buffers,
phosphate buffer (pH 5 — 6.0), Tris-HCI buffer (pH 7.0 - 8.0) and
glycine-NaOH buffer (pH 9-10). Protease production was measured
and monitored at 6 hours intervals over a 72 h fermentation period
through assay of protease activity.

Effect of temperature on protease production

The effect of temperature on protease production was studied by
growing each Bacillus specie in fermentation media set at different
temperatures (37, 45, 50, 55, 60 and 65°C). Protease production
was monitored at 6 h intervals over a 72 h fermentation period
through assay of protease activity.

RESULTS AND DISCUSSION

Twenty five (25) bacterial isolates were obtained from soil
samples of which nine isolates were identified as Bacillus
species. They were Bacillus brevis, B. licheniformis
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Figure 1. Clear zone of proteolytic Bacillus species on skim milk agar.

(2 strains), B. subtilis, B. macerans, B. mycoides, B.
coagulans, B. polymyxa, B. cereus and B. megaterium
(Table 1). Watanabe and Hayano (1993) identified B.
subtilis, B. licheniformis, B. cereus and B. megaterium in
soil isolations. In another study, Waksman, (1961)
identified 29 isolates as B. megaterium and 24 isolates as
B. subtilis out of 306 soil samples. These agree with the
results of this study that Bacillus genera are widespread
among bacteria is soil.

The proteolytic activity was assayed using skim milk
agar and expressed as diameter of clear zone in mm. B.
licheniformis IKBL-17 exhibited the highest proteolytic
activity with a clear zone diameter of 45.00 mm followed
by B. subtilis IKBS-10 with clear zone of 43.00 mm and
B. macerans IKBM-11 zone diameter of 39.00 mm
(Figure 1). These Bacillus species were selected for
further studies.

The three Bacillus species produced protease over the
entire range of pH investigated (pH 5 — 10). However,
maximum protease production was observed at pH 8.0
while at pH 10, the protease production was about 60%
(Figure 2) Most commercial proteases mainly neutral and
alkaline have been reportedly produced from the genus
Bacillus (Rao et al., 1998).

Based on exhibited proteolytic activity and growth
temperature range of 37 — 65°C, the effect of temperature
on protease production was determined. The three
Bacillus species had maximum protease production at
60°C. Protease production was about 70% even at 65°C
(Figure 3). Results showed that the Bacillus species
under study from lkogosi warm spring are thermophiles.
These might be sources of thermostable proteases.
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Figure 2. Protease production from B. macerans IKBM-11, B.
licheniformis IKBL-17 and B. subtilis IKBS-10 at different pH.
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Figure 3. Protease production from B. macerans IKBM-11, B.
licheniformis IKBL-17 and B. subtilis 1KBS-10 at different
temperatures.

Other workers have also isolated thermophilic bacteria
in the Thai hot spring (Thailand), which were reported to
produce thermostable proteases (Sookkheo et al., 2000).

The results obtained in this study show that B.
macerans IKBM-11, B. licheniformis IKBL-17 and B.
subtilis IKBS-10 are good producers of extracellular
protease at high temperature over a broad pH range.
This might be an indication that the Bacillus species
would produce thermostable neutral and alkaline
proteases which could find applications in industry and
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biotechnology. Proteases from the Bacillus species are
presently being characterized.
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