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Abstract: Optimization of the growth conditions for maximum growth rate and alkaline protease production was
carried out using the newly isolated mesophilic bacterium Bacillus cereus strain 146. The bacterium produced
protease at maximum rate after 48 h of incubation at 37°C with agitation speed of 170 rpm and 4% (v/v) starter
culture. The best carbon and organic nitrogen sources for this bacterium were glucose and beef extract,
respectively. While the most effective inorganic nitrogen sources were urea and lysine. Supplementation of the
culture medium with Mn? improved the protease production substantially. Under these conditions B. cereus
strain 146 was found to produce alkaline protease at a maximum rate of approximately 2.0 pg/mL/min.
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INTRODUCTION

Alkaline proteases, an important group of industrial
enzymes are produced by a wide range of microorganisms
including fungi, anima and bacteria. Bacteria which
produce proteases include Bacillus sp., Alcaligenes
faecalis, Pseudomonas fluorescens and Aeromonas
hydrophilia. Bacillus subtilis is the main group that is
used in international enzyme industry™. Bacillus cereus
also was reported to produce proteolytic enzymes?,
however, few studies have been done on proteolytic
enzymes from Bacillus cereus®.

Studies on other strains of Bacillus showed
that nutritional, chemical and physical factors can
influence protease production.  Nutritional factors
include the sources of carbon, nitrogen and metal
ions. In addition, availability of metal ions in growth
media was aso shown to affect protease
production*®. Fe* and Ca®* were reported to increase
enzymatic activity while Mg*, Na', Zn* and Cu*
interfered with protease production by Bacillus sp.

SSR1®, Besides nutritional factors, physical factors
such as  inoculum  concentration, aeration!”,
temperature®, pH®, and incubation time? also

significantly affect protease production.

In the present study, various parameters of
environmental and nutritional factors were tested. The
resulting growth and protease activity in the newly
isolated Bacillus cereus strain 146 were measured. The
present investigation is aimed at optimization of growth
conditions which have been predicted to play a
significant role in enhancing the production of alkaline
proteases.

MATERIALSAND METHODS

Microorganism: A new strain Bacillus cereus 146,
isolated from contaminated soil of a wood factory in
Selangor, Malaysia was inoculated onto 0.5% skim milk
agar plate and incubated at 37°C for 24 h. Appearance of
clearing zones formed by hydrolysis of skim milk was
used as indication of an akaline protease producer. The
alkaline protease producer was then inoculated onto
nutrient agar plates and incubation at 37°C for 24 h to
obtain a pure culture. The resulting isolated colonies were
subcultured onto nutrient agar slants, grown at 37°C for
24 h, maintained at 4°C and subcultured at four-week
intervals.

Inoculum preparation: Inoculum was prepared by
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inoculating one loopful of cultureinto 10 mL TSB medium
and incubated at 37°C for 24 h on a rotary shaker at 170
rpm. The resulting culture was subjected to centrifugation
a 13,0009 for 10 min. The pellet was then resuspended in
0.85% wi/v NaCl and absorbance was determined to obtain
the value of 0.5 at 540 nm. The resulting supernantant was
used for quantitative assay of proteases™.

Analytical methods. Cell growth expressed as colony-
forming unit (CFU) per mL was evaluated by plating ten-
fold serial dilutions of the culture media onto nutrient agar
plates and counting the colonies after 24, 48 and 72 h of
incubation. Quantitative analysis of alkaline protease
activity was performed according to Keay dan Wildi™
with minor modifications. Briefly, the reaction mixture
containing 0.25 mL enzymeand 0.75 mL distilled water was
incubated at 37°C for 5 min. The reaction began when 1.0
mL casein 2.0% (w/v) pH 7.0 was added. The mixture was
then incubated for 10 min and the reaction was terminated
by addition of 2.0 mL 0.4 M Trichloroacetic acid (TCA).
The mixture was then vortexed and incubated for 20 min
followed by centrifugation at 14,0009 for 10 min. The
resulting supernatant (1 mL) was then mixed with 5.0 mL
NaCO, and 1 mL of Folin-ciocalteau reagent: distilled
water (1:3 v/v) to give bluish coloration. The colored
suspension was then incubated for 20 min prior to
absorbance measurement at 660 nm. The similar method
was used to prepare a control, however, TCA was added
at the surface and casein was added only after 10 min of
incubation. One protease unit (PU) is defined as the
amount of enzyme that releases 0.5 pg/mL/min tyrosine
under the above conditions. The amount of tyrosine was
obtained from tyrosine standard curve according to Keay
dan Wildi™,

Sources of carbon, nitrogen and metal ions: Carbon
sources chosen for the study were glucose, sucrose,
starch, fructose, maltose and cellobiose. These carbon
sources were used to replace the carbon source available
in the media. Sources of nitrogen include organic
nitrogen, inorganic nitrogen, and amino acid. The sources
were soytone, casamino acid, beef extract, yeast extract,
peptone, tryptone, ammonium nitrate, ammonium
carbonate, ureg, lysine, danine, glutamic acid and glycine.
Metal cations tested to replace metal ion source in the
mediawere Ca?*, Cu*, Mg*, Mn* and Li*.

Culture conditions: Bacteria were grown in TSB media
until optical density (OD) reading reached 0.5 at 540 nm
absorbance. The cultures were then pipetted into growth
media™ with starting pH of 10 and at inoculum sizes of 2,
3, 4, 5 and 6% (v/v). The samples were then incubated a

37°C at the agitation speed of 170 rpm. The optimum
inoculum size determined from this study was used to
inoculate fresh media in order to test the effect of
agitation speed. The agitation speeds tested were at 100,
170 and 200 rpm. For al the experiments, samples were
harvested at 24, 48 and 72 h post-inoculation and
processed as described previously.

Statistical analysis. For statistical analysis, standard
deviation for each experimental results and student's t-test
was calculated using Excel Spread-sheets available in
Microsoft Excel. Results presented in this study are
means of three independent determinations. Bars
correspond to standard deviation.

RESULTS AND DISCUSSION

Effects of agitation rates on protease production:
Environmental conditions could affect the production of
extracellular proteolytic enzymes. Agitation rates have
been shown to affect protease production in various
strains of bacterid™*?. In the present investigation,
Bacillus cereus strain 146 grown in culture media™ with
4% inoculum size showed maximum protease activity at
170 rpm agitation speed after 48 h of incubation (Fig. 1a).
At this speed, aeration of the culture medium was
increased which could lead to sufficient supply of
dissolved oxygen in the mediad™”. Nutrient uptake by
bacteria also will be increased™ resulting in increased
protease production. At 200 rpm, protease activity was
found to be reduced. This was perhaps due to
denaturation of enzymes caused by high agitation
speed™®, Agitation speed of 100 and 200 rpm affected
the growth of the organism considerably (Fig. 1b). At
100 rpm, insufficient aeration and nutrient uptake perhaps
caused the inability of bacteriato grow efficiently. At 200
rpm, however, excessive aeration and agitation could
occur which led to cell lysis and increased cell
permeability due to abrasion by shear forces™. Based on
this finding, agitation speed of 170 rpm was used
throughout the study.

Effects of inoculum sizes on protease production: The
amount of inoculum used to culture the bacteria also
affects protease production. Results from the present
study showed that optimum inoculum size for protease
production in Bacillus cereus strain 146 was 4.0%.
At this size, protease activity was observed to be at
0.923 pg/mL/min after 48 h of incubation (Fig. 2a8). The
increase in protease production using small inoculum
sizes was suggested to be due to the higher surface area
to volume ratio resulting in increased protease
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Fig. 1. Effect of agitation rates on protease production and bacterial growth. Bacillus cereus strain 146 grown in culture
media with 4% inoculum size and subjected for 24, 48 and 72 h of incubation. (a) Samples harvested after the
different incubation period showed various levels of protease activity at the agitation rates tested. (b): Growth
of the bacteria also was affected under these conditions. Results are means of three independent determinations.
Bars correspond to standard deviation.
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Fig. 2: Effect of inoculum sizes on protease production and bacterial growth. Culture media were inoculated with 2.0,
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Fig. 3:

3.0, 4.0, 5.0 and 6.0% starter inoculum sizes. (a): Protease activity of the harvested samples was assayed
following 24, 48 and 72 h of incubation. (b): Growth of bacteriawas quantitated as described in the Materials and
Methods. Results are means of three independent determinations. Bars correspond to standard deviation.
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Effect of carbon sources on protease production and growth of Bacillus cereus strain 146. Six different sources
of carbon were tested in this experiment. Cultures containing 4% inoculum size were incubated at 37°C, 170 rpm
for 24, 48 and 72 h. (a): Quantitative analysis of alkaline protease activity was performed on samples harvested
after the incubation periods. (b): Bacterial growth in response to each carbon sources was also determined.
Results are means of three independent determinations. Bars correspond to standard deviation.
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production®. In addition, improved distribution of
dissolve oxygen and more effective uptake of nutrient
also contributed to higher protease production. If the
inoculum sizes are too small (2.0 and 3.0%; Fig. 2b),
insufficient number of bacteria would lead to reduced
amount of secreted protease. At 5.0 and 6.0%, protease
activity was also found to be decreased even though
luxurious growth was observed a 5.0% after 48 h
incubation. Previous study has suggested that higher
inoculum sizes resulted in reduced dissolved oxygen, and
increased competition towards nutrient’®. Based on these
results, inoculum size of 4.0% was used for the rest of the

study.

Effects of carbon sources on protease production: The
present investigation was aimed at optimization of
medium components which have been predicted to
play a significant role in enhancing the production of
alkaline proteases®. Various sources of carbon such as
glucose, fructose, sucrose, maltose, starch and
cellobiose were used to replace lactose which was the
origina carbon source in growth media. Results
obtained showed that glucose instigated highest
protease production compared to other carbon sources
a 24 and 48 h of incubation (Fig. 3a). Fructose and
sucrose aso showed high protease expression at 24 h,
but drastically reduced by 48 h of incubation. This
observation  agrees  with previous report which
suggested that sources of carbon affected production
of enzymes by bacterid®™. At 72 h incubation, low
protease production was detected in all the samples.
The prolonged incubation time perhaps led to
autodigestion of proteases and proteolytic attack by
other proteases®®, Maltose, starch and cellobiose
caused low protease production. This is in contrast to
previous report which showed that starch caused
high level of enzyme expression in Bacillus species®.
Bacterial growth  analysis showed that no
statistically  significant  difference  was observed
between the different sources of carbon in the
growth media (P>0.001, two-tailed student's t-test)
(Fig. 3b). Even though cellobiose caused high bacterial
growth, protease production was very limited. The similar
result was also observed for maltose and starch. It has
been reported that pure sugars affected protease
production considerably®®!. Utilization of pure sugars as
carbon and energy sources was also shown to result in
good growth with low protease production. This
observation is in agreement with previous studies
which suggested that larger amount of enzyme was
synthesized when carbon sources used were poorly
utilized for growth purposes®#,

Effects of organic nitrogen sources on protease
production: Production of extracellular proteases has
been shown to be sensitive to repression by different
carbohydrate and nitrogen sources®®.. In this study,
three sources of nitrogen were used. They were organic
nitrogen (soyton, casamino acid, beef extract, yeast
extract, peptone and tryptone), inorganic nitrogen
(ammonium nitrate, ammonium carbonate and urea) and
amino acid (lysine, alanine, glutamic acid and glycine). In
the present investigation, results obtained showed that
beef extract resulted in the highest level of protease
activity compared to other sources of organic nitrogen
(Fig. 4a). The high level of protease production in the
presence of beef extract was observed at al the
incubation periods tested. Thisresult isin agreement with
Yang and Leg™, which reported an increased production
of protease by Streptomyces rimosus in the presence of
beef extract. Previous studies also reported that protease
production by Bacillus stearothermophilus F1 and
Bacillus mojavensis was best in the presence of organic
nitrogen sources®*. Despite the luxurious bacterial
growth (Fig. 4b), the presence of yeast extract, peptone
and tryptone, resulted in low protease production. This
observation contradicted Phadatare et al.®™¥ which
reported that protease production in Conidiobolus
coronatus was enhanced by organic nitrogen sources like
yeast extract, peptone and tryptone. In genera, the
presence of organic nitrogen sources, except for beef
extract, caused increased growth and repressed protease
production of Bacillus cereus strain 146. This
phenomenon was also observed in Aeromonas
hydrophila and Bacillus brevis®®!. In some organisms,
however, organic nitrogen sources were found to be
better nitrogen sources both for growth and also protease
productionf*=3,

Effects of inorganic nitrogen sources on protease
production: Inorganic nitrogen sources were also tested
on the growth and protease production of B. cereus strain
146. Results obtained showed that amonium carbonate led
to high protease activity at 24 h but reduced at 48 and 72
h (Fig. 58). Growth was observed to be high in al the three
sources of inorganic nitrogen and incubation periods
tested except for ammonium carbonate and urea at 72 and
24 h, respectively (Fig. 5b). Urea did not enhance protease
production at early stages of incubation but at later
stages (48 and 72 h) protease production increased. Even
though growth was stimulated, only moderate levels of
enzyme activities were obtained when ammonium nitrate
was used as a hitrogen source. This was perhaps due to
the inability of bacteria to utilize ammonia in the media.
The presence of ammoniawas shown to interfere with
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Fig. 4. Effect of organic nitrogen sources on protease production and bacterial growth. Selected organic nitrogen
sources were added to culture media and incubated at 37°C, 170 rpm with 4.0% starter inoculum size. (a):
Following the selected incubation periods, protease activity was assayed as described in the Materials and
Methaods. (b): Under these growth conditions, bacterial growth expressed as colony-forming unit (CFU) per mL
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Fig. 5. Effect of inorganic nitrogen sources on protease production and growth of Bacillus cereus strain 146. Three
different inorganic nitrogen sources were added into culture media and incubated at 37°C with 4% inoculum size
and subjected to 170 rpm agitation speed. After 24, 48 and 72 h of incubation the samples were harvested. (a):
Various levels of protease activity were detected in the samples. (b): Under these growth conditions, bacterial
growth expressed as colony-forming unit (CFU) per mL was aso evaluated. Results are means of three
independent determinations. Bars correspond to standard deviation.
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Fig. 6: Effect of amino acids on protease production and bacterial growth. Lysine, alanine, glutamic acid and glycine
were tested as sources of inorganic nitrogen for protease production in B. cereus strain 146. (a): Various levels
of protease activity were detected in the samples harvested after 24, 48 and 72 h incubation. (b): Cell growth
expressed as colony-forming unit (CFU) per mL was evaluated by plating ten-fold serial dilutions of the culture
media onto nutrient agar plates and counting the colonies. Results are means of three independent
determinations. Bars correspond to standard deviation.

A. salmonicidal®, and Vibrio strain SA1“l, These reports
strongly suggest that ammonium-specific repression was
likelyto be the factor involved.

protease production’®? which led to significant decrease
in protease production. This effect of different inorganic
nitrogen sources was also observed for A. hydrophilal®,
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Effect of metal ions on protease production and bacterial growth. Several metal ions were added to culture media

which was inoculated with 4.0% starter inoculum size and incubated for at 37°C at the agitation speed of 170 rpm.
(a): Following selected incubation periods, protease activity was assayed as described in the Materials and
Methods. (b): Under these growth conditions, bacterial growth expressed as colony-forming unit (CFU) per mL
was also evaluated. Results are means of three independent determinations. Bars correspond to standard

deviation.

Effects of amino acid on protease production: Lysine,
aanine, glutamic acid and glycine were also tested as
sources of inorganic nitrogen for protease production in
B. cereus strain 146. Results obtained showed various
levels of protease were produced in these different
inorganic nitrogen sources. In the presence of lysine and
glycine, protease production was observed to be high
(Fig. 6@). This observation is in agreement with previous
report which showed that protease production in
Pseudomonas sp. B45 was enhanced considerably in the
presence of lysine and glyciné*?. Alanine, on the other
hand, did not increase the protease production at 24 h,
however increased dlightly by 48 and 72 h of incubation.
Even though protease production in the presence of
alanine was reduced, bacterial growth remained high
(Fig. 6b). This phenomenon was also observed in akaline
protease  production by recombinant Bacillus
licheniformid*?. The study reported that alanine
supplement resulted in highest cell growth without
considerable effect on protease production.

Effects of metal ions on protease production:
Supplementation of culture medium with metal cations
improved substantially the protease production of B.
cereus strain 146 (Fig. 7a). This observation strongly
suggested the requirement of some metal ions for
protease production by this organism. These results are
in agreement with the earlier findings which showed
enhancement of protease activity in the presence of metal
iong*?. It was suggested that these metal ions increased
stability of proteased**4. The highest level of protease
activity was observed at aproximately 2.0 pg/mL/min in
the presence of Mn* at 24 h incubation. The activity,
however, reduced slightly as incubation time increased.
Addition of Ca?*, Cu* and Mg* resulted in high protease
production only at 48 h incubation. Among the heavy
metal ionstested, Cu** and Li* caused inhibition at 24 h of

incubation. This observation is corroborated by previous
studies which suggested inhibitory effect of Cu?* and Li*
on proteases®*“d, Even though effects of the different
metal cations on protease production vary, their presence
in the culture medium improved the growth of B. cereus
strain 146 (Fig. 7b). These implied that there was no
definite relationship between protease production and
growth. Proteases formed at different growth phases were
shown to differ in their chemical nature**.,

In summary, Bacillus sp., particularly Bacillus
subtilis, are known for their ability to produce proteolytic
enzymes with potential use in industries. However, few
studies have been done on proteolytic enzymes from
Bacillus cereus. In addition to the limited number of
reports, protease production by this microorganism also
was shown to be affected by various environmental and
nutritional conditions. In the present investigation we
have determined the optimum parameters for maximum
production of alkaline protease by the newly isolated
mesophilic bacterium Bacillus cereus strain 146. This
information has enabled the ideal formulation of media
composition for maximum protease production by this
organism. Further characterization of the protease
produced is currently being carried out.
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