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Abstract: Media and cultivation conditions were investigated to optimize allaline
protease production by alkaliplulic Bacillus halodurans. This mcludes different
carbon, nitrogen and metals sources in addition to different pH, incubation
temperature and aeration level. The specific enzyme activity was increased by about
48.8 fold by optimizing different nutrient sources and cultivation conditions. The
maximum specific enzyme activity was obtained in a medium containing 15 g 1™
lactose as the carbon source, 6 g 17" soybean as the nitrogen source and a 5 mM
mixture of Mg, Mn and Ca as trace elements, fermentation for 48 h at 37°C and
agitation at 200 rpm. This study indicated the significance of nutrient source and
cultivation conditions on the alkaline enzyme production by Bacillus halodurans.
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INTRODUCTION

With increasing emphasis on environmental protection, the use of enzymes particularly
from extremophiles has gained considerable attention during the last several years.
Extremozymes are now replacing chemical catalysts in many industries, including
manufacturing of chemicals, textiles, pharmaceuticals, paper, foed and agricultural chemicals
(Mehta et al., 2006). Alkaliphiles are reported to be a rich source of alkaline active enzymes,
e.g., amylase, protease, cellulose and xylanase and other enzymes that have numerous
applications m many industrial processes (Horikoshi, 1999a;, Oskouie et al., 2008).

Proteases, alse known as peptidyl-peptide hydrolases (EC 3.4.21-24 and 99), are
degradative enzymes that catalyse the cleavage of peptide bonds in other proteins.
Currently, proteases are classified on the basis of three major criteria: the type of reaction
catalysed, the chemical nature of the catalytic site and evolutionary relationships with
reference structures. Alkaline proteases are referred to as proteolytic enzymes that work
optimally in alkaline pH ranges (1, 12). Alkaline proteases are the main enzymes among
known proteases and constitute 60-65% of the global industrial enzyme market
(Amoozegara et al., 2007). Most of them are used in the food industry in meat tenderisation
processes, peptide synthesis, mfant formula preparations, baking and brewing. They are also
used in the detergent industry as additives, in pharmaceuticals and medical diagnosis as well
as in the textile industry in the process of dehairing and leather processing (Tari et al., 2006;
Bhaskar et ai., 2007; Dodia et al., 2008).

Extracellular protease production m microorgamsms 18 highly influenced by media
Variation in components such as C/N ratio, the presence of easily metabolisable sugars
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like glucose (Gupta et al., 2002a; Ferrero et al., 1996) and the presence of metal ions
(Varela et al., 1996). Besides this, several other factors, such as aeration, moculum density,
pH, temperature and incubation time, also affect the amount of protease produced
(Hameed et al., 1999, Gupta et al., 2002b). The goal of the present study was to optimise the
medium and cultivation conditions for alkaline protease production by alkaliphilic Bacillus
halodurans previously 1solated from an Egyptian seda lake (Ibralum and El-diwany, 2007).

MATERIALS AND METHODS

Microorganism and Culture Maintenance

The microorganism used in this study was isolated from indigenous soil samples from
Wadi El-Natrun, an Egyptian Soda Lake and were screened using a skim milk agar plate
and later in alkaline broth (Thrahim and El-diwany, 2007). The isolate was identified as
Bacillus halodurans according to morphological and biochemical tests and 165 rDNA
sequence analysis (Ibrahim and El-diwany, 2007).

Stock cultures of the 1solate were stored m 30% glycerol at-70°C. Prior to each
experiment, the bacterium was sub-cultured from the frozen stocks onte Horikoshii
agar medium (pH 10.5) contaming 10 glucose, 5 peptone, 5 veast extract, 1 KH,PO,,
0.2 MgSO,»7H,O, 10 Na,C0; and 15 g g 1.7 agar (Horikoshi, 1999b). Alkaline broth was used
as the basal medium for preliminary studies of bacterial growth and protease production.

Production of Alkaline Proteases

A loop of culture from an agar plate was inoculated into a 50 mL glass tube containing
5 mL of alkaline protease production medium and incubated overnight at 180 rpm and 50°C.
This culture was then inoculated into a 500 mL capacity Erlenmeyer flask containing 95 mlI.
of the same medium and mcubated at 50°C for 48 h. Cells and mnsoluble materials were
removed by centrifugation at 10,000 g for 10 min at 4°C and the cell-free supernatant was
filtered through a 0.45 um pore-size membrane filter and was used as the source of the crude
alkaline protease enzyme. Five different media were used for enzyme production: (1)
Herikeshii medium, (2) Luria-Bertani broth (LB) plus 10 g L™ Na,CQ,, (3) tryptic soy broth
(TSB) plus 10 g L™ Na,C0Q,, (4) nutrient broth (NB) plus 10 g 17" Na,CO, and (5) a
modification of a medium previously described by Beg ef al. (2003) contaimng 5 casamino
acids, 10 glucose, 1 KH,PO,, 3 K,HPO,, 2 Na,S0,, 0.1 MgS(0,*7H,0 and 10 g .7 Na,CO,,

Enzyme Assay

Proteolytic activity was assayed by a modification of the method of Kunitz (1947).
Samples containing 400 pl, of 0.5% (w/v) casein in 30 mM Tris-HCI buffer, pH 10, with
100 pL of enzyme sample were incubated mn a water bath at 50°C for 20 min. The enzyme
reaction was terminated by addition of 500 ul. of 10% (w/v) trichloroacetic acid and
mcubation at room temperature for 10 min.

The reaction mixture was centrifuged at 10,000 g for 10 min at 4°C and the absorbance
was measured against a blank (non-mcubated sample) at 280 nm. One umt of protease was
defined as the amount of enzyme that releases the equivalent of 1 imol of tyrosine per minute
under the defined assay conditions. Standard curve of tyrosine was constructed using 10,
20, 30, 40, 50, 60, 70, 80 and 100 mg mL.~" tyrosine in 50 mM glycine-NaQH buffer, pH 10.

Protein Determination

Protein concentrations were determined according to the method described by Bradford
(1976). One millilitre of Bradford reagent was added to 50 pl. of sample and the absorbance
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was measured after 5 min at 595 nm. Different concentrations of Bovine Serum Albumin
(BSA) were used as a protein standard, including 10, 20, 40, 60, 80 and 100 ug mL™" in
distilled water. One malliliter of Bradford reagent was added to 50 pl. BSA standard and after
5 min the absorbance was measured at 595 nm.

Optimization of Alkaline Protease Production

The alkaline protease production optimization studies of Bacillus halodurans mcluded
different media and conditions, e.g., five different media with different carbon and nitrogen
sources, including cheap nutrient sources with different concentrations and metal ions. The
effect of different cultivation conditions, including incubation temperatures (25-55°C),
aeration conditions (0-300 rpm), incubation times and inoculum sizes, were investigated. All
experiments were done in triplicate.

RESULTS AND DISCUSSION

Optimization of Alkaline Protease Production

The microorganism used m this study was isolated from indigenous soil samples of
Wadi El-Natrun, an Egyptian soda lake and were screened using a skim milk agar plate and
later n alkaline broth (Ibralum and El-diwany, 2007). The orgamsm was identified as Bacillus
halodurans according to morphological and biochemical tests and 165 rDNA sequence
analysis (Tbrahim and El-diwany, 2007). The crude alkaline protease showed reasonable
activity at a temperature range of 65 to 75°C with maximum activity at 70°C. The crude enzyme
also had a relatively wide pH range of activity between pH & to 11, with maximum enzyme
activity at pH 10 in 50 mM Tris-HC1 buffer, indicating the enzyme is a thermo-alkaline
protease (Tbrahim and El-diwany, 2007).

The time course of alkaline protease production showed that maximum enzyme
production was seen after 48 h of incubation (data not shown). Five different alkaline media
were tested for maximum alkaline protease production by Bacillus halodurans. The results
presented m Fig. 1 mdicated that Medium I was the best medium for alkaline protease
production by Bacillus halodurans (70.2 Umg ™" protein). Therefore, Medium I was selected

for further analysis.
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Fig. 1: Effects of different media on allkaline protease production by Bacillus halodurans at
pH 10.5 and 50°C after 48 h of incubation
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Table 1: Effects of different carbon sources on alkaline protease production by Bacillus halodurans at pH 10.5 and 50°C
after 72 h of incubation

Carbon source Cell dry weight (mg/50 mL) Alkaline protease specific activity (U mg™! protein)
Starch Q915 74.38
Glucose 11516 61.25
Galactose* 11821 62.47
Arabinose 10610 35.63
Maltose 100.51 65.69
Sucrose 9815 77.86
Lactose 111.12 135.50
Molasses 89.12 46.89

—— Alkaline protease specific activity (U mg  protein)

—e— Cell dry weight (mg/50 mL)
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Fig. 2. Effects of different lactose concentrations on alkaline protease production by
Bacillus halodurans at pH 10.5 and 50°C after 72 h of incubation

Effects of Carbon Sources

There are several reports that different carbon sources have different influences on
extracellular enzyme production by different strains (Chi and Zhao, 2003; Beg ef al., 2003,
Kanekar et al., 2002). Therefore, the effect of different carbon sources on alkaline protease
production by B. halodurans was mvestigated. The results presented m (Table 1) show that
lactose was the best carbon source for protease production with a specific activity of
1355 U mg™' protein, which indicated that B. halodurans was able to produce
P-galactosidase to hydrolyze lactose and consume glucose and galactose as carbon sources.
This result 1s similar to that reported for alkaline protease production by Salinvibrio sp.,
where lactose was the best carbon source for enzyme production (Amoeozegara ef al., 2007).
However, mcreased alkaline protease production was also reported by several other studies
that used different sugars, such as starch, sucrose, fructose and maltose (Genckal and Tarib,
2006, Reddy et al., 2008), indicating that the best carbon source for enzyme production is
different according to different microorganisms. While glucose showed the highest cell
growth (115.16 mg/50 mL), it showed low enzyme production, indicating that alkaline protease
production was catabolically repressed by glucose (Mehta et al., 2006; Kaur et af., 2001). The
enzyme specific activity mereased with increasing lactose concentrations (Fig. 2) with a
maximum enzyme production at 1.5% lactose (224.66 Umg ™" protein). Further increases in the
lactose concentration resulted in reductions of enzyme production, which was mostly due
to catabolic repression of enzyme production by the accumulation of glucose produced after
lactose hydrolysis (Mehta et al., 2006). Optimizing the carbon source resulted in an increase
i enzyme production of about three fold.

Effects of Different Nitrogen Sources on Alkaline Protease Production

In microorganisms, nitrogen (both organic and inorganic forms) is metabolized to
produce amino acids, nucleic acids, proteins and cell wall components. Alkaline protease
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Table 2: Effects of different nitrogen sources on alkaline protease production by Bacillus halodurans at pH 10.5 and 50°C
48h of incubation

Nitrogen source Cell dry weight (mg/50 mL) Alkaline protease specific activity (U mg™! protein)
Peptonetyeast extract 125.12 236.51
Peptone 111.15 165.04
Tryptone 116.75 100.04
Gelatin 101.56 98.68
Casein 118.15 164.05
Urea 55.51 3220
Ammonium chloride a1.25 67.56
Ammonium sulfate 95.51 66.22
Saybean 115.15 382.65
Beaker yeast 118.23 255.14
Wheat bran 125.12 127.87
Corn steep liquor 105.16 1.81

—b— Alkaline protease specific activity (U mg ' protein)

—e— Cell dry weight (mg/50 mL)
1000 140
120 =
= 800 fac)
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1 2 3 4 5 6 7
Soyabeen concentratoin

Fig. 3: Effect of different soybean concentration on allkaline protease production by Bacillus
halodurans at pH 10.5 and 50°C after 48 h incubation

production depends heavily on the availability of nitrogen sources in the medium, which has
regulatory effects on enzyme synthesis (Patel ef al., 2005). The effects of the nitrogen source
on alkaline protease production by Bacillus halodurans, including different inorganic,
organic and cheap nitrogen sources, were examined. As shown in Table 2, the morganic
nitrogen sources urea, ammonium chloride and ammonium sulfate showed the lowest allaline
protease productions of 32.2 protein, 66.22 protein and 67.56 U mg ™ protein, respectively.
Interestingly, soybean, which i1s a cheap mtrogen source, showed the highest enzyme
production of the nitrogen sources used (382.65 U mg ™' pretemn). Soybean was shown to
stimulate protease production in the marine bacterium Teredinobacter turnirae (Elibola and
Moreira, 2005), while protease production in haloalkaliphilic Bacillus sp. was enhanced by
a combination of peptone and yeast extract (Patel et al., 2005). However, the inorganic
nitrogen source sodium nitrate was shown to stimulate alkaline protease production in
another microorganism (Chi et al., 2007), indicating that the best nitrogen source for enzyme
production is different according to different microorganisms. Alkaline protease production
by Bacillus halodurans was mcreased by increasing soybean concentrations and reached
a maximum level at 6 g L' (835.6 U mg ™' protein) and decreased with further increasing
soybean concentrations (Fig. 3). A similar effect of soybean was reported in Teredinobacter
turnirae (Elibola and Moreira, 2005). Optimization of the nitrogen source resulted in a further
mcrease in alkaline protease production of about 3.5 fold.

Effects of Different Metals on Alkaline Protease Production by B. halodurans

The effects of different metal ions on the production of alkaline protease by Bacillus
halodurans were mnvestigated. Among different metals exammed, Mg, Mn and Ca showed
the lughest enzyme productions at concentrations of 5 mM with specific activities of 893.73,
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Table 3: Effects of different metal concentrations on alkaline protease production by Bacillus halodurans at pH 10.5 and
50°C after 48 h of incubation
Metal ion Final conc. (mM) __ Cell drv weight (mg/50 mL) __ Alkaline protease specific activity (U mg™* protein)

Control 0 119.96 834.99
Mg 1 115.55 855.91
5 118.11 893.72

10 116.15 767.15

Mn 1 122.11 871.90
5 115.16 894.00

10 116.66 880.00

Zn 1 85.91 98.98
5 81.11 75.60

10 75.55 17.24

Ca 1 116.00 858.48
5 119.12 918.54

10 121.11 787.48

Cu 1 89.11 126,79
5 80.09 105.31

10 71.02 49.38

Na 1 98.22 825.11
5 95.31 839.33

10 94.29 841.00

Co 1 89.15 75.63
5 88.88 45.63

10 91.12 39.20

K 1 115.16 565.32
5 117.16 596.34

10 123.12 521.38

—i— Alkaline protease specific activity (U mg ' protein)

—— Cell dry weight (mg/50 mL)
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Fig. 4 Effects of different concentrations of a trace element mixture (Ca, Mn and Mg) on
alkaline protease production by Bacillus haloduranrs at pH 10.5 and 50°C after 48 h
of incubation

905.70 and 918.54 U mg ™' protein, respectively (Table 3). Zn, Cu and Co strongly nhibited
enzyme production. Incorporation of Ca, Mn and Mg together in the growth medium showed
higher enzyme production than using them individually with maximum production at 5 mM
of the trace element mixture (1381 U mg™' protein) (Fig. 4).

Effects of Different Incubation Periods on Growth and Alkaline Protease Production

It 18 known that temperature 1s one of the most critical parameters that has to be
controlled mn bioprocesses (Chi and Zhao, 2003). The effect of the incubation temperature on
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Fig. 5: Effects of different incubation temperatures on alkaline protease production by
Bacillus halodurans at pH 10.5 and after 48 h of incubation
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Fig. 6 Effects of shaking speed on the production of alkaline protease by Bacillus
halodurans at an incubation temperature of 37°C

alkaline protease production by Bacilfus halodurans was mvestigated at temperatures
ranging from 25-55°C. The results revealed that maximal cell growth was seen at 50°C
(Fig. 5); however, maximum enzyme production was found at 37°C (3416.14 Umg ™' protein)
with about a 2.5-fold increase in the specific enzyme activity. Other researchers have reported
that there is an inverse relationship between alkaline protease production and cell growth
(Genckal and Tarib, 2006). Tt has been reported that the optimum temperature for alkaline
protease production by Aureobasidum pullulans was much lower than the optimum growth
temperature (Chi et al., 2007).

Effects of Agitation Rate

Aeration is another important parameter that affects enzyme production in bacteria. Tt
has been reported that enzymes are also susceptible to mechanical force, which may disturb
the elaborate shape of complex molecules to such a degree that denaturation occurs
(Banerjee et al., 1999, Gupta et al., 2002a; Joo et al., 2002). Alkaline protease production by
Bacillus halodurans was investigated at different agitation speeds. The results represented
mn (Fig. 6) revealed that enzyme production ncreases with increasing agitation speed. The
maximum protease production was observed at 200 rpm (3416 U mg ™' protein). However,
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enzyme production was reduced by further increases in the agitation rate. A similar profile
was determined for the effect of agitation speed on alkaline protease production by
Teredinobacter turnirae (Elibola and Moreira, 2005). The effect of moculum size and age was
also investigated, but they showed no significant effects on alkaline protease production by
Bacillus halodurans (data not shown).

CONCLUSION

An alkaliphilic bacterium isolated from an alkaline Egyptian soda lake and identified as
Bacillus halodurans showed thermo-alkaline protease production. The media and cultivation
conditions were mvestigated to optimise alkaline protease production. The goal of this study
was to enhance the enzyme production which was achieved through optimization of
nutrients and cultivation conditions.

The specific enzyme activity was increased by about 48.8 fold using different nutrient
sources and cultivation conditions. The maximum specific enzyme activity was obtained in
amedium contaiming 15 g lactose, 6 g soybean and 5 mM of a mixture of Mg, Mn and Ca after
fermentation at 37°C and 200 rpm.
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