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Abstract: Halophilic protease production under submerged fermentation resulted in high yields of protease
when Bacillus sonorensis isolate was used. Catabolite repression was observed when the medium was
supplemented with readily available carbon sources. The effect of carbon and nitrogen sources on protease
production indicated that xylose and yeast extract accelerated high yields of high protease production,
respectively. The maximum amount of protease production was recorded when ammonium sulphate used as an
inorganic nitrogen source. The optimum conditions for the protease production by B. sonorensis were found
to be in pH 9.0 and temperature at 40°C. In experimentation with mineral elements, the maximum protease
production was observed in the media supplemented with MgCl . The protease production was optimum at 3%2

NaCl. Among the tested surfactants, the maximum protease production was reported in Triton X100 when
compared to the other tested surfactants. Similarly, the Effect of static and shaking condition on protease
production inferred that Bacillus sonorensis preferred shaking condition for maximizing the protease
production.

Key words: Protease Bacillus sonorensis  Optimization  16S rRNA gene sequence and submerged
fermentation.

INTRODUCTION bonds in the middle of polypeptide chains while

The history of proteolytic enzymes or peptidases can polypeptide chains [3].
be traced back at least to the late eighteenth century. Proteases are a large group of hydrolytic enzymes
However, in recent times the research work in this area that catalyze the hydrolysis of the proteins by cleavage of
has accelerated greatly, fuelled by numerous practical the peptide bonds between the amino acid residues in
applications in biotechnology and the realization of the other proteins [4]. Proteases constitute one of the most
fact that they are among major therapeutic targets  [1]. important groups of industrial enzymes, accounting for
The basic definition of a protease states that they are more than 65% of total industrial enzyme market [5, 6].
enzymes that hydrolyze peptide bonds in proteins. Moreover, microbial proteases constitute approximately
Classification of proteases is a hierarchical one built on 40% of the total worldwide production of enzymes [7, 8].
the concepts of catalytic type, clan, family and  peptidase. In addition, proteases have various other industrial
Proteases break the long chained molecules of proteins applications including leather, pharmaceuticals, protein
into shorter parts [2]. Pro-teases are divided into two processing, foods, diagnostic reagents, soy processing,
groups according to their mode of action: endopeptidases peptide synthesis industries and extraction of silver from
and exopeptidases. Endopeptidases hydrolyze peptide used X-ray film [9].

exopeptidases remove terminal amino acid residues from
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Alkaline (serine) proteases are active over a broad pH Effect of Various Carbon Sources: Different carbon
(7-12) and temperature (35-80?) ranges, they are worldwide
center of attraction for researchers. Several fungi,
actinomycetes and bacteria are endowed with the capacity
to produce alkaline serine proteases in diverse
environmental and agro-climatic conditions. However,
bacterial proteases are preferred as they grow rapidly,
need less space, can be easily maintained and are
accessible for genetic manipulations. The important
protease producing bacteria are species of Bacillus,
Pseudomonas, Halomonas, Arthrobacter and Serratia.
Among all bacterial species, Bacilli play an important role
in production of alkaline protease owing to their
chemoorganotrophic nature. Several species of Bacillus
are industrially employed to produce thermostable alkaline
protease as they grow easily under extreme pH and
temperature conditions. The enhancement of protease
production by genetic manipulation has been well studied
in Bacillus cereus, Bacillus subtilis, Bacillus
stearothermophilus etc by a number of researchers, which
further underlines the significance of this enzyme [10].

MATERIALS AND METHODS

Collection and Screening of the Sample: The rhizosphere
soil samples from mangrove associated plants (Avicennia
sp. and Rhizophora sp.) were collected from Manakudi
estuary, Kanyakumari, Tamilnadu, India. Isolates were
obtained by serial dilution plating on skim milk agar on 24
hours of incubation at 37°C for screening of protease
producing bacteria. A total of 12 different colonies were
isolated and among them only one colony was selected
based on the clear zone formation in skim milk agar plate.

Optimization of Cultural Conditions for Halophilic
Protease Production by Bacillus sonorensis
Effect of pH: Different pH (2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12)
was adjusted into the production medium to determine the
effect of pH on bacterial growth for halophilic protease
production. Growth of the organism was determined by
optical density measured at 600 nm. All experiments and
enzyme production were performed in triplicate and the
mean values were reported.

Effect of Temperature: Different temperatures (10, 20, 30,
40, 50 and 60°C) were used to prepare halophilic
production medium to determine the effect of temperature
on bacterial growth and protease production. Growth of
the organism was determined in terms of optical density
measured at 600 nm.

sources at 1% concentration (glucose, sucrose, lactose,
xylose, starch and mannitol) were introduced to the
production medium to determine the effect of carbon
source on halophilic protease production. Growth of the
organism was determined in terms of optical density
measured at 600 nm.

Effect of Organic Nitrogen Sources: Different kinds of
organic nitrogen sources at 1% concentration (yeast
extract, peptone, urea, beef extract and malt extract) were
added to the production medium to determine the effect of
inorganic nitrogen sources on halophilic protease
production. Growth of the organism was determined in
terms of optical density measured at 600 nm.

Effect of  Various   Inorganic  Nitrogen  Sources:
Different types of inorganic nitrogen sources at 1%
concentration (ammonium sulphate, ammonium nitrate,
sodium nitrate, potassium nitrate and ammonium
carbonate) were introduced to the production medium to
determine the effect of inorganic nitrogen source on
halophilic protease production. Growth of the organism
was determined in terms of optical density measured at
600 nm.

Effect of Metal Ions: Different metal ions at 0.2%
concentration (Ferric chloride, Calcium carbonate,
Magnesium sulphate, Zinc sulphate, Sodium carbonate)
were introduced into the production medium individually
to determine the effect of minerals on microbial growth
and halophilic protease production. Growth of organism
was determined in terms of optical density measured at
600 nm.

Effect of Surfactants: Different surfactants at 0.02%
concentration (SDS, PEG, Tween 80 and Triton X 100)
were introduced into the production medium individually
to determine the effect of surfactants on microbial growth
and halophilic protease production. Growth of organism
was determined in terms of optical density measured at
600 nm.

Effect of NaCl concentrations: Different concentrations of
NaCl (1.5, 2, 2.5, 3, 3.5 and 4%) were introduced into the
production medium individually to determine the effect of
NaCl on microbial growth and halophilic protease
production. Growth of organism was determined in terms
of optical density measured at 600 nm.
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Effect of Static and Shaking Conditions: The effects of Effect of Organic Nitrogen Sources: The effect of
bacterial growth on static and shaking conditions of organic nitrogen source on protease production by
protease production in 24, 48, 72, 96, 120 hours. Growth of Bacillus sonorensis after 24 hours incubation at 37°C was
organism was determined in terms of optical density observed. The maximum halophilic protease production
measured at 600 nm. was observed in yeast extract supplemented medium,

RESULTS observed in urea provided medium (Fig. 4).

Optimization of Cultural Conditions for Halophilic Effect of Inorganic Nitrogen Sources: The effect of
Protease Production by Bacillus sonorensis inorganic nitrogen sources on halophlic protease
Effect of pH: Halophilic protease production by the
Bacillus sonorensis isolated from the rhizosphere soil was
adjusted using various cultural conditions. The protease
production was assayed after 24 hours of incubation at
37°C under various pH. Maximum halophilic protease
production was recorded at pH 9.0 followed by pH 8.0.
Minimum protease production was recorded at pH 2.0
(Fig. 1).

Effect of  Temperature:  Among  the  various
temperatures   tested    the     maximum   halophilic
protease    production    was    obtained    at   40°C
followed  by  this 30°C was the second best temperature
on protease production. On  the  other  hand,  the
minimum amount of protease production was observed at
10°C (Fig. 2).

Effect of Carbon Source on Protease Production: The
effect of carbon source on protease production by
Bacillus sonorensis after 24 hours incubation at 37°C was
recorded. Here the maximum protease production was
observed in xylose supplemented medium. The minimum
protease production was observed in glucose provided
medium (Fig. 3).

while the minimum amount of protease production was

production by Bacillus sonorensis after 24 hours
incubation at 37°C was recorded. The maximum protease
production was observed in ammonium sulphate
supplemented medium. The minimum amount of protease
production was observed in potassium nitrate provided
medium (Fig. 5).

Effect of Metal Ions: Among the tested metal ions, the
maximum amount of halophlic protease production was
observed in magnesium sulphate supplemented medium.
Followed by this, calcium carbonate was the second best
metal ions on protease production, whereas the minimum
amount of protease production was observed in ferric
chloride (Fig. 6).

Effect of Surfactants: The effects of different kind of
surfactants were tested on halophilic protease production
after 24 hours of incubation period at 37°C. Among the
tested surfactants, the maximum amount of protease
production was observed in Triton X 100 supplemented
medium. Followed by this Tween-80 recorded the next
best surfactant in protease production, whereas the
minimum amount of protease production was observed in
polyethyleneglycol (Fig. 7).

Fig. 1: Effect of pH on halophilic protease production
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Fig. 2: Effect of temperature on halophilic protease production

Fig. 3: Effect of carbon sources on halophilic protease production

Fig. 4: Effect of organic nitrogen sources on halophilic protease production

Fig. 5: Effect of inorganic nitrogen sources on halophilic protease production
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Fig. 6: Effect of metal ions on halophilic protease production.

Fig. 7: Effect of surfactants on halophilic protease production.

Fig. 8: Effect of NaCl concentration on halophilic protease production.

Fig. 9: Effect of static and shaking condition on halophilic protease production
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Effect of Sodium Chloride Concentration: The effect of for alkaline protease enzyme production for the Bacillus
various concentrations of sodium chloride was tested on
protease production after 24 hours of incubation period at
37°C. Among the tested concentration, the maximum
amount of EPS production was observed on 3%. The
minimum amount of EPS production was observed on
1.5% NaCl (Fig. 8).

Effect of Static and Shaking Condition: The maximum
halophlic protease production was viewed at the 48hrs for
40°C of incubation at shaking condition, 72 hrs was the
second best in protease production at shaking condition.
The minimum amount of protease production was
observed in 120 hrs at static conditions (Fig. 9). 

DISCUSSION

In the present study, two different mangrove soil
samples were collected from Manakudi estuary,
Kanyakumari, Tamilnadu. Out of twenty isolates (BH1 to
BH20), one strain (BH3) that exhibited phosphate
solubilizing activity was confirmed by skim milk agar and
used for further study. The selected strain BH3 formed
maximum size of clear zone and was identified by various
physical characterization analyses.

The present study revealed that the Bacillus
sonorensis BH3 showed maximum bacterial growth at pH
9.0. Similarly, WHO reported that the maximum alkaline
protease production was recorded in pH 10 by Bacillus
aquimaris [11]. They reported that the protease
production was at maximum at pH 7 and 9 for Bacillus sp.
[12] and also reported that protease activity by Bacillus
sp. was maximum at pH 8.0 to 9.0 in fermentation broth
[13].

The production of enzyme producing bacterial
growth was studied for Bacillus sonorensis over a broad
range of temperature (10-50°C) and it was found to be
optimal at 40°C. According to extracellular protease
purified from a psychrophilic Pseudomonas sp. displayed
optimal activity at 40 C [14]. He also reported that the
optimum temperature of 50°C for Bacillus megaterium
which retained activity at 30-45°C [15].

We have reported that the proteolytic bacterial
growth of crude protease was assessed by incubating
enzyme with different carbon and nitrogen sources.
Carbon (xylose) and nitrogen organic (yeast extract),
inorganic (ammonium sulphate) had positive effects on
halophilic protease production. He reported that beef
extract was found to be the best  organic  nitrogen  source

species. Among the different inorganic nitrogen sources,
ammonium sulphate was found to be the source for potent
enzyme production for this strain [16]. He also reported
that higher protease production by Bacillus flexus in
casein added medium [17].

The present study revealed that the Bacillus
sonorensis BH3 showed maximum production of bacterial
growth in magnesium sulfate as a metal ion source. [18]
reported that barium chloride, manganese sulphate and
magnesium chloride enhanced protease activity of Vibrio
metschnikovii DL. They also reported that effect of metal
ions like mercuric chloride and zinc chloride completely
inhibited the protease activity [19]. 

Also it is revealed that Bacillus sonorensis BH3
showed maximum producing protease bacterial growth at
3% NaCl for 24 hrs incubation. They have reported that
the protease production by marine bacterium Roseobacter
sp. absolutely require 3.0% of NaCl concentration [20].
This report also corroborates our results that
Salinicoccus alkalophilicoccus was able to grow in a
range of NaCl (0-25%) that was isolated from Baer soda
lake in Mangolia [21].

Bacillus sonorensis BH3 showed maximum protease
producing bacterial growth in Triton X 100. They reported
that the protease from Bacillus clausii and Bacillus sp.
retain their activity with different surfactants such as
Triton X 100, Tween 20 and SDS [22]. Moreover [23] also
reported that in SDS 87% of protease activity retained,
whereas Tween-20 and Tween-80 showed 84% of
protease enzyme activity.
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