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Marine microbes are potential source for novel metabolites. They are efficient in producing these
metabolites utilizing agrowastes. Protease is one of the enzymes which find wide industrial applications.
In the present study, protease producing bacteria was isolated from marine sediments and the organism
was identified as Bacillus halodurans. The organism was subjected to protease production under solid
state fermentation (SSF) using different agrowastes as substrates. Among the substrates used, wheat bran
yielded maximum quantity of protease. The fermentation process was carried out under different cultural
conditions to optimize the parameters influencing the enzyme production. The results of the stain
removal studies by the enzyme revealed the increased efficiency of the microbial enzyme than the com-

© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
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1. Introduction

The extromophiles are organisms found in diverse and extreme
environmental conditions and are noteworthy for the yield of com-
pounds with bioactive principles which are prominent in various
biotechnological applications (Kumar and Takagi, 1999). The
extraction of enzymes with novel activity from the extremophiles
provide the catalysts for the manufacturing of chemicals in various
industries such as textile industry, pharmaceutical industry, paper
industry and food industry so as to mitigate the pollution problem
(Jani et al., 2012). The marine microbial strains because they sur-
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vive in extreme environmental conditions possess some of the
peculiar adaptations to overcome extreme saline, temperature,
pressure etc and thus capable of yielding distinctive proteins with
novel potential. The bioactive components present in these organ-
isms may not found in their terrestrial counterparts
(Shanmugapriya et al., 2008; Sarkar et al., 2010). Singh et al.
(2017) stated that the screened microorganisms are cultured in
fermenters under optimized media compositions in order to pro-
duce the industrially significant products. Microbial protease is
an economically significant enzyme because they exhibit wide
range of applications in different industries (Kandasamy et al.,
2016; Das and Prasad, 2010). Gupta et al. (2002) and Moo-young
and Chisti (1994) have documented production of protease by var-
ious bacterial strains of marine origin.

The enzyme alkaline protease is composed of 60 — 65% of global
enzyme market (Zanphorlin et al., 2010; Widsten and Kandelbauer,
2008). Among the bacterial strains, species of Bacillus are notable
producer of bioactive compounds in industrial sector. Several spe-
cies of Bacillus represent both terrestrial as well as marine environ-
ments (Pham et al., 2019; Sekhon, 2010). B. subtilis is largely
exploited for the yield of biochemicals of different industrial appli-
cations especially as contact lens cleaner as well as the effective
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remover of necrotic material of skin ulceration (Sjodahl et al.,
2002; Chi et al., 2007). The solid state fermentation is a potential
tool for the production industrially important compounds through
bioconversion of nutrient rich agrowastes to value-added products
(Esakkiraj et al., 2011). In this study, marine sediment sample was
screened for bacterial strains producing protease. The isolated
strain was characterized and the results of the production of
protease under different conditions in SSF with agrowastes are
presented and discussed.

2. Materials and methods
2.1. Screening of bacterial strains

The experimental sediment sample was collected from the Kan-
niyakumari coast, Southern Tamil Nadu, India in sterilized contain-
ers and transported to the laboratory under aseptic conditions. The
sediment sample was serially diluted and were plated on the skim
milk agar containing casein enzymic hydrolysate 5 g; yeast extract
2.5 g; dextrose 1 g; skim milk powder 28 g; agar 15 gin 1 L of
water and with pH 7. Then, the plates were incubated at 37 °C
for 24 hrs. After incubation, the colonies with clear zone clearance
due to the hydrolysis of casein were selected. The CFU shown max-
imum zone of hydrolysis was selected for further studies.

2.2. Characterization of the strain

The selected strain was grown on Zobell marine agar to study the
colony characteristics. Gram staining, various biochemical tests rec-
ommended by Smibert and Krieg (1994) were carried out and
Bergy’s Manual of Determinative Bacteriology (Bergey et al., 1984)
was referred for the biochemical characterization of the isolate.
Additionally, the genomic identification was done on the basis of
16S rRNA gene sequencing technique. Genomic content of the candi-
date organism was purified (Redburn and Patel, 1993) for the gene
amplification. The following primers P1 (5-AGAGTTTGAT
CATCCTGGCTCAG-3’) and P2 (5'-ACGGCTACCTTGTTACGACTT3')
were used for the gene amplification of the candidate organism
(Edwards et al., 1989). Initial denaturation at 94 °C for 3 min fol-
lowed by 35 cycles of 94 °C for 30 s, 51 °C for 30 s, 72 °C for 3 min
and final extension at 72 °C for 10 min for the amplification was fol-
lowed. Sequence alignment of the candidate strain was accom-
plished by BLAST program and the multiple sequence alignment
program CLUSTAL-W was used to align the 16S rRNA gene sequence.

2.3. Substrate pre-treatment

Agro wastes such as paddy husk, rice bran, paddy straw, fruit
waste, vegetable waste, wheat bran and saw dust were tested for
the substrate suitability in the production of proteinase. These sub-
strates were collected from the local market, Madurai and were
washed thoroughly to remove dirt and fungal spores. The sub-
strates were pulverized to fine powder and treated by the addition
of 1% (w/v) sodium hydroxide solution for 1 h. Then the materials
were washed with distilled water to attain neutral pH and kept in
room temperature for dehydration. Then the materials were auto-
claved at 121 °C for an hour.

2.4. Solid state fermentation (SSF) process

Five grams of wheat brawn was taken in a 250 ml Erlenmeyer
flask, moistened with salt solution (% w/v calcium chloride 0.1,
magnesium sulphate 0.2) to achieve the desired moisture content.
The contents were sterilized at 121 °C for 15mts and cooled. The
sterilized substrate was inoculated with 1 ml of 24 hrs old isolated
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bacterial culture and incubated. After fermentation, crude extract
was obtained from the culture medium by centrifugation which
served as enzyme source (Kalaiarasi and Sunitha, 2009;
Sumantha et al., 2006). The same procedure was adopted for all
the substrates.

2.5. Assay of protease

The protease activity of cell free supernatant was carried out by
the method given by Keay and Wildi (1970). 1 ml of 2% casein and
1 ml of enzyme source was mixed with tris buffer (1. 25 ml) and
incubated at 35 °C for 20 min. The reaction was terminated by
the addition of 2 ml of 0.4 M trichloroacetic acid and after the incu-
bation, the reaction mixture was filtered through Whatman No.1
filter paper. To 1 ml of cell free content, 5 ml of sodium bicarbonate
(0.4 M) and 1 ml of Folin phenol reagent (0.5 M) were added and
incubated at 35 °C for 15 min. OD was made at 660 nm by using
spectrophotometer. Amount of protease production was evaluated
with the help of tyrosin standard graph.

2.6. Production optimization

In order to optimize the enzyme production, the fermentation
process was carried out under SSF using various agrwastes (paddy
husk, rice bran, paddy straw, fruit waste, vegetable waste, wheat
bran and saw dust) with different experimental conditions such
as various pH (5-10), temperature (10-60 °C), carbon as well as
nitrogen sources (1%), sodium chloride concentrations (2-6%). Dif-
ferent pH was maintained using appropriate buffers; 0.1 M citrate
buffer (pH 4-5), 0.2 M phosphate (pH 6-8) and phosphate-NaOH
buffer (pH 8-11). The various carbon sources such as fructose, lac-
tose, sucrose, cellulose, galactose, rhamnose and maltose were
tested for their impact on enzyme yield. Urea, ammonium sul-
phate, ammonium nitrate, sodium nitrate, yeast extract, peptone,
beef extract and skim milk powder were provided to assess the
influence of nitrogen source on the yield of protease.

2.7. Influence of moisture content

Impact of moisture content on protease production was evalu-
ated by adjusting the water contents of the fermentation media
to 40, 50, 60, 70 and 80%.

2.8. Impact of metal ions

Impact of different metal ions on protease productions from the
candidate species was studied by the addition of metal ions such as
manganese chloride, calcium chloride, magnesium sulphate, cop-
per sulphate, and zinc sulphate to the fermentation medium.

2.9. Washing performance of enzyme source

The washing performance of the enzyme was determined by
adopting the procedure described by Adinarayana et al. (2003)
with slight modifications. Pieces of white cotton cloths of 5 cm?
size were stained with blood and treated under the following
conditions.

1. Petri plate with distilled water (20 ml) + stained material.

2. Petri plate with distilled water (20 ml) + stained material + 1 ml
of commercial washing powder at 5 mg/ml.

3. Petri plate with distilled water (20 ml) + stained cloth + 2 ml of
enzyme solution

The above plates were properly maintained at 40 °C for 30 min.
After incubation, the stained material was cleaned with water and
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dried. Visual examination was carried out to assess the stain
removal activity of the enzyme. Blood stained untreated cloth
piece was considered as control.

3. Results
3.1. Screening of protease producing organism

The inoculation of serially diluted marine sediment sample
resulted in four morphologically distinct colonies. Then the colo-
nies were screened for enzyme producing ability on skim milk agar
by observing zone of clearance due to the hydrolysis of casein
(Fig. 1). Among the four different isolates, one which produced
maximum zone of clearance was subjected to further experimental
work.

3.2. Biochemical and molecular characterization of the isolate

The biochemical characteristic of the isolate is given in Table 1.
The 16S rRNA gene of the isolate was amplified by PCR using the
aforementioned primers and the strands were sequenced. The bio-
chemical characteristics and the molecular sequencing revealed
the organisms was phylogenetically related with B. halodurans
and the sequence was submitted in Gen Bank, NCBI (Accession
no. MK829640.1).

Fig. 1. Zone of clearance produced by Bacillus halodurans on skim milk agar
indicating the proteolytic activity.

Table 1
Biochemical characterization of Bacillus halodurans isolated from marine sediment.

%)
Z
o

Test Result

Gram staining +
Indole test
MR test

VP test
Catalase test
Oxidase test
Citrate test
TSI test

0N U WN =
+

+ o+ o+
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3.3. Optimization of protease production

The impact of different cultural conditions on the production of
protease by the isolate B. halodurans was tested to optimize the
production of the enzyme.

3.4. Effect of various waste substrates

The impact of various waste substrates on protease production
by B.s halodurans was carried out (Fig. 2a). Among the used sub-
strates, the maximum quantity of enzyme yield (397.09 U/ml)
and least (291.09 U/ml) were recorded in medium supplemented
with wheat bran and saw dust respectively at 48 h of incubation.

3.5. Effect of moisture content

Moisture is an essential parameter for SSF process. Therefore,
the enzyme production was observed under different moisture
content, for the strain B. halodurans, the optimal moisture content
was 80% and activity was recorded at 401.18 U/ml (Fig. 2b).

3.6. Effect of temperature

The effect of temperature on the production of protease by B.
halodurans was determined by fermenting at different tempera-
tures ranging from 10 and 50 °C. The maximum quantity of pro-
tease production was obtained at 30 °C and it was 372.73 U/ml
at 48 h of incubation. At the same time, the least amount of pro-
duction was registered at 10 °C at 48 h of incubations (Fig. 2c).

3.7. Effect of pH

To study the impact of pH on the production of the enzyme, the
production was quantified by incubating the fermentation process
under different pH range. Among different pH tested, the maxi-
mum yield was recorded at pH 9 (393.538 U/ml) at 48 h and least
production in pH 5 (Fig. 2d).

3.8. Effect of carbon sources

The impact of carbon source on the protease yield was studied
by incubating culture with the supplement of different carbon
sources. The maximum yield (387.64 U/ml) was recorded in
sucrose supplemented medium at 48 hrs (Fig. 2e).

3.9. Effect of nitrogen sources

The influence of nitrogen source on the protease production
was assessed by incubating the culture in medium containing dif-
ferent nitrogen sources. Among the tested sources, the maximum
yield (359.27 U/ml) was recorded in medium containing ammo-
nium sulphate at 48 h incubation and the least production was
recorded in urea added medium (Fig. 2f).

3.10. Effect of NaCl

The effect of NaCl on enzyme production was determined by
incubating the culture in medium added with different concentra-
tions of NaCl. Among the tested concentration, 5% of NaCl maxi-
mized the production of protease enzyme at 48 h incubation
(340.50 U/ml) and low level production was recorded in the med-
ium containing 2% NaCl (Fig. 2g).
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1b: Effect of moisture content
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Fig. 2. Optimization of protease production (U/ml) with different parameters by Bacillus halodurans.
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Fig. 3. Application of protease produced by Bacillus halodurans on the removal of blood stain.

3.11. Effect of metal ions

Different metal ions namely magnesium sulphate, copper sul-
phate, manganese chloride, calcium chloride and zinc sulphate
were amended to the production medium to determine the impact
of metal ions. Among the tested metal ions, the magnesium sul-
phate yielded 366.9 U/ ml of protease at 48 h of incubation. The
amendment of Zinc sulphate has yielded low quantity of the
enzyme (Fig. 2h).

3.12. Stain removal

The protease enzyme produced by the marine isolate B. halodu-
rans was tested for its suitability as an additive agent by subjecting
blood stained cloth. The clearing efficacy of the enzyme was found
to be higher (Fig. 3) when compared to the treatment with com-
mercial powder.

4. Discussion

Proteases are one of the enzymes which find wide applications
in industries. Among the microorganisms of different origin, mar-
ine microbes are competitive candidates with novel metabolites.
Four different bacterial strains producing protease enzyme were
isolated from marine sediment. Among the isolates, one strain
was selected for further studies based on the maximum zone of
clearance. The cultural, biochemical characteristics and 16S rRNA
sequencing revealed that the isolate was B. halodurans. The
sequence was deposited in Gen Bank, NCBI with Accession No.
MK829640.1. Several Bacillus strains such as B. licheniformis, B. sub-
tilis, B amyloliquifaciens, and B. mojavensis have been identified as
potential sources for the protease production (Gupta et al., 2002).
Different marine Bacillus species were also reported to produce
protease (Yang et al., 2000; Olajuyigbe and Ogunyewo, 2013).

In the present study, agrowastes were used as substrates under
SSF for the production of the enzyme protease. Esakkiraj et al.
(2011) have utilized biowastes for the production of alkaline pro-
tease. Among the agrowastes tested wheat bran has yielded max-
imum protease in the present study. Utilizing wheat bran as
substrate, Anandan et al. (2007) investigated the protease produc-
tion by Aspergillus tamari under the SSF. Mahanta et al. (2008) also
reported maximum amount of enzyme yield in wheat bran than
other sources. Sumantha et al. (2006) have used rice bran as sub-
strates for the SSF of protease enzyme. Oliveira et al. (2006) inves-
tigated that the Penicillium janthinellum CRC 87 and M-11S was
able to produce protease under the SSF using agro residues.

The moisture content of the medium is important for the solid
state fermentation of protease production. In our work, Bacillus
halodurans has produced more enzyme (401.18 U/ml) under 85%
moisture content among the other tested moisture conditions.
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The present study is supported by the earlier work of Esakkiraj
et al. (2011) who recorded maximum protease yield in 75% of
moisture by S. proteomaculans. Anandan et al. (2007) and
Mahanta et al. (2008) have reported 65% and 66.7% respectively
as optimum moisture level.

The production of protease is chiefly affected by the factors such
as pH and temperature in most of the organisms. Bajaj et al. (2013)
stated that the secretion of protease varies in microorganisms and
it is dependent on environmental factors. Prakash et al. (2011)
reported that these factors are most probably inducing the produc-
tion of enzyme by microbial isolate. In this work, the Bacillus halo-
durans was experimented for the maximizing the enzyme yield by
optimizing pH as well as incubation temperature. The maximum
protease production was recorded at pH 9 as the strain belongs
to marine environment. Likewise, optimal protease yield was
recorded at 40 °C from the candidate strain Bacillus halodurans.
Similarly, Yanga et al. (2000) reported pH 8.0 as optimum for the
secretion of more protease enzyme by Bacillus subtilis. Some of
the earlier studies have quoted pH 9.0 and 37 °C as suitable pH
and temperature for the optimal enzyme yield from the Bacillus
subtilis (Rao et al. 1998; Qureshi et al. 2011).

Many researchers have investigated the effect different carbon
sources on the enzyme secretion and the growth of bacterial
strains (Gupta et al. 2002; Chi and Zhao, 2003). In our study, the
maximum amount of protease yield was recorded in sucrose sup-
plemented medium. Increased yield of alkaline protease produc-
tion by the media supplemented with various carbon sources
was examined by Malathis and Chakraborty (1991).

do Nascimento and Martins (2004) investigated the effect of
nitrogen sources for the protease production and the optimal yield
was registered with ammonium nitrate supplemented media when
compared with other sources. In our study, the highest amount of
protease yield was obtained in ammonium sulphate added med-
ium. Similar observation was noticed by Sethi et al. (2013). They
have reported that ammonium sulphate had induced the more
enzyme production than the other sources.

The present study revealed that the Bacillus halodurans showed
maximum production of protease in the medium augmented with
magnesium sulfate as a metal ion source. Likewise, Mei and Jiang
(2005) reported that barium chloride, manganese sulphate and
magnesium chloride have enhanced protease production by Vibrio
metschnikovii DL. The addition of metal ions like mercuric chloride
and zinc chloride completely inhibited the protease production by
the species of Baicllus (Maruthiah et al., 2014). Some of the earlier
researchers have cited the influence of Ca?* and Mg?* ions in max-
imization of enzyme yield (Feng et al., 2001; Kalaiarasi and
Sunitha, 2009).

Some of the Halomonas strain was able to grow in high saline
conditions for their development or metabolic activity (Jiang
et al., 2007). Halomonas salifordinae grew in the wide range of salt
conditions (0.5-20%). Sankaralingam et al. (2017) studied protease
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production by Bacillus sonorensis BH3 using various concentrations
of salinity and observed that maximum protease production at 3%
NaCl supplemented medium in 48 hrs incubation. The marine bac-
terium Roseobacter sp. absolutely requires 3.0% of NaCl concentra-
tion for the growth and protease production (Shaheen et al., 2008).
In the present study high yield by Bacillus halodurans was regis-
tered in 5% NaCl supplemented medium.

Protease are often tested for their employability as additives in
cleaning the stains (Choudhary, 2012; Mothe and Sultanpuram,
2016). The experimental results on the washing performance of
the protease secreted by Bacillus halodurans in removing the stains
indicated that the enzyme showed better clearance of the blood
stain than the commercial detergents. Banerjee et al. (1999) have
removed blood stains using the enzyme produced by Bacillus bre-
vis. Removal stain within 20 min by the purified proteinase was
observed by Sathishkumar et al. (2014). The purification of the
enzyme protease produced by Bacillus halodurans and further stud-
ies on the efficacy of the enzyme on the removal of various stains
will reveal the potential of this enzyme for commercial application.
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