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Abstract A protease producing marine bacterium,
Bacillus halodurans CAS6 isolated from marine sediments,
was found to produce higher enzyme by utilizing shrimp
shell powder. Optimum culture conditions for protease
production were 50 °C, pH 9.0, 30 % NaCl and 1 %
shrimp shell powder (SSP) and the protease purified with a
specific activity of 509.84 U/mg. The enzyme retained
100 % of its original activity even at 70 °C, pH 10.0 and
30 % NaCl for 1 h. The purified protease exhibited higher
stability when treated with ionic, non-ionic (72-94 %) and
commercial detergents (76-88 %), and organic solvents
(88126 %). Significant blood stain removal activity was
found with the enzyme in washing experiments. The cul-
ture supernatant supplemented with 1 % SSP showed
93.67 = 2.52 % scavenging activity and FT-IR analysis of
the reaction mixture confirmed the presence of antioxidants
such as cyclohexane and cyclic depsipeptide with aliphatic
amino groups. These remarkable qualities found with this
enzyme produced by Bacillus halodurans CAS6 could
make this as an ideal candidate to develop the industrial
process for bioconversion of marine wastes and antioxidant
synthesis.
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Introduction

Proteases are one among the most important groups of
industrial enzymes, accounting for more than 65 % of the
total industrial enzyme market [1] and find applications in
detergents, feather processes, food processing, silk gum-
ming, pharmaceuticals, bioremediation, biosynthesis and
biotransformation [2-4]. Recently, the application of pro-
teases in synthesis of oligopeptides has received great
attention as a viable alternate to chemical approach [5, 6].

Marine industry generates significant amount of shell-
fish wastes that can serve as a renewable resource with rich
protein and chitin contents [7]. Disposal of marine wastes
presents a major problem due to objectionable odour, high
nutrient content and disposal regulations. So far marine
wastes have been used for metalloproteases, chitinases,
antifungal hydrolytic enzymes, carotenoids, amino acids
and lipases production [8, 9]. As a prominent source of
protein and chitin, marine shellfish wastes can be used for
the extraction of peptides and chitin oligomers for antiox-
idant formulations [10].

Bioconversion of marine waste materials have been pro-
posed as an alternative to waste treatment. Furthermore, many
studies have been recently reported on bioconversion of
shellfish wastes for production of proteases and chitinases
[4, 11]. To further enhance the utilization of marine crustacean
wastes, in this study an attempt was made to (1) optimize the
culture conditions for protease production by B. halodurans
CASG6, (2) evaluate the thermo and pH stability of isolated
protease and (3) apply purified protease as a cleansing additive
in blood stain removal and antioxidant activity.
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Materials and methods
Materials

Marine wastes such as shrimp shell powder (SSP), crab
shell powder (CSP) and squid pen powder (SPP) used in
this study were prepared as described earlier by Annamalai
et al. [11]. Shrimp and crab shells and squid pens were
purchased from local fish processing unit and washed
thoroughly with tap water and sun dried. The dried shells
were milled and sieved (100 pm) to get fine powder and
used as the carbon source for protease production. Bovine
Serum Albumin (BSA), reagents for protein estimation and
SDS-PAGE, DEAE-Cellulose and Sephadex G-50 were
purchased from Hi-Media, Mumbai, India. Silica gel TLC
plates (0.25 mm), trichloroacetic acid (TCA), casein and
other analytical grade chemicals were purchased from
Merck, Mumbai, India.

Microorganism

The protease producing bacterial strain was isolated from
marine sediments of Parangipettai coast, Tamilnadu, India
using casein milk agar medium (pH 9.0) and identified by
morphological, biochemical identification schemes and
confirmed by 16S rRNA gene sequencing. In brief, the
DNA was isolated by phenol chloroform method [12]. The
primer sequences were selected from the conserved regions
as previously reported for the bacterial 16S rRNA gene
[13]. Sequencing was done using forward primer (5'-
CAGGCCTAACACATGCAAGTC-3') and reverse primer
(5-GGGCGGTGTGTACAAGGC-3’). PCRs were per-
formed with following conditions: 35 cycles consisting of
95 °C for 1 min and 72 °C for 5 min, followed by final
extension of 5 min at 72 °C. The 16S rRNA gene
sequences were obtained by an automated DNA Sequencer
(Megabace, GE) and homology of the isolated gene with
sequences in the GenBank database was analyzed.

Optimization of culture conditions and carbon source
for protease production

Optimization of culture conditions for protease production
was performed in 500-mL Erlenmeyer flasks with 100 mL
of basal medium containing 0.1 % K,HPO, and 0.05 %
MgS0O,4-7H,O (pH 9.0) and 0.1-2 % (w/v) of various car-
bon sources to be investigated such as SSP, CSP, SPP and
shrimp and crab shell powder (SCSP) at 1:1, 1:3 and 3:1
ratio, w/w). Flasks with sterilized culture medium were
inoculated with 24 h grown bacterial culture (1 % inocu-
lum (v/v), ~10° cells/ml) and incubated in a shaker
incubator (150 rpm) at various temperature (30-70 °C), pH
(6.0-12.0) and NaCl (0-30 %, w/v) concentration for 60 h.
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The flasks were maintained at 55 °C, pH 9.0 and 25 %
NaCl concentration while optimizing other parameters. The
culture broths were centrifuged (12,000xg, 4 °C, for
20 min) and the cell free supernatants were used for further
protease analysis.

Enzyme production and purification

Based on results obtained from optimization experiments,
B. halodurans CAS6 was grown in 100 mL basal medium
containing 1 % SSP, 0.1 % K,HPO,, and 0.05 %
MgS0O,4-7H,O (pH 9.0), and seeded with 1 % inoculum
(~10° cells/mL) and incubated in shaking incubator
(150 rpm) for 60 h at 55 °C. After incubation, culture broth
was centrifuged (4 °C and 12,000x g for 20 min), and the
supernatant was used as crude enzyme.

To the centrifuged culture broth obtained from above
enzyme production experiment, ammonium sulphate was
added with constant stirring for 30 min to obtain a 60 %
saturation (w/v) and allowed to stand overnight at 4 °C.
The precipitates were collected by centrifugation at
6,000x g for 15 min, dissolved in 50 mM Tris—HCI buffer
(pH 9.0) and dialyzed against the same buffer (4 °C) for
12 h. The dialysed protein was loaded onto DEAE-Cellu-
lose column (5 x 25 cm) and eluted with linear gradient of
NaCl (0-1 M) at a flow rate of 0.5 mL/min. Fractions were
collected and analyzed for enzyme activity, and fractions
with enzyme activity were pooled together and concen-
trated by ammonium sulphate (60 % saturation, w/v) pre-
cipitation. The resulting precipitate was collected by
centrifugation and dissolved in 50 mM Tris—HCl buffer
(pH 9.0). The concentrated precipitate was loaded onto a
Sephadex G-50 column (2.5 x 25 cm) equilibrated with
50 mM Tris—HCI buffer (pH 9.0) and eluted with the same
buffer at a flow rate of 15 mL/h. Fractions exhibiting
protease activity were pooled together and used as a puri-
fied enzyme for further study.

Protein estimation

Protein content of the enzyme during various purification
steps was determined by the method of Lowry et al. [14]
using bovine serum albumin as the standard.

Enzyme assay

Protease activity was measured with a diluted enzyme
solution (0.2 mL) mixed with 1.25 mL of 1.25 % casein
(w/v) in 50 mM Tris—HCI buffer (pH 9.0) and incubated
for 30 min at 37 °C. The reaction was terminated by
adding 5 mL of 0.19 M trichloroacetic acid. The reaction
mixture was centrifuged and the soluble peptides in the
supernatant were measured by the method of Todd [15]
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with tyrosine as the reference compound. One unit of
enzyme activity is defined as the amount of enzyme
required to liberate 1 pmol of tyrosine per min under the
defined assay conditions.

Molecular weight determination of the purified protease

Molecular weight of the purified protease was determined
by SDS-PAGE with 10 % polyacrylamide gel following
the method described by Laemmli [16]. After electropho-
resis, protein bands were stained with Coomassie Brilliant
Blue R-250 prepared with methanol-acetic acid—water
(5:1:5, v/v), and the stained gels were decolorized with 7 %
acetic acid. The standard reference proteins used for
comparison were phosphorylase b (97.4 kDa), albumin
(66.2 kDa), ovalbumin (45 kDa), carbonic anhydrase
(29 kDa), trypsin inhibitor (20.1 kDa) and o-lactalbumin
(14.3 kDa). Molecular weight of the protease isolated in
this study was estimated by comparing the mobility with
standard proteins.

Effect of temperature, pH and NaCl on activity
and stability of purified protease

Effect of temperature, pH and NaCl concentrations on
enzyme activity was evaluated by incubating the reaction
mixture (enzyme + substrate) at different temperatures
(30-95 °C), pH (4.0-12.0) and various concentrations of
NaCl (0-35 %, w/v). To check the stability of the purified
protease, the enzyme was preincubated for 1 h at above
mentioned reaction conditions and the residual activity (%)
was measured as described in enzyme assay. Buffers used
in experiments were 50 mM of sodium citrate (pH
3.0-6.0), 50 mM sodium phosphate (pH 6.0-8.0), 50 mM
glycine—NaOH (9.0-11.0) and 50 mM dilute NaOH for pH
12.0-13.0.

Substrate specificity

The substrate specificity of the purified protease was
assayed with different substrates such as Casein, Azoca-
sein, BSA, Egg albumin, Gelatin, Haemoglobin and BSA.
The reaction mixture containing 200 pl of enzyme and
200 wl of substrate (1 mg/ml) was incubated at 50 °C for
30 min and the relative activity was estimated by standard
protease assay.

Effect of metal ions and detergents (ionic, non-ionic
and commercial) on enzyme activity

Effect of metal ions on enzyme activity was investigated using
Mn**t, Fe?t, Co®", Mg*", Ca®", Hg>" and EDTA at 0.1 and
1 mM concentration, respectively. The influence of protease

inhibitors such as phenylmethylsulfonyl fluoride (PMSF),
ethylenediaminetetraacetic acid (EDTA), f-mercaptoethanol,
dithio-bis-nitrobenzoic acid (DTNB) and soybean tryptin
inhibitor (SBTI) on protease activity was investigated. Effect
of ionic and non-ionic detergents on enzyme activity was
evaluated using SDS, Triton X-100, Tween 80 and sodium
deoxycholate at a final concentration of 1 % (v/v). Effect of
commercial detergents on protease activity was studied with
1 % (w/v) solution of commercial detergents such as Ariel,
Rin, Henko and Surf. The purified protease was preincubated
with aforementioned metal ions, detergents and commercial
detergents at 50 °C for 1 h and then the residual activity was
assayed. The activity of the purified protease without addition
of any metals and detergents was considered as control and
activity was taken as 100 %.

Effect of organic solvents on enzyme activity

The activity of the purified protease in the presence of
organic solvents was evaluated by incubating with various
organic solvents such as xylene, isopropanol, hexane and
benzene (0.5 % v/v) for 4 h at 50 °C and then assayed for
residual enzyme activity.

Blood stain removal activity of purified protease

The blood stain removal property of purified protease
obtained from the present study was evaluated using white
cotton cloth pieces (10 x 10 cm) stained with blood and
dried at 95-100 °C for 5 min. Four sets of washing
experiments were carried out as described below:

Set 1: distilled water (100 mL) + blood-stained cloth
(control).

Set 2: distilled water (100 mL) + blood-stained cloth +
1 mL of commercial detergent (Surf excel 5 mg/mL, w/v).

Set 3: distilled water (100 mL) + blood-stained cloth +
I mL of commercial detergent (Surf excel 5 mg/mL) +
purified enzyme (2 mL, 500 U/mL).

Set 4: distilled water (100 mL) + blood-stained cloth +
purified enzyme (2 mL, 500 U/mL).

All four experimental sets were incubated at 50 °C for
30 min and the cloth pieces were rinsed with water for
every 5 min, dried and visually examined for stain removal
activity. Untreated cloth pieces stained with blood and
washed with distilled water were taken as control.

Antioxidant activity of the culture supernatant
of B. halodurans CAS6 fermented with marine wastes

Antioxidant activity of the culture supernatants of B. halo-

durans CAS6 fermented with marine wastes such as SSP,
CSP and SPP (150 pul) were assayed by mixing 37.5 pl of
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methanol solution containing 0.75-mM 2,2-diphenyl-1-
picrylhydrazyl (DPPH) (Hi-Media, India). The reaction
mixture was shaken vigorously and allowed to stand for
30 min in dark, and the optical density (OD) of the reaction
mixture was measured at 517 nm against a blank (control)
without culture broth [17]. The scavenging activity was
calculated as follows:

Scavenging activity (%) = [(AA517 of control
— AA517 of sample)/AA517 of control] x 100.

Characterization of antioxidant materials

Antioxidant materials in the culture supernatants were ana-
lyzed by silica gel thin-layer chromatography (TLC) using
n-butanol-methanol-16 % aqueous ammonia (5:4:3, v/v) as
the mobile phase [18]. After developing the TLC plates, the
compounds were visualized by spraying ethanol containing
0.5 % (w/v) ninhydrin. The antioxidant materials were
identified based on their Ry value in comparison with
the standard oligopeptides (Ala-Cys-Ala-His-Asp-Lys-Val,
Leu-Leu-Gly-Pro-Gly-Leu-Thr-Asn-His-Ala, Thr-Arg-
Asn-Tyr-Tyr-Val-Arg-Ala-Val-Leu-OH and Asp-Leu-Gly-
Leu-Gly-Leu-Pro-Gly-Ala-His). Functional groups which
exhibiting antioxidant activity was identified by FT-IR
spectrum recorded in a FT-IR spectrometer (Biorad-40
model, USA) using KBr pellets as background [10].

Results and discussion
Microorganism

In the present study, a protease producing strain CAS6 was
isolated from marine sediments of Parangipettai coast,
Tamilnadu, India. Morphological and biochemical char-
acteristics of the strain revealed that it is a gram-positive,
endospore-forming bacillus with catalase enzyme activity
(Table 1). 16S rRNA gene sequence analysis confirmed the
identity of the strain CAS6 as B. halodurans with 99 %
similarity with reference sequences (Table 2, GenBank
accession no. HQ116805).

Optimization of culture conditions and carbon source
for protease production

To study the effect of carbon sources on protease produc-
tion, fermentation was carried out with basal medium
containing various concentrations of (0.1-2 % w/v) SSP,
CSP, SPP and SCSP. Results from this study revealed that
1 % SSP (3,413 IU/mL) and 3:1 % SCSP (3 parts of
shrimp and 1 part of crab shell powder) (3,246 TU/mL)
were found as suitable carbon sources for protease pro-
duction than other marine wastes used such as CSP

@ Springer

Table 1 Morphological and
biochemical characteristics
of strain CAS6

Characteristics Results

Shape Rod
Gram stain Positive
Spore formation
Motility

Glucose

Mannitol

Xylose

Starch hydrolysis
Gelatin hydrolysis
Fat hydrolysis

+ 4+ + + 4+ ++++

Casein hydrolysis

Catalase activity
Nitrate reduction
Indole
Citrate

+ + +

Table 2 Similarity of 16S rRNA sequences from Bacillus halodu-
rans CAS6 (GenBank accession no. HQ116805) with other Bacillus
halodurans in the GenBank

GenBank accession Strain name Sequence
number similarity (%)
BA000004.3 Bacillus halodurans 99
AB043971.1 Bacillus halodurans 99
AB031209.1 Bacillus halodurans 99
AM?295056.2 Bacillus halodurans 99
AB031212.1 Bacillus halodurans 99
ABO31211.1 Bacillus halodurans 99
AB031210.1 Bacillus halodurans 99

16S rRNA sequence obtained for Bacillus halodurans CAS6 was
compared with 16S rDNA sequence reported earlier for other Bacillus
halodurans strains

(2,572 TU/mL) and SPP (2,963 IU/mL) (Fig. 1). Even-
though the protein content of SPP was higher than that of
SSP and SCSP, the resultant protease production was lesser
due to the protein and chitin ratio (nearly 1:1) which is
more suitable as an inducer for protease production [6].
Similar to results obtained in this study, SSP was found as
the suitable substrate and as an inducer for the production
of proteases by Chryseobacterium taeanense [4], Bacillus
cereus TKUOO6 [6] and chitinases from Alcaligenes fae-
calis AUO2 [11] and Bacillus amyloliquefaciens V656 [19].

The optimization of culture conditions studies revealed
that increase in cell growth and protease production was
observed while increasing the temperature from 30 °C and
reached maximum at 50 °C (Fig. 2 a, b). The effect of pH
on cell growth and protease production showed that
B. halodurans CAS6 was able to grow and produce pro-
tease in wide range of pH between 7.0 and 10.0 and
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Fig. 1 Protease production with various carbon sources by B. halo-
durans CAS6. SSP shrimp shell powder, CSP crab shell powder, SPP
squid pen powder, SCSP shrimp and crab shell powder. SCSP
(shrimp:crab shell powder) ratio: SCSP 1:3, SCSP 1:1 and SCSP 3:1.
B. halodurans CAS6 was incubated in a shaker incubator at 55 °C and
pH 9.0 for 60 h with above substrate combinations

optimum was found at pH 9.0 (Fig. 2c, d). The optimum
pH for growth and protease production was found between
9.0 and 10.0 and it is a common characteristic feature of
alkaliphilic and haloalkaliphilic organisms [6]. Regarding
NaCl concentration, protease production was increased
with increasing concentrations from 0-30 % and reached
its maximum at 30 % (w/v) (Fig. 2e, f). There was a sig-
nificant reduction in enzyme production found in the
absence of NaCl (0 %). The strain B. halodurans CAS6
used in this study was isolated from marine sediments and
that might be the reason for the higher protease production
found at 30 % and lesser at 0 % NaCl.

Enzyme production and purification

Protease production was carried out in 500 mL Erlenmeyer
flask containing 100 mL of culture medium with 1 % SSP.
As shown in Fig. 3, cell growth and protease production
reached their maximum at 36 h and gradually decreased
after wards. Wang et al. [6] reported the protease (0.573 U/
mL) and chitinase (0.089 U/mL) production by Bacillus
cereus TKUOO6 using 2 % SSP after 48 h incubation.
When compared with earlier reports, results obtained in
this study clearly indicates the efficient utilization of SSP
(1 %) by B. halodurans CAS6 (3,413 IU/mL) with less
incubation time. Thus, B. halodurans CAS6 could be an
ideal candidate for conversion marine wastes as cheaper
sources into valuable product development process with
less cost of production.

A summary of the enzyme purification steps were pre-
sented in Table 3. Purification of protease with ammonium
sulphate followed by DEAE-cellulose and Sephadex G-50

column chromatography yielded 51.93, 17.93 and 12.54 %
protein recovery, respectively. The overall purification fold
was about 7.96 with the specific activity of 509.84 U/mg.
The homogeneity of the purified protease was confirmed by
the single band in SDS-PAGE analysis. Molecular weight
of the purified protease from B. halodurans CAS6 was
about 28 kDa (Fig. 4) which is similar to the metallopro-
tease from B. cereus (28 kDa) [20] and different from other
reported proteases such as B. cereus (45.6 kDa) [21] and
B. cereus TKUOO6 (39 kDa) [6].

Effect of temperature, pH and NaCl on enzyme activity
and stability

Effect of temperature, pH and NaCl on enzyme activity and
stability of the purified protease was studied with casein as
substrate. The optimum temperature for enzyme activity of
purified protease of B. halodurans CAS6 was 50 °C.
Thermo stability studies revealed that the enzyme was
100 % stable up to 70 °C and retained 83 % of its original
activity at 80 °C and 40 % at 95 °C (Fig. 5a). Thus, the
purified protease from Bacillus halodurans CAS6 was
considerably more stable than the proteases of Bacillus sp.
BOO01 [22] and Alcaligens faecalis [23].

The purified protease of B. halodurans CAS6 was
active over a wide range of pH between 6.0 and 12.0 and
optimum was found at pH 9.0 (Fig. 5b). Regarding
pH stability, the purified protease was 100 % stable at
pH 10.0 and retained 82 % of its original activity at pH
11.0. The pH stability of the protease of B. halodurans
CAS6 was comparatively higher than the previously
reported proteases of B. cereus (6.0-10.0) [21], A. fae-
calis AUO1 (7.0-10.0) [23] which indicates its possible
industrial applications. In general, proteases with an
optimal temperature of 50-70 °C and pH of 9.0-12.0 are
desirable for applications in detergents and tanning pro-
cesses [24].

The effect of NaCl on activity and stability of purified
protease revealed that the enzyme activity was increased
with increasing the concentration from 0-30 % and opti-
mum was found at 30 %. The halostability studies indi-
cated that purified protease was 100 % stable at 30 % NaCl
concentration and it retained 80 % of its original activity at
35 % (Fig. 5c). The halostability of the protease of
B.halodurans CAS6 was comparatively higher than the
protease of Bacillus aquimaris strain VITP4 which was
stable up to 2 M NaCl (i.e. 11.68 %) [25] and Salinivibrio
sp. strain AF-2004 stable up to 4 M NaCl (i.e. 22.37 %)
[26]. The high salt tolerance is characteristic feature of this
enzyme which has number of application in any biotech-
nological process that depends on high salinity or osmotic
pressures.
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Fig. 2 Cell growth and protease production by B. halodurans CAS6
at various temperature (a, b), pH (¢, d) and NaCl concentrations (e, f).
B. halodurans CAS6 was incubated in a shaker incubator at various

Substrate specificity

The substrate specificity studies revealed that the protease
activity was higher when casein (100 %) was used as
substrate followed by gelatine (90 %), Azocasein (72 %)
and egg albumin (59 %) respectively, but there was no
activity found with haemoglobin and BSA. Similarly,

proteases of B. cereus TKUO006 [6] and Bacillus
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temperature (30-70 °C), pH (6.0-12.0) and NaCl (0-30 %, w/v)
concentration for 60 h

laterosporus-AK1 [27] were also reported to produce
higher protease activity when casein used as substrate.

Effect of metal ions and detergents (ionic, non-ionic
and commercial) on enzyme activity

Effect of metal ions on activity of purified protease is
summarized in Table 4. The enzyme activity was enhanced
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Fig. 3 Protease production at optimized culture concisions by
B. halodurans CAS6. Culture medium: 100 mL basal medium (0.1 %
K,HPO,, 0.05 % MgSO4-7H,0 and 1 % SSP). Culture conditions:
55 °C, pH 9.0 and incubation time 66 h. Data are the average of three
experiments

when treated with Ca*", Mg?*, and Mn** at 0.1 and 1 mM
concentrations. Similar to the present study, stimulatory
effects of Ca>™ and Mg>* have been reported previously
[24]. There was no significant effect on enzyme activity
was found with Fe>", Co*" and EDTA and strong inhibi-
tion was found with Hg®" at 0.1 and 1 mM concentrations.
These results were similar to the proteases from Bacillus
sp. BOO1 [22] and Bacillus cereus TKU0O06 [6]. Regarding
the effect of protease inhibitors on enzyme activity, there
was no significant effects found with PMSF, f-mercap-
toethanol, DTNB and SBTI. But, the metalloenzyme
inhibitor (EDTA) significantly inhibited enzyme activity
which clearly indicates that the protease purified from the
present study belongs to metalloprotease.

The stability of enzyme with detergents revealed that the
enzyme retained 94 and 72 % of its original activity in the
presence of 1 % Tween 80 and Triton X-100 (non-ionic
surfactant) and 82 and 85 % of activity with SDS and
sodium deoxycholate (anionic surfactant), respectively

Fig. 4 SDS-PAGE analysis of crude and purified protease from
B. halodurans CAS6. Lane I molecular markers and their molecular
weight—lysozyme (14.3 kDa), trypsin inhibitor (20.1 kDa), carbonic
anhydrase (29 kDa), ovalbumin (43 kDa), bovine serum albumin
(66 kDa) and phosphorylase ‘B’ (97.4 kDa); Lane 2 crude enzyme;
and Lane 3 purified protease

(Table 5). Jellouli et al. [3] suggested that most of the
proteases reported earlier were destabilized in the presence
of ionic surfactants and oxidizing agent. The purified
protease of B. halodurans CAS6 was stable in the presence
of commercial detergents such as Rin (88 %), Ariel
(79 %), Henko (85 %) and Tide (76 %) which was higher
than the stability of protease from B. laterosporus-AKl1
(75 % with Ariel, Henko 63 %, Surf excel 43 % and 38 %
with Tide) [27]. The higher stability of the purified prote-
ase of B. halodurans CAS6 towards detergents will make
this enzyme as an ideal candidate for application in
detergent industry.

Effect of organic solvents on enzyme activity

The effect of organic solvents on stability of purified pro-
tease revealed that the activity was enhanced by the addi-
tion of xylene (118.27 %) and hexane (126.28 %), whereas
there was a slight decrease in enzyme activity observed

Table 3 Summary of steps involved in purification of protease produced by B. halodurans CAS6

Purification steps Total enzyme Total protein

Specific enzyme Protein Total protein

activity (U) content (mg) activity (U mgfl) purification fold yield (%)
Culture filtrate 36,484.0 188 194.06 1 100
(NH,4),SO, Precipitate 18,946.8 75.3 251.61 1.92 51.93
DEAE-cellulose 6,543.6 15.6 419.46 5.57 17.93
Sephadex G-50 4,578.4 8.98 509.84 7.96 12.54

B. halodurans CAS6 was grown in 100 mL of liquid medium in an Erlenmeyer flask (500 mL) containing 1 % of SSP, 0.1 % K,HPO,, and
0.05 % MgSO,4-7H,0 (pH 9.0) in a shaking incubator for 60 h at 55 °C. Culture broth from the resulting experiment was used in this purification

process
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a 120- T 120 . . . -
Table 4 Effects of various metal ions on purified protease activity
100 4 + 100 Metals Enzyme activity (%)
0.1 mM 1 mM
= 80] T80 =
g S Control 100 100
S 60 - T60 = M
2 3 nSOy 123.67 + 3.51 133.33 + 3.51
5] ©
< 40l {40 & FeSO, 85.33 £ 2.52 75.00 £ 3.61
A CoCl, 93.33 + 3.06 80.33 £ 4.51
20 —a—Activity  —e—Stability + 20 MgSO, 115.00 £ 3.00 126.00 £ 3.00
CaCl, 125.00 + 3.00 134.33 £ 4.04
0 T T T T T T 0
30 40 50 o0 0 30 90 o5 HgCl, 24.67 + 2.52 18.33 + 2.52
Temperature (°C) EDTA 86.33 £ 3.06 75.67 &+ 3.51
The enzyme was incubated with metals at 50 °C for 1 h and then
b 1204 T 120 assayed for enzyme activity. Data are the average of three

Stability (%)

—e— Activity —i— Stability

0+ T T T T T T T 0
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- 30
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Stability (%)
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Fig. 5 a Effect of temperature, b pH and ¢ NaCl concentration on
enzyme activity and stability of purified protease from B. halodurans
CASG. Effect of temperature, pH and NaCl concentrations on enzyme
activity was evaluated at different temperatures (30-95 °C), pH
(4.0-12.0) and with various concentrations of NaCl (0-35 %, w/v).
Data are the average of three experiments

with isopropanol (88.16 %) and benzene (90.26 %)
(Table 5). The solvent stability of the protease purified in
this study was higher than the stability of alkaline protease
from Chryseobacterium taeanense TKUO001, which
retained only 76 % of its activity in the presence of tolu-
ene, methanol, ethanol, ethyl ether, acetonitrile, isopropyl
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experiments

Table 5 Effect of non-ionic, anionic and commercial detergents and
organic solvents on stability of protease from B. halodurans CAS6

Residual activity (%)

Detergents
SDS 82.34 £ 2.52
Tween 80 94.33 £ 4.04
Triton X-100 72.67 £ 3.51
Sodium deoxycholate 85.67 £ 3.51
Commercial detergents
Rin 88.34 £ 2.52
Ariel 79.00 £ 3.00
Henko 85.67 £ 2.52
Tide 76.67 £+ 3.51
Organic solvents
Xylene 118.27 &+ 3.51
Isopropanol 88.16 + 3.00
Hexane 126.28 £ 2.52
Benzene 90.26 £ 3.51

The enzyme was incubated with detergents and solvents at 50 °C for
1 h and 4 h, respectively and then assayed for enzyme activity. Data
are the average of three experiments

alcohol and isoamyl alcohol (25 % v/v) [4]. Enzymes are
usually inactivated by the addition of organic solvents to
the reaction solution. But stability of purified protease of
B. halodurans CAS6 indicates that it could be useful for
both type of reactions such as aqueous (buffer) and added
solvents (co-solvents).

Application of purified protease on blood stain removal

The blood stain removal experiments conducted with
purified protease revealed that the blood stains were
removed completely within 15 min in set-3 where combi-
nation of detergent (5 mg/mL) and purified enzyme was
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Fig. 6 Blood stain removal
activity of protease from

B. halodurans CAS6.

a Unstained cloth, b blood-
stained cloth washed with
distilled water, ¢ blood-stained
cloth washed with detergent and
protease enzyme, and d blood-
stained cloth washed with
protease enzyme
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Fig. 7 FT-IR spectrum of the antioxidant materials in the culture supernatant of halodurans CAS6 over wave number range of 4,000-400 cm™

used and it took 20 min when enzyme alone used (set-4)
(Fig. 6). It clearly indicates that addition of enzyme with
commercial detergent significantly enhanced the washing
performances and blood stain removal. Banerjee et al. [28]

1

reported blood stain removing activity of thermostable
alkaline protease from Bacillus brevis removed blood
stains in combination of 7 mg/mL + enzyme (2 mL)
within 25 min. Thus, fast stain removal quality of the
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purified protease in this study suggested its possible com-
mercial application as a detergent additive.

Antioxidant activity of culture supernatant fermented
with marine wastes

Most of the earlier studies suggested that peptides, chitin
and chitosan have antioxidative [29] and anticarcinogenic
properties [30]. To increase the utilization of marine
wastes, culture supernatant of B. halodurans CAS6 fer-
mented with marine wastes (SSP, CSP, SPP and SCSP)
was evaluated for their antioxidant activity. Among the
marine wastes tested, maximum antioxidant activity was
found with the culture broth fermented for 42 h with 1 %
SSP (93.67 + 2.52 % scavenging activity), followed by
SCSP 3:1 (90.33 & 2.32 %), SCSP 1:1 (82.67 £ 2.64 %),
SCSP 1:3 (75.67 + 2.08 %), SPP (72.33 £ 2.20 %) and
CSP (66.67 £ 2.05 %). However, the antioxidant activity
of the culture supernatant of SSP was higher than the
culture supernatant of B. cereus TKUOO06 supplemented
with 1 % SPP (74 %) and incubated for 60 h [6]. Peptides
present in the culture broth incubated with SSP may be
responsible for the radical scavenging properties [31].
Shrimp waste also contains natural antioxidants, mainly
phenolic compounds [32]. The antioxidant materials may
contain oligopeptides that are electron donors which could
able to react with free radicals to terminate the radical
chain reaction [6].

Antioxidant materials in the culture supernatant were
analyzed using TLC and three distinct bands were observed
when developed on the TLC plates. FT-IR spectral analysis
suggested that the presence of aromatic ring stretch with
secondary amine N-H stretch and carboxylic acid ester
groups and an asymmetrical methylene with C—H bonding
in the culture supernatant (1,501.37, 1,150.68, 1,545.21,
1,742.47, 2,921.76 and 2,853.02 cm_l) (Fig. 7). From the
FT-IR spectrum analysis, it was clear that aromatic nitro
compounds with an asymmetrical methylene linked C-H,
cyclohexane ring with CH3;—CH and cyclic depsipeptide
with aliphatic amino groups were responsible for the
antioxidant activity.

Conclusions

Considering the production cost and reutilization of biore-
sources, microbial protease production from marine wastes
seems to provide a renewable carbon source. This waste-
derived inexpensive protease production not only solves
environmental problems but also promotes the economic
values of the marine wastes. The interesting properties
found with the purified protease in this study such as sta-
bility towards temperature, pH, NaCl, surfactants, blood

@ Springer

stain removal and antioxidant activity will make this
enzyme as a potential candidate for the development of
waste based sustainable industrial process. Further research
on mechanisms of enzyme action, amino acid sequencing
and identification of genes responsible for enzyme pro-
duction are in progress.
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