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ABSTRACT

An extreme halophilic bacterium was isolated from solar saltern samples and identified based on biochemical
tests and 16S r RNA sequencing as Chromohalobacter sp. strain TVSP101. The halophilic protease was
purified using ultrafiltration, ethanol precipitation, hydrophobic interaction column chromatography and gel
permeation chromatography to 180 fold with 22% yield. The molecular mass of the protease determined by
SDS PAGE was 66 kDa. The purified enzyme was salt dependent for its activity and stability with an optimum
of'4.5 M NaCl. The optimum temperature for maximum protease activity was 75°C. The protease was optimally
active at pH 8 and retained more than 80% of its activity in the range of pH 7-10. Sucrose and glycine at 10%
(w/v) were the most effective osmolytes, retained 100% activity in the absence of NaCl. The activity was
completely inhibited by ZnCl, (2 mM), 0.1% SDS and PMSF (1mM). The enzyme was not inhibited by 1mM of
pepstatin, EDTA and PCMB. The protease was active and retained 100% it activity in 10% (v/v) DMSO, DMF,

ethanol and acetone.
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INTRODUCTION

Halophilic microorganisms require very high salt (2to 5 M
NaCl) concentrations for growth and are found in salterns and
hypersaline lakes. Many extreme and moderate halophiles have
been isolated and investigated for possible biotechnological
applications. These include the production of B-carotene,
polyhydroxy alkanoates, enzymes and compatible solutes,
enhanced oil recovery and degradation of toxic chemicals that
can pollute hypersaline habitats. Additionally, halophiles
produce exozymes such as amylases, proteases and nucleases
of potential commercial values (1,11,12). Halophilic proteins are
distinguished from their homologous proteins by exhibiting
remarkable instability in solutions with low salt concentrations
and by maintaining soluble and active conformations in high
concentrations of salt upto 5 M NaCl (13,24). There are number
of enzymes of this type produced by some halophilic micro-
organisms that have optimal activity at high salinities and could

therefore used in many harsh industrial processes where the
concentrated salt solutions used would otherwise inhibit many
enzymatic conversions (7,12,23).

Halophilic microorganisms play an essential role in various
fermentation processes that occur in the presence of salt. The
high salt tolerance of extreme halophiles enables their cultivation
under non-sterile and thus cost-reducing conditions (22). So
far, several wellknown proteases such as bromelain, papain,
and pepsin have been used as biocatalysts of protein hydrolysis
in fish sauce fermentation (3,9). However, most of these
proteases were not sufficiently stable in the presence of high
salt concentration. Halophilic organisms have evolved in saline
environment and are able to overcome the deterious effects of
salt, and their enzymes require salt, retaining activity in salt up-
to saturating concentration. Some halophilic proteases have
been purified, characterized, showed maximum activity at neutral
pH at a temperature ranging from 55-66°C (15,31). Halophilic
proteases have wide application in the processing of food,
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leather and detergents (1,13,24). Given the potential applications
of halophilic proteases and the need to search for new halophilic
organisms producing maximum enzyme production is a
continuous process. We have reported the optimum culture
conditions for the production of halophilic protease from
Chromohalobacter sp. TVSP101 (33). In the present study
we report the purification and characterization of an extremely
halophilic, thermophilic protease from a newly isolated
Chromohalobacter sp. TVSP101.

MATERIALS AND METHODS

Organism

Chromohalobacter sp. TVSP101 was isolated from solar
saltern samples of Tuticorin, Tamilnadu, India. This extreme
halophilic bacterium has been deposited in the National Centre
for Industrial Microorganisms, Pune, India with accession
number NCIM: 5237.

Growth conditions and Media composition

The bacterial strain TVSP101 was aerobically cultured at
40°C in a tris-based medium containing (g/L): NaCl 233.6; MgCl,
10; KCI5; Trisodium citrate 3; and peptone 10; skim milk powder
10 (14). The pH was adjusted to 7.2. The strain TVSP101 was
grown in 250 ml conical flasks containing 50 ml of above
mentioned media. The media was inoculated with 1 ml of a week
old culture of Chromohalobacter sp. TVSP101 and incubated
at 40°C in an incubator shaker at 200 rpm for 96 h.

16S r DNA sequencing

The culture was allowed to grow for 4 days on 4 M NaCl
containing LB agar at 40°C. Single colony was resuspended in
20 pl of tris-HCI-EDTA saline (pH 7.2). The bacterial suspension
was incubated for 10 min at 95°C and centrifuged at 18,600 X g
for 2 min. The supernatant was transferred to fresh tubes and
used as total genomic DNA samples. The bacterial 16S rRNA
gene was amplified from the total genomic DNA using universal
eubacteria specific primers viz: 16F27 (5' CCAGAG TTT GAT
CMTGGCTCAG3")and 16R1 525XP (5' TTCTGCAGT CTA
GAA GGA GGT GWT CCA GCC 3"), which yielded a product of
approximately 1500 base pairs. The PCR conditions was: 35
cycles of 95°C denaturation for 1 min, annealing at 55°C for 1 min
and extension at 72°C for 1 min, and final extension at 72°C for 10
min. The PCR product was purified by PEG-NaCl precipitation
as described earlier (29). Briefly, the PCR product was mixed with
0.6 volumes of PEG-NaCl solution (20% PEG 6000, 2.5 M NaCl)
and incubated for 10 min. The pellet was washed twice with 70%
ethanol and dried under vacuum which was then resuspended
in glass distilled water at concentration of >0.1pmol/ml. The
purified product was directly sequenced using Big Dye
terminator kit (Applied Biosytems, Inc., Foster City, CA) as
described earlier (25). The sequencing reactions were run on
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AB-PRISM automated sequencer (ABI-3730 DNA analyzer). The
nucleotide sequence analysis of the sequence was done at
BLAST-nsite at NCBI server (www. Ncbi.nlm.nih.gov/BLAST).
The alignment of the sequences were done using CLUSTAL W
program V1.82 at European Bioinformatics site (www.ebi.ac.uk/
clustalw). The analysis of 16S rRNA gene sequence was done at
Ribosomal Database project (RDP) II (http//: rdp.cme.msu.edu).
The sequence was refined manually after crosschecking with
the raw data to remove ambiguities and was submitted to the
Gene Bank with accession number DQ375807. The phylogenetic
tree was constructed using the aligned sequences by the
neighbor joining method using Kimura-2 parameter distances in
MEGAZ2.1 software (18).

Assay of protease

Protease activity was determined by the method described
by Brock et al. (4). Azocasein (Sigma) (0.8%, Iml) dissolved in 50
mM Tris buffer (pH 8.0) contained 4.5 M NaCl was pipetted into
eppendorf tubes (capacity 2.0 ml) and preincubated at 75°C. The
reaction was initiated by addition of 50 pl of enzyme solution,
and performed at 75°C for 15 min. An equal volume of 10% (w/v)
trichloroacetic acid was added to terminate the reaction and the
mixture allowed to stand at room temperature for 30 min and then
centrifuged at 13000 x g for 10 min. The absorbance of the
supernatant was determined at 450 nm and corrected by
subtracting the absorbance of a blank sample lacking added
substrate. One unit (U) of azocaseinase activity was defined as
the amount of enzyme that produced a change in absorbance
(0.01 per min) at 450 nm at 75°C under the standard assay condition.

Enzyme Purification

Cells were harvested by centrifugation at 10,000 x g for 10
min at 4°C when the culture reached the stationary growth phase
and this supernatant was used for purification of extracellular
protease. One liter of culture supernatant was concentrated to
50 ml through ultrafiltration unit (MWCO 50-kDa, Nalgene).
The concentrated enzyme was slowly mixed with 100 ml chilled
absolute ethanol and allowed to stay for 2 h at -10°C. The
precipitate was recovered in 10 ml of 50 mM Tris buffer (pH &)
containing 4.5 M NaCl and dialysed against the same buffer at
4-°C overnight. Hydrophobic interaction column chromatography
was performed in a Pharmacia glass column (2X15 cm)
containing 20 ml of phenyl sepharose 6B column, equilibrated
with 50 mM Tris buffer pH 8 saturated with 2 M NaCl. The
dialysed sample was loaded onto the column at a flow rate of
0.5 ml/min. The column was washed with 40 ml of 50 mM of Tris
buffer pH 8 containing 10% NaCl until no absorbance was
detected in the elute at 280 nm. The adsorbed proteins were
then eluted with 40 ml of 10% sucrose and collected fractions
each of 2 ml. The five fractions containing maximum protease
activity were pooled, concentrated and dialysed overnight
against 50 mM Tris buffer pH 8 containing 10% sucrose.

13



Vidyasagar, M. et al.

Gel filtration chromatography was performed using G-100
(1X65 cm) equilibrated with 50 mM Tris buffer (pH 8, 10%
sucrose). The above concentrated sample was loaded on to the
column followed by elution with the same buffer at a flow rate
0.1ml/min and fraction size of Iml. The eluted active fractions
were pooled and added required amount of NaCl to attain 4 M
NaCl and dialyzed overnight against 50 mM Tris buffer of pH 8
containing 4 M NaCl. This purified enzyme was used for further
biochemical characterization. Protein content was determined
by method of Lowry ef al. (21) with crystalline bovine serum
albumin (Sigma Chemical) as the standard.

Gel Electrophoresis and activity staining

Polyacrylamide gel electrophoresis (PAGE) was done
essentially as described by Laemmli (19) with 8% acrylamide.
Protein bands were visualized by staining with 0.2% Coomassie
brilliant blue R-250. Activity staining of protease in slab gels
was done with agar sheets containing 1% casein (Hammerstein)
with 4.5 M NaCl as replica plates. The purified enzyme sample
after overnight dialysis against buffer containing 10% sucrose,
the purified enzyme sample was loaded on non-denaturing
electrophoresis gels prepared with same concentration of
osmoprotectant sucrose (5). The bands of protein that were
associated with protease activity were seen as clear zones on a
dark background on the casein-agar replica sheet.

The effect of NaCl, pH and temperature on the purified protease

The azocaseinase activity of the purified enzyme was
measured in different concentrations of NaCl (0 to 5 M) at 75°C
in 50 mM tris buffer of pH 8.0. For optimal pH, the purified
enzyme was incubated at different buffers: 50 mM of citrate-
phosphate for pHs from 5-6, 50 mM Tris buffer for pHs from 6 to
8, and 50 mM glycine-NaOH for pHs from 8 to 12 and assayed
the protease activity at 75°C in presence of 4.5 M NaCl. The
effect of temperature on protease activity was measured from
30t0 90°C in 50 mM Tris buffer of pH 8.0 containing 4.5 M. NaCl
using azocasein as a substrate.

The effect of metal ions, inhibitors and osmolytes on purified
protease

The effect of various metal ions, detergents and inhibitors
was tested on the activity of purified enzyme at 75°C in Tris
buffer (pH 8) containing 4.5 M NaCl using azocasein as a
substrate. The protease activity of the purified enzyme was
measured at various concentrations (w/v) of osmolytes: betaine,
sucrose, glycerol and mannitol in the absence of NaCl using
azocasein as a substrate at 75°C and pH 8 of 50 mM Tris buffer.

The effect of organic solvents on purified protease

The azocaseinase activity of the purified enzyme was
measured at various concentrations of organic solvents (v/v)
at 75°C in 50 mM Tris buffer (pH 8) containing 4.5 M NaCl.
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Ethanol, acetone, DMF and DMSO were used as organic
solvents from 5-20% (v/v) in the reaction mixture.

RESULTS

Isolation and Identification of Bacterial culture

A halophilic bacterial strain TVSP101 producing extreme
halophilic, thermophilic extracellular protease was isolated from
salt sample of solar evaporation pond. The bacterium was Gram
negative, rod shaped and pigmented light pinkish. No growth
was observed in 0.5 M NaCl and required minimum 1M of NaCl
for its growth. Optimum growth was observed at 4 M NaCl
concentration. The strain TVSP101 was able to hydrolyze
gelatin, casein, starch and utilized urea and citrate.

Atotal of 1491 bp product of PCR amplified 16S rRNA gene
was determined for this isolate, which corresponds to more than
99% of the gene sequence. In the analyses at NCBI and RDP
sites, it showed homology to 16S rRNA gene sequences from
Chromohalobacter sp. In the phylogenetic analysis, the
sequence formed a cluster within Chromohalobacter israelensis
with 100% bootstrap value, confirming the identity of the isolate
as strain of this species (Fig. 1). The halophilic strain TVSP101
was identified, as Chromohalobacter sp. TVSP101 and the NCBI
accession number of the 16S r RNA gene sequences determined
in this study is DQ375807.

73 Chromohalobacter israelensis (AF211862)

100 [Strain TVSP 101

Chromohalobacter israelensis ATCC 43985" (AJ295144)
Chromohalobacter canadensis ATCC 43984" (AJ295143)

ol C.marismortui ATCC 17056 (X87219)

Deleya marina (ATCC 25374) M93354

—
0.01

Figure 1. Phylogenetic tree of the strain TVSP101 and related
organisms were aligned based on 16s r DNA sequences
(neighbor-joining tree). Scale bar: number of nucleotide changes
per sequence position. The number at nodes show the bootstrap
values obtained with 1,000 resampling.

The proteolytic activity was noticed in the fermentation
broth after 60 h and the activity reached the maximum level in
the stationary growth phase (96 h) (14). The protease was
unquestionably produced extracellularly; removal of cells by
centrifugation, extensive washing of the cell paste, and lysing
the cells resulted in minimal proteolytic activity.

Purification of extracellular protease
The extracellular protease from Chromohalobacter sp.
TVSP101 was purified to 180 fold with a yield of 22% (Table 1),



using a series of purification steps that included ultrafiltration
(MWCO 50 kDa; Nalgene), ethanol precipitation, hydrophobic
interaction column chromatography and gel permeation
chromatography. The purified enzyme was homogenous
showing a single protein band on SDS-PAGE with a molecular
mass of 66 kDa when compared to authentic standards (Fig.
2a). Activity staining of crude and purified enzyme showed that
only one extra cellular protease is secreted (Fig. 2b).

The effect of NaCl, pH, temperature and thermal stability on
purified protease

The azocaseinase activity was measured at different NaCl
concentrations (Fig. 3). The protease was active in broad range
of NaCl concentrations from 1 to 5 M with optimum activity at
4.5 M NaCl. In the absence of NaCl, the enzyme lost the activity
completely and irreversibly. The enzyme was active in broad
pH range of 7-10 with optimum activity at pH 8 (Fig. 4). The
enzyme retained 82% of activity at pH 10 showing alkali
tolerance. The protease was thermoactive in the temperature
range of 60-80°C with optimum at 75°C (Fig. 5). Temperature
kinetics of the protease suggests that the enzyme activity
increases sharply from 60 to 75°C, followed by a decline after
80°C. The protease was stable in 4.5 M NaCl at 60 and 70°C for
2hrs. The enzyme at 75°C was stable up to 60 min and after 120
min it retained 68% of the activity. The purified enzyme in
presence of 4.5 M NaCl at room temperature was stable for 20
days and stable for 45 days when stored at - 4°C. The purified
enzyme was stable at minimum of 2 M NaCl at 4°C for 12 hours
but 50% activity was lost after two days (data not shown).

The effect of osmolytes

The effect of osmolytes in different concentrations in absence
of NaCl was tested (Fig. 6). The purified enzyme retained 100%
activity in 10 % (w/v) of glycine and sucrose but it required 20%
of glycerol to retain complete activity. Betaine at 10% was not
effective as other osmolytes but at 25% it retained 80% activity.

The effect of inhibitors and metal ions
Zinc inactivated the enzyme completely at 2 mM
concentration. Nearly 60 % activity was lost in the presence of 2
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Figure 2. (a) The CBB stained 8% SDS-PAGE of purified
protease. Lane 1. Relative molecular mass standards. Myosin,
Rabbit Muscle M W 205 kDa; Phosphorylase b 97 kDa; Bovine
serum albumin-66 kDa; Ovalbumin-43 kDa; Carbonic anhydrase
29 kDa; Lane 2. Purified protease. (b) Activity staining in casein
agar replica plate containing 4.5 M NaCl. Details are given in
the materials and methods.

mM of Mn?*, Hg*" and Fe*" (Table 2). None of the metal ions
stimulated the proteolytic activity. PMSF, a potent inhibitor of
serine proteases, inactivated the purified protease completely
and nearly instantaneously. At 0.1% SDS concentration complete
activity was lost, hence it was much more effective denaturant.
The EDTA and 1, 10- phenathroline did not inhibit the enzyme
(Table 3).

The effect of organic solvents
High salt solutions are indirectly related to non-aqueous
environments, as the salts act to reduce the water activity of the

Table 1 Purification of protease from Chromohalobacter sp. TVSP101.

Purification step Volume Total Total Specific Purification  Yield
(ml) Protein (mg)  activity(U) activity (U/mg) (fold) (%)
Culture mediumSupernatant 1000 3300 96,000 29 1 100
Protein concentratorNalgene (50kDa) 50 212 74200 350 12 77
Ethanol precipitate 10 126 57280 455 16 60
Phenylsepharose 6B column 10ml 62 52900 853 30 55
Gel permeation G-100 8ml 4 21424 5225 180 22
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Figure 3. The effect of NaCl on azocaseinase activity of purified
protease from Chromohalobacter sp. TVSP101 in 50 mM Tris
buffer of pH 8 at 75°C. Results represent the means of three
separate experiments, and indicate +1 standard deviation.

Table 2 Effect of metal ions on purified proteolytic enzyme from
Chromohalobacter sp. TVSP101.
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Figure 4. The effect of pH on azocaseinase activity of purified
protease from Chromohalobacter sp. TVSP101 in 4.5 M NacCl,
at 75°C. Citrate-phosphate Buffer (50 mM) for pH values
between 5 and 6, Tris-HCI buffer (50 mM) for pH values
between 6 and 8, and glycine-NaOH buffer (50 mM) for pH
values between 8 and 12. Results represent the means of three
separate experiments, and bars indicate =1 standard deviation.

Table 3 Effect of inhibitors and detergents on purified proteolytic
enzyme from Chromohalobacter sp. TVSP101.

Metal ions (2 mM) Relative activity (%) Inhibitors/Detergents Relative activity (%)
BaCl, 83 SDS (0.1%) 00
CuSO, 80 Urea (8M) 18
CaCl, 85 PMSF (1ImM) 00
CoCl, 61 1,10 Phenanthroline (1mM) 4
MgCl, %) EDTA (ImM) &4
MnCl, 40 EDTA (10 mM) 62
FeCl, 9 DTT (I1mM) 2
HgCl, 43 Chymostatin (1mM) 00
ZnCl, 00 Mercaptoethanol (0.1 %) 9
KCl 100 PCMB (ImM) 4

solution as well as to compete with the enzyme for available DISCUSSION

water. It was of interest, therefore, to investigate the effect of
organic solvents on the function of the halophilic protease. The
protease activity was determined in different concentrations of
organic solvents acetone, ethanol, DMF and DMSQO in presence
of 4.5 M NaCl (Fig. 7). In presence of 10% (v/v) DMSO complete
enzyme activity was retained compared with 25% loss in 10% (v/
v) DMF. Gradual loss of activity was observed with increase in
concentrations of acetone and ethanol.
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Proteases from halophilic organisms have been characterized
in a limited extent. Halophilic Chromohalobacter sp. TVSP101
grows and secretes the protease in the presence of high NaCl
concentrations. Bacteria of genus Chromohalobacter grow on
0.9% NaCl with optimum 7.5 to 10% (w/v) NaCl (2), whereas
Chromohalobacter sp. strain TVSP101 required minimum of 1
M NaCl and optimum of 4 M NaCl. In all cases, the halophilic
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Figure 5. The effect of temperature on azocaseinase activity of
purified protease from Chromohalobacter sp. TVSP101 in 50
mM Tris buffer pH 8 containing 4.5 M NaCl. Results represent
the means of three separate experiments, and bars indicate +1
standard deviation.
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Figure 6. The effect of osmolytes on azocaseinase activity of
purified protease from Chromohalobacter sp. TVSP101 at 75°C
in 50 mM Tris buffer of pH 8, in the absence of NaCl. (Hl) Betaine,
(A) Glycerol, () Glycine and (A) Sucrose (w/v). Results
represent the means of three separate experiments, and
bars indicate +1 standard deviation.

enzymes require at least 4 M NaCl or KCI for optimal activity
and stability (14,15). Activity staining of the crude enzyme
indicates that only one extra-cellular protease is secreted during
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Figure 7. The effect of organic solvents on azocaseinase activity
of purified protease from Chromohalobacter sp. TVSP101 at
75°C in 50 mM Tris buffer of pH 8 containing 4.5 M NaCl. (A)
DMSO, (l) Acetone, ([J) ethanol and (A) DMF (v/v). Results
represent the means of three separate experiments, and
bars indicate +1 standard deviation.

the stationary phase of Chromohalobacter sp. TVSP101. The
protease exhibited halophilic characteristics with loss in activity
below 1 M NaCl. Extracellular enzymes from microorganisms of
the family Halobacteriaceae usually irreversibly lose activity at
low ionic strength (20,28). This is, for instance, the case for
amylase from Natronococcus sp. strain Ah-36 (17) and
proteases from different strains of the genus Halobacterium
(15,28). The protease was stable in 10% sucrose; the same was
used during purification steps of hydrophobic interaction
chromatography and gel permeation as the salt interferes during
the purification process. Sucrose, glycerol, and other alcohols
and amino acids or their derivatives have been used as
osmolytes. These osmotically active substances maintain the
halophilic cells in positive water balance and are compatible
with the cellular metabolism (6,35). Glycerol and other osmolytes
were reported to stabilize other halophilic enzymes (8,26). The
purification procedure was very similar to those used for other
halophilic enzymes (10,14,15,31,36) indicating the same
halophilic behavior. The native molecular mass of
Chromohalobacter sp. TVSP101 extracellular protease
estimated by SDS -PAGE (66 kDa) is similar to that of protease
from Halobacterium halobium (16) but higher than those
determined for other halophilic proteases: 42 kDa for halolysins
172 P1 (15), 49 kDa for Natronobacterium sp (36), 60 kDa for
Halobacterium halobium protease TuA 4 (30), and 45 kDa for
Natrialba magadii extracellular serine protease (10); but it was
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lower than of extracellular protease of Natronococcus occultus
130kDa(31).

Extracellular protease from Chromohalobacter sp. TVSP101
is a serine protease as it is inhibited by PMSF and chymostatin.
It is rather thermophilic, showing maximal activity at 75°C in 4.5
M NaCl. Most of the halophilic proteases reported have their
temperature optimum in the range of 37 to 60°C; 37°C for
protease from Halobacterium halobium (14), 40°C for protease
of Halobacterium sp. PB407 (34), and 60°C for extracellular
protease from N. occultus (31). The solvent effect is not
universal and several solvents destabilize the enzyme. Loss of
activity in DMF was higher as compared to other organic
solvents. Solvents such as 1, 4 - dioxane and DMF also
destabilize the enzyme relative to aqueous buffer at all
concentrations of NaCl as reported by Kim and Dordick (16).
Halophilic enzymes display optimal activity and stability in
solutions containing high salt concentration, meaning low water
activity (27). For this reason, they are excellent candidates as
biocatalyst in aqueous-organic and organic solvent reactions.
Particularly, halophilic proteases may have applications in
protease-catalyzed peptide synthesis. These results contribute
to fundamental and applied aspects of extremozymes and show
the potential of halophilic proteins as biocatalysts in aqueous-
organic media.

In general, all detergent compatible enzymes should be
alkaline and thermostable in nature because of high pH (8-12)
and temperatures (50-70°C) in the laundry environments.
Though the present protease is optimally active at 75°C, but it
retains more than 75% activity in the temperature range of 60-
80°C, thus could have potential use as detergent additive in
presence of high salt concentrations. The protease of the strain
TVSP101 also showed high activity at high salt concentration
of 4 - 4.5 M NaCl. These results lead to the consideration for
utilization of this bacterial enzyme in fish sauce production. To
the best of our knowledge, no halophilic protease have been
purified and characterized from Chromohalobacter sp. This is
the first report for isolation of pure extracellular extreme
halothermophilic serine protease from Chromohalobacter sp.
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