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Abstract- Halophilic bacteria were isolated and purified from marine water of Okha region of Gujarat, India and further subjected to screen for
extracellular hydrolytic enzyme production. Two strains (R1 & R2) showed extracellular hydrolytic enzyme activities, such as amylases, prote-
ases, lipases and gelatinase, where as optimum activity observed with amylase. They were characterized on the basis of morphology, physiol-
ogy and biochemical tests. The phylogenetic tree revealed that the strains R1 & R2 fit in to an evolutionary cluster comprising members of
Salinicoccus roseus with 99% similarity. 16S rDNA sequence was submitted at NCBI and named as Salinicoccus roseus strain rvscokh1 &
rsk1 respectively. The DNA G+C content rvscokh1 & rsk1 was 55.6 & 55.7 mol% respectively. The GenBank accession number of the 16S
rDNA sequences of strain rvscokh1 & rsk1 is HQ190916 & HQ258884 respectively. Salinicoccus roseus is gram positive coccus bacteria.
Strain rvscokh1 & rsk1 sustain to 10% and 6% NaCl concentration respectively while optimum pH was 7.4 for growth. Optimum amylase activ-
ity was found at temperature 37°C, pH 8 and 5% salt concentration for both the strains reveals that these strains can produce potentially in-
dustrially important enzymes.
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Introduction

In recent years, there has been more interest in studying the micro-
biology of halophiles since these naturally occurring hypersaline
environments are the potential source of diverse microorganisms
[1]. Halophilic bacteria are found in marine, great salt lakes, natural
or artificial salterns, salina etc. Those halophiles whose optimum
salt concentration for growth is above approximately 5-20% (w/v)
NaCl are considered moderate halophiles and 20-30% (w/v) NaCl
are considered extreme halophiles which are of valuable use for
research regarding hereditary, physiological and biochemical fea-
tures and strain resources [2]. These extreme environments have
been found to contain halophilic organisms that developed strate-
gies or live optimally in such environments and lives occurring in
such environments have found to possess an elite biotechnological
potential [3]. Many halophiles and halotolerant microorganisms can
grow over a wide range of salt concentrations depending on envi-
ronmental and nutritional factors for the growth and tolerance [4].
Studies on halophilic bacterial extracellular enzymes are important
with respect to their industrial applications mainly in fermented food,
textile, pharmaceutical, leather industries, nutrient recycling and
biodegradation process. Halophilic microorganisms have increased,
and additional applications of industrially important enzymes are still
under development. These uses have placed greater stress on
increasing indigenous amylase production and search for more

efficient processes [5]. The purpose of our study was to isolate and
characterize pure cultures of extreme or moderate halophiles from
enrichments obtained from marine water samples of coastal region
of Gujarat and potentials to check extracellular hydrolytic enzyme
production. Extracellular hydrolytic enzymes such as amylases,
proteases, lipases etc have diverse potential usages in industrial
and chemical sectors. Bacterial amylases are potentially beneficial
in terms of ease to obtain, higher yield, ease to purify and thermo-
stablity. Screening of marine microorganisms with higher amylase
activity could therefore facilitate the discovery of novel amylases
suitable for new biotechnological and industrial applications [6]. In
present investigation, extracellular hydrolytic enzyme producing
halophilic bacteria Salinicoccus roseus strain rvscokh1 & rsk1 was
isolated and purified from marine water of Okha region of Gujarat
and optimization study for amylase activity has been performed.
Based on determining parts of physiological and biochemical index,
16S rDNA sequence was obtained, after which the homology was
compared and phylogenetic analysis was established.

Materials and Methods
Source of Strains

Halophilic bacteria were isolated from a Marine water sample col-
lected from Okha region (22°28'11"N 69°4'47"E) at Gujarat, India.
The samples were collected using a sterile container and were

International Journal of Microbiology Research
ISSN: 0975-5276 & E-ISSN: 0975-9174, Volume 7, Issue 2, 2015

|| Bioinfo Publications ||

616



Isolation and Characterization of Hydrolytic Enzyme Producing Halophilic Bacteria Salinicoccus roseus from Okha

transferred to laboratory. All the samples were stored in cold condi-
tion.

Culture and Isolates

The samples were serially diluted and each diluted samples were
plated on Nutrient agar (NA) and Seghal and Gibbons (SG) agar
media, supplemented with 5%-15% NaCl for salinity and incubated
at 37°C for 2-4 days. After incubation, representative isolated colo-
nies were transferred to nutrient broth medium. Isolates were rou-
tinely cultured aerobically at 37°C in Nutrient broth medium [7] con-
taining (g/L): Peptic digest of animal tissue 5.0 g, Sodium chloride
5.0 g, Beef extract 1.5 g and Yeast extract 1.5 g, pH 7.4 supple-
mented with 5-15% NaCl for 72 h. Solid medium was prepared by
adding 15 g/L agar. The selected colonies were purified three or
four times in the solid medium before they were put into the liquid
medium to culture for 3 days at 37°C at 120 rpm. Same method
followed for Seghal and Gibbons media containing Yeast extract
(HiMedia) 1.0 g, Casamino acids (HiMedia) 0.75 g, Na citrate 0.3 g,
MgS04- 7 H.0 2.0 g, KCI, 0.2 g, FeCl20.0023 g, NaCl 25 g, dis-
tilled water 100 ml [8].

Screening of Extracellular Hydrolytic Enzymes

The isolates were screened for the production of extracellular hy-
drolytic enzymes such as amylase, protease, lipase and gelatinase
using different plate assays method as detailed below:

Amylase Production

The presences of amylolytic activity on plates were determined
using method described by Coronado [9] using HM medium supple-
mented with 0.5% (w/v) soluble starch. After incubation at 37°C for
3 days, the plates were flooded with 0.3% - 0.6% Kl solution, a
clear zone around the growth indicated hydrolysis of starch.

Protease Production

Proteolytic activity of the cultures was screened qualitatively in a
saline medium containing 2% (w/v) sterile skim milk [10]. Formation
of clear zone around the colonies over the next 725 h was consid-
ered as indication of protease production.

Lipolytic Production

Lipolytic activity of the isolates was detected by screening for zones
of hydrolysis around colonies growing on HM plates containing 1%
Tween-80, turbid around the growth indicated hydrolysis of Tween-
80 [11].

Gelatin Hydrolyzing Activity

Gelatin (150 g/L) was supplemented to the saline medium and 2
mililiters were transferred to small testing tubes that were inoculated
with the tested strains and incubated at 30°C. For the control, after
incubation, the cultures were maintained for 10 minutes at 4°C. The
liquefaction of gelatin that indicates the production of gelatinase
was recorded [12].

Assay and Optimization of Amylase

Enzyme assay were performed with cell free supernatant of fermen-
tation broth obtained by centrifugation at 15000 rpm for 10 minutes
at 4°c. Amylase activity of crude enzyme was determined by incu-
bating a mixture of 0.5 ml 1% soluble starch dissolved in 0.1 M
phosphate buffer and 0.5 ml crude enzyme at pH 7, temperature
37°c for 15 minutes [13]. The liberated reducing sugar was estimat-

ed by addition of 3, 5 dinitrosalicylic acid and followed by boiling for
10 minutes [14]. The final volume was made up to 12 ml with dis-
tilled water and optical density was measured at 540 nm. One unit
of amylase activity was defined as amount of g of maltose equiva-
lent liberated per minute per ml of enzyme under assay condition.
The amount of maltose was determined from the maltose standard
curve. Enzyme productions were further optimized using various
parameters like temperature, pH and salinity in different ranges.

Characterization and Growth Condition

The isolates were examined for their colony shape, spore formation,
motility and pigmentation. Gram staining was performed by using
acetic acid-fixed samples as described by Dussault [15]. Growth
rates at different salt concentrations were determined by using
maintenance medium prepared with salt concentrations of 5-15%
(w/v). Biochemical tests were performed according to Bergey's
Manual of Systemic Bacteriology (1994).

The optimal conditions for growth of isolates and amylase produc-
tion were tested with varying parameters. The pH growth range was
pH 5-10, NaCl growth range 5-15 % and temperature range was
15°C-50°C taken for optimization. To determine antibiotic sensitivi-
ty, an active culture was inoculated onto Mueller-Hinton (Hi-media)
agar plates, octadiscs impregnated with antibiotics were placed on
their surface. The plates were incubated and the zones of inhibition
around the antibiotic discs were recorded [16].

All the growing tests were carried out according to the following
methods: 5 ml liquid medium was interfused with 0.5 ml bacterium
liquid in each tube; then, the strain was cultured for 3 days at 37°C,
optical density was detected at A=600 nm, test was repeated three
times.

DNA Extraction

DNA extraction was performed according to following methods:
Cells were cultured to approximately the late exponential phase and
then harvested by centrifugation in 15 ml portions at 10,000 rpm for
10 min. The deposit was suspended in solution [glucose 50mM (pH
8.0), Tris-HCI 25 mM (pH 8.0), and EDTA 10 mM]. The cells were
lysed by adding 200 ml of 5% lysozyme, 20 ml of 1% pronase, 8 ml
of mutanolysin (500 U/ml) and 4 ml of 1% RNase. DNA was exiract-
ed by adding 250 ml of extraction buffer (20 mM Tris-HCI, 100 mM
EDTA, 1% sodium dodecyl sulfate, 0.01% proteinase K). The lysate
was extracted two times with an equal volume of phenol/chloroform/
isoamyl alcohol (25:24:1). Nucleic acid was precipitated with double
-volume ethanol and washed with ethanol 70%. Nucleic acid was
resuspended in 20 pl TE buffer (Tris-HCI 10 mM, EDTA 1 mM, pH
8.0) [17]. Then, it was quantified by spectrophotometry and kept at
—20°C. The G-C content of the DNA was determined by the thermal
denaturation method [18].

16S rRNA Gene Amplification and Purification

Ribosomal 16S rRNA genes were amplified using the universal
bacterial primers Fd1 5'-ttccggttgatectgec-3' (forward); and Rd1, 5
aaggaggtgatccagec-3' (reverse). Bacterial 16S rDNA was amplified
in a thermal reactor thermocycler (GeneAmp® PCR System 9700,
Applied Biosystems) for 35 cycles (3 min denaturing step at 94°C in
the first cycle; 30 sec denaturing at 94°C, 30 sec annealing at 55°
C, and 2 min elongation at 72°C, with a final extension step at 72°C
for 10 min). The amplification product was purified by 1.2% agarose
gel using the GeNei™ Quick PCR Purification Kit (Bangalore Genei,
India) to prepare it for sequencing.
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Sequencing of 16S rRNA-encoding DNA

The purified DNA amplicons were lyophilized and sent for sequenc-
ing to M/s Macrogen Inc., Seoul, Korea. Sequence fragments gen-
erated from a given template were edited against electrophero-
grams and then assembled into contigs using SeqMan (Lasergene
DNASTAR, Inc, Madison, WI). The sequences were tested for chi-
meras by using the CHIMERA-CHECK program of the Ribosomal
Database Project. The partial 16S rDNA sequences corresponding
to 1-1468 positions were then subjected to BLAST search to obtain
some of the best matching sequences [19]. The sequences were
aligned using the Clustal W multiple-alignment program [20] and by
comparison with sequences deposited in the Ribosomal Database
Project [21].

The pair-wise scores of input sequences were transformed to dis-
tance matrix by kimura two-parameter model before solved by
neighbor-joining algorithm. Phylogenetic relationships among the
sequences were inferred using PHYLIP package, version v.3.57
[22]. Phylogenetic trees were constructed by the neighbor-joining
method of Saitou & Nei [23]. The sequences reported in this paper
were deposited in GenBank with accession number HQ190916 &
HQ258884 for rvscokh1 & rsk1 respectively.

Results
Isolation & Screening of Extracellular Hydrolytic Enzymes

Total 36 halophilic bacteria has been isolated and subjected for
screening of extracellular hydrolytic enzymes. Among various iso-
lates ten isolates produces amylases, 8 isolates produces gelati-
nase, 5 showed proteolytic activity and 3 shows lipolytic activities.
Finally two isolates R1 & R2 producing all four extracellular hydro-
Iytic enzymes amylases, proteases, lipases and gelatinase has
been selected. Both strains are found to be potent producer of am-
ylase enzyme on the basis of zone of inhibition. Since both of the
strains are found to potent amylase producer, further study was
restricted for amylase assay and optimization of amylase enzyme in
various parameters. Standardization of various parameters such as
pH, temperature and salinity was carried out for the optimum growth
of bacteria and selecting most commercial usage of amylase en-
zyme. Maximum enzymatic activity of all isolates was observed in
the logarithmic phase of growth at temperature 37°C, pH 7-8 and
5% salinity. Maximum amylase activity for both strain rvscokh1 and
rsk1 was observed 32 hour after inoculation in assay medium.

Physiological and Biochemical Features

Strain rvscokh1 & rsk1 is aerobic, Gram-positive, cocci, non-motile
and non-spore-forming bacteria. The colony color on both media
tested is orange. Growths of these two halophilic strains Salinicoc-
cus roseus strain rvscokh1 & Salinicoccus roseus strain rsk1 were
observed with NaCl concentrations of 5-15% (w/v) with optimum
growth at 10% for rvscokh1 & 6% for rsk1 in both SG & NA media.
They Grows at pH 6.0-9.0 (optimum growth at pH 7.4) and with
temperature range of 20-45°C (Optimum 37°C). Both strains gives
a positive reaction in tests for catalase and oxidase; but negative in
test for Nitrate reduction, Indole production, Methyl red, H.S produc-
tion & Voges-Proskauer tests. Phenotypic characteristics of isolated
Strain rvscokh1 & rsk1 were mentioned in [Table-1]. Strain
rvscokh1 was found to be highly sensitive to Cephalothin,
Clindamycin, Ofloxacin, Penicillin-G, Colistin and Vancomycin but
resistant to Ampicillin, Ciprofloxacin, Co-timoxazole, Gentamicin,
Nitrofurantoin, Streptomycin, Tetracycline and Erythromycin. Strain

rvscokh1 was found to be highly sensitive to Ciprofloxacin but re-
sistant to Cephalothin, Clindamycin, Ofloxacin, Penicillin-G, Colistin
Vancomycin, Ampicillin, Co-timoxazole, Gentamicin, Nitrofurantoin,
Streptomycin and Tetracycline.

Table 1- Phenotypic features of isolates studied

ch o Strain

aracteristic rvscokh sk

Colony Flat Flat

Motility - -

Colony pigmentation Orange Orange
NaCl range of growth (%w/v)

Range 5-15% 5-15%

Optimum 10% 6%

Range 6-9 6-9

Optimum 74 74

Range 20-45°C 20-45°C

Optimum 37°C 37°C

Maltose - -

Galactose

D-glucose

Fructose

Sucrose - -

Casein + +

Gelatin + +

Starch + +

Tween 80 + +

Methyl Red test

Urease

Nitrate Reduction

Indole Production

H>S production

\oges-Proskauer Tests - -

G+C content 55.60% 55.70%

Amylase Assay

Studies on crude enzyme revealed that optimum amylase activity
was at temperature 37°C [Fig-1], pH 8 [Fig-2] and 5% salt concen-
tration [Fig-3] for both the strain. There is a sharp decline in enzyme
activity at temperature 45°C-50°C and 6-7% salt concentration.
Although alpha-amylase production was evident at temperatures
range of 35°C-40°C studied for fermentation, 37°C was the best
among them.

Phylogenetic Analysis

An amplified fragment of about 1.5 kb was obtained when PCR
primers targeted phylotypes of the bacterial domain. The DNA G+C
content of strain rvscokh1 & rsk1 was 55.7% and 55.6 mol% re-
spectively, determined by the thermal denaturation temperature
(Tm) using a Cintra20 spectrophotometer (GBC Scientific Equip-
ment). The most closely related sequences against GenBank and
Ribosomal Database Project Il were identified using BLAST results
indicated 99% of the similarity to 16S rDNA group represented by
the cluster of halophilic member of the genus Salinicoccus in Gen-
Bank sequences. We used ClustalW programs of the PHYLIP pack-
age to identify the similarities between 16S rDNA sequences of
different strains. The DNADIST program was used to construct a
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Kimura two-parameter evolutionary distance matrix [Table-2]. Phy-
logenetic tree was then constructed from evolutionary distances
using neighbor-joining method with global rearrangements and
randomized input order [Fig-4] & [Fig-5]. Bootstrap analysis (1,000
replications) was performed using the additional programs SE-
QBOOT and CONSENSE.

Optimization of temperature

—#—rvscokhl

Amylase activity (Ufml)

——rskl

Temperature (in -c)

Fig. 1- Effect of temperature on enzyme activity in strain rvscokh1 &
rsk1

Optimization of pH
45
40
35
30
25
20
15
10

==rvscokhl

——rskl

Amylase activity (U/ml)

-~J
™~
w
0

Fig. 2- Effect of pH on enzyme activity in strain rvscokh1 & rsk1

Optimization of salt concentration

45
40
35
30
25
20
15
10

—#—rvscokhl

—l—rskl

Amylase activity (U/ml)

3 4 5 6 7

Salt concentration (%)

Fig. 3- Effect of salt concentration on enzyme activity in strain
rvscokh1 & rski1

Discussion

During the past decades extreme environments have been exten-
sively explored, and the halophilic bacteria has been found in a
wide range of saline environments. Gujarat have largest coastal
region in India, and hence tremendous possibility are present for
diverse biomolecule producing halophiles. Our study demonstrated
the presence of extracellular hydrolytic enzyme producing halophilic
bacteria in Okha region of Gujarat. With the advancement of molec-
ular approaches [24], diverse bacterial genotypes have been dis-
covered [25]. However, isolation is still a necessary approach to
obtain novel microbes and physiological characteristics for under-
standing their physiological and environmental functions and for
their application potentials [26]. Bacillus okhensis has been already
identified in Okha region of Gujarat [27]. Various kinds of moderate-
ly/extremely halophilic bacteria and archaea have been isolated
from ancient salt deposits, in which several new taxa were identified
[28,29]. Isolated strains rvscokh1 & rsk1 is Gram-positive cocci, non
-motile and non-spore-forming bacteria. Its optimal growth condi-
tions are 10% NaCl for rvscokh1 & 6% for rsk1, 37°C temperature
and pH 7.4 with NA & SG medium. It is considered as moderate
halophile on the basis of salinity.

Table 2- Distance matrix of 16S rDNA sequence of Salinicoccus strains

% Distance Matrix

Abbreviation
1 SR 0.00
2 SSP 0.00 0.01
3 SSP 0.00 0.00 0.00
4 SSP 0.00 001 0.00 0.0
5 SSP 0.01 001 001  0.01 0.01
6 Ub 0.00 001 001 0.01 0.01  0.01
7 SSP 000 000 000 000 000 0.01
8 Ub 000 001 001 0.01 001  0.01
9 Ub 000 001 000 000 001 001
10 Ub 000 001 000 000 001 0.01
11 Ub 000 001 000 000 001 001
12 rvscokh1 000 000 000 000 000 0.01
13 rsk1 000 000 000 000 000 0.01
14 SSP 0.01 001 001 0.01 001  0.01
15 SR 0.01 001 001 0.01 0.01  0.02
16 UB 0.01 001 001 0.01 0.01  0.01

0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01
0.01
0.01

8 9

0.01

0.00 0.1

000 0.01 0.0

000 000 001 0.01

000 000 001 001 0.0

000 000 001 001 000 0.0

001 001 001 001 001 000 0.0

001 001 001 001 001 001 001 001

001 001 001 001 000 001 001 001 001

SR- Salinococcuc roseus, SSp- Salinococcuc Sp., Ub- Uncultured bacterium
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Fig. 4- Phylogenetic dendrogram based on 16S rRNA gene sequences and constructed using the neighbour-joining method showing the phylo-

genetic positions of Salinicoccus roseus strain rvscokh1 and related taxa.

The phylogenetic tree was constructed by using the neighbourjoining

method and Kimura two-parameter evolutionary distance matrix data obtained from unambiguous aligned nucleotides. Bootstrap values
(expressed as percentage of 1000 replications) greater than 50 % are shown at the branch points. Bar 1 substitution per 100 nucleotide posi-

tions.
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Fig. 5- Phylogenetic dendrogram based on 16S rRNA gene sequences and constructed using the neighbour-joining method showing the phylo-
genetic positions of Salinicoccus roseus strain rsk1 and related taxa. The phylogenetic tree was constructed by using the neighbourjoining
method and Kimura two-parameter evolutionary distance matrix data obtained from unambiguous aligned nucleotides. Bootstrap values
(expressed as percentage of 1000 replications) greater than 50 % are shown at the branch points. Bar 1 substitution per 100 nucleotide posi-

tions.

According to taxonomical classification, both of the strain belongs to
domain Bacteria; phylum Firmicutes; Class Bacilli; order Bacillales;
family Staphylococcaceae and genus Salinicoccus. The phyloge-
netic evolutionary distances based on 16S rDNA sequences of
halophilic bacteria have better relativity with strain morphology and

classified biochemistry data. Phylogenetic analysis and distance
matrix value indicate that strain rvscokh1 & rsk1 clusters in the
same microbiological population with other Salinicoccus genus.
Their similarities vary from 95 to 99%. Therefore, strain rvscokh1 &
rsk1 is a novel strain of the genus Salinicoccuc roseus.
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Salinicoccuc roseus was not well reported earlier with extracellular
enzyme production, but this strain shows their capability of extracel-
lular hydrolytic enzyme production. Recently, Sulochana, et al [30]
reported enzyme production capacity by Salinicoccus species by
Arabal soil of west coast of Karnataka, India. Stability of the extrem-
ozymes, in the face of adverse condition will lead to their use in a
variety of biotechnological application in which such tolerance is
advantageous and beneficial. Proteins from halophilic organisms
have a biased amino acid composition in order to remain stable and
active at high ionic strength. Halophilic proteins typically have an
excess of acidic amino acid (i.e. aspartate and glutamate) on their
surface. Negative charges on the halophilic proteins bind significant
amount of hydrated ions, thus reducing their surface hydrophobicity
and decreasing the tendency to aggregate at high salt concentra-
tion. Although such a high proportion of acidic amino acids is not
present in the amylase from the thermophilic halophile [31,32]. An
enzyme from the marine source may be a unique protein molecule
not found in any terrestrial organism or it may be a known enzyme
from a terrestrial source but with novel properties [33].

Salinococcuc roseus strains produce extracellular Amylase, prote-
ase, lipase and gelatinase enzymes having wide applications in
various industries and research. halophilic amylases highlighted
due to their stability and versatility and having some hence interest-
ing applications in starch saccharification, textile, food, brewing,
distilling industries, clinical and analytical chemistries [34]. Halopro-
teases have been widely used in industry for a long time, especially
in washing detergent, baking, brewing, cheese industry and tanning
industry [35,36]. Lipases are often hampered by their low stability in
the processes and loss of activity in presence of the organic sol-
vents, hence the lipases isolated from halophilic microorganisms
constitute an excellent alternative in the industrial processes. Bacte-
rial lipolytic enzymes are valuable biocatalysts due to their broad
substrate specificity and high chemo-, regio- and stereoselectivity
[37,38]. Thus, these enzymes are currently used as detergent addi-
tives, in the food and paper industries, and as enantioselective bio-
catalysts for the production of fine chemicals [39,40]. Gelatinase is
one type of diverse group protease, an extracellular metallo- endo-
peptidase or metalloproteinase which is able to hydrolyze gelatin
and other compounds such as pheromone, collagen, casein and
fibrinogen [41]. Gelatinase enzymes are widely used in chemical,
medical, food and basic biological science [42]. Among all en-
zymes, amylase was found to be potentially produced by Salinococ-
cuc roseus which has been further optimized for enhanced produc-
tion. Optimization of crude hydrolytic enzyme production using vari-
ous temperature, pH and salinity revealed that optimum amylase
activity was at temperature 37°C, pH 8 and 5% salt concentration
for both the strain. Optimum temperature report by various worker
was also found to be 37°C for optimum amylase activity. Therefore,
we can conclude that enzymes produced by Salinicoccuc roseus
strains can show interesting applications in future for industrial pur-
pose.

Conflicts of Interest: None declared.
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