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Abstract

Many halophiles were considered to be extremophiles
due to their inborn industrial potentials and tolerance
to hostile environmental conditions. The isolated
halophilic bacteria described in the present study are
not only grown at environmentally adverse conditions,
also they can be able to produce bioactive molecules.
Among the isolated strains, Oceanobacillus iheyensis
strain JAS12 and Salinicoccus roseus strain JS20 are
known for the unique biotechnological applications.
The isolate Oceanobacillus sp. grows well at 35-55°C
(optimum 45°C) and pH 6 to 12 (maximum growth at
pH 8), interestingly the strain could hydrolyze casein,
starch and gelatin. The G+C content was 40.2 mol %
and the major fatty acids are iso-15:0: 30.52%,
primary-C15: 0 (29.29 %), is0-14:0 (16.15%) anteiso-
C17: 0 (4.03%). Another isolate was Salinicoccus sp.
JS20 The DNA G+C content was 50.4 mol % and the
major fatty acids are anteiso-C15: 0 (26.23%), iso-
15:0, (17.62%), 16:0 (11.5%), anteiso-C17: 0 (7.7 %),
iso- C16: 0 (10.20 %), is0-17:0: (5.43%) and iso-C14:
0 (3.97 %).

These isolates are also producers of many extracellular
enzymes such as protease, amylase, inulinases,
gelatinase and g-fructofurinosidase above the optimal
conditions. Oceanobacillus sp. JAS12 16S rRNA gene
sequence similarity is 99% similar to the reported
genera. Salinicoccus sp. JS20 indicated 96% 16S rRNA
sequence similarity with near species Salinicoccus
genus, thus, they were found to be novel concerning to
their genetic makeup and biochemical features.
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Introduction

Past few decades, plants and animals have explored higher
than the microorganisms.’® Since microbes occur
ubiquitously and their nutritional requirement is very
diverse, only 8-10% of the microbial population has been
explored. Undoubtedly, these microorganisms habitat is in
aquatic, marine, terrestrial, deserts, volcanic erupted land,
glaciers, stratosphere etc. Among these organisms,
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halophilic bacteria are the microbes that can grow under
higher salt concentrations. Halophiles inherently possess
different industrially important metabolites producing
abilities. Industrial processes are usually carried out at
relatively extreme physiological conditions such as higher
temperatures, pH, or dissolved oxygen concentrations.

Therefore, it is critical to have potential microbes that can
sustain such harsh physiological conditions provided with
producing definite value-added product at an industrial
scale. Sanchez-Porro et al? in 2003 reported extracellular
enzymes such as protease, lipases, amylase, pectinase,
gelatinase and inulinase enzymes have enormous value in
the food, feed, chemical and biomedical industries.

Many researchers have revealed the occurrence of
Oceanobacillus genera in coastal regions, the first being Lu
et al.1* They have isolated the Oceanobacillus from the mud
sample of deep-sea and type species identified as
Oceanobacillus iheyensis DSM 14371T. Concurrently
rigorous work was conducted by the different researchers
around the globe and corrected the genus upon the isolation
of Oceanobacillus oncorhynchi subsp. oncorynchi JCM
12661T.%" The reclassification of Virgibacillus picturae’ as
Oceanobacillus picturae DSM 14867T was also done.'®
Until 2014 twelve Oceanobacillus species along with two
subspecies were recognized.

The Salinicoccus genus was first described by Ventosa et al
in 1990%° and the type species was much similar to
Salinicoccus roseus DSM 5351T. The Salinicoccus sp.
generally are aerobic and moderately halophilic. The
previously identified species under the Salinicoccus genus
are as follows: Salinicoccus roseus and Saliniccus
hispanicus as described by Ventosa et al,?®3° Salinicoccus
salsiraiae described by Franca and coworkers,® Salinicoccus
alkaliphilus described by Zhang and colleagues,®
Salinicoccus jeotgali identified by Aslam and others.!
Numerous industrial important moderate and extreme
halophilic bacteria and archaeons were isolated from unique
habitats such as ancient salt deposits and that tend to the
isolation of novel taxon.*

In Algerian Sahara of hypersaline soils, archaeal strains were
identified and enumerated for antimicrobial activities,>?!
Similarly, Taha et al?’ enumerated the existence of
extremely halophilic archaea bacteria from Algerian arid and
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semi-arid wetland ecosystems. According to the editorial
report of Erika, the enzymes obtained from the marine
bacteria have a pretty good source of biotechnological
applications and their fatty acid esters were further explored
for biomarkers development.®

The West Coast of the Arabian Sea near Karwar and
Mangalore, situated in south India, is the unique habitat for
the new species of moderately halophilic bacteria. Thus, the
microbes living in hostile environments inherently produce
extracellular enzymes at relatively higher salt concentrations
and higher temperatures. In the present work, we describe
the  detailed occurrence, physiology,  molecular
identification, fatty acid profiles and extracellular enzymes
produced by the novel isolates such as Oceanobacillus strain
JAS12 and Salinicoccus Strain JS22. In concerning the
Salinicoccus sp., 96% of sequence similarity strongly
indicated its potential novelty in its occurrence.

Material and Methods

Isolation media: Bacterial strains were isolated from the
west coast of India by following the protocol of Spring et
al.?* The medium contains tryptone 5 g, sodium citrate 3g,
casamino acids 5g, potassium chloride 2g and magnesium
sulfate 20g/L; pH 7.5% which was ideal for the growth and
maintenance of the bacterial strains. All selected tests were
performed using the medium containing 10% sodium
chloride (W/V), at pH 7.5 and allowed to grow at 35°C for
48 hours.

Morphological characterization: To analyze the
morphological feature possessed by the isolated strains, they
were allowed to grow on the PYA medium contained
peptone 1g, yeast extract 0.5g, K:HPO4 0.1g, MgSO4 0.02g,
NaCl 3g and Bacto agar 1.5g to 100ml of distilled water and
pH 7.5. After 24-36 hrs of incubation at temperature, 35°C
gram staining was carried out. The morphology of the cells
of each strain was observed under Phase-Contrast
Microscope.

16S rRNA sequencing: The genomic DNA extraction was
carried out according to Ausubel et al® followed by PCR
amplification and the 16S rRNA analysis was performed
according to the Sulochana et al. Novel strains of
Oceanobacillus and Salinicoccus species gene sequences
were deposited in the National Center for Biotechnological
Information (NCBI) on accession numbers JX104218 and
HQB834854 respectively.

Cellular G+C content analysis: The percentage of guanine
and cytosine content of DNA was critical in the description
of strain.!® During the process, 2g of wet biomass
(centrifugal pellet) of each isolate was used. Initially,
isolates were grown in halo bacterial medium (ATCC 213)
containing 10% of NaCl for 18 hr. After incubation,
centrifugation of culture suspension was carried out at 10000
rpm for 10 min. Bacterial cells lysed using the French press
method and then desired DNA was purified using
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hydroxyapatite as per Cashion et al.® The DNA hydrolyzed
with P1 nuclease and the nucleotides dephosphorylated after
the treatment with alkaline phosphatase.?* The subsequent
deoxynucleosides were analyzed using HPLC.?>3! Lamda
DNA and 3 DNAs with already published genome sequences
representing 43-72% were used as standards. G+C values
were calculated as the ratio of guanosine and thymidine as
defined by Mesbah et al.®

Fatty Acid Analysis: Analysis of cells containing fatty acids
in halophilic bacteria was carried out by growing them on
saline medium. These plates were incubated for 48 hours and
further the saponification process, methylation and
extraction of cellular fatty acids were carried out as per the
protocol developed by the Sherlock Microbial Identification
System (MIDI).! Screening of newly isolated strains of
Oceanobacillus and Salinicoccus roseus strain JS20 for
extracellular enzyme production was carried out as follows.

Extracellular protease production: To determine the
protease producing ability in 10% wi/v of skim milk, 2%
agarose with 20% of salt medium, the halophilic strains were
inoculated.??3? After seven days of incubation, zone of
hydrolysis indicated a positive test.

Amylase production: Oceanobacillus and Salinicoccus sp.
were screened for the production of amylase enzyme. The
qualitative analysis was carried according to Amoozergar et
al where starch agar medium consisted of 20% of salt. The
plates were incubated at 34-37°C temperature for about
seven days. After incubation, 0.3% 1,-0.6% KI solution was
spread on Petri dishes. The zone of hydrolysis around the
inoculated strains indicated the amylase activity.3*

Gelatinase activity: 15% of gelatin was added to the saline
medium and 2 ml transferred to a small test tube that was
inoculated with the testable strains and incubated at 30°C.
Along with the negative control, after incubation, the
cultures were again incubated for about 10 minutes at 4°C.
The liquefaction of gelatin confirms the production of
gelatinase and was recorded.

Inulinase activity: To determine inulinase activity the
strains were allowed to grow on medium (g/liter) containing
inulin 2, ammonium sulfate 0.5, magnesium hydroxide 0.2,
potassium dihydrogen phosphate 3, agar 20 and 20% w/v
NaCl salts. The substrate inulin was a sole carbon source in
the medium; consequently, bacterial growth after two days
of incubation at 37° C was designated as the presence of
inulinase activity.

B-galactosidase production: The halophilic bacterial
isolates were initially inoculated into the skimmed milk agar
plates and incubated at 40-45° C and cultured on lactose
broth for about 16 hours at 43°C. After the incubation,
centrifugation was carried out at 8000 rpm for 10 minutes
and to the collected supernatant, 2-3ml of acetone were
added to obtain the B-galactosidase enzyme.?
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Results and Discussion

Novelty of Oceanobacillus iheyensis strain JAS12:
Oceanobacillus iheyensis strain JAS12 (Nucleotide data
obtained and deposited under accession number: JX104218)
was found to be gram-positive, flagellated, rod-like structure
(Fig. 1). And interestingly, it is non-spore forming which

s Vol. 15 (9) September (2020)

Res. J. Biotech

contributes  significant difference among commonly

occurring Oceanobacillus group and Oceanobacillus
oncorynche subsp. incaldanensis are the lone non-spore
former groups accumulated in a similar type of characteristic
feature. Oceanobacillus iheyensis sp. JAS12 forms circular
and cream-white colored obligatory under aerobe or
facultative alkaliphilic.

Figure 1: Phase Contrast image of Oceanobacillus sp.
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Figure 2: Fatty acid methyl ester analysis of proposed novel species Oceanobacillus strain JAS12.
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In HiCarbo™™ Kit 20 strips, a positive result was obtained on
fermentation of dextrose, xylose, maltose, fructose,
trehalose, sucrose, inulin, sorbitol, glycerol and citrate
utilization. However, the assimilation of lactose, a-methyl
D-glucoside, rhamnose, ribose, melezitose, a-methyl D-
mannose, cellobiose, xylitol, D-arabinose, sorbose and
malonate utilization was negative. The major fatty acids
were is0-15:0: 30.52%, anteiso-C15: 0 (29.29 %), iso-14:0
(16.15%) anteiso-C17: 0 (4.03%) (Fig. 2).

The morphological and biochemical characterization was
carried out for the following strains 1. JAS12
(Oceanobacillus sp.); 2. O. iheyensis KCTC 3954714 3. O.
oncorhynchi R-2T37 4. O. picturae KCTC 382177, All
strains were motile, gram-positive, oxidase and catalase-
positive and produced elliptical spores and test for indole
production was negative. Not a single isolate produced acid
from D-arabinose, L-rhamnose, Myo-inositol, L-fucose, or
5-keto-D-gluconate.

On the other hand, Salinicoccus roseus strain JS20 cells were
observed to be gram-positive, motile, non-spore former.

Vol. 15 (9) September (2020)
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Oxidase and catalase-positive, obligately aerobic cocci (0.8
1.2 mm) appear to be singly or in pairs, tetrads, or clumps
(Fig. 3). Colonies are round, convex, pinkish-pigmented and
non-translucent with glistening surfaces and form entire
margin, 2-3 mm in diameter after three days on halobacteria
medium ATCC 213 containing 10% (wi/v) salts at pH 7.2 and
temperature about 32°C.

Figure 3: Phase Contrast image of Salinicoccus sp.
JS20.
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Figure 4: Fatty acid methyl ester analysis of proposed novel species Salinicoccus strain JS20.
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Table 1
Extracellular enzyme production from Salinicoccus sp. strain JS20 and Oceanobacillus sp. JAS12.
S.N. Extracellular enzymes Salinicoccus sp. strain JS20 Oceanobacillus sp. JAS12
1 Protease + +
2 Amylase + -
3 Gelatinase - +
4 Inulinase + +
5 B-galactosidase + +

Note: “+”is positive for respective hydrolytic enzymes production,

Temperature range of growth is 22-45°C (optimum 32°C).
The strain could utilize casein, inulin, starch and (-
galactosidase, but unable to hydrolyze gelatin and aesculin.
Nitrate reduction test was positive and methyl red and
Voges—Proskauer, indole and H2S were negative. The strain
can utilize fructose, dextrose, trehalose, sucrose, inulin,
sodium gluconate, sorbitol, mannitol, adonitol, ONPG,
citrate utilization, malonate utilization and was unable to

utilize lactose, xylose, maltose, galactose, raffinose,
melibiose, L-arabinose, mannose, glycerol, salicin,
glucosamine, dulcitol, Inositol, a-methyl D-glucoside,

Ribose, Rhamnose, Cellobiose, Melezitose, a-methyl D-
mannoside, xylitol, aesculin hydrolysis, D-arabinose and
sorbose.

Phenotypic, biochemical and genotypic Cellular G+C
content comparison were deliberated for Strains: 1. SS5
(Salinicoccus roseus); 2. S. alkaliphilus JCM 1131173 3. S,
roseus DSM 53517:2%; 4. S, hispanicus DSM 5352" Marquez
et al, 5. S. jeotgali KCTC 130307 6. S. salsiraiae LMG
2284076 and were compared.

The DNA G+C content was 50.4 mol % and the major fatty
acids are anteiso-C15: 0 (26.23%), is0-15:0, (17.62%), 16:0
(11.5%), anteiso-C17: 0 (7.7 %), iso- C16: 0 (10.20 %), iso-
17:0: (5.43%), iso-C14: 0 (3.97 %). Fatty acid composition
of members of the genus Salinicoccus strains was
deliberated (Table 1): 1. SS5 (Salinicoccus sp. from the
study); 2. S. alkaliphilus JCM 113117 %; 3. S. roseus DSM
53517;% 4. S. hispanicus DSM 5352728 5. S, jeotgali KCTC
13030"%; 6. S. salsiraiae LMG 22840 6.

With respect to the potential enzyme production and
occurrence of halobacteria, contrast results were obtained
when compared to previous reports of Ventosa®' where he
found maximum potential isolates to produce hydrolytic
enzymes belonging to gram-negative genera Salinivibrio or
Halomonas. However, in the present study, potential isolates
in moderately saline habitats of Karwar and Mangalore were
namely Salinicoccus and Oceanobacillus sp. Respectively.
Both strains are gram-positive.

These strains Oceanobacillus and Salinicoccus prefer to
grow under minimum salt concentration. The mangroves
ecosystems of Karwar, coastal belt of Mangalore were
provided with untapped habitat diverse halo bacterial
communities. Since they possess the abundant sources of a
wide variety of halophilic bacteria, Yaradoddi et al®

137

1313

is no enzyme production.

identified and classified the different communities of
halophilic bacteria belonging to Virgibacillus, Halobacillus,
Pontibacillus, Oceanobacillus, Salinicoccus, Marinobacter,
Nesrenkonia and Staphylococcus. They have thus obtained
halobacteria classified under the moderately halophiles
based on morphological, physiological, biochemical
adaptations. Interestingly, species among these communities
can be able to produce at least four extracellular enzymes
such as protease, amylases, inulinases, B-galactosidases and
gelatinase enzymes. These enzymes have precise
biotechnological and industrial applications such as food,
beverages, textiles, detergents, leather industries.

When compared to the reports of Lee et al,® the significant
difference among existing Oceanobacillus sp. was discussed
as follows: the JAS 12 could be able to tolerate higher
temperature (up to 55°C) and optimum temperature was
observed at 45°C, whereas most of the reported
Oceanobacillus sp. can tolerate up to 42°C temperature, the
maximum pH required for the growth is 13 whereas relevant
Oceanobacillus sp. can tolerate and grows well up to pH 10.
The major parameter in defining the classification of
halobacterium is the ability of salinity tolerance; JAS12 was
sustained even at salinity of 30% which is significantly
higher than the earlier reported for Oceanobacillus sp.
(Maximum 22% salinity). Interestingly acid production from
galactose was observed for JAS12 as weakly positive (few
species) and acid production from galactose is negative for
most of the reported Oceanabacillus sp., aesculin hydrolysis
with respect to Oceanobacillus sp. was reported in the
literature where the JAS12 strain used in the present study
was not able to hydrolyze aesculin. The percent G+C content
of the JAS12 strain was found to be little higher 40.2 when
compared to the existing one (maximum 40% G+C content).

The morphological, biochemical and the molecular
characteristic features of the isolated Salinicoccus sp. JS20
were compared as per the reports described by the previous
researchers.1®2% JS 20 strain used in the present work
requires at least 3% of NaCl for their growth whereas most
of the reported species among the Salinicoccus genera
require 0.5%. It looks almost similar in pigment production
(pinkish in color) compared to previous studies; the
maximum pH required for the growth of the Salinicoccus sp.
JS20 is 10 which is little bit higher than the previously
reported. Acid production from the sucrose was observed for
the present strain whereas it was negative for the relevant
strains.
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Fig. 6: Phylogenetic tree constructed using Mega 7 (Evolutionary analysis by Maximum Likelihood method) software
where Salinicoccus sp. JS20 was compared with relevant species.

The significant differences were observed with respect to
molecular systematics of the present strain; it has shown
96% of the similarity when we carried out the BLASTn
analysis which is most promising result to claim as potential
novel isolate and the molecular G+C content of the strain
Salinicoccus sp. JS20 is 50.4% which is considerably more
than the existing Salinicoccus species (Fig. 4). According to
the evolutionary analysis by Mega 7 maximum likelihood
method,® 12 these two isolated strains could be placed under
the subgroups among Oceanobacillus iheyensis and
Salinicoccus siamensis respectively.

Conclusion

Much work was carried out on cellulases, amylases, DNases,
lipases, proteases and pullulanase!'34. However, most of the
studies restricted to the screening, production and
purification of the extracellular enzymes from these
halophiles. Our research was not only limited to the selection
of extracellular enzymes but also exposed physiological and
biochemical features possessed by Oceanobacillus strain
JAS12 and Salinicoccus strain JS20. Recent reports have
shown the enzymes acting on carbohydrates have received
significant interest.®> The unique metabolites produced by
these two strains are unrivaled, since, these isolates not only
tolerate higher salt concentrations but they also possess
inherent industrial properties like they can duplicate and
produce extracellular enzymes in adverse temperature and
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pH conditions where most of the organisms have failed to
grow and proven the enzymatic activities.

In support of the report, the 16S gene sequence analysis
alone always cannot be a standard analyzing tool to identify
the microbes at the strain level, certainly the heterogeneity
of genes and the massive sequences in the nucleotide
databases leading to the ambiguity in classification.?® The
present work provides crucial information about the
morphological, biochemical, fatty acid profiles, 16S rRNA
and cellular GC content of the industrially desired
extracellular enzymes producing strains such as Salinicoccus
and Oceanobacillus. However, their activities in microbial
interaction and plant protection will be prospective.

Morphological and biochemical multiplicity characteristics
possessed by these strains have a definite influence on
understanding the molecular dynamics of the halophiles. The
tremendous biotechnological importance and potentiality of
producing bioactive molecules by a novel isolate is the
immediate requirement of the industries which implies the
versatile  biotechnological applications  for  future
opportunities.

Acknowledgment

Author Jayachandra S. Yaradoddi is thankful to the Paijat-
Héme Regional Fund of the Finnish Cultural Foundation
(Grant ID: 0116947-3) for providing financial support to


https://skr.fi/en/regional-funds/paijat-hame-regional-fund
https://skr.fi/en/regional-funds/paijat-hame-regional-fund

Research Journal of Biotechnology

complete the present work. Authors are grateful to Dr.
Yogesh S. Shouche of the National Center for Cell Sciences,
Pune, India, for the 16S rRNA gene analysis of the selected
strains. We are thankful to the Gulbarga University
Gulbarga, Karnataka, India-585106 and KLE Technological
University, Hubli for providing the necessary infrastructure
for the present work.

References

1. Aslam Z., Lim J.H., Im W.T., Yasir M., Chung Y.R. and Lee
S.T., Salinicoccus jeotgali sp no., isolated from jeotgal, a
traditional Korean fermented seafood, Int. J.  Syst. Evol.
Microbiol., 57, 633-8 (2007)

2. Ausubel F.M., Brent R., Kingston R.E., Moore D.D., Seidman
J.G., Smith J.A. and Struhl K., Current protocols in molecular
biology Green Publishing Associates and waley-Intersciences New
York Loose- leaf binder (1987)

3. Cashion P., Holder-Franklin M.A., McCully J. and Franklin M.,
A rapid method for the base ratio determination of bacterial DNA,
Anal Biochem., 81(2), 461-6 (1977)

4. Chen Y.G,, Cui X.L., Pukall R, Li H.M., Yang Y.L., Xu L.H.,
Meng L.W.,, Qian P. and Cheng L.J., Salinicoccus kunmingensis
sp. nov., a moderately halophilic bacterium isolated from a salt
mine in Yunnan, south-west China, Int. J. Syst. Evol. Microbiol.,
57(10), 2327-2 (2007)

5. Fatma M., Nouha A., Slim T., Christopher A., Dunlap B. and
Mohamed T., Abiotic stress resistance, plant growth promotion and
antifungal potential of halotolerant bacteria from a Tunisian solar
saltern, Microbiol Res., 229, 126331 (2019)

6. Franca L., Rainey F.A., Nobre M.F. and Da C.M.S.,
Salinicoccus salsiraiae sp. nov.: A new moderately halophilic
gram-positive bacterium isolated from salted skate, Extremophiles,
DOI:10.1007/s00792-006-0532-1, 10, 531-536 (2006)

7. Heyrman J., Logan N.A., Busse H.J., Balcaen A., Lebbe L.,
Rodriguez D.M., Swings J. and Vos P.D., Virgibacillus
Carmonensis sp. nov., Virgibacillus Necropolis Sp. Nov. and
Virgibacillus Picturae sp. nov., Three novel species isolated from
deteriorated mural paintings, transfer of the species of the genus
Salibacillus to Virgibacillus, as Virgibacillus Marismortui Comb.
nov. and Virgibacillus Salexigens Comb. Nov. and emended
description of the genus Virgibacillus, Int J Syst Evol Microbiol,
53, 501-1 (2003)

8. Jukes T.H. and Cantor C.R., Evolution of protein molecules, In
Munro H.N., eds., Mammalian Protein Metabolism, Academic
Press, New York, 21-2 (1969)

9. Kothe E., Biotechnology for environmental and sustainable
applications, J Basic Microbiol., 59, 3 (2019)

10. Kothe E., Special issue: Microbial biodiversity, J Basic
Microbiol., 56(3), 213 (2016)

11. Kothe E., Special issue: Extracellular processes, J. Basic
Microbiol., 56, 439 (2016b).

139

Vol. 15 (9) September (2020)
Res. J. Biotech

12. Kumar S., Stecher G., Li M., Knyaz C. and Tamura K., MEGA
X Molecular Evolutionary Genetics Analysis across computing
platforms, Mol Biol and Evol., 35, 1547-9 (2018)

13.LeeJ.S., LimJ.M., Lee K.C., Lee J.C., Park Y.H. and Kim C.J.,
Virgibacillus koreensis sp. nov., a novel bacterium from salt field
and the transfer of Virgibacillus picturae to the genus
Oceanobacillus as Oceanbacillus picturae comb. nov. with
emended descriptions, Int J Syst Evol. Microbiol., 56, 251-7
(2006)

14. Lu J., Nogi Y. and Takami H., Oceanobacillus iheyensis gen.
nov., sp. nov., a deep-sea extremely halotolerant and alkaliphilic
species isolated from a depth of 1050 m on the Iheya Ridge, FEMS
Microbiol Lett., 205, 291-7 (2001)

15. Bafghi M.Y., Babavalian H. and Amoozegar M.A., Isolation,
screening and Identification of haloarchaea with chitinolytic
activity from hypersaline lakes of Iran, Arch Biol Sci., 71(1), 71-
81 (2019)

16. Mesbah M., Usha P. and William B.W., Precise Measurement
of the G + C Content of Deoxyribonucleic Acid by High-
Performance Liquid Chromatography, Int J Syst Evol Microbiol.,
39(2), 159-7 (1989)

17. Mevarech M., Frolow F. and Gloss M.N., “Halophilic
enzymes: proteins with a grain of salt”, Biophys. Chem., 86, 155-4
(2000)

18. Mudgulkar S.B., Yaradoddi J.S., Katti A.S., Biradar P.A., Keti
M.R. and Agsar D., Siderophore as a potential plant growth-
promoting agent produced by Pseudomonas aeruginosa JAS-25,
Appl Biochem Biotechnol., 174(1), 297-8 (2014)

19. Mudgulkar S.B., Yaradoddi J.S., Katti A.S. and Agsar D.,
Antifungal attributes of Siderophore produced by the
Pseudomonas aeruginosa JAS-25, J Basic Microbiol., 54(5), 418-
24 (2014)

20. Murugan T., Isolation, screening and characterization of -
galactosidase enzyme producing microorganisms from four
different samples, Global Res J Pharm Sci., 2(1), 12-4 (2013)

21. Quadri 1., Hassani I.1., , Haridon S., Chalopin M., Hacéne H.
and Jebbar M., Characterization and antimicrobial potential of
extremely halophilic archaea isolated from hypersaline
environments of the Algerian Sahara, Microbiol Res., 86-187, 119-
1 (2016)

22. Rohban R., Amoozegar M.A. and Ventosa A., Screening and
isolation of halophilic bacteria producing extracellular hydrolyses
from Howz soltan lake, Iran, Iran J Ind Microbiol Biotechnol., 36,
333 (2009)

23. Sanchez-Porro C., Martin S., Mellado E. and Ventosa A.,
Diversity of moderately halophilic bacteria producing extracellular
hydrolytic enzymes, J Appl Microbiol., 94, 295 (2003)

24. Spring S., Ludwig W., Marquez M.C., Ventosa A. and
Schleiferi K.H., Halobacillus genus. nov., with description of
Halobacillus litoralis sp. nov. and Halobacillus trueperi sp. nov.
and transfer of Sporosarcina halophila to Halobacillus halophilus
comb. nov., Int. J. Syst. Bacteriol., 46, 492-6 (1996)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Cashion%20P%5BAuthor%5D&cauthor=true&cauthor_uid=907108
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holder-Franklin%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=907108
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCully%20J%5BAuthor%5D&cauthor=true&cauthor_uid=907108
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franklin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=907108
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20YG%5BAuthor%5D&cauthor=true&cauthor_uid=17911305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cui%20XL%5BAuthor%5D&cauthor=true&cauthor_uid=17911305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pukall%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17911305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=17911305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=17911305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=17911305
https://pubmed.ncbi.nlm.nih.gov/?term=Wen+ML&cauthor_id=17911305
https://pubmed.ncbi.nlm.nih.gov/?term=Peng+Q&cauthor_id=17911305
https://pubmed.ncbi.nlm.nih.gov/?term=Jiang+CL&cauthor_id=17911305
https://www.ncbi.nlm.nih.gov/pubmed/31521945
https://doi.org/10.1007/s00792-006-0532-1
https://pubmed.ncbi.nlm.nih.gov/?term=De+Vos+P&cauthor_id=12710619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dayanand%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25062779
http://www.ncbi.nlm.nih.gov/pubmed/25062779
http://www.ncbi.nlm.nih.gov/pubmed/25062779
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dayanand%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25062779
http://www.ncbi.nlm.nih.gov/pubmed/23686966
http://www.ncbi.nlm.nih.gov/pubmed/23686966
http://www.ncbi.nlm.nih.gov/pubmed/23686966
http://www.ncbi.nlm.nih.gov/pubmed/23686966
http://www.ncbi.nlm.nih.gov/pubmed/23686966
https://pubmed.ncbi.nlm.nih.gov/?term=Quadri+I&cauthor_id=27242149
https://pubmed.ncbi.nlm.nih.gov/?term=Hassani+II&cauthor_id=27242149
https://pubmed.ncbi.nlm.nih.gov/?term=l%27Haridon+S&cauthor_id=27242149
https://pubmed.ncbi.nlm.nih.gov/?term=Chalopin+M&cauthor_id=27242149
https://pubmed.ncbi.nlm.nih.gov/?term=Hac%C3%A8ne+H&cauthor_id=27242149
https://pubmed.ncbi.nlm.nih.gov/?term=Jebbar+M&cauthor_id=27242149

Research Journal of Biotechnology

25. Stackebrandt E., Frederiksen W., Garrity G.M., Grimont
P.A., Kampfer P., Maiden M.C., Nesme X., Rossell6-Mora
R., Swings J., Triper H.G., Vauterin L., Ward A.C. and Whitman
W.B., Report of the ad hoc committee for the re-evaluation of the
species definition in bacteriology, Int J Syst Evol Microbiol., 52(3),
1043-7 (2002)

26. Rajendhran J. and Gunasekaran P., Microbial phylogeny and
diversity: small subunit ribosomal RNA sequence analysis and
beyond, Microbiol Res., 166(2), 99-110 (2011)

27. Taha M., Margarita A., Hacene H., Leyla B., Ammar A. and
Abdelkrim S.B., Diversity and bioprospecting of extremely
halophilic archaea isolated from Algerian arid and semi-arid
wetland ecosystems for halophilic-active hydrolytic enzymes,
Microbiol Res., 207, 289-8 (2018)

28.Thaz C.J. and Jayaraman G., Stability and detergent
compatibility of a predominantly B-sheet serine protease from
halotolerant B. aquimaris VITP4 strain, Appl Biochem Biotechnol.,
172, 687 (2014)

29. Ventosa A., Marquez M.C., Ruiz-Berraquero F. and Kocur M.,
Salinicoccus roseus gen. nov., sp. nov., a new moderately
halophilic gram-positive coccus, Syst. Appl. Microbiol., https://doi.
0rg/10.1016/S0723-2020(11)80177-3, 13, 29-33 (1990)

30. Ventosa A., Marquez M.C., Weiss N. and Tindall B.J., Transfer
of Marinococcus hispanicus to the genus Salinicoccus as
Salinicoccus hispanicus comb. nov., Syst Appl Microbiol., 15,
5304 (1992)

31. Ventosa A., In halophilic bacteria, eds., Rodri"guez-Valera F.,
Boca Raton, FL, USA, CRC Press, 71-4 (1988)

32. Yaradoddi J.S., Biradar P.A., Keti M.R. and Mudgulkar S.B.,
Characterization of extracellular hydrolytic enzymes producing
extremely halophilic bacterium Virgibacillus sp., World J Sci
Technol., 2(2), 23-6 (2012)

140

Vol. 15 (9) September (2020)
Res. J. Biotech

33. Yaradoddi J.S., Katti A.S., Shouche Y.S. and Mudgulkar S.B.,
Culturable diversity of extremely halophilic bacteria from west
coast of Karnataka, India, Int J of Biol Pharm Allied Sci., 2(2), 391-
5 (2013)

34. Yaradoddi J.S., Hugar S., Banapurmath N., Hunashyal A.,
Mudgulkar S.B., Shettar A. and Ganachari S., Alternative and
Renewable Bio-based and Biodegradable Plastics, Springer
International Publishing AG, L.M.T., Martinez et al, eds.,
Handbook of  Ecomaterials, https://doi.org/10.1007/978-3-319-
68255-6_150 (2018)

35. Yaradoddi J.S., Katti A.S., Merley D.P. and Mudgulkar S.B.,
Isolation and characterization of extreme halophilic bacterium
Salinicoccus sp. JAS4 producing extracellular hydrolytic
enzymes, Recent Research in Science and Technology, 4(4), 46-9
(2012)

36. Yoon-Gon K., Dong H.C., Sangmin H. and Byung C.C.,
Oceanobacillus profundus sp. nov., isolated from a deep-sea
sediment core, Int J Syst Evol Microbiol., 57, 409-3 (2007)

37. Yumoto |I., Hirota K., Nodasaka Y. and Nakajima K.,
Oceanobacillus oncorhynchi sp. nov., a halotolerant obligate
alkaliphile isolated from the skin of a rainbow trout (Oncorhynchus
mykiss) and emended description of the genus Oceanobacillus, Int
J Syst Evol Microbiol., 55(4), 1521-4 (2005)

38. Zhang W., Xue Y., Ma Y., Zhou P., Ventosa A. and Grant
W.D., Salinicoccus alkaliphilus sp. nov., a novel alkaliphile and
moderate halophile from Baer soda lake in inner Mongolia
autonomous region, China, Int J Syst Evol. Microbiol., 52(3), 789-
3 (2002).

(Received 22" April 2020, accepted 22" June 2020)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Stackebrandt%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12054223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frederiksen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=12054223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garrity%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=12054223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grimont%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=12054223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grimont%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=12054223
https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%A4mpfer%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12054223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maiden%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=12054223
https://pubmed.ncbi.nlm.nih.gov/?term=Nesme+X&cauthor_id=12054223
https://pubmed.ncbi.nlm.nih.gov/?term=Rossell%C3%B3-Mora+R&cauthor_id=12054223
https://pubmed.ncbi.nlm.nih.gov/?term=Swings+J&cauthor_id=12054223
https://pubmed.ncbi.nlm.nih.gov/?term=Tr%C3%BCper+HG&cauthor_id=12054223
https://pubmed.ncbi.nlm.nih.gov/?term=Vauterin+L&cauthor_id=12054223
https://pubmed.ncbi.nlm.nih.gov/?term=Ward+AC&cauthor_id=12054223
https://pubmed.ncbi.nlm.nih.gov/?term=Whitman+WB&cauthor_id=12054223
https://www.microbiologyresearch.org/search?value1=Yoon-Gon+Kim&option1=author&noRedirect=true
https://www.microbiologyresearch.org/search?value1=Dong+Han+Choi&option1=author&noRedirect=true
https://www.microbiologyresearch.org/search?value1=Sangmin+Hyun&option1=author&noRedirect=true
https://www.microbiologyresearch.org/search?value1=Byung+Cheol+Cho&option1=author&noRedirect=true
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yumoto%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16014475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirota%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16014475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nodasaka%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16014475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakajima%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16014475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=12054239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12054239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12054239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12054239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ventosa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12054239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=12054239
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=12054239
https://www.researchgate.net/publication/343877969

