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Abstract The biodiversity and biotechnological poten-
tial of microbes from central Argentinean halophilic envi-
ronments have been poorly explored. Salitral Negro and
Colorada Grande salterns are neutral hypersaline basins
exploded for NaCl extraction. As part of an ecological
analysis of these environments, two bacterial and seven
archaeal representatives were isolated, identified and exam-
ined for their biotechnological potential. The presence of
hydrolases (proteases, amylases, lipases, cellulases and
nucleases) and bioactive molecules (surfactants and anti-
microbial compounds) was screened. While all the isolates
exhibited at least one of the tested activities or biocom-
pounds, the species belonging to Haloarcula genus were
the most active, also producing antimicrobial compounds
against their counterparts. In general, the biosurfactants
were more effective against olive oil and aromatic com-
pounds than detergents (SDS or Triton X-100). Our results
demonstrate the broad spectrum of activities with biotech-
nological potential exhibited by the microorganisms inhab-
iting the Argentinean salterns and reinforce the importance
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of screening pristine extreme environments to discover
interesting/novel bioactive molecules.

Keywords Halophilic microorganisms - Hydrolytic
activities - Bioactive molecules - Biosurfactant

Introduction

The improvement of current industrial processes requires
molecules that remain active and stable under extreme
conditions of pH, temperature, ionic strength and/or lim-
ited solubility. Therefore, screening new sources for novel
enzymes or byproducts is fundamental to extend the pos-
sibilities of Biotechnology. Extreme environments such
as hypersaline water bodies containing salt concentrations
nine to tenfold higher than that of sea water (30-35 vs.
3.5 % NaCl, respectively) are widely distributed around
the world and have a diverse microbial population com-
posed by halophilic organisms from the three domains of
life. Since the last decade, microorganisms thriving in these
environments have been explored as a source of novel com-
pounds due to the ability of their macromolecules to remain
active at ionic strengths higher than 2 M NaCl (low water
activity), temperatures over 40 °C and, in some instances,
pH values higher than 9 (Delgado-Garcia et al. 2012; Litch-
field 2011; Margesin and Schinner 2001; Moreno et al.
2013; Oren 2010).

Halophilic proteins are rich in acidic amino acids, thus,
they exhibit high density surface charges, which interact
with chloride and sodium ions to form salt bridges. These
features contribute to the solubility and structural stability
of halophilic enzymes in low water activity environments,
making them sought and appreciated for biocatalysis (Mad-
ern et al. 2000; Marhuenda-Egea and Bonete 2002; Richard

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00792-015-0785-7&domain=pdf
http://dx.doi.org/10.1007/s00792-015-0785-7

Extremophiles

et al. 2000). Enzymes such as glycoside hydrolases, lipases,
proteases, and nucleases from halophiles have been ana-
lyzed as candidates for industrial applications in differ-
ent fields (Delgado-Garcia et al. 2012; Litchfield 2011,
Marhuenda-Egea and Bonete 2002; Moreno et al. 2013;
Oren 2010) although the variety of hydrolytic profiles
and the wide microbial diversity make worthy further and
exhaustive screenings in hypersaline environments. Moreo-
ver, secondary metabolites produced by halophiles includ-
ing biopolymers, surfactants, extracellular polysaccharides,
bacteriorhodopsins and halocins have been the subject of a
number of recent studies aiming to explore their potential
biotechnological applications (Cameotra and Makkar 1998;
Litchfield 2011; Oren 2010; Satpute et al. 2010).

Argentina exhibits extremely saline environments as
diverse as the high altitude lakes in the North Andes or the
hypersaline salterns in soil depressions of Patagonia. Their
microbial diversity and biotechnological potential are being
examined taking into account their interesting, unusual and
extreme features. For instance, several UV-resistant micro-
organisms were isolated from the high altitude Andean
saline lakes (Albarracin et al. 2012) and the adaptative
response of microorganisms to the elevated arsenic con-
centration predominating in these waters is currently under
study (Belfiore et al. 2013).

In this work we explored Salitral Negro and Colorada
Grande salterns located in La Pampa province (Argentina).
They are closed and neutral basins with salinities ranging
from 30 to 38 % NaCl over the year. Since the climate of
the region is semiarid, large thermal amplitudes are usual.
Although these two environments are important working
mines for NaCl extraction and production, their microbial
diversity has not been examined so far. In this study, we
isolated and identified several halophilic microorganisms
from Salitral Negro and Colorada Grande salterns and
explored their capacity to produce molecules with biotech-
nological potential.

Materials and methods

Chemicals

All the reagents used in this work were purchased in
SIGMA-Aldrich (Bs As, Argentina) with the exception of
yeast extract (YE) and agar which were from Oxoid (Hmp-
shire, England) and NaCl that was bought at J. T. Baker
(PA, USA).

Isolation and identification of microorganisms

Water samples from Colorada Grande (38°15'S, 63°45'W)
and Salitral Negro (38°43/01”S, 64°09'01”W) hypersaline
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ponds were inoculated into 25 % (w/v) SW medium
(Antén et al. 2002) containing (g/L): 195 g NaCl, 34.6 g
MgCl,-6H,0, 49.5 g MgS0O,-7H,0, 1.25 g CaCl,-2H,0,
5 g KCl, 0.25 g NaHCO;, 0.625 g NaBr and 2.0 g YE.
Additionally, these samples were inoculated into auto-
claved water from each saltern to which 1 or 5 % (w/v)
YE was added. Liquid cultures were incubated at 37 °C
in an orbital shaker at 150 rpm for at least a week and
then a sample was streaked onto agar plates (1.2 %, w/v)
containing the same medium. Bacterial colonies were re-
streaked 10 times to obtain pure cultures and used for DNA
extraction according to Mutlu et al. (2008). To identify
the isolated microorganisms, 16S ribosomal RNA genes
were PCR-amplified and sequenced. PCR reactions were
carried out with universal primers specific for conserved
regions of SSU rRNA genes of Archaea (21F and 1492R)
and Bacteria (27F and 1492R) (Delong 1992; Lane et al.
1985). Amplicons were gel-purified (kit Qiagen) according
to the manufacturer’s recommendations and sequenced at
the INTA Castelar DNA Sequencing Service (Argentina).
DNA sequences were analyzed against Public databases
using the BLAST (Basic Local Alignment Search Tool)
software at the National Centre of Biotechnology Informa-
tion website (http://www.ncbi.nlm.nih.gov/).

For the following assays, the isolates were cultured in
SW 25 % (w/v) liquid medium and incubated at 37 °C
(except when indicated) in an orbital shaker at 150 rpm.
The plates were incubated on a shelf at 37 °C.

Screening extracellular activities

The isolates were streaked onto the solid media co-polym-
erized with the corresponding substrate.

Protease activity

Protease activity was assayed on SW agar plates containing
skim milk (0.8 %, w/v) or hemoglobin (0.4 %, w/v). Clear
halos around the colonies were considered as evidence of
proteolytic activity.

Amylase activity

The presence of extracellular amylase activity was deter-
mined using SW plates supplemented with soluble starch
(1 %, wlv). After incubation, the plates were flooded with
I,—KI (0.3 and 0.6 %, w/v) solution. A clear zone around
the colonies indicated hydrolysis of starch.

Lipolytic activity

The ability of the isolates to degrade different lipids was
detected by the presence of yellow hydrolysis zones around
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the colonies grown onto SW plates containing 1 % (w/v)
olive oil and 0.1 % (w/v) phenol red. The color of the halo
was produced by the decrease in pH due to the release of
fatty acids from oil (Bhatnagar et al. 2005).

To determine the specificity of fatty acids cleavage,
solid medium was co-polymerized with 1 % (v/v) Tween
20 or Tween 80 as source of saturated or unsaturated acids,
respectively. Tween 20 and 80 are esters of lauric and
oleic acids, respectively, allowing to test the enzyme sub-
strate preference. A milky halo produced by precipitation
of the fatty acid-calcium salt was considered as positive
(Tirunarayanan and Lundbeck 1968).

Cellulolytic activity

The isolates were plated onto 1 % (w/v) carboxymethyl cel-
lulose (CMC)-SW agar plates. After incubation, the plates
were flooded with 0.15 % (w/v) Congo Red stain, washed
with 1 M NaCl and acidified with 1 M HCI to intensify
contrast (Gohel et al. 2014).

DNase activity

SW agar medium supplemented with 0.5 % (w/v) salmon
sperm DNA was used for the detection of strains with
DNase activity. After incubation, the plates were flooded
with 1 M HCI solution. Clear halos around the colonies
indicated activity.

Emulsification activity assay

All strains were grown to an optical density at 600 nm
(ODgyo) = 1 and centrifuged at 10,000x g 10 min to obtain
cell-free medium as biosurfactant source. The emulsifica-
tion activity was measured using olive oil or xylenes as
substrate. Equal volumes of cell-free medium and substrate
were vortexed at high speed for 2 min. The mixture was
allowed to stand for 2 h before measurement. The emulsi-
fication activity was defined as the ratio between the height
of the emulsion layer and the total height and expressed as
percentage (Cooper and Goldenberg 1987). The emulsions
were kept at room temperature and the stability was fol-
lowed for 15 days.

An attempt to isolate the molecule/s involved in the
emulsification activity was performed using acidic precipi-
tation of the cell-free culture media. To this end, HCl was
added to the cell-free medium to reach pH 2 and then incu-
bated over night at 4 °C. After centrifugation at 17,000x g
for 30 min, the pellet and supernatant were separated. The
pellet was suspended in double-distilled water whereas the
supernatant was spliced in two aliquots, one of which was
neutralized with the addition of 10 N NaOH (Kebbouche-
Gana et al. 2013).

To improve surfactant production, the isolates were
grown under different conditions. Two different tempera-
tures (30 and 55 °C) and salinities (2.5 and 5.0 M NaCl)
were assayed. Casamino acids were used as carbon and
nitrogen source instead of YE.

Halocin activity

All strains were tested against each other using the dou-
ble layer method (Torreblanca et al. 1994). Cultures were
grown to an ODg,, = 1.0 and the plates were assembled
as follows: SW top agar (0.7 %, w/v) containing the indi-
cator strain (100 pl microbial culture/10 ml medium) was
poured on the top of the same sterile solid medium. When
solidified, 10 ul of a cell suspension of each of the strains
was spotted onto these plates. They were incubated until a
homogenous microbial lawn was developed. The presence
of clear zones in the lawn around the culture drops indi-
cated halocin activity.

Result and discussion

Extreme halophilic microorganisms grow in hypersaline
environments where oligotrophic nutritional conditions,
extreme temperature fluctuations and high levels of sunlight
irradiation are usual parameters. To thrive into these low
water activity environments, they have evolved to produce
enzymes and metabolites that are functional in the predom-
inating harsh conditions of their surroundings. As a conse-
quence of this selective pressure, in addition to the stability
at high salt concentration (30-35 %), their hydrolases are
rather tolerant to high temperatures (50 °C or more) and
functional in presence of organic solvents, conditions that
make these molecules suitable for biotechnological appli-
cations in food processing, environmental bioremediation
and biosynthetic processes (Delgado-Garcia et al. 2012;
Litchfield 2011; Moreno et al. 2013; Oren 2010). In addi-
tion to hydrolases (proteases, amylases, lipases, nucleases),
halophiles synthesize several secondary metabolites such as
polymers, surfactants, bacteriorhodopsin and halocins that
in the last years were subject of an increased interest due to
their potential application in different processes (Litchfield
2011; Margesin and Schinner 2001; Oren 2010).

Isolation and identification of halophilic
microorganisms

Water samples from Salitral Negro and Colorada Grande
salterns were inoculated into different saline media to
isolate culturable representatives. After several re-inocu-
lations, isolated colonies showing distinct morphological
characteristics (color, shape) were obtained. To perform the
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Table 1 Halophilic strains isolated in this work

Isolate name Domain Accession number Saltern Culture medium Identity (%)
C Archaea KP760841 (679 bp) Colorada Grande SW +2¢g/LYE Haloarcula argentinensis (NR_112708); 100
G Archaea KP760844 (560 bp) Colorada Grande SW +5¢g/LYE Haloarcula japonica (NR_112710); 100
A\ Archaea KP760848 (602 bp) Colorada Grande SW +5¢g/LYE Haloarcula vallismortis (NR_112707); 98
F Archaea KP760843 (705 bp) Colorada Grande SW +1g/LYE Halorubrum tebenquichense (HQ641750); 99
2 Archaea KP760840 (684 bp) Salitral Negro SW +5¢g/LYE Halobacterium salinarum (DQ465019); 99
E Archaea KP760842 (712 bp) Colorada Grande SW +5¢g/LYE Halobacterium sp. (AB603514); 99
P Archaea KP760847 (703 bp) Salitral Negro SW +5¢g/LYE Halobacterium piscisalsi (JX067388); 100
Kr Bacteria KP760846 (650 bp) Colorada Grande SW +2¢g/LYE Salinibacter ruber strain M8 (FP565814); 100
Kb Bacteria KP760845 (667 bp) Colorada Grande SW +2¢/LYE Salicola sp. (EU931310); 99
Table 2 Hydrglase activity Isolate Related strain Protease Amylase Cellulase Lipase DNAse
screening on different extreme
halophilic isolates from Cas Hem
Argentina salterns

C Haloarcula argentinensis + + + - + -

G Haloarcula japonica + + + — + —

\'% Haloarcula vallismortis + - + + + -

F Halorubrum tebenquichense + - + — - -

2 Halobacterium salinarum + — — — —

E Halobacterium sp. + - - - - -

P Halobacterium piscisalsi + - + + - -

Kr Salinibacter ruber M8 - - - - — —

Kb Salicola sp. + - - + + -

Microorganisms were streaked onto SW agar plate co-polymerized with 1 % of the corresponding sub-
strate: casein (Cas, skim milk) or hemoglobin (Hem) for proteases; soluble starch for amylases; carboxy-
methyl cellulose (CMC) for cellulases; olive oil for lipases; salmon sperm DNA for nucleases. The plates
were incubated at 37 °C for 7 days and the enzyme activity was determined as indicated in “Materials and

methods”

phylogenetic analysis of the isolates, DNA was extracted
from pure cultures and used as template to amplify frag-
ments of the 16S rRNA gene by PCR. The outcome of this
analysis showed that seven archaeal and two bacterial rep-
resentatives had been isolated.

The isolated archaea corresponded to family Halobacte-
riaceae and were closely related to three genera (Table 1):
Haloarcula: three isolates, C (Haloarcula argentinen-
sis, Thara et al. 1997), G (Haloarcula japonica, Takashina
et al. 1990) and V (Haloarcula vallismortis, Gonzalez et al.
1978); Halobacterium: three isolates, 2 (Halobacterium
salinarum), E (Halobacterium sp.) and P (Halobacterium
piscisalsi, Yachai et al. 2008); and Halorubrum: one isolate,
F (Halorubrum tebenquichense, Lizama et al. 2002). These
organisms are within the most widely distributed archaea
inhabiting saline environments (Benlloch et al. 2002; Birbir
et al. 2007; Ochsenreiter et al. 2002; Sabet et al. 2009).
From Bacteria domain, Kr (Salinibacter ruber (Bacteroi-
detes), Antén et al. 2002), and Kb (Salicola sp., Gamma
proteobacteria) were isolated. These microorganisms,
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together with Halomonas strains, are typical bacterial rep-
resentatives in these environments (Antén et al. 2002; Bor-
sodi et al. 2013; Maturrano et al. 2006; Mutlu et al. 2008;
Sabet et al. 2009). Indeed, members belonging to both
genera Salinibacter and Salicola are known to dominate
in bacterial communities from hypersaline water bodies
reaching salt concentrations close to halite saturation.

Hydrolytic enzymes

To measure the extracellular hydrolytic activities of the iso-
lated halophiles, the microorganisms were grown onto agar
plates supplemented with the appropriate substrate and
incubated until hydrolysis was evident (halos). The results
are shown in Table 2 and Fig. S1.

Proteases (E.C. 3.4) hydrolyze peptide bonds releas-
ing peptides and/or amino acids. These enzymes have
been the most extensively studied as they are applied in
a wide variety of industrial processes. The fact that halo-
philic proteases are active/stable in solutions containing
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high salt concentrations (> 2 M NaCl), at a wide pH range
(5—-10), moderate to high temperatures (37-80 °C) and in
presence of organic solvents, makes them suitable can-
didates for biotechnological and industrial processes (De
Castro et al. 2006; Delgado-Garcia et al. 2012; Litchfield
2011; Moreno et al. 2013; Oren 2010; Ruiz et al. 2010).
The halophiles isolated in this work have been previously
described as capable of gelatin digestion with the exception
of Hrr. tebenchiquense, Har. japonica and Har. vallismor-
tis (Antén et al. 2002; Gonzalez et al. 1978; Lizama et al.
2002, Maturrano et al. 2006; Takashima et al. 1990, Yachai
et al. 2008). Har. argentinensis had not been tested before
(Ihara et al. 1997). The results in Table 2 and Fig. S1 show
that, with the exception of isolate Kr (S. ruber), all the
strains exhibited extracellular protease activity in presence
of casein (skim milk). In addition, isolates C and G (Har.
argentinensis and Har. japonica, respectively) hydrolyzed
hemoglobin. Considering that the haloproteases reported so
far are of the serine-protease type (Enache and Kamekura
2010), the positive response of isolates F, G, V and C (Hrr:
tebenquichense, Har. japonica, Har. vallismortis and Har:
argentinensis, respectively) made these Argentinean strains
good candidates for further studies to search for novel
proteases.

Amylases (E.C.3.2.1.1) and cellulases (E.C.3.2.1.4)
break down the complex structures of starch and cellulose,
respectively. While a wide variety of halophilic amylase
producers have been described (Enache and Kamekura
2010; Litchfield 2011; Ventosa et al. 2005), a few cel-
lulolytic halophiles have been reported so far (Cojoc et al.
2009; Li and Yu 2013; Venkatachalam et al. 2014). Table 2
shows that three of the tested strains, Kb, V and P (Salicola
sp., Har. vallismortis and Hbt. piscisalsi) degraded CMC
when it was co-polymerized in the medium whereas iso-
lates C, G, V, P, F showed the capacity to degrade starch. Li
and Yu (2013) reported that the cellulase from Haloarcula
sp. strain LLSG7 is used in bioethanol production, due to
its optimal conditions of pH, salt and temperature, solvent
stability and substrate specificity.

The presence of amylolytic and cellulolytic activities in
isolates V and P increases their potential utility in applica-
tions that require the combination of both enzymatic activi-
ties as, for example, the bioconversion of renewable high
molecular polysaccharides present in algae (Branyikova
et al. 2011; Peat and Turvey 1965) to sugars, especially
for the production of ethanol by a fermentation process in
large-scale industries (Cherry and Fidantsef 2003; Nguyen
and Vu 2012).

Lipases (triacylglycerol hydrolases, E.C.3.1.1.3) cata-
lyze the hydrolysis of long-chain acylglycerols in aque-
ous emulsions. As they are applied in different industries
(food, paper, pharmaceutical and/or cosmetic), bioremedia-
tion or as detergent additives (Hasan et al. 2006), extensive

screenings for halophilic lipases have been carried out
(Bhatnagar et al. 2005; Fucifios et al. 2012; Ozcan et al.
2009; Litchfield 2011; Moreno et al. 2013). To assay for the
presence of this activity, the isolated strains were grown on
SW agar medium supplemented with 1 % olive oil as source
of triacylglycerols (triolein). Only four of the analyzed
strains (C, G, V and Kb) hydrolyzed this substrate (Table 2).

Polyoxyethylene sorbitans (Tweens) have been used as
substrate to measure lipase/esterase activity in different
microorganisms (Flores et al. 2010; Gonzélez et al. 1978;
Plou et al. 1998; Tirunarayanan and Lundbeck 1968). As
these compounds are esters of fatty acids, they are useful
to assess a difference in substrate recognition and hydroly-
sis. Tween 20 and 80 are esters of lauric and oleic acids,
respectively, which allow testing the enzyme preference for
saturated or unsaturated fatty acids as substrate. Hydroly-
sis is evidenced by the presence of a precipitation halo
of calcium salt around the colonies, due to the release of
fatty acids. As shown in Fig. 1, isolates C, G, P, F and Kb
developed precipitation halos, when they were grown onto
agar plates containing Tween 20 or Tween 80, indicating
the hydrolysis of both substrates. On the other hand, the
halo observed around strain V only in presence of Tween
80 evidenced its capacity to degrade unsaturated fatty acids
(Fig. 1). Similar results of preferential degradation were
obtained when the culture medium SW was prepared with
casamino acids instead of YE, with the exception of a week
and variable response to Tween 20 for this archaeon (data
not shown). These results suggest the presence of at least
two different activities, one unspecific lipase/esterase activ-
ity evidenced by Tween 20 and Tween 80 degradation by
two Haloarcula related isolates (C and G), F and Kb, and
another specific for unsaturated fatty acids in isolate V. The
selectivity of isolate V makes it an interesting subject for
future research due its potential application in food indus-
tries that require hydrolysis/esterification of unsaturated
fatty acids such as processing and flavor improvement
(Hasan et al. 2006). Extracellular esterase and lipase activi-
ties have also been reported for the related species Har.
marismortui, although the enzymes have not been purified
yet (Camacho et al. 2009).

Considering the results obtained with Tween and olive
oil (Fig. 1, Table 2) it can be speculated that the activities
detected in isolates C, G, V and Kb may be attributed to
either two different enzymes (lipase and esterase) or to an
extracellular lipase exhibiting both activities. However, it
is likely that the activity detected in isolates P and F may
correspond to an extracellular esterase since these microor-
ganisms failed to degrade olive oil. An intracellular esterase
activity was characterized for Salicola C10 by Moreno and
coworkers (Moreno et al. 2009); however, to the best of our
knowledge, there is no information on the occurrence of
extracellular lipases in this microorganism.
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Fig. 1 Substrate specificity of lipase/esterase activity using Tween 20
and 80. Microorganisms were streaked in SW agar plate co-polymer-
ized with 1 % (w/v) of the substrate. a Tween 20: lauric acid esters.
b Tween 80: oleic acid esters. The plates were incubated a 37 °C for
7 days and the activity was determined by the presence of precipi-

Although, halophilic microorganisms are known to pro-
duce extracellular nuclease activity (Delgado-Garcia et al.
2012; Oren 2010) none of the strains tested was able to
degrade DNA, at least under the conditions used in this
study (Table 2).

Bioactive compounds
Surfactants

Biosurfactants molecules influence microbial physi-
ological behavior by their property to decrease surface
and interfacial tensions between different phases. When
purified they are useful in different industries (Reis et al.
2013; van Hamme et al. 2006; Singh et al. 2007) due to
their low toxicity, high biodegradability, selectivity and
specific activity, in addition to the low cost production.
The screening for biosurfactant producers has increased in
the last decade; however, halophilic microorganisms have
been relatively poorly investigated (Cameotra and Makkar
1998; Litchfield 2011; Margesin and Schinner 2001; Sat-
pute et al. 2010). Recent studies showed that halophilic
biosurfactants remain stable in a broad pH range (5-12)
and high salt concentration (3 M), whereas screenings in
hypersaline environments (soda lakes, oil fields and solar
ponds) are increasing the number of surfactant producers
(Djeridi et al. 2013; Kebbouche-Gana et al. 2009, 2013;
Sarafin et al. 2014; Selim et al. 2012; Wu et al. 2014). Sev-
eral reports show the application of surfactants produced by
members of Halomonas genus in industry and biomedicine
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tation halos surrounding the streak. The isolates are affiliated as fol-
lows: C, Har. argentinensis; E, Halobacterium sp.; G, Har. japonica;
2, Hbt. salinarum; F, Hrr. tebenquichense; Kr, S. ruber; Kb, Salicola
sp.; P, Hbt. piscisalsiy V, Har. vallismortis

(Calvo et al. 2002; Donio et al. 2013; Llamas et al. 2012)
making worth efforts to screen for novel biosurfactant pro-
ducers in high salinity habitats.

To examine the occurrence of biosurfactants, emulsify-
ing assays were carried out with cell-free culture media
of the isolates. Among the different genera to which the
isolates were affiliated, only one Haloarcula strain was
described as surfactant producer (Kebbouche-Gana et al.
2009).

The ability to produce emulsions was tested with two
different substrates, olive oil and xylenes, while the com-
mercial surfactants SDS and Triton X-100 were used as
positive controls (Fig. 2). The results show that all tested
strains, except isolate E (Halobacterium sp.), emulsified
olive oil. While all the surfactant producers were more
active than the anionic surfactant used as control (1 % w/v
SDS), isolates P, F, G, V and Kb (related to Hbt. piscisalsi,
Hrr. tebenquichense, Har. japonica, Har. vallismortis and
Salicola sp., respectively) were also more effective than the
no ionic surfactant (1 % v/v Triton X-100) (Fig. 2a). On
the other hand, when xylene was used as substrate, cell-free
medium from strains Kb, E, G, V, P and F exhibited higher
emulsifying capacity than SDS while Triton X-100 did not
have any effect (Fig. 2c).

The stability of the emulsions generated with both sub-
strates was followed at room temperature for 15 days main-
taining stable for this time period and up to at least 45 days
(data not shown) (Fig. 2b, d). In presence of olive oil the
cell-free media from all the strains behaved similarly show-
ing a decrease in the range of 15-30 % after the first 24 h
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Fig. 2 Biosurfactant production by halophilic isolates and emul-
sion stability over time. The strains were incubated in SW until reach
DOgyy = 1 and cell-free media was used as biosurfactant source.
Olive oil (a, b) or xilenes (¢, d) were used as substrate in the assay.
Equal volumes of cell-free medium and substrate were vortexed

and remaining stable for up to 45 days. It is noteworthy that
the olive oil emulsions produced with the surfactants syn-
thesized by the halophilic isolates were more stable than
those produced by SDS, which is widely used in industries.
Under the conditions tested in this study (medium contain-
ing high salt concentration), SDS showed a decrease of
40-50 % of its emulsifying activity after 48 h.

When xylene was used as substrate, the emulsion pro-
duced by the cell-free medium derived from cultures of E,
P and G decreased around 15 %, whereas a major decrease
was observed with Kb, V and SDS (40 and 60 %, respec-
tively) for the first 24 h and then remained stable. It was
curious that the emulsion produced by strain F was com-
pletely lost after 24 h.

These results show that the biosurfactant produced by
isolates G, V, P and Kb could emulsify both aromatic com-
pounds and long-chain hydrocarbons, whereas those syn-
thesized by strains Kr, C, 2 and F or E specifically emul-
sified long-chain hydrocarbons or aromatic compounds,
respectively, better than commercial products such as SDS
and Triton X-100.

To determine if the emulsifying activity of isolate G onto
both substrates was produced by one or more compounds,
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at high speed for 2 min and kept for 2 h prior measurement (a, c).
Then, the emulsions were kept at RT and the stability was followed
for 15 days (b, d). The emulsification activity is defined as the height
of the emulsion layer divided by total height and expressed as per-
centage

we attempted to isolate these molecules using acidic pre-
cipitation of the cell-free culture media. Stable foam-olive
oil was obtained only by the suspended pellet, whereas
xylene was emulsified by both the acidic and the neutral-
ized supernatant. These results suggest the presence of at
least two different active molecules in this haloarchaeon.

In view of the wide range of industrial applications of
biosurfactants and the demanding low cost for high yield
production (Reis et al. 2013; Singh et al. 2007), different
growth conditions were analyzed with the aim of improv-
ing surfactant production. Microorganisms were cultivated
under two temperatures (30 and 55 °C) or salinities (2.5 and
5.0 M NaCl) observing an increase of emulsifying activity
only with strain 2 at 55 °C, whereas a similar response to
those obtained at normal condition (37 °C, 3.5 M NaCl)
was observed with the rest of the strains. When isolate C
was growth in SW media with casamino acids a twofold
increase in emulsifying activity was observed in presence
of olive oil.

Between the multiple applications of biosurfactants in
different industries, those related to environmental reme-
diation are the most attracting. For example, the brack-
ish water (salty water with high content of aliphatic
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Table 3 Halocin production

o . Producer Lawn

and sensitivity of the halophilic

isolates from two Argentinean C G A\ F 2 E P Kr Kb

salterns
C - + + + + + - -
G - + + + - - - -
v — — — — _ _ _ _
F — — _ _ _ _ _ _
2 — — - + - + - -
E - - - + + - - -
p - - - + + - - -
Kr — — — - - - - -
Kb — — - — - — — —

The indicator strains were mixed with top agar (0.7 %) and once solidified, drops of the test microorgan-
isms were spotted over. The plates were incubated until a homogenous microbial lawn was observed.
Halocin production was considered positive (4) when clear inhibition zones appeared around the spotted
strain. The isolates are affiliated as follows C: Har. argentinensis, E: Halobacteriumsp., G: Har. japonica,
2: Hbt. salinarum, F: Hrr. tebenquichense, Kr: S. ruber, Kb: Salicola sp, P: Hbt. piscisalsi, V: Har. vallis-

mortis

compounds and aromatics as benzene, ethylbenzene, tolu-
ene and xylenes) generated during oil and gas extraction
on oilfields are difficult to be remediated due to the low
solubility of hydrocarbon and the high salt content. The
availability of compounds able to differentially increase
their solubility as those produced by strains G or F and the
progress in the knowledge of degradation pathways present
in halophilic microorganisms during the last decade could
help to design better strategies for bioremediation in hyper-
saline environments (Fathepure 2014).

Halocins

Halocins are small proteins or peptides produced by halo-
philic microorganisms that are secreted to the extracellular
medium and exhibit antimicrobial activity (O’Connor and
Shand 2002). These molecules are divided into microh-
alocins and halocins, depending on their molecular mass
(3-5 to 35 kDa). They inhibit growth in different ways, but
the molecular mechanisms of these compounds are poorly
understood. The effectiveness of halocins is variable as
they can target a broad spectrum of genera as well as only
closely related species (Atanasova et al. 2013; Imadalou-
Idres et al. 2013; O’Connor and Shand 2002). In addition,
inter-domains interactions have been established showing
the growth inhibition of Halorubrum sp. by Salicola sp.
meanwhile several bacteria were inhibited by Haloferax sp.
(Atanasova et al. 2013). Despite it was proposed that halocin
production is a feature shared by all halophilic microorgan-
isms, at present only a few number of these molecules have
been characterized (Kavitha et al. 2011; Meseguer and Rod-
riguez Valera 1985; O’Connor and Shand 2002; Price and
Shand 2000; Torreblanca et al. 1994).
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Besides their importance in the control of natural micro-
bial population in saline environments, the potential appli-
cation of antimicrobial compounds such as halocins in
industrial activities is in the focus as they could replace the
antibiotics that are generating resistance in infectious micro-
organisms. Bioactive molecules with antimicrobial activity
isolated from extremophiles may offer the possibility of
discovering novel mechanisms against undesirable microor-
ganisms and could be applied in both food and health indus-
tries. For instance, halocin H6 from Haloferax gibbonsii
which acts as a Na*/H™ antiporter inhibitor was reported as
an effective cardio-protector on the ischemic and reperfused
myocardium in dogs (Lequerica et al. 2006).

In this study, we tested halophilic isolates for the pro-
duction of antimicrobial molecules. For this, each microor-
ganism was tested against each other and the growth inhi-
bition was analyzed by the presence of typical inhibition
halos onto solid medium. As shown in Table 3 and Fig. S2,
several strains exhibited halocin activity against the other
isolates. Both isolates corresponding to Bacteria domain
were resistant to all archaeal isolates and the latter were
also resistant to bacterial strains, indicating that no inter-
domain interaction existed. Surprisingly, the strains related
to Haloarcula genus, C and G, were the most effective pro-
ducers, inhibiting growth of almost all the archaeal isolates,
including strain V. Also, they produced the biggest inhibi-
tion zones onto the indicators lawns and were resistant to
all the other strains (Fig. S2). Furthermore, when they were
used as indicator lawn none of the other isolates had grown,
with the exception of themselves and the bacterial strains,
confirming the potential of the antagonistic activity.

This fact resulted notorious because at present there is
no information about Haloarcula spp. halocin-producers,
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except the report by Atanasova et al. (2013) in which one
strain of Haloarcula genus inhibited growth of different
related species. However, in contrast to this study, in which
interactions were observed between microorganisms from
the same saltern, the intra-genus inhibition reported was
produced between isolates from different saline environ-
ments (Atanasova et al. 2013).

Among the Argentinean isolates, other halocin-produc-
ers belonged to Halobacterium genus: P, 2 and E (Table 3).
They were effective against isolate F, which resulted to be
the most sensitive strain. But the archaeon 2 was also sen-
sitive to E and P strains, suggesting a competition among
related species.

These results confirm the presence of bioactive com-
pounds with antimicrobial activity with different targets in
the microorganisms inhabiting these salterns, re-enforcing
the idea of a dynamic population where cell density may be
controlled to some extent by these molecules.

Screening the halocin production in hypersaline envi-
ronments around the world carried out in the lasts years
described members belonging to genera Natrinema and
Halorubrum and the archaeon Haloferax volcanii as pro-
ducers of halocins with activity against a broad number of
microorganisms (Atanasova et al. 2013; Imadalou-Idres
et al. 2013; Kavitha et al. 2011). Thus, the results from
Argentinean salterns contribute to the pool of producers,
incorporating the microorganisms mentioned above.

Conclusions

The analysis performed in this study shows the multiple
potential of the halophilic microorganisms inhabiting Sali-
tral Negro and Colorada Grande Argentinean salterns, as a
broad spectrum of enzymatic activities and metabolites of
biotechnological application. All the halophiles tested were
able to produce several, if not all the activities assayed, thus
reinforcing the idea of screening extreme environments as a
source of potentially useful and novel molecules applicable
in biotechnology and industry.

Acknowledgments This work was supported by grants from Agen-
cia Nacional de Promocién Cientifica y Técnica [ANPCyT, PICT
1247/10], Consejo Nacional de Investigaciones Cientificas y Técnicas
(CONICET, PIP 1783 and 1106), and Universidad Nacional de Mar
del Plata (UNMdP), Argentina.

References

Albarracin VH, Pathak GP, Douki T, Cadet J, Borsarelli CD, Grt-
ner W, Farias ME (2012) Extremophilic Acinetobacter strains
from high-altitude lakes in Argentinean Puna: remarkable UV-B
resistance and efficient DNA damage repair. Orig Life Evol Bio-
sph 42:201-221

Antén J, Oren A, Benlloch S, Rodriguez-Valera F, Amann R, Ros-
sello-Mora R (2002) Salinibacter ruber gen nov., sp nov., a
novel, extremely halophilic member of the bacteria from saltern
crystallizer ponds. Int J Syst Evol Microbiol 52:485-491

Atanasova NS, Pietila MK, Oksanen HM (2013) Diverse antimicro-
bial interactions of halophilic archaea and bacteria extend over
geographical distances and cross the domain barrier. Microbiol-
ogy Open 2:811-825

Belfiore C, Ordénez OF, Farias ME (2013) Proteomic approach of
adaptive response to arsenic stress in Exiguobacterium sp. S17,
an extremophile strain isolated from a high-altitude Andean Lake
stromatolite. Extremophiles 17:421-431

Benlloch S, Lépez-Lépez A, Casamayor E, @vreds L, Goddard V,
Daae FL, Smerdon G, Massana R, Joint I, Thingstad F, Pedrés-
Alié C, Rodriguez-Valera F (2002) Prokaryotic genetic diversity
throughout the salinity gradient of a coastal solar saltern. Envi-
ron Microbiol 4:349-360

Bhatnagar T, Boutaiba S, Hacene H, Cayol J-L, Fardeau M-L,
Ollivier B, Baratti J (2005) Lipolytic activity from Halobacte-
ria: screening and hydrolase production. FEMS Microbiol Lett
248:133-140

Birbir M, CalliB MB, Bardavid RE, Oren A, Ogmen MN, Ogan A
(2007) Extremely halophilic Archaea from Tuz Lake, Turkey,
and the adjacent Kaldirim and Kayacik salterns. World J Micro-
biol Biotechnol 23:309-316

Borsodi AK, Felfoldi T, Mathé I, BognarV KM, Krett G, Jurecska L,
Téth EM, Marialigeti K (2013) Phylogenetic diversity of bacte-
rial and archaeal communities inhabiting the saline Lake Red
located in Sovata, Romania. Extremophiles 17:87-98

Branyikova I, Marsalkova B, Doucha J, Branyik T, BiSova K, Zach-
leder V, Vitovd M (2011) Microalgae—Novel highly efficient
starch producers. Biotechnol Bioeng 108:766-776

Calvo C, Martinez-Checa F, Toledo FL, Porcel J, Quesada E (2002)
Characteristics of bioemulsifiers synthesised in crude oil media
by Halomona eurihalina and their effectiveness in the isolation
of bacteria able to grow in the presence of hydrocarbons. Appl
Microbiol Biotechnol 60:347-351

Camacho RM, Mateos JC, Gonzalez-Reynoso O, Prado LA, Cor-
dova J (2009) Production and characterization of esterase and
lipase from Haloarcula marismortui. Ind Microbiol Biotechnol
36:901-909

Cameotra SS, Makkar RS (1998) Synthesis of biosurfactants in
extreme conditions. Appl Microbiol Biotechnol 50:520-529

Cherry JR, Fidantsef AL (2003) Direct evolution of industrial
enzymes: an update. Curr Opin Biotechnol 14:438-443

Cojoc R, Mercius S, Popescu G, Dumitru L, Kamekura M, Enache
M (2009) Extracellular hydrolytic enzymes of halophilic bacte-
ria isolated from a subterranean rock salt cristal. Rom Biotechnol
Lett 14:4658-4664

Cooper DG, Goldenberg BG (1987) Surface active agents from two
Bacillus species. Appl Environ Microbiol 53:224-229

De Castro RE, Maupin-Furlow JA, Giménez MI, Herrera Seitz MK,
Sanchez JJ (2006) Haloarchaeal proteases and proteolytic sys-
tems. FEMS Microbiol Rev 30:17-35

Delgado-Garcia M, Valdivia-Urdiales B, Aguilar-Gonzalez C, Con-
treras-Esquivel J, Rodriguez-Herrera R (2012) Halophilic hydro-
lases as a new tool for the biotechnological industries. J Sci Food
Agric

DeLong E (1992) Archaea in costal marine environments. Proc Natl
Acad Sci USA 89:5685-5689

Djeridi I, Militon C, Grossi V, Cuny P (2013) Evidence from sur-
factant production by the haloarchaeon Haloferax sp. MSNC14
in hydrocarbon-containing media. Extremophile 17:669-675

Donio MBS, Ronica FA, Viji VT, Velmurugan S, Jenifer JSCA,
Michaelbabu M, Dhar P, Citarasu T (2013) Halomonas sp.
BS4, A biosurfactant producing halophilic bacterium isolated

@ Springer



Extremophiles

from solar salt works in India and their biomedical importance.
SpringerPlus 2:149-159

Enache M, Kamekura M (2010) Hydrolytic enzymes of halophilic
microorganisms and their ecomonic values. Rom J Biochem
47:47-59

Fathepure BZ (2014) Recent studies in microbial degradation of
petroleum hydrocarbons in hypersaline environments. Front
Microbiol 5:173

Flores M, Zavaleta A, Zambrano Y, Cervantes L, Izaguirre V (2010)
Bacterias haldfilas moderadas productoras de hidrolasas de
interés biotecnolégico. Cien e Invest 13:42-46

Fucifios P, Gonzalez R, Atanes E, Ferdandez Sestelo AB, Perez-
Guerra N, Pastrana L, Rua ML (2012) Lipases and Esterases
from Extremophiles: Overview and case example of the produc-
tion and purification of an esterase from Thermus thermophilus
HB27. In: Georgina S (ed) Lipases and phospholipases: methods
and protocols, methods in molecular biology, vol 861. Springer,
New York, pp 239-266

Gohel HR, Contractor CN, Ghosh SK, Braganza VJ (2014) A com-
parative study of various staining techniques for determination
of extra cellular cellulase activity on Carboxy Methyl Cellulose
(CMC) agar plates. Int J Curr Microbiol App Sci 3:261-266

Gonzalez C, Gutiérrez C, Ramirez C (1978) Halobacteriumvallis-
mortis sp. nov. An amylolytic and carbohydrate-metabolizing,
extremely halophilic bacterium. Can J Microbiol 24:710-715

Hasan F, Shah AA, Hameed A (2006) Industrial applications of
microbial lipases. Enzyme Microbial Technol 39:235-251

Thara K, Watanabe S, Tamura T (1997) Haloarcula argentinensis sp.
nov. and Haloarcula mukohataei sp. nov., two new extremely halo-
philic archaea collected in Argentina. Int J Syst Bacteriol 47:73-77

Imadalou-Idres N, Carre-Mlouka A, Vandervennet M, Yahiaoui H,
Peduzzi J, Rebuffat S (2013) Diversity and antimicrobial activity
of cultivable halophilic archaea from three Algerian sites. J Life
Sci 7:1057-1069

Kavitha P, Lipton AP, Sarika AR, Aishwayra MS (2011) Growth char-
acteristics and halocin production by a new isolated, Haloferax
volcanii KPS1 from Kovalam solar saltern (India). Res J Biol Sci
6:257-262

Kebbouche-Gana S, Gana ML, Khemili S, Fazouane-Naimi F, Boua-
nane NA, Penninckx M, Hacene H (2009) Isolation and charac-
terization of halophilic Archaea able to produce biosurfactants. J
Ind Microbiol Biotechnol 36:727-738

Kebbouche-Gana S, Gana ML, Ferriounr I, Khemili S, Lenchi N,
Aknmouci-Toumi S, Bouanane-Darefed NA, Djelali N-E (2013)
Production of biosurfactant on crude date syrup under saline
conditions by entrapped cells of Natrialba sp. strain E21, an
extremely halophilic bacterium isolated from a solar saltern (Ain
Salah, Algeria). Extremophile 17:981-993

Lane DJ, Pace B, Olsen GJ, Stahl D, Sogin M, Pace NR (1985) Rapid
determination of 16S ribosomal RNA sequences for phyloge-
netic analyses. Proc Natl Acad Sci USA 82:6955-6959

Lequerica JL, O’Connor JE, Such L, Alberola A, Meseguer I, Dolz
M, Torreblanca M, Moya A, Colom F, Soria B (2006) A halocin
acting on Na'/H™' exchanger of Haloarchaea as a new type of
inhibitor in NHE of mammals. J Physiol Biochem 62:253-262

Li W, Yu H-Y (2013) Halostable cellulose with organic solvent toler-
ance from Haloarcula sp LLSG7 and its application in bioetha-
nol fermentation using agricultural wastes. J Ind Microbiol Bio-
technol 40:1357-1365

Litchfield CD (2011) Potential for industrial products from halophilic
Archaea. J Int Microbiol Biotechnol 38:1635-1647

Lizama C, Monteoliva-Sanchez M, Suarez-Garcia A, Rosello-Mora R,
Aguilera M, Campos V, Ramos-Cormenzana A (2002) Haloru-
brum tebenquichense sp. nov., a novel halophilic archaeon iso-
lated from Atacama saltern. Chile. Int J Syst Evol Microbiol
52:149-155

@ Springer

Llamas I, Amjres H, Mata JA, Quesada E, Béjar V (2012) The poten-
tial biotechnological applications of the exopolysaccharide pro-
duced by the halophilic bacterium Halomonas almeriensis. Mol-
ecules 17:7103-7120

Madern D, Ebel C, Zaccai G (2000) Halophilic adaptations of
enzyme. Extremophile 4:91-98

Margesin R, Schinner F (2001) Potential of halotolerant and halo-
philic microorganisms for biotechnology. Extremophiles
5:73-83

Marhuenda-Egea FC, Bonete MJ (2002) Extreme halophilic enzymes
in organic solvents. Curr Opin Biotechnol 13:385-389

Maturrano L, Valens-Vadell M, Rosello-Mora R, Antén J (2006) Sali-
cola marasensis gen. nov., sp. nov., an extremely halophilic bac-
terium isolated from the Maras solar salterns in Peru. Int J Syst
Evol Microbiol 56:1685-1691

Meseguer I, Rodriguez Valera F (1985) Production and purification of
halocin H4. FEMS Microbiol Lett 28:177-182

Moreno ML, Garcia MT, Ventosa A, Mellado E (2009) Charac-
terization of Salicola sp. IC10, a lipase and protease producing
extreme halophile. FEMS Microbiol Ecol 68:59-71

Moreno ML, Pérez D, Garcia MT, Mellado E (2013) Halophilic bac-
teria as a source of novel hydrolytic enzymes. Life 3:38-51

Mutlu MB, Martinez-Garcia M, Santos F, Pefia A, Guven K, Ant6n J
(2008) Prokaryotic diversity in Tuz Lake, a hypersaline environ-
ment in Inland Turkey. FEMS Microbiol Ecol 65:474-483

Nguyen TH, Vu VH (2012) Bioethanol production from marine algae
biomass: prospect and troubles. J Viet Env 3:25-29

O’Connor EM, Shand RF (2002) Halocins and sulfolobicins: the
emerging story of archaeal protein and peptide antibiotics. J Ind
Microbiol Biotech 28:23-31

Ochsenreiter T, Pfeifer F, Schleper C (2002) Diversity of Archaea in
hypersaline environments characterized by molecular-phyloge-
netic and cultivation studies. Extremophiles 6:267-274

Oren A (2010) Industrial and environmental applications of halophilic
microorganisms. Environ Technol 31:825-834

Ozcan B, Ozyilmaz G, Cokmus C, Caliskan M (2009) Characteriza-
tion of extracellular esterase and lipase activities from five halo-
philic archaeal strains. J Ind Microbiol Biotechnol 36:105-110

Peat S, Turvey JR (1965) Polysaccharides of marine algae. In: Zech-
meister L (ed) Progress in the chemistry of organic natural prod-
ucts. Springer, Vienna, pp 1-45

Plou F, Ferrer M, Nuero O, Calvo M, Alcalde M, Reyes F, Ballesteros
A (1998) Analysis of Tween 80 as an esterase/lipase substrate for
lipolytic activity assay. Biotechnol Technol 12:183-186

Price L, Shand R (2000) Halocin S8: a 36-amino-acid microhalocin
from the haloarchaeal strain S8a. J Bacteriol 182:4951-4958

Reis RS, Pacheco GJ, Pereira AG, Freire DMG (2013) Biosurfactants:
Production and Applications. In: Chamy R, Rosenkranz F (eds,)
Biodegradation: life of science, ISBN 978-953-51-1154-2,
InTech. Doi: 10.5772/56144

Richard SB, Madern D, Garcin E, Zaccai G (2000) Halophilic adap-
tation: novel solvent protein interactions observed in the 2.9
and 2.6 A resolution structures of the wild type and a mutant of
malate dehydrogenase from Haloracula marismortui. Biochem
39:992-1000

Ruiz DM, Iannuci NB, Cascone O, De Castro RE (2010) Peptide
synthesis catalysed by a haloakaliphilic serine protease from
the archaeon Natrialba magadii (Nep). Lett Appl Microbiol
51:691-696

Sabet S, Diallo L, Hays L, Jung W, Dillon JG (2009) Characteriza-
tion of halophiles isolated from solar salterns in Baja California,
Mexico. Extremophiles 13:643-656

Sarafin Y, Donio MBS, Velmurugan S, MichaelbabuM CT (2014)
Kocuria marina BS-15 a biosurfactant producing halophilic
bacteria isolated from solar salt works. Saudi J Biol Sci Ind.
doi:10.1016/j.5jbs.2014.01.001


http://dx.doi.org/10.5772/56144
http://dx.doi.org/10.1016/j.sjbs.2014.01.001

Extremophiles

Satpute SK, Banat I, Dhakephalkar PK, Banpurkar AG, Chopade BA
(2010) Biosurfactants, bioemulsifiers and exopolysaccharides
from marine microorganisms. Biotechnol Adv 28:436-450

Selim SA, El-Alfy SM, Hagagy NI, Hassanin AAI, Khattab RM, El-
Meleigy ESAA, Aziz MHA, Maugeri TL (2012) Oil-biodegra-
dation and biosurfactant production by haloalkaliphilic archaea
isolated from soda lakes of the Wadi An Natrun, Egypt. J Pure
Appl Microbiol 6:1011-1020

Singh A, van Hamme JD, Ward OP (2007) Surfactants in microbiol-
ogy and biotechnology: part 2. Application aspects. Biotechnol
Adv 25:99-121

Takashina T, Hamamoto T, Otozai K, Grant WD, Horikoshi K (1990)
Haloarcula japonica sp.nov., a new triangular halophilic archae-
bacterium. Syst Appl Microbiol 13:177-181

Tirunarayanan MO, Lundbeck H (1968) Investigations on the
enzymes and toxins of staphylococci. Acta Pathol Microbiol
Scand 72:263-276

Torreblanca M, Meseguer I, Ventosa A (1994) Production of halocin
is a practically universal feature of archaeal halophilic rods. Lett
Appl Microbiol 19:201-205

van Hamme JD, Singh A, Ward OP (2006) Physiological aspects. Part
1 in a series of papers devoted to surfactants in microbiology and
biotechnology. Biotechnol Adv 24:604-620

Venkatachalam S, Sivaprakash M, Gowdaman V, Prabagaran S (2014)
Bioprospecting of cellulase producing extremophilic bacterial
isolates from India. Br Microbiol Res J 4:142—-154

Ventosa A, Sanchez-Porro S, Mellado E et al (2005) Halophilic
archaea and bacteria as a source of extracellular hydrolytic
enzymes. In: Gunde-Cimerman N (eds) Adaptation to life at high
salt concentration in Archaea, Bacteria, and Eukarya, Springer,
pp 337-354

Wu L, Yao J, Jain AK, Chandankere R, Duan X, Richnow HH (2014)
An efficient thermotolerant and halophilic biosurfactant-produc-
ing bacterium isolated from Dagang oil field for MEOR applica-
tion. Int J Curr Microbiol Appl Sci 3:586-599

Yachai M, Tanasupawat S, Itoh T, Benjakul S, Visessanguan W,
Valyasevi R (2008) Halobacterium piscisalsi sp. nov., from
fermented fish (pla-ra) in Thailand. Int J Syst Evol Microbiol
58:2136-2140

@ Springer



	Exploring the multiple biotechnological potential of halophilic microorganisms isolated from two Argentinean salterns
	Abstract 
	Introduction
	Materials and methods
	Chemicals
	Isolation and identification of microorganisms
	Screening extracellular activities
	Protease activity
	Amylase activity
	Lipolytic activity
	Cellulolytic activity
	DNase activity
	Emulsification activity assay
	Halocin activity


	Result and discussion
	Isolation and identification of halophilic microorganisms
	Hydrolytic enzymes
	Bioactive compounds
	Surfactants
	Halocins


	Conclusions
	Acknowledgments 
	References




