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Introduction

Microorganisms capable to produce exopolysac-
charides (EPSs) inhabit various environments. There-
fore, a broad range of bacterial polysaccharides are
present in nature and suitable for biotechnological
applications. Although the great number of isolated
and characterized polymers, only a few are compat-
ible with industrial applications due to their charac-
teristics and the requirements for industrial processes
(Sutherland, 1998; 2001). The microbial EPS are used
in several biotechnological applications counting
food, textile, pharmaceutical, agricultural, paint and
petroleum industries. Their composition and structure
are very diverse, consisting of homo- or heteropoly-
saccharides that may contain a number of different
organic and inorganic substituents. Many functions
have been assigned to microbial exopolysaccharides,
such as providing self-protection against antimicro-
bial compounds, antibodies and bacteriophages, and
allowing the adherence to other bacteria or inert sur-
faces (Sutherland, 2001).

Because of their putative range of applications in
medicine, pharmacy, cosmetic and oil industry, the
microbial EPSs present a real interest among bio-
technologists. The preference for using microbial
EPS�s instead of vegetable or synthetic polymers in
these fields is given by their biodegradation capacity
and the improved versatility and efficiency (Mata
et. al., 2006; Quesada et. al., 1993; Sutherland, 1999).

Moderate halophilic bacteria include a wide range
of microorganisms of different taxonomy and physio-
logy. Their common feature is their optimum growth
in the presence of salt concentrations from 0.5 M to
2.5 M (Kushner and Kamekura, 1988), although they
can adapt to large salinity ranges in diverse hypersa-
line habitats, such as salt lakes, solar salterns, deserts,
hypersaline soils. These hypersaline environments are
a putative reservoir for unusual microorganisms of
biotechnological interest adapted to extreme condi-
tions (Margesin and Schinner, 2001) such us the oil
deposits generally characterized by high salt concen-
trations, where the use of salt-resistant surfactants
might constitute a real advantage for the process of
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oil recovery. Exopolysaccharide-producing moderately
halophilic bacteria can be used for oil recovery if they
present specific characteristics such us high viscosity,
pseudoplasticity, and resistance to thermal degradation,
high salt concentrations and osmotic stress (Arias
et al., 2003; Bouchotroch et al., 2001).

This study reports the isolation and characteriza-
tion of highly thermostable exopolysaccharides pro-
duced by moderately halophilic bacteria isolated from
man-made young (around 200 years old) salt lake in
Romania resulted after the exploitation of Neogen
evaporates.

Experimental

Materials and Methods

Strains and media. The investigated bacterial
strains were isolated from salt lake Sheperd Bath lo-
cated in Slanic, Prahova county, Romania, using MH
medium with the following composition (Ventosa
et. al., 1982) (g/l): NaCl (100), MgCl2×6H2O (7),
MgSO4×7H2O (9.6), CaCl2×2H2O (0.36), KCl (2),
NaHCO3 (0.06), NaBr (0.026), glucose (1), proteose
peptone (5), yeast extract (10). The pH of the medium
was 7.0�7.2. When necessary, the medium was so-
lidified with 10 g/l agar. For this study, ten bacterial
strains were randomly selected and tested for synthesis
of exopolysaccharides.

The preliminary characterization of the strains fol-
low the standard microbiological methods, including
Gram staining, NaCl concentration range for growth,
sodium deoxycholate treatment and antibiotic resis-
tance in the presence of 50 µg/ml of chloramphenicol,
ampicillin, penicillin, and neomycin.

The effect of the growth medium composition on
the synthesis of exopolysaccharides by the selected
bacterial strains was tested in the presence of either
(1) casamino acids and yeast extract, (2) glucose, or
(3) sucrose. The strains were cultivated under static
or stirring at 250 rpm conditions.

Total genomic DNA was extracted using Nucleo-
Spin(R) kit (Macherey-Nagel) and the 16S rRNA
genes were amplified using the PCR method (Wilson
et al., 1990), using the universal bacterial forward and
reverse primers 27 F (AGAGTTTGATCCMTGGCT
CAG) and 1492R (TACGGYTACCTTGTTACGA
CTT), respectively (Polz and Cavanaugh, 1998).

The ability to produce exopolymer was determined
in the case of the isolated halophilic bacterial strains.

Exopolymer isolation. The bacterial cultures were
incubated at 28°C for 144 hours under stirring condi-
tions. The cell growth was determined spectrophoto-
metrically at 660 nm. Ten-ml samples were taken every
24 hours and centrifuged at 9500×g for 30 minutes.

The presence of exopolysaccharides in the superna-
tant was determined by precipitation with 3 volumes
of cold ethanol. The resulted polymer was then filtered,
dried and quantitated gravimetrically.

Structural analysis of the polymer was performed
by UV and fluorescence spectral characterization,
thermal stability and FT-IR investigations.

Spectral characterization of the polymer was
performed using a HP "-Helios UV-VIS spectro-
photometer for absorption, and by fluoresence using
a Jasco FP emission spectrofluorimeter.

Thermal stability. The thermal stability of the
exopolymer was determined using a differential scan-
ning calorimeter (Perkin-Elmer, DSC-2) with a heat-
ing rate of 10 Kmin-1. The instrument was calibrated
for temperature and enthalpy by melting high purity
indium, and flushed with argon. Samples of 2�4 mg
were placed into aluminium crucibles which were
sealed and weighed with the Partner XA balance with
a 10-µg precision.

FT-IR analysis. IR transmission spectra were ob-
tained in transmission mode using potassium bromide
(KBr)-based pellets in the 4000�400 cm � 1 range
using a FT-IR spectrometer (BRUKER, Vertex 70) and
OPUS software.

Results and Discussions

The samples collected from the Shepherd Bath salt
lake in Romania (Slanic, Prahova) were cultivated
using MH medium, as described in Material and Meth-
ods. The lake is characterized by 97.4 gram per litter
salinity. Under these conditions, 16 distinct colonies
were isolated. A preliminary microbiological charac-
terization indicated that all these strains represented
Gram-positive rods. These strains were able to grow
on medium supplemented with sodium deoxycholate,
but they could not grow in the presence of chloram-
phenicol or other antibiotics such as neomycin and
penicillin. The strains showed positive growth on me-
dium containing with NaCl up to 4M. The presence of
bacterial 16S rRNA genes was revealed in the case of
all the investigated strains by using PCR amplification
with bacterial specific primers as described in Material
and Methods section (data not shown). Consequently,
these strains belong to moderately halophilic bacteria.

Out of the ten different strains of moderately halo-
philic bacteria, three strains with best growth under
the tested conditions were analyzed for their capacity
to produce exopolysaccharides. These strains differ in
salt concentration resistance, strain 1/1 being able to
grow in the presence of 4 M NaCl, and strains 2A/6
and 6/49 at NaCl concentrations up to 3 M, respec-
tively. The results (Table I) show that, under various
growth conditions, only two strains showed the ability
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to synthesize exopolysaccharides. For all three bacte-
rial strains analyzed, both the carbon source and the
cultivation conditions influenced the maxim growth
and the exopolymers synthesis. Bacterial strain 1/1
showed high maximum growth in the presence of
casamino acids and yeast extract, but exopolysaccha-
rides were synthesized only when using 2% sucrose
under stirring conditions, even if the maximum growth
was reduced (Table I). A different behavior was ob-
served for the strain 6/49 that showed a high maxi-
mum growth on MH medium supplemented with
2% glucose or sucrose, but was unable to produce
extracellular polysaccharides under these conditions
(Tables I and II). The strain 2A/6 showed a capacity
to synthesize exopolysaccharides using all the three
carbon sources tested, under stirring conditions, but
the highest yield of polysaccharide and highest
growth were observed on MH medium containing
casamino acids and yeast extract (Figure 1). Under

these conditions, the polysaccharide production in-
creased, reaching the maximum value (0,048 g/100 ml
culture) after 144 hours of growth. These results show
that, for these moderately halophilic bacterial strains,
there is no strict correlation between the optimum
conditions for the exopolysaccharides synthesis and
optimum growth. Strain 1/1 preferred sucrose for pro-
ducing extracellular polysaccharides and had a higher
maximum growth in the presence of casamino acids
and yeast extract. In most cases, exopolysaccharide
synthesis starts in the exponential phase and intensifies
during cellular growth.

The DSC analysis of the exopolysaccharide pro-
duced by strain 2A/6 (Figure 2) showed a high ther-
mal stability of this polymer with a melting point at
207°C. The melting process is associated with the
thermal degradation process of this compound.

The spectral characterization of the polymer pro-
duced by strain 2A/6 showed absorption maximum

 24 h 2.05 � 0.51 � 1.56 0.014 0.84 � 1.90 � 0.41 �

 48 h 2.24 � 0.48 � 1.95 0.023 1,92 � 2.21 � 0.54 �

CA+YE  72 h 2.33 � 0.48 � 2.12 0.026 2.29 0.024 2.24 � 0.83 �

120 h 2.18 � 0.52 � 2.14 0.037 2.05 0.037 2.12 � 1.75 �

144 h 2.14 � 0.57 � 2.09 0.048 1.68 0.037 2.07 � 1.91 �

 24 h 0.75 � 0.37 � 0.59 � 0.42 � 0.99 � 0.39 �

 48 h 0.54 � 0.33 � 0.56 � 0.80 � 1.00 � 0.46 �

G  72 h 0.48 � 0.29 � 0.51 � 0.91 � 1.01 � 0.57 �

120 h 0.42 � 0.24 � 0.45 + 0.84 + 1.01 � 0.97 �

144 h 0.40 � 0.29 � 0.42 + 0.89 + 0.95 � 1.01 �

 24 h 1.49 � 0.35 � 0.64 � 0.33 � 0.45 � 0.38 �

 48 h 1.50 � 0.36 � 0.59 � 0.55 � 0.38 � 0.44 �

S  72 h 1.42 � 0.32 � 0.55 + 0.65 � 0.38 � 0.48 �

120 h 1.34 0.001 0.35 � 0.49 + 0.68 � 0.32 � 0.46 �

144 h 1.11 0.003 0.28 � 0.43 + 0.67 � 0.30 � 0.38 �

Table I
The influence of growth conditions on bacterial cell growth and polysaccharide synthesis

Growth

Medium

Strain 1/1 Strain 2A/6 Strain 6/49

stirring static

OD Pol

The bacterial strains 1/1, 2A/6 and 6/49 were incubated in MH medium (Materials and Methods) containing different carbon source compounds
up to 144 hours, under static or stirring conditions. CA: casamino acids; YE: yeast extract; G: glucose; S: sucrose; OD: optical density at 660 nm;
Pol: exopolysaccharide quantity (g%); + = polysaccharide present in small amounts (<0.001 g%), (�): absence of polysaccharide

PolODPolODPolODPolODPolOD

static staticstirringstirring

CA+YE 7.12 6.15 7.12 6.16 7.12 6.23 7.12 6.17 7.12 6.14 7.12 6.15

G 7.00 5.56 7.30 4.96 7.00 8.17 7.60 7.84 7.40 5.07 7.60 5.76
S 7.70 6.08 7.40 6.26 7.70 6.10 7.35 5.80 7.20 5.85 7.10 5.75

Table II
pH during bacterial growth

Strain 1/1 Strain 2A/6 Strain 6/49

stirring static
start end

The optimal pH values of the growth medium were measured for the initial (start) and final (end) cultivation times under static and stirring condi-
tions, and in the presence of various carbon sources, of the 1/1, 2A/6 and 6/49 strains. CA: casamino acids; YE: yeast extract; G: glucose; S: sucrose.

endstartendstartendstartendstartendstart
staticstirringstaticstirring
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at 260 nm and fluorescence emission at 530 nm
(Figure 3).

The polysaccharide structure of the polymer was
further analyzed by FT-IR spectrometry (Figure 4),
which confirmed the presence of sugar residues having
amino and sulfate groups bounded by double bridge
to base sugar-backbone. The absorption at 3436 cm�1

confirmed the presence of OH groups and intermo-
lecular hydrogen bridges. The presence of the double
bond between carbon and nitrogen was indicated by
the absorption peak at 1641.95 cm�1. The bounds be-
tween carbon and hydrogen correspond to the absorp-
tion peak at 1642 cm�1 and those between carbon and
oxygen, at 1060 cm�1. The polysaccharide structures
are indicated by the absorption at 876 cm�1, and the
presence of N-C = S and N = C-S bounds is indicated
by the absorption peaks at 713 cm�1.

Polysaccharides with a high sulfate content often
form gels in the presence of metal ions and represent
a great potential for bioremediation of high polluted
environments and waste waters (Arias et al., 2003;
Philips and Vicenzi 1998). Therefore, the high con-

Fig. 1. Growth curve and exopolysaccharide synthesis of the strain 2A/6.
The 2A/6 strain was cultivated on MH medium supplemented with casaminoacids and yeast extract, under stirring (left)

and static (right) conditions. The OD660nm and the exopolysaccharide concentration (g%) were monitored up to 144 hours growth.

Fig. 2. DSC spectrum of the exopolysaccharide produced
by strain 2A/6.

The heat flow curve as a function of temperature was determined
using 2�4 mg of polysaccharide synthesized by the strain 2A/6
cultivated in the presence of casamino acids and yeast extract

Fig. 3. Fluorescence analysis of the exopolysaccharide produced
by strain 2A/6.

The emission (bottom) and absorption (top) fluorescence spectra were
determined using x mg of the exopolysaccharide synthesized by strain

2A/6 cultivated in the presence of casamino acids and yeast extract.

8 nm

8 nm

8max = 533 nm

8excitare = 266 nm
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tent of sulfate and amino groups in the exopolysac-
charide from the 2A/6 halophilic bacterial strain is of
high interest for biotechnological applications. More-
over, sulfated polysaccharides are known to inhibit
some viruses and tumors (Hayashi et al., 1996; Hasui
et al., 1995; Itoh et al., 1993; Riou et al., 1996;
Witvrouw and Clerq, 1997). Such polysaccharides
are produced by eukaryotic algae (Itoh et al., 1993)
and are uncommon among prokaryotes. However, it
has been isolated a halophilic exopolysaccharide with
a high sulfate content (Bejar et al., 1998; Calvo et al.,
1998) which is stable over a wide pH range between
3�8 (Arias et al., 2003) produced by Halomonas
maura, but there are not any information available
about its thermal stability. The present work revealed
the isolation of a halophilic exopolymer, also rich in
sulfate residues, which are highly thermostable with
a melting point at 207°C.

The nutritional and environmental variables need
to be optimized for each strain, in order to obtain
maximum production, together with the best func-
tional properties of the polymers. Both yield and
chemical composition may be influenced by several
parameters such as carbon source, limiting nutrients,
and aeration and incubation temperature. Although
microorganisms can use different carbohydrates and
amino acids as carbon source for EPS production, glu-
cose and sucrose are the most efficient (Bejar et al.,
1998). Surprisingly, the 2A/6 strain favors casamino

acids and yeast extract for the highest concentration
of exopolysaccharides synthesized.

The results of this study revealed the identifica-
tion of moderately halophilic bacteria that are capable
of producing highly thermostable exopolysaccharides.
This process is influenced by the composition of the
culture medium and growth conditions. Moreover,
a preliminary structural characterization of the exo-
polymer isolated from the moderately halophilic bac-
terial 2A/6 strain suggests the presence of valuable
substituents for biotechnological applications.
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