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Abstract

In this study, exopolysaccharides (EPSs) production was investigated by growing strains of Pseudomonas aeruginosa G1 and Pseudo-

monas putida G12 in medium containing various carbon sources such as glucose, mannose, fructose, and xylose. EPS production (192
and 182 mg/L, respectively) of these strains grown in PAP medium with 2% glycerol (v/v) was used as control. The highest EPS produc-
tion of the two strains was found in the xylose containing medium. The effect of different concentrations [2–6% (w/v)] of xylose on EPS
production of both strains was also studied. The maximum EPS yield (368 mg/l�1) of the strain G1 was recorded in 3% (w/v) xylose,
while the highest yield EPS yield (262 mg/L�1) of the strain G12 was recorded in 2% (w/v) xylose. The monosaccharide compositions
of EPS produced by the two strains were analyzed by HPLC. Strain G1 [2% (w/v) glycerol] was found to compose of neutral sugars
(92.0%), acetylated amino sugars (8.0%), while strain G1 [3% (w/v) xylose] contained neutral sugars (99.2%), acetylated amino sugars
(0.8%). However, the composition of strain G12 [2% (w/v) glycerol] was neutral sugars (96.8%), acetylated amino sugars (3.2%) and
the strain G12 [2% (w/v) xylose] was found to contain neutral sugars (96.1%), acetylated amino sugars (3.9%).
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Microbial exopolysaccharides (EPSs) are produced by
various genera of bacteria and yeasts have found a wide
range of applications in the food, pharmaceutical and
petroleum industries and in medical fields and are widely
accepted products of biotechnology (Lee et al., 1997; Suth-
erland, 1998). A wide range of chemical structures of
homopolymeric or heteropolymeric type, made up of sugar
and non-sugar components, is possible and the range of
monosaccharide combinations, together with non-carbohy-
drate substituents and varied linkage types, makes the EPS
an excellent agent and attributes diversity in bacteria
(Keene & Lindberg, 1983).
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Often bacterial EPS production is favored by tempera-
tures lower than those optimal for growth, a high carbon
to nitrogen ratio in the growth medium and nutrient depri-
vation (Fett, 1993). EPS characteristics and amounts can
be influence by several factors such as composition of the
medium (carbon and nitrogen sources), as well as incuba-
tion conditions (temperature, pH, time, etc.) (De Vuyst &
Degeest, 1999; Looisjesteijn, Boels, Kleerebezem, & Huge-
nholtz, 1999; Tallon, Bressollier, & Urdaci, 2003). That
explains the diversity of the contradictory results on exo-
polysaccharide production. There is a considerable interest
in finding new EPSs that are suitable for special applica-
tions, or that have potential industrial relevance, either
by applying different culture conditions or by using novel
bacterial strains (Looisjesteijn, Van Casteren, Tuinier,
Doeswisjk-Voragen, & Jhugenholtz, 2000).

Increasing attention is being paid to these molecules
because of their bioactive role and their wide range of
in the biotechnology and biopharmaceutical industries
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(Sutherland, 1990). Examples of industrially important
microbial exopolysaccharides are dextrans, xanthan, gel-
lan, pullulan, yeast glucans and bacterial alginates (De
Vuyst & Degeest, 1999). Bacterial alginates were secreted
by Pseudomonas species, Azotobacter vinelandi and Azoto-

bacter chrococcum. Also, production of gellan by Pseudo-
monas species on a laboratory scale was reported by
(Banik, Kanari, & Upadhyay, 2000).

In this work, we aimed to study the EPS synthesis by
Pseudomonas aeruginosa and Pseudomonas putida strains
during growth on various carbon sources and their differ-
ent concentrations. We also aimed at describing the mono-
saccharide composition of EPS produced by these strains
grown in both Pseudomonas Agar P (PAP) medium with
concentrations of carbon source determined the highest
EPS production and Pseudomonas Agar P medium with
2% (v/v) glycerol (control).

2. Experimental

2.1. Isolation and identification

Pseudomonas aeruginosa G1 and P. putida G12 strains
used in this research were isolated from polluted soil in
the Turkey. Initially, they were tested from Gram stains
and catalase reactions, cell shape (Sneath, 1986). Then their
carbohydrate fermentation characteristics were determined
using Analytical Profile Index (API) 20 NE (Biomerieux,
Marcy I’Etoile, France) identification system. Also, G1
and G12 strains identified by the 16S rRNA gene sequence
analysis and the biochemically identification of these
strains were confirmed by 16S rRNA gene sequence analy-
sis. The sequences obtained were searched against The
GenBank DNA database using the blast function (Wid-
mer, Seidler, Gillevet, Watrud, & Di Giovanni, 1998). All
isolates were stored on Nutrient Agar Medium (Difco)
slopes at 4� C and stock cultures were maintained at
�20 �C in 0.5% (v/v) glycerol.

2.2. Culture conditions for EPS production

PAP medium with 2% (v/v) glycerol was used for the
production of EPS. The glycerol in PAP medium was taken
out to study the abilities EPS producing of both strains at
different carbon sources. After then, glucose, mannose,
fructose, and xylose were added into the PAP medium in
amounts equivalent to the glycerol concentration. All
media were autoclaved 15 min at 121 �C. Sugars were auto-
claved separately.

To study the influence of xylose carbon source on EPS
production by strains G1 and G12 were added to PAP
medium at concentrations of 2–6% (w/v).

2.3. Isolation and quantification of EPS

Isolation of bacterial EPS was done as described
(Cérantola, Bounéry, Segonds, Marty, & Montrozier,
2000) by Cérantola et al. (2000). Strains were grown on
Pseudomonas Agar P (Difco) medium, supplemented with
2% (v/v) glycerol for 3 days at appropriate temperature
(30 or 37 �C). Agar plate cultures were then washed with
saline (0.9% NaCl w/v) using a glass rod and the resulting
suspensions were stirred with glass beads in order to detach
EPS associated with the bacterial cells. Cells were then
removed by centrifugation at 10,000g for 30 min. The
resulting supernatants were precipitated overnight at 4 �C
with six volumes of 95% ethanol. Precipitated EPS were
recovered by centrifugation and the ethanol precipitation
step was repeated once again. After centrifugation
(12,000g for 30 min at 4 �C), pellets were dissolved in dis-
tilled water. Total EPS (expressed as mg L�1) was esti-
mated in each sample by phenol-sulphuric method
(Dubois, Gilles, Hamilton, Rebers, & Smith, 1956) using
glucose as a standard (Torino, Taranto, Sesma, & de Val-
dez, 2001).

2.4. Determination of the EPS monomer composition

The isolated EPS was lyophilized. For the monomer
analysis, 2 mg of dried EPS was dissolved in 2 ml of double
distilled water. The solution was incubated at 100 �C in a
water bath for 7 h. After being cooled and neutralized,
the clear solution was collected and kept at �20 �C until
analysis. Determination of monosaccharides was per-
formed by HPLC (Varian ProStar) with Carbohydrates
Ca (300 · 6.5 mm) CP28351 column using water as mobile
phase at a flow rate of 0.5 mL min�1 and the eluted were
detected with a detector (VARIAN 350 RI).

Determination of (acetylated) amino sugars was per-
formed by HPLC (Varian ProStar) with MetaCArb 87H
(300X 7.8 mm) (5220) column using 0.0008 N H2SO4 as
mobile phase at a flow rate of 0.5 mL min�1 and the elua-
ted were detected with a detector (VARIAN 350 RI). The
analyses were accomplished by the METU – AR-GE
(Ankara – TURKEY) and studied as two replications.

3. Results and discussion

3.1. Isolation and quantitative determination of EPS

Carbohydrate sugars, such as glucose, xylose, lactose,
galactose and sucrose, are preferred carbon sources for
the production of EPS. P. aeruginosa G1 and P. putida

G12 strains were cultivated in the PAP medium containing
various carbon sources (glucose, mannose, fructose and
xylose) to find a suitable carbon source for the EPS pro-
duction, It was used EPS production (192 and 182 mg/L,
respectively) of these strains grown in PAP medium with
2% glycerol (v/v) as control. When strains G1 and G12
were grown in the xylose containing medium, the EPS pro-
ductions (335, 262 mg L�1, respectively) were the highest
among those tested and their control. The EPS produced
(267 mg L�1) from fructose and other carbon sources by
strain G11 was much lover than that from xylose. Simi-



Table 2
Influence of different concentrations in media containing xylose on EPS
production

Strains Concentration (%) EPS (mg L�1)

P. aeruginosa G1 2 335 ± 1
3 368 ± 0a

4 204 ± 2
5 124 ± 3
6 110 ± 1

P. putida G12 2 262 ± 0a

3 208 ± 1
4 189 ± 0
5 172 ± 2
6 97 ± 1

a The highest EPS production.
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larly, the EPSs produced (208, 196, 242 mg L�1) from glu-
cose, mannose, fructose by strain G12 were lover than that
from xylose. The results were indicated in Table 1.

The composition of the medium plays an important role
in the production of EPS (Dreveton, Monot, Ballerni,
Lecourtier, & Choplin, 1994). Manresa et al. reported that
Pseudomonas sp. strain GSP-910 was able to utilize all the
tested carbon source (glucose, sucrose, mannose, galactose,
fructose, xylose, lactose and maltose) to synthesize the EPS
however, glucose, sucrose and xylose allowed maximum
EPS production (Manresa, Espuny, Guinea, & Comelles,
1987).

Also, the influence of different concentrations of xylose
[2–6% (v/v)] on EPS production of both strains was stud-
ied. As shown in Table 2, maximum EPS productions
(368 mg/L�1) of strain G1 was recorded with 3% (w/v)
xylose. On the other hand, the highest yield EPS produc-
tion (262 mg/L�1) by strain G12 was detected with 2%
(w/v) xylose. Also, these EPS amounts (368 and 262 mg/
L�1) were higher than their controls. Several researches
determined that EPS production by Pseudomonas sp. was
enhanced in presence of suitable carbon sources in excess
(Congregado et al., 1985). From our data, when strain
G1 was cultivated in the PAP medium with 3% xylose,
the production of EPS was stimulated. However, high con-
centrations of xylose inhibited EPS production of both
strains.
3.2. Monosaccharide composition of EPS

The monosaccharide compositions of EPS produced by
the two strains showing the highest and lowest EPS pro-
duction were analyzed by HPLC. The results showed that
the contents of neutral sugars and amino sugars of these
strains. Glycerol dominated in the EPS produced by strain
G1 and strain G12 in PAP medium with 2% (v/v) glycerol
(92.0–88.4%). Besides glycerol, in PAP medium with 2%
(v/v) glycerol by strain G1 was found to contain N-acetyl
D-glucose amine (8.0%) while in PAP medium with 2%
Table 1
Influence of different carbon sources on EPS production

Strains Carbon source (2%) EPS (mg L�1)c

P. aeruginosa G1 Glucose 225 ± 0
Mannose 262 ± 3
Fructose 267 ± 1
Xylose 335 ± 1b

Controla 192 ± 5

P. putida G12 Glucose 208 ± 0
Mannose 196 ± 1
Fructose 242 ± 0
Xylose 262 ± 0b

Controla 182 ± 3

a It was used Pseudomonas Agar P medium with 2% glycerol (v/v) as
control.

b The highest EPS production.
c Values are means ± standard deviations of triplicate measurements.
(v/v) glycerol by strain G12 was found to contain mannose
(8.4%) and N-acetyl D-glucose amine (3.2%). The polysac-
charides produced by strain G1 in PAP medium with 2%
(w/v) xylose, was composed of mannose (88.0%), mannitol
(11.2%) and N-acetyl D-glucose amine (0.8%). Also, The
polysaccharides produced by strain G12 in PAP medium
with 3% (w/v) xylose, was composed of galactose (78.7%),
glyserol, (11.8%), glucose (3.9%), N-acetyl D-glucose amine
(3.9%) and riboz (1.7%) (Table 3).

Most EPS are composed of the neutral sugars glucose,
galactose and/or rhamnose (Faber, Zoon, Kamerling, &
Vliegenthart, 1998; Lemoine et al., 1997; Yamamoto,
Nunome, Yamauchi, Kato, & Sone, 1995). Some of them
also consist of (acetylated) amino sugars (Robijn et al.,
1996; Stingele, Neeser, & Mollet, 1996). The strain, the cul-
ture conditions, and the type of carbon source influence the
amount and the composition of microbial EPS that is pro-
duced by a certain species (Looisjesteijn et al., 1999). With
glucose as a carbon source, P. putida and Pseudomonas flu-

orescens synthesized an EPS composed of glucose, galact-
ose and pyruvate (Read & Costerton, 1987). Hung et al.
found that EPS produced by P. fluorescens Biovar II was
composed of galactose, mannose, rhamnose, glucose,
fucose, ribose, arabinose and xylose (Hung, Santschi, &
Gillow, 2005). Kachlany et al revealed that the purified
EPS from P. putida G7 contained the monosaccharides,
glucose, rhamnose, ribose, N-acetylgalactosamine and glu-
curonic acid (Kachlany et al., 2001). Similarly, some
researches showed that EPS were isolated from Pseudomo-

nas caryophylli CFR 1705 grown on lactose containing
medium was composed of rhamnose, mannose and glucose
in the ratio 1:3.26:4.97, respectively (Sudhamani, Tharana-
than, & Prasad, 2004). Also, EPS production and its mono-
meric sugar composition were dependent on the carbon
source, nitrogen source and carbon/nitrogen ratio of the
growth medium (Cerning et al., 1994). Therefore, the
results reported here demonstrate that our strains likely
produces as dependent on the carbon source similar com-
mon polysaccharides as other Pseudomonas.

In conclusion, the present study describes the influence
of various carbon sources and different concentrations of
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carbon source on EPS production and monomeric sugar
composition of two Pseudomonas strains isolated from
waste soil in Turkey.
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Congregado, F., Estaňol, I., Espuny, M. J., Fust?, M. C., Manresa, M. A.,
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