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ABSTRACT 

 

            Exopolysaccharides (EPS) produced from Pseudomonas syringae pv. tomato, P. 

syringae Davson 973 and P. syringae pv. coriandricola 908 were studied as affected by 

different types of culture media. The I.R. spectroscopy data of purified polysaccharides from 

these organisms were compared with authentic algal alginate sample. The results show 

presence of many functional groups in the obtained EPS which are: H- bonded hydroxyl 

group typical for polysaccharide (1050- 1100 and 3200-3600 nm) as well as C-H (at 1380-

1450 cm and 2930 cm). The presence of bands at 2000-2800 nm region indicated the presence 

of free carboxyl groups. The spectrum showed a band at 948.5 nm, which assign to the C–O 

stretching vibration of uronic acid residues, and one at 888.3 nm assigned to the C1–H 

deformation vibration of β-mannuronic acid residues and also a band at 820.0 nm was 

detected. The obtained results indicate that purified EPSs from the tested organisms have 

great similarity with the authentic algal alginate sample. Thus, EPSs produced by P. syringae 

pv. tomato, P.  syringae Davson 973 and P.  syringae pv. coriandricola 908  could be 

identified as alginate. 
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INTRODUCTION 

 

Polysaccharide molecules may be more intimately associated with the cell surface 

either through linkage to a lipid-moiety, as in the case of lipopolysaccharide (LPS) molecules 

in Gram-negative bacteria (Lam et al., 1992) or linked to cell-wall techoic acid as in Gram-

positive bacteria (Roberts, 1995). Bacterial exopolysaccharides are extensively used as 

thickening and gelling agents in a wide range of industrial products and processes due to their 

structural and physical properties diversity (Copetti et al., 1997; Rinaudo, 2001). 

Pneumococcal polysaccharide vaccine was effective for the prevention of pneumonia, which 

caused by Streptococcus pneumoniae, among old adults (Jackson et al., 2003). Many strains 

of Streptococcus thermophilus synthesize extracellular polysaccharides, these molecules 

produced as capsules that are tightly associated with the cell, or they may be liberated into the 

medium as a loose slime (i.e., "ropy" polysaccharide). The presence of exopolysaccharide 

does not confer any obvious advantage to growth (Broadbent et al., 2003). The maximum 

amount of EPS produced by Streptococcus thermophilus 1275 was 406 mg.L-1 in 10 % 

reconstituted skim milk (RSM) in a Biostat B fermentor at 37 °C after 24 h of fermentation, 

the EPS production increased when the organism was grown in 10% reconstituted skim milk 

(RSM) for 24 h and supplementation with whey protein concentrate, the level of EPS 

increased to 1029 mg/L (Zisu and Shah 2003). The exopolysaccharide (EPS) production in 

shake flask cultures of Phellinus linteus KCTC 6190 at 30 °C was achieved in a medium 

contained 50 g.L-1 of sucrose  as carbon source (Hwang et al., 2003). EPS production from 

Lactobacillus L191 increased when grown in the presence of sucrose (Dykes et al., 1995). 

Polysaccharide production by Agaricus blazi AB 2003 was enhanced in medium containing 

yeast extract as the best nitrogen source for both biomass and polysaccharide biosynthesis 

(Liu and Wang, 2009). Staphylococcus epidermidis polysaccharide production is increased 

during growth in iron-limited medium and under conditions of low oxygen availability. 

Additionally, stress-inducing stimuli such as heat, ethanol, and high concentrations of salt 

increase the production of polysaccharide. The same environmental conditions are known to 

repress tricarboxylic acid (TCA) cycle activity, leading to the hypothesis that altering TCA 

cycle activity would affect polysaccharide production (Vuong et al., 2005 ). The purified EPS 

non-ropy strain of Leuconostoc sp. CFR 2181 contained 84% of total carbohydrates, 11.2% of 

reducing sugars, 2% of moisture, 0.8% of proteins and 0.6% uronic acid. The EPS consisted 

mainly of glucose (91%) with minor quantities of rhamnose and arabinose (1.8%) 

(Vijayendra et al., 2008). The mucoid phenotype of Pseudomonas spp. is due to 
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overproduction of alginate and is a considerable virulence factor contributing to the 

intractability of infections most notably in cystic fibrosis (CF) lung, but also in pathogenic 

infections of plants (Scanlan and Buckling 2011).  

The production of polysaccharide by specific organisms could be affected by different 

environmental factors surrounding the organisms and / or the growth medium. Thus, the aim 

of this study was to isolate the polysaccharides produced by some Gram-negative bacteria in 

pure form and studying the influence of different growth media on their production, and 

determination of their structure and protein content.   

 

MATERIAL AND METHODS 

 

 In a preliminary experiment, 24 strains of Gram–negative bacteria were studied for 

their EPS production by using different culture media. The strains were belonged to 

Pseudomonas aeruginosa, Eschericha coli, Klebsiella pneumoniae, Azotobacter vinelandii, 

Erwinia carotovora and Pseudomonas syringae. The obtained data showed that P. syringae 

pv. tomato, P. syringae Davson 973 and P. syringae pv. coriandricola 908 showed high 

values of the produced EPS and relative viscosity. Therefore, the polysaccharides production 

by these strains was intensively studied. 

 

Bacterial isolates 

 

Pseudomonas syringae strains (P. syringae pv. tomato, P. syringae pv. coriandericola 

908, P. syringae Davson 973, P. syringae 1914, P. syringae 1223 and P. syringae 307) were 

provided from bacteriology lab, Faculty of Science, Tanta University, Egypt. 

 

Screening for EPS production 

 

The following media were used for cultivation of the tested cultures and for 

production of ESP. 

1- Medium 1 (M1) : Nutrient agar medium ( Difco Manual, 1974). 

2- Medium 2 (M2): D-glucose mineral medium as suggested by Larsen and Haug (1970). 

3- Medium 3 (M3): King'B medium (King et al., 1954). 

4- Medium4 (M4): Starch-nitrate medium (Difco Manual, 1974). 
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Production of EPS  

 

Pseudomonas syringae strains were grown in liquid nutrient medium (M1) separately 

and incubated for 24 hours at 30 ˚C. Sterilized Petri plates containing the designated media 

for each strain were inoculated with 1 ml of cultures of the tested strains having optical 

density of 1 at 660 n.m. The plates were incubated at 30 ˚C for 3 days, the mucoid surface 

growth were scraped off onto 25 ml of sterilized saline and centrifuged at 5000 g for 20 min. 

The precipitated bacterial cells were subjected to lyophilization in order to determine their dry 

weight. Protein was precipitated by addition of 10% TCA to the supernatant. The clear 

supernatant was subjected to ethanol precipitation by adding 3 volume of cold 95% ethanol 

with stirring as described by Evans and Linker (1973). Crud EPS were recovered by 

centrifugation at 4500 g for 15 min., then the precipitated EPS were dried at 40 °C to estimate 

their dry weight. 

 

Effect of different culture media on EPS production 

 

 The three selected strains of Pseudomonas syringae pv tomato, P. syringae Davson 

973 and P. syringae pv. coriandricola 908 which showed the highest growth and EPS 

production were tested separately on different solid media (Nutrient, Mineral, King`B and 

Starch-nitrate) to select the most suitable media for growth and EPS production.  

 

Purification of EPS  

 

The free-cells supernatant were obtained from the bacterial culture and subjected to 

purification step to obtain the purified EPS as follow:  

 

Ethanol precipitation  

 

To precipitate proteins from supernatant, 20 ml tricloroacetic acid 10 % were added to 

the sample (Van den Berg et al., 1995) and the mixture was allowed to stand overnight. The 

precipitated proteins were removed by centrifugation at 5000 g for 30 min. The clear 

supernatant was collected and the EPS was precipitated by adding 3 volumes of cold 95 % 

ethanol and allowed to stand overnight at 2˚C. To remove the remaining undissolved 

materials, the EPS was redissloved in distilled water and precipitated by ethanol for at least 
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three times. Finally the resulting precipitate was dissolved in distilled water and subjected to a 

fractional precipitation with ethanol. The EPS precipitates were collected by centrifugation at 

4500g for 30 min, then dried to obtain dry weight. The total carbohydrate, uronic acid and 

protein contents were determined.  

 

Chemical characterization of EPS 

 

The partially purified polysaccharide (EPS) samples were chemically analyzed. Uronic 

acid content was determined by carbazol assay as described by   Bitter and Muir (1962).  

Some alternative methods were applied for uronic acid quantification (Blumenkrantz and 

Asboe-Hansen, 1973; Filisetti-Cozzi and Carpita, 1991). The glucose content was 

determined by phenol-sulfuric acid method as described by Dubois et al. (1956). Total sugars 

of EPS were quantified by anthrone method (Helbert and Brown, 1955). The protein content 

of the produced EPS was estimated according to the method described by Lowry et al. 

(1951). Other methods can be used for protein determination depending on the laboratory 

facilities. The measurement of microgram quantities of protein was acheived by Bradford 

(1976). Quantification of protein using bicinchoninic acid was described by Smith et al. 

(1985). 

 

Infra-red spectroscopy (I.R.) 

 

Samples of purified EPS were prepared for I.R. analysis according to the method 

described by Sherborock-cox et al. (1984). One mg of the purified EPS was used in I.R. 

analysis by using salt discs. A mixture made by adding 1mg of EPS samples to 300 mg of 

pure dried KBr followed by pressing into disc, the whole I.R. spectrum (1000 – 4200 nm) was 

compared with a known polysaccharide pressed also together with KBr into disc. The spectra 

were recorded using Perkin-Elmer-1430 spectrophotometer. 

 

Viscosity determination 

            

The Viscosity of the purified polysaccharides was determined by viscometer using 

distelled water as standard (Hardling, 1998). 
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Statistical analysis  

            

One way and two way analyses of variance (ANOVA) were used according to SPSS, (1999). 

In the present work, each value presented in tables is mean of three reading ± the standard 

deviatin (SD). The values are highly significant (**) at p≤ 0.001. The least significant 

difference is abbreviated as LSD. 

 

RESULTS  

 

Effect of different solid media on EPS production 

 

The three selected strains P. syringae pv. tomato, P. syringae Davson 973 and P. 

syringae pv. coriandricola 908 were cultivated on nutrient medium (M1), glucose-mineral 

medium (M2), King′ B medium (M3) and starch-nitrate medium (M4), separately, at 30˚C for 

3 days.     

Table 1 shows that the most suitable medium for exopolysaccharide production by P. 

syringae pv. tomato, P. syringae Davson 973 and P. syringae pv. coriandricola was King′B 

medium (M3).  

 

Table 1 Effect of different solid media on EPS production by Pseudomonas syringae 

strains grown at 30 ˚C for 3 days of incubation 

 
 

Media 
 

Pseudomonas syringae  strains 
P. syringae pv. tomato P. syringae Davson  

973 
P. syringae pv. 

coriandricola 908 
EPS 

g.g-1 D.wt 
Relative 
viscosity 

EPS 
g.g-1 D.wt 

Relative 
viscosity 

EPS 
g.g-1 D.wt 

Relative 
viscosity 

M1 0.2  0.1 1.1  0.1 0.1   0.0 1.0    0.0 0.1  0.1 1.0   0.1 

M2 0.3  0.1 1.3  0.1 0.1   0.1 1.1   0.1 0.1  0.1 1.0   0.1 

M3 1.4  0.1 2.5  0.1 1.2  0.1 2.4   0.1 1.5   0.1 2.6   0.1 

M4 1.1  0.1 1.6  0.1 1.0   0.1 2.0   0.1 1.1  0.1 2.1   0.1 

F-value 121.896** 133.6** 153.771** 187.664** 142.030** 278.792 

LSD 0.178 0.168 0.168 0.177 0.188 0.158 
Legend: EPS- Exopolysaccharide, M1- Nutrient agar medium, M2- D-glucose mineral medium, M3- 

King'B medium, M4- Starch-nitrate medium 
The values are highly significant (**) at p≤ 0.001  
The least significant difference is abbreviated as LSD 
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EPS Characterization  

 

Table 2 shows that the highest content of protein (15%) and uronic acid (59%) were 

recorded in P.  syringae pv. coriandricola 908. On the other hand, the contents of the total 

carbohydrate and total hexose showed more or less similar values in the three tested strains. 

 

Table 2 Chemical analysis of EPS preparations produced by Pseudomonas syringae 

pathovars grown on king’B medium at 30 ˚C for 3 days of incubation 

Total 
hexoses 

(%) 

Uronic acid 
(%) 

Total 
carbohydrates 

(%) 

Protein 
(%) 

Bacterial 
EPS 

 

24.0 29.0 15.0 7.0 P. syringae 
pv. tomato-EPS 

27.5 45.0 17.0 12.0 P. syringae 
Davson 973-EPS 

27.2 59.0 16.5 15.0 P. syringae 
pv. coriandericola 908-EPS 

   Legend: EPS- Exopolysaccharide 

 

 Fig.1 shows the Infrared (I.R.) spectroscopy of the isolated EPSs produced from P. 

syringae pv. tomato, P. syringae Davson 973 and P.  syringae pv. coriandricola 908 as 

compared with algal alginate as authentic sample. The results demonstrate that there is no 

significant difference existed could be observed in I.R. spectra of the EPSs produced by the 

three different strains and the authentic algal alginate sample. Many functional groups were 

observed: H-bonded hydroxyl groups which are typical for exopolysacchrides were found 

(3600-3200 and 1050-1100 nm) as well as C-H groups (at 2930 and 1380-1450 nm). The 

presence of band at 2000-2800 nm region indicates the presence of free carboxylic groups. 

The peaks at about 1400 and 1610 nm are related to the presence of carboxylate function as 

expected for uronic acid salts. The strong bands at 1735 and 1250 nm are indicative for ester 

groups. The band at 820 nm seems to be characteristic of mannuronic acid residues. 

According to the obtained data, the exopolysacchrides produced by P. syringae pv. tomato, P. 

syringae Davson 973 and P.  syringae pv. coriandricola 908 could be defined as alginate.  
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 (D)  

 

 

 

 

 

 

 

 

Figure 1  I.R. spectra of exopolysaccharides (EPS) of  P. syringae pv.   tomato (A), P. 

syringae Davson 973 (B), and P. syringae pv. coriandricola 908 (C) as compared with algal 

alginate (D) as authentic sample 

          

 
DISCUSSION  

 

The present study concentrated on EPS production from some Gram-negative bacteria 

as affected by the components of the growth medium. The results obtained show that the 

King’B medium designed by King et al. (1954) was the most suitable medium for the 

biosynthesis of viscous EPS by the tested organisms. The highest EPS production and relative 

viscosity (1.5 g.g-1 D.wt and 2.6, respectively) were obtained by Pseudomonas syringae pv. 

coriandricola 908  grown on King’B medium. The relationship between the EPS production 

and culture media depend mainly on the type of producing microorganisms. In this concern, 

Zisu and Shah (2003) noted that, the maximum amount of EPS produced by Streptococcus 

thermophilus 1275 was 406 mg.L-1 in 10 % reconstituted skim milk (RSM) in a Biostat B 

fermentor at 37°C after 24 h of fermentation. Also, Vijayendra et al. (2008) reported that the 

fermentation of non-ropy strain of Leuconostoc sp. in shake flask containing modified MRS 

broth for 72 h at 22°C, the EPS produced was 13.8 g.L-1. 

Obtained results (Table 2) showed different values of uronic acid, total carbohydrates, 

hexoses and proteins for the three tested Pseudomonas strains. This indicates that the 

production of specific EPS   by a bacterium species is strain dependant. High uronic acid 

contents of EPSs produced by the three P. syringae strains refer to the presence of alginate in 

the obtained polymers. 
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Carboxylated sugars like uronic acid formed important fraction of bacterial EPS.  The 

uronic acid content of P. syringae pv. coriandricola 908 EPS was 59% of the polymer by 

weight. This was relatively greater than EPS of fouling bacteria like Halomonas strains which 

contained 0.6-11.1% (Bejar et al., 1998). Lower uronic acid content was observed in the 

purified EPS produced by a non-ropy strain of Leuconostoc sp. CFR 2181. The polymer 

contained 84% of total carbohydrates, 11.2% of reducing sugars, 0.8% of proteins and 0.6% 

uronic acid (Vijayendra et al., 2008). 

The purified exopolysaccharides which obtained from P. syringae pv. tomato, P.  

syringae Davson 973 and P. syringae pv. coriandricola 908 were identified using the I.R. 

spectroscopy which compared with authentic algal alginate sample. The results showed 

presence of many functional groups in the tested EPS (Fig 1 A, B, C and D) similar to that 

present in authentic algal alginate sample. Thus, I.R. spectra of the purified EPS samples 

proved the presence of carboxyl group, which may serve as binding sites for divalent cations. 

The carboxyl group may also work as functional moieties to generate new or modified 

polymer variants using different approaches like novel. Similar finding was also recorded by 

Vijayabaskar et al. (2011). Thus, EPSs produced by P. syringae pv. tomato, P. syringae 

Davson 973 and P. syringae pv. coriandricola 908  could be identified as alginate. Similar 

results were also obtained by Bejar et al. (1998) who found that the exopolymer of 

Halomonas eurihalina strain H 96 contained significant amounts of uronic acid. The band at 

820.0 cm-1 seems to be characteristic of mannuronic acid residues as reported by Chandıa et 

al. (2004). The mucoid phenotype of Pseudomonas aeruginosa and Pseudomonas fluorescens 

SBW25 is due to overproduction of alginate and is a considerable virulence factor 

contributing to the intractability of infections most notably in cystic fibrosis (CF) lung, but 

also in pathogenic infections of plants (Scanlan and Buckling 2011).  

 

CONCLUSION 

 

It could be concluded from the above mentioned data that  King′B  medium (M3) was 

the most suitable medium for EPS production from the three selected strains (P.  syringae pv. 

tomato, P.  syringae Davson 973 and P. syringae pv. coriandricola 908). The produced EPSs 

have great similarity to the authentic algal alginate. This is particularly true of the results 

obtained from viscometry, uronic acid quantification and I.R. spectra. Therefore, the polymers 

could be industrially useful. This is, however, dependent on the cost, effectiveness of 

extraction and purification. These promising results could also be regarded as initiatory steps 
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towards the utilization and modification of EPSs as future cheap sources for the production of 

valuable drugs with antioxidant and anticancer properties. 
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