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Abstract: Eighty one of yellow pigmented bacteria, mucoid colonies isolated to be indicative of most 
Sphingomonas species. These isolates were isolated from different soils of five locations of three 
Egyptian governorates; kalyobia, Menofya and Giza. Thirty six of them were identified as 
Sphingomonas paucimobilis. Sixteen Sphingomonas paucimobilis local strains had highest potentialities as 
gellan gum producers.These local strains were tested for antibiotic resistant to find antibiotic genetic 
markers using seven antibiotics. Specific primer PCR and plasmid profiling techniques were used to 
confirm, on molecular level, that the sixteen local strains gellan gum producers were Sphingomonas 
paucimobilis. SDS-PAGE protein fingerprinting technique was used to discriminate the previous strains. 
The obtained results from the previous techniques revealed the variation among the sixteen local 
strains.  
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INTRODUCTION 

 
 Many microorganisms produce extra cellular polysaccharides. The main reason is unknown, but two 
possibilities seem likely. Polysaccharides may serve as a protective barrier against adverse environmental 
conditions or may facilitate colonization or attachment to surfaces (Costerton, et al., 1981). 
 Bacterial exopolysaccharides (EPS) are products of biotechnology that are of high interest due to their 
rheological properties. This is the case of sphingans, a group of structurally related EPS secreted by members of 
the genus Sphingomonas. Among these, gellan is a multifunctional gelling agent produced in high yields by the 
non-pathogenic strain Sphingomonas paucimobilis ATCC 31461(Sosa-Herreraa, 2008). 
 Sphingomonas bacteria isolated from the rhizosphere of sandy loam soil., the rhizobacteria, of sorghum, 
pearl millet, wheat, alfalfa and rice were screened for the production of exopolysaccharide (EPS). Nearly a 
quarter of the strains produced exopolysaccharides, either capsular or hydrosoluble slime. A majority of the 
isolates produced slime (Hebbar,  et al., 1992).         
 The genus Sphingomonas was proposed by Natalie et al. (2004). Sphingomonas paucimobilis ATCC 
31461) synthesizes the exopolysaccharide (EPS) gellan gum, a gelling agent with applications in the food, 
pharmaceutical, and other industries (Arsenio, et al., 2008). 
 Gellan gum is composed of a repeating linear tetrasaccharide with d-glucose (Glc), d-glucuronic acid 
(GlcA) and l-rhamnose residues in a 2:1:1 ratio with glycerate and acetate substitutions (Videira, et. al., 2001). 
Gellan gum is great commercial interest, especially in food industry which was used as a thickening, stabilizer 
of the gelled dessert; jam, jelly, pudding, confectionery, sugarcoating of confectionery and other applications; 
pharmaceutical industries (capsules), perfumes, cosmetics, etc.  (Nitrchke, et al.,2001). Gellan gum can also be 
used in place of agar in bacterial culture media. This gel shows a large melting/setting syneresis similar to agar 
gels It is an excellent gelling agent providing clear, brittle gels at a much lower concentration than agar. 
(Marshall, et al., 2001). 
 Eighteen genes in four clusters e.g. rmlA and pgmG cluster genes required for gellan biosynthesis of 
Sphingomonas paucimobilis ATCC 31461. The gene (rmlA) is first gene of four- rml gene cluster; rmlA, rmlB, 
rmlC and rmlD (Silva, et al., 2005). Based on sequence homology, the putative rml operon is presumably 
involved in the biosynthesis of dTDPrhamnose, the sugar necessary for the incorporation of rhamnose in the 
gellan repeating unit (Li, et al., 2003). The pgmG1 gene is the first gene of pgmG 4-gene another cluster; 
pgmG1, pgmG2, pgmG3 and pgmG4 It was encodes a 50,059-Da polypeptide that has phosphoglucomutase 
(PGM) and Phosphomannomutase (PMM) activities and is 37 to 59% identical to other bifunctional proteins 
with PGM and PMM activities from gram-negative species. Purified PgmG protein showed a marked preference 
for glucose-1-phosphate (G1P); the catalytic efficiency was about 50-fold higher for G1P than it was for 
mannose-1-phosphate (M1P).  PgmG protein can convert mannose-6-phosphate into M1P in the initial steps of 
alginate biosynthesis and, together with other results, suggests that PgmG may convert glucose-6-phosphate into 
G1P in the gellan pathway (Videira, et. al., 2001).   
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 This work objected to isolate different indigenous Sphingomonas paucimobilis strains from different Egyptian 
geographical sites. Strains characterization is needed to assess; efficiency of gellan production, viscosity values and 
genetic markers to obtain phenotypic characteristics. Specific PCR and plasmid profiling techniques were used 
to identify the Sphingomonas paucimobilis local isolates on molecular levels. SDS-PAGE biochemical 
fingerprinting technique was used to discriminate the previous strains. 
 

MATERIALS AND METHODS 
                                   
1- Media: isolation , preservation and standard inoculums medium (S medium)  were prepared by the method 

which described by (Videira, et al., 2000). 
2- Reference strain in this study is Sphingomonas paucimobilis ATCC 31461 (S.p. ATCC )  
3- Isolation (Videira, et al., 2000) preservation and standard inoculums of producing Sphingomonas 
paucimobilis isolates were carried out according to the method described by (Martins, et al., 1996).  
4- Gellan gum production and determination method was used as described by (Martins and SA Coreeia, 1994) 
and the viscosity determination method was    performed according to (Abd-El-Aal, 2003).  
5- Isolation of Sphingomonas paucimobilis antibiotic resistant strains was done according to (Moazed and Noller, 
1987 and Abd-El-Aal, 2003). 
6- Detection of sixteen local isolates of Sphingomonas paucimobilis on molecular level using:-  
6.1- Specific primer PCR technique. In this work two sets of oligonucleotide primers for two gellan genes; 
pgmG and rmlA were used to amplify these genes. The primers were synthesized by Biolegio  BV Nijmegen. 
They were chosen based on published sequence as follow :- 
6.1.1- The pgmG gene was cloned based on PCR amplification of a DNA fragment of 670 bp from 
Sphingomonas paucimobilis ATCC 31461 genomic DNA using degenerate primers; the synthetic oligonucleotides 
PGM1 (sense) (5-ACC GSC AGC CAB AAY CCG-3) and PGM2 (antisense) (5-BSC  GCT CAT YTC GCC-
3). This method was done according to (Videria  et. al., 2000). 
6.1.2- The rmlA gene was cloned based on PCR amplification of a DNA fragment of 897 bp from Sphingomonas 
paucimobilis ATCC 31461 genomic DNA using degenerate primers; the synthetic oligonucleotides AU forward 
sequence (5'-GCAGCTGCTTCCCGTCTATGA-3). 
  AL reverse sequence   (5'-CGAGCCGGGTGATGTGGAGGTC-3) designed on the basis of the nucleotide 
sequence of the homologous gene of Sphingomonas strain S88, given that the organization of the sphingan S88 
gene cluster is identical to that of the gellan biosynthetic cluster. This method was done according to Zuccotti, et. 
al., (2001). 
6.2- Large plasmid profiling: Mega plasmids identification was carried out using KK Kit (Khalil, 2007). 
7- Total protein extraction SDS-polyacrylamid gel electrophoresis for Sphingomonas paucimobilis were 
performed according to (Sheri, et al., 2000; Davis, et al., 1974).  
 8- Gel documentation system, image analysis Gel works 1D advanced software, was used for more accurate 
analysis and comparison between the local strains via biochemical genetic analysis. This method is 
recommended to determine the relationship within and between species (Fouly and Wilkinson, 1999).  

 
RESULTS AND DISSECTION 

 
1-Isolation of Local Strains: 
 In this work, eighty one Sphingomonas species (yellow pigmented bacteria, mucoid colonies that are usually 
taken to be indicative of most Sphingomonas species were isolated from different soils of five locations of three 
Egyptian governorates; Menofya, Giza and Kalyobia are listed in table (1). These isolates were characterized by 
forming smooth, round entire and viscid colonies. Cells were short straight rods, Gram negative, motile, 
obligatory aerobic.  
 
Table 1: Number of isolates obtained from different locations in Egypt. 

Governorate City or location Number of     isolates 
 

Kaliobia 
El-kanater         20 
FAAS*           32 
Tookh           6      

Menofia Shebeen Elkom         10 
Giza EL-Moneeb         13   

*Fac. of Agric. farm, Ain Shams Univ. Kaliobia,  

 
 Thirty six (local strains) isolates were chosen out of the eighty one local isolates. The culture 
polysaccharide and viability of these isolates and identified bacterial strain were measured after their 
propagation on maintenance medium (Gracia-Ochoa, et al., 1992).  All isolated bacteria were tested for their 
ability to produce the gum, they able to produce gum. Thirty six of them were identified as Sphingomonas 
paucimobilis. 
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 Highest sixteen local gellan gum production strains were chosen (out of thirty six Sphingomonas spp. strains) 
and used throughout this investigation. They were tested to their potentialities as gellan gum producers.  

 
2-Viscosity Values and Polysaccharide Determination: 
 The chosen local strains of gellan gum producers, Viscosity values as CPS and polysaccharide g/l were 
determined of the chosen highest sixteen local gellan gum producers strains (Table 2).  
 Data in Table (2) clearly showed that the viscosity values and polysaccharide production g/l of each of the 
local isolates strains highly varied from one to another.  
 For viscosity values (measured with CPS units), there is wide range. The lowest value was 500 CPS for 
S.p.GM2 and the highest value was 3770 CPS for S.p. FAAS11, which reached about seven folds. The obtained 
local strains from Faculty of Agric., Ain Shams Univ. have a highest viscosity values than the others.  
 At the same trend for gellan gum production, the lowest polysaccharide production was 1.8 g/l for the local 
strain S.p.GM3 while, the height polysaccharide production was 5.0 g/l for the local strain S.p. FAAS6. The local 
strains were obtained from Faculty of Agric., Ain Shams Univ. have higher gellan gum production too than the 
others.  
 In general, the highest viscosity values were; 3770, 3500 and 3210 CPS for the local strains S.p. FAAS11, 
S.p. FAAS6 and S.p.Kb1, respectively while the highest   polysaccharide production values were; 5.0, 3.88 and 
3.455 g/l. for the local strains; S.p. FAAS6, S.p. FAAS11 and S.p.Kb1, respectively. The three local strains S.p. 
FAAS11, S.p. FAAS6 and S.p.Kb1which have higher efficiency of gellan gum production and viscosity values 
could be used for genetic improvement experiments.                 

 
Table 2: The source, viscosity values and gellan gum production for Sphingomonas paucimobilis local strains 

No Local strains 
Code Viscosity          

(CPS) 
Polysaccha-ride 

g/l 
1 Sphingomonas paucimobilis Kb1 S.p.Kb1**** 3210 3.455 
2 Sphingomonas paucimobilis FAAS1 S.p. FAAS1* 1620 2.1 
3 Sphingomonas paucimobilis FAAS2 S.p. FAAS2 2950 2.88 
4 Sphingomonas paucimobilis FAAS3 S.p. FAAS3 1880 2.815 
5 Sphingomonas paucimobilis FAAS4 S.p. FAAS4 2120 2.59 
6 Sphingomonas paucimobilis FAAS5 S.p. FAAS5 2630 2.145 
7 Sphingomonas paucimobilis FAAS6 S.p. FAAS6 3500 5.0 
8 Sphingomonas paucimobilis FAAS7 S.p. FAAS7 2890 4.04 
9 Sphingomonas paucimobilis FAAS8 S.p. FAAS8 2200 2.15 
10 Sphingomonas paucimobilis FAAS9 S.p. FAAS9 2410 3.05 
11 Sphingomonas paucimobilis FAAS11 S.p. FAAS11 3770 3.88 
12 Sphingomonas paucimobilis  Kb2 S.p. Kb2 1500 3.165 
13 Sphingomonas paucimobilis MN1 S.p. MN1** 2900 3.34 
14 Sphingomonas paucimobilis GM1 S.p.GM1*** 2650 2.22 
15 Sphingomonas paucimobilis GM2 S.p. GM2 1460 1.93 
16 Sphingomonas paucimobilis GM3 S.p. GM3 500 1.8 

*Fac. of Agric.farm, Ain Shams Univ., Kaliobia 
** Shebeen Elkom,  Menofia 
*** EL-Moneeb, Giza  
**** El-kanater, Kaliobia 

 
3-Genetic Markers: 
 Isolation of genetically stable markered Sphingomonas paucimobilis strains (antibiotic resistant) were 
necessary to facilitate tracing and manipulating of desired strains through genetic experiments.           
 Antibiotic resistant test were done using seven of the more frequently applied antibiotics in genetic studies 
with known mode of action; kanamycin (Km), , chloramphenicol (Cm), rifampicin (Rf), tetracycline, (Tc) 
streptomycin (Sm), neomycin (Nm) and ampicilline (Ac) at concentrations; 50g, 30g, 150g, 200g, 100g 
and 150g, respectively. These seven antibiotics were used with the sixty Sphingomonas paucimobilis local gellan 
gum producer strains (Table 3) in addition to the identified strain (S.p. ATCC) in order to obtain genetically 
markered strains (Moazed and Noller, 1987). 
 Table (3) showed the antibiotic resistance patterns. All isolates were found to resist, at least one or more of 
the antibiotics. Based on antibiotic resistance pattern, every isolate has specific pattern except isolates; 
S.p.CAAS1 and S.p.CAAS8 which have the same pattern. There is no any of the bacterial strain which was found 
to be resistant or sensitive to all of the seven antibiotics.  
 Data in Table (3) also reaveled that, there are three different groups of local strains each consists of seven 
local strains which were sensitive to three antibiotics; Km, Cm and Nm. On the other hand, eleven, nine, eight 
and five local strains, in four different groups, were sensitive to four antibiotics; Rf, Tc, Sm and Ac, 
respectively. These results indicated that there were different genes controlling the resistance to different 
antibiotics (Meade, et al., 1985; Abd-El-Aal, 2003).   
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Table 3: Antibiotic resistant patterns of the highest sixteen gellan gum producers Sphingomonas paucimobilis local strains to seven  
              antibiotics. 

Code 

Strains 7 7 11 9 8 7 5 

Antibiotics Km Cm Rf Tc Sm Nm Ac 

1 S.p.Kb1 + - + - + + + 

2 S.p. FAAS1 + + - - + + + 
3 S.p. FAAS2 + + + - - + + 
4 S.p. FAAS3 + - - + + + + 
5 S.p. FAAS4 - - - + - - + 
6 S.p. FAAS5 - + + - - - + 
7 S.p. FAAS6 + + - + - - - 
8 S.p. FAAS7 - + - + + + + 
9 S.p. FAAS8 + + - - + + + 
10 S.p. FAAS9 + + - - - - + 
11 S.p. FAAS11 - - + + + - + 
12 S.p. Kb2 - - - - + - - 
13 S.p. MN1 - + + - + - - 
14 S.p. GM1 - + - - - + - 
15 S.p. GM2 + - - + - + - 
16 S.p. GM3 + - - + - + + 

 
4- Detection of Sphingomonas Paucimobilis Local Isolates on Molecular 1evel: 
4.1- Specific Primer PCR Technique:  
 Admittedly, specific PCR technique is accomplished to detect the genes of gellan in the local isolates. This 
is considered accurate method to detect the local isolates of gellan gum production bacterial strains of 
Sphingomonas    paucimobilis on molecular level.  In order to amplify the gellan genes sequences from the sixteen 
local strains, which were originally carried gellan genes in the Sphingomonas paucimobilis genome such as; 
pgmG and rmlA genes (forward and reverse). PCR primers were chosen based on published sequence data 
(Williams, et al., 1990; Videira, et al., 2000) as mentioned in materials and methods. These PCR primers were 
used to amplify the two gellan gene sequences in the presence of genomic DNA as a template. The PCR product 
was analyzed by electrophoresis on 0.8% agarose gel. A fragment of the expected size (670 bp for pgmG gene 
and 876 bp for rmlA gene) was detected in the PCR product as indicated in figure (1a& b). The pgmG gene and 
rmlA gene bands for the genome of identified strain Sphingomonas paucimobilis ATCC 31461 that detected on 
agarose gel at the same migration condition was very similar in the sixteen tested strains. 
   

 
)a( 

 
  )b                  ( 

 
Fig. 1(a and b): Agarose gel electrophoresis analysis of PCR products presenting pgmG (fig.1a) amplified from 
the sixteen local tested strains (mentioned in table 2) genomic DNA with specific primers; PGM 1 and  PGM 2 
for pgmG gene and AU and AL for rmlA showed fragments of  the expected size; 670 bp fopgmG gene (fig 
1a)and 876 bp for  rmlA gene (fig. b)                                                                                                                         
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 This result represents via accurate method that the two gellan genes; pgmG gene and rmlA gene were found 
in both the sixteen local tested strains genomes and the identified strain, Sphingomonas paucimobilis ATCC 
31461. This means that the sixty local tested strains (mentioned in Table 2) were sixteen Sphingomonas 
paucimobilis strains via molecular direct evidence. This result was in agreement with (Videira, et al., 2001; 
Silva, et al., 2005) they proved that the pgmG and rmlA genes were found in the identified strain, Sphingomonas 
paucimobilis ATCC 31461.   
 
4.2- Large Plasmid Profiling: 
 In general, Sphingomonas plasmids are circular The large plasmids are ubiquitous in sphingomonads and 
are very important for the degradation of various harmful and/or xenobiotic compounds by this group of 
organisms (Baraniecki, et al., 2002).   
 The isolated large plasmid of seventeen of Sphingomonas paucimobilis strains was analyzed by 
electrophoresis on 0.8% agarose gel. A fragment of the expected size (240 bp) for large plasmid was detected 
and indicated in figure 2. These strains were the identified strain (number 1) and sixteen local isolate strains 
(from number 2 two 17). The large plasmids in all strains showed in size 240 bp. This result was in agreement 
with that mentioned by (Basta et al., 2004). They surveyed the presence of plasmids in 17 different 

Sphingomonas strains. In almost all analyzed strains, two to five plasmids with sizes of about 50 to 500 kb were 
detected by using gel electrophoresis. The previous result could clearly demonstrate presence one large (or 
mega) plasmid in all seventeen strains at molecular weight 240 bp.  
 
                                       1     2     3   4    5   6      7    8   9 10  11  12 13  14  15  16  17 M 
  

 
 
 

 
 
 
 
 
 
 
 Fig. 2: Agarose gel electrophoresis analysis of large plasmid extraction from identified strain (lane 1) and  

sixteen local tested strains (from lane 2 two lane 17) mentioned in Table 2. The marker was lane (M).  
The large plasmid in all strains showed in size 240 bp. 

 
5 -Protein Fingerprinting: 
 Total protein extraction and banding patterns SDS-polyacrylamid gel electrophoresis for the highest sixteen 
local strains efficiency of gellan gum production are illustrated in fig (3).  
It is important to note that in this experiment, the maximum number of bands in this pattern was 14 bands. The 
molecular weight for these bands ranged from 14.4 to 67 KDs. There were five common bands which were 
found in all of the sixteen strains at the molecular weights; 45, 42, 32, 22 and 16.5 KDs. On the other hand, 
there were few observable differences in the protein banding pattern for all the strains. There were no 
differences among the eight local strains; S.p.Kb1 and S.p. FAAS from 1 to 9 (from lane 2 to lane 9). Also, there 
were no differences between the two local strains S.p. MN1 and S.p. GM1. At the same time, no differences have 
been detected between the two strains S.p.Kb2, S.p. GM2 and S.p. GM3. Bands with molecular weight 37 and 25 
KDs could be considered as specific bands or positive marker for strains; S.p.FAAS9 and S.p.Kb1, respectively, 
while the rest of the strains have not any specific bands. Some minor differences in banding patterns between 
the strains; S.p.Kb1, S.p. FAAS9, S.p. FAAS11 were observed.  
 The higher total band number was 10 bands for the strains; S.p. FAAS9. The lower number of the total 
bands was 5 bands for the two strains S.p. MN1 and S.p. GM1 each. These results could be used to distinguish 
between strains, e.g., each of S.p.Kb1 and S.p.FAAS9 has one specific band while the other strains did not have 
any specific band.     
 On the other hand, data from Fig (3) revealed that two common bands were observed at two molecular 
weights; 50,059 and 31.5 kDa. These bands were two enzymes (two polypeptide chains) encoded by the two 
genes; pgmG and rmlA, respectively. These results were inagreement with the obtained by each of Videira et. al. 
(2001) for pgmG gene and Silva et. al. (2005) for rmlA gene. They cloned and sequenced the pgmG and rmlA 
genes of Sphingomonas paucimobilis ATCC 31461, the industrial gellan gum-producing strain. The pgmG 
encodes a 50,059-kDa polypeptide that has phosphoglucomutase (PGM) The rmlA gene encodes a 31.5 kDa 

240 kb 



Aust. J. Basic & Appl. Sci., 5(12): 2847-2854, 2011 

2852 

polypeptide that has glucose-1-phosphate thymidylyltransferase (Boels, et al., 2004). These results could be 
used to confirm the presence each of the pgmG and rmlA genes in the sixteen local isolates  genomes  and to 
detect them.    
 

 
 
Fig. 3: The SDS- Page total protein pattern for the highest sixteen local gellan gum producer strains, 

S.p.Kb1(lane 1) S.p. FAAS1(lane 2) S.p. FAAS2(lane 3), S.p. FAAS3(lane 4), S.p. FAAS4(lane 5), 
S.p. FAAS5(lane 6), S.p. FAAS6(lane 7), S.p. FAAS7(lane 8), S.p. FAAS8(lane 9), S.p. FAAS9(lane 
10), S.p. FAAS11(lane 11), S.p. Kb2(lane 12), S.p. MNI(lane 13), S.p. GM1(lane 14), S.p. GM2(lane 
15) and S.p. GM3(lane 16) 

 
Statistical Analysis for SDS-PAGE Data: 
 The data from SDS-PAGE was pooled and transferred into 1 and 0, then were interred into the input to the 
program. As shown in the dendrograms below (Fig 3) .The statistical analysis data were carried out with the 
statistical software package SPSS system. Significant different were determine at p‹ 0.05 .  
 The dendrograme generated by (Gel works 1D) analysis confirmed the above pattern of diversity using 
SDS-PAGE found genetic differences between the sixteen local isolates. The total genotypes were classified for 
the dendrograms into two main clusters (A & B) including eight pool clusters. Cluster A is so far from the other 
cluster (100% dissimilarity). They have no genetic similarity of approximately 0%.  
 The main cluster A includes five pool clusters; each of the first and third clusters includes two strains; 
S.p.GM22 & S.p.GM23 and S.p. MN1 & S.p. GM1, respectively, While the second cluster include three strains;    
S.p. FAAS9 , S.p. FAAS11 and  S.p. Kb2. These seven strains formed three groups with very close distance 
between them (96% dissimilarity). Cluster A3 was near to the last cluster with middle distance from it (about 
55% dissimilarity). Cluster A4 was so far from the other clusters (80% dissimilarity).Cluster B includes two 
groups of strains. The first includes eight strains (cluster B1); S.p. FAAS from 1 to 9 (lane numbers from 2 to 9) 
with very close distance between them. (96% dissimilarity). The rest group (cluster B) includes one strain 
(S.p.Kb1) which was near to the last cluster but it has little distance from them (34 % dissimilarity). This result 
was in agreement with that obtained by Robert et. al., (2001) data are illustrated in Fig (2)       
 

 
 
Fig. 2: Dendrogram for the higher effifiency of sixsteen local strains of gellan gum production S.p.Kb1(lane 1), 

S.p. FAAS1 (lane2), S.p. FAAS2 (lane3), S.p. FAAS3 (lane4), S.p. FAAS4 (lane5), S.p. FAAS5 (lane6), 
S.p. FAAS6 (lane7), S.p. FAAS7 (lane8), S.p. FAAS9 (lane10), S.p. FAAS11 (lane11), S.p. Kb2 
(lane12), S.p. MNI (lane13), S.p. GM1(lane14), S.p. GM2 (lane15) and S.p. GM3 (lane16) 
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