
 

 

 

 

 

 

 
 

  J.Agric.&Env.Sci.Alex.Univ.,Egypt                                                         Vol.3 (1)2004 

44 

PROTEIN (SDS - PAGE) ANALYSIS, AND (BOX - PCR) 

TECHNIQUE FOR DETECTION AND DIFFERENTIATION 

OF RALSTONIA SOLANACEARUM ISOLATES 
BY 

 
M.A. El-Sheikh 

 

 

Fac. of Agric. Dammanhour, Alex Univ. Dept of Plant  Pathology. 

 

 

ABSTRACT 

     Three isolates of Ralstonia solanacearum were obtained from 

infected potato tubers collected from three locations, El-Salhiya, El-

Nobaria and El-Bostan. Distinguish differences were detected in the 

number and molecular weights (M.W) of the extracted protein bands 

among the virulent and avirulent isolates of Ralstonia solanacearum 

and between the two virulent isolates which isolated from El-Salhiya 

and El-Nobaria regions. The obtained data cleared that there are 

three polymorphic bands in El-Salhiya virulent isolate, and six 

polymorphic bands are there in Nobaria virulent one. Contradictly, 

there are nine polymorphic bands in avirulent, and absent in the 

virulent isolates. Additionally, there are two monomorphic bands in 

the two virulent isolates, but absent in the avirulent one. results 

showed distinct differences in the number and size (molecular 

weights) of the extracted DNA bands between virulent and avirulent 

isolates of R.solanacearum. Three polymorphic bands are there in            

El-Salhiya virulent isolate, and two polymorphic bands in El-Nobaria 

virulent one, however, they were absent in avirulent isolate. 

Moreover, three monomorhpic bands were found in the two virulent 

isolates. While, were absent in the avirulent. On the other hand, 

avirulent isolates had six polymorphic bands, which they absent in the 

two virulent isolates.         
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INTRODUCTION 

        Ralstonia (= Pseudomonas) solanacearum ( Yabuuchi et al., 1995 ) 

is a highly heterogenous bacterial pathogen that causes severe wilting of 

many important crop plants including tomato , tobacco , and eggplant 

(race 1) , potato ( race 1 and 3 ) , banana( race 2 ) , ( Buddenhagen and 

Kelman , 1964 and Kelman , 1953 ). Considerable variation has been 

observed among strains from different hosts and geographic regions in 

pathogenicity (Bowman and Sequeira, 1982., Buddenhagen and Kelman, 

1964 and Okabe and Goto, 1961), biochemical properties ( Harris, 1971 

and Hayward, 1964 ). The race 3 which is equivalent to biotype II as 

disignated on the basis of biochemichal properties is prevalent in Egypt 

(Abo El-Dahab et al., 1978) and exists in two forms or strains, virulent 

and avirulent. Attempts had previously  made by several investigators to 

differentiate between virulent and avirulent strains on the basis of cultural 

characteristics (Kelman, 1954), physiological differences (Abo El-Dahab 

and El-Goorani , 1969), biochemical properties (El-Kazzaz et al., 1997) 

and bacteriocin production (Wagih , 1991 and El-Kazzaz et al.,1997). 

          Based on assay of protein profiles of Bacillus anthracis  isolates by 

sodium – dodecyl sulphate polyacrylamid gel electrophoresis (SDS – 

PAGE) technique, Poerwadikata, (1998) found that, the molecular weights 

of the strains from different areas differed and ranged from 18 to 86 Kda. 

For intraspecific grouping of R.solanacearum , outer membrane protein 

for 23 strains isolated from Brazil were analysed by SDS – PAGE and the 

strains had protein bands of approximately 30 and 42 Kda and these 

strains showed various polypeptide patterns associating with the both 

original hosts and biovar ( Melo and Furuya, 1998 ). In addition, El – 

Ariqi (2001) found that the visible differences in protein profiles of 

R.solanacearum isolates were correlated with differences in virulence but 

not in colony morphology .          
         Recently, several investigators studied the genetics diversity and 
possibility of detection of R.solanacearum strains by the repetitive 
sequences based on polymerase chain reaction (rep - PCR) finger print 
method (Smith et al., 1998, Young et al., 2000 and Horita and Tsuchiya, 
2001). Additionally, (Abo El-Dahab et al., 1999 and El-Kazzaz, 1998) 
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found significant differences between total DNA content among 
pathogenic bacteria, and they added that virulent strain of Ralstonia        
(=Burkholderia) solanacearum differed from avirulent one in this respect.       
     The objectives of this study to detect R.solanacearum isolates either in 
soil or in infected crop plants and to differentiate between virulent and 
avirulent strains based on protein (SDS - PAGE) analysis and Repetitive 
sequences polymerase  chain reaction (BOX - PCR). 

 

 

 

MATERIALS AND METHODS 

Bacteria : 
         Three isolates of R.solanacearum were obtained from potato tubers 

collected from three different locations El-Salhiya, El-Nobaria, and El-

Bostan during the summer season, 2003. Diseased tubers were first 

surface sterilized in a 70 % ethanol solution for 2 min, then rinsed twice in 

sterile water. Sterilized tubers were cut across and loopfull of bacterial 

exuding from the vascular bundle was suspended in 5 ml sterile water. A 

loopful from each of the resulting suspension was streaked on glycerol 

nutrient agar medium (GNA), (Abo El-Dahab and El-Goorani, 1969). The 

triphenyl tetrazolium chloride (TTC) medium (GNA + 0.005 % TTC) was 

used to differentiate the virulent from avirulent colonies (Kelman, 1954). 

Both virulent and avirulent isolates of R.solanacearum were purified 

through single colony isolation technique and routinely cultured and 

stored on GNA medium.    

Morphological and biochemical characterisation :- 

       The morphological and biochemical characteristics of the isolated 

bacteria were identified using the standard recommended techniques 

(Schaad, 1980; Cowan, 1974; Lelliot et al., 1966; Klement et al., 1990).    
 

Protein (SDS – PAGE) analysis:-     
 1-Growth of bacterial cell and protein extraction procedure :-  

 Cultures of the three isolates of R.solanacearum were grown for 48 

hrs at 30  ْ   C on a rotary shaker (150 rpm) in 250 ml Erlenmeyor flasks 

containing 100 ml of fresh king's B medium broth. Cells were collected 
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by centrifugation and suspended in ice-cold phosphate buffer saline. 

Cells were concentrated 10-fold by centrifugation, then transferred to  

a new appendorf tube and stored at 20  ْ  C unitl used (EL-Moflehi, 

2001). 
2- Protein electrophoresis stock solutions :- 

a) 30 % Acrylamide / bis.                b) 1.5 M Tris – Hcl (ph 8.8).  

c) 0.5 M Tris – Hcl (ph 6.8).               d) 10 % Ammonium persulfate  

3- Preparation of separating gel ( 12 % ) :-  

- Distilled water     2.35 ml.                   - 30 % Acrylamide / bis   4.0 ml.   

- 1.5 M Tris – Hcl ( ph 8.8 )   2.5 ml.        - 10 % SDS         100 µl  

- 10 % APS     50 µl                                   - TEMED              5 µl. 
4- Preparation of stacking gel ( 4 % ). 

- Distilled water     6.1 ml.          - 30 % Acrylamide / bis   1.3 ml.   

- 0.5 M Tris – Hcl ( ph 6.8 )   2.5 ml.      - 10 % SDS         100 µl. 

- TEMED              50 µl.                           - 10 % APS     10 µl  

5- Protein sample buffer :-  
- Distilled water         4.0 ml         - 0.5 M Tris Hcl          1.0 ml. 

- Glycerol                  0.8 ml       - 10 % SDS                 1.6 ml. 

- β-mercapto ethanol  0.4 ml       - 0.05 % Bromo phenol blue (BPB) 0.2 ml. 

6- Protein electrode ( running ) buffer ( ph8.3 ) :-  

   - Tris base   15 g.                  - Glycine    72 g.            - SDS      5.0 g.  

7- Protein staining and destaining solutions :-  

A ) Protein staining solution :-  

      - Commassie brilliant blue R-250    0.1 %.       - Ethanol     10  %. 

        - Glacial acetic acid     10  %.                             - Methanol  40  %. 

B ) Protein destaining solution :-  

      - Glacial acetic acid     10  %.                           - Methanol   40  %. 

Sodium dodecyl sulphate polyacrylamide gel electrophoresis ( SDS - 

PAGE ) Procedure :-     

         One dimensional SDS - PAGE was performed with mini - protein II 

apparatus (Broad range Bio Rad marker using 12 % (w/v) separating 

(resolving) gel and 4 % (w/v) stacking (Laemmli, 1970). Protein extracted 

samples were mixed with equal volumes of protein sample buffer, 

denaturated at 80-90   ْ  C in a water bath for 3-5 min and followed by 
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immediate cooling on ice, then 25 µl of each protein samples were loaded 

on each lane. Electrophoresis was carried out with current of 100 volt 

(Bio-Rad 
®

 power supply .Model 300). Per the 2 gels unit the BRB maker 

reached the bottom of the gel. The gels were stained with 100 ml protein 

staining solution for overnight, then washed twice with water. The gels 

were destained with destaining solution for several times. The Broad 

range Bio Rad 
®

 protein marker was used molecular weight standard 

containing myosin 205.000 KDa, β-galactosidase 119.000 KDa, Bovin 

serum albumin 98.000 KDa, ova albumin 52.300 KDa, Soybean Trypsin 

inhibitor 30.100 KDa, Lysozyme 22.00 KDa, Carbonic anhydrease 36.800 

KDa and Aprotinin 7.600 KDa. 

Repetitive sequences and polymerase chain reaction ( rep. PCR ) to 

finger print genomic DNA of R. solanacearum :-  

1- Prepration of cell Lysates :- 

     - Culture of R.solanacearum was grown for 48 hr at 27  ْ  C using 

sterile   

        disposable 1µl Loop,  add a Loopful of cells to a screw – cap microtube           

        (1.5 ml) containing 100 µl freshly prepared NaoH (50 mm), and vortex  

         well. Boil    at 100    ْ C on a heating block for 5 min for R. solanacearum 

cell. 

      - Cool rapidly on ice. Add 900 µl sterile water to the alkaline Lysates,  

        and vortex.         

2- Preperation of master mix for Box - PCR :-  

         - Sterile ultra pure water                    17.35 µl.        

         - 10 x PCR Buffer (containing 15 m µ MgCl2        2.5 µl.  

         - DNTP mixture (20 mµ each)           0.25 µl.       

         - Primer Box AIR (20 mµ)                  2.5   µl. 

         - Ampliltaq polymerase (5v / µl)        0.4   µl. 

         - Sample     2.0    µl. 

                                                                  After preperation of the master mix, 23 µl aliquots add into 

Micro AMP reaction tube, add 2 µl aliquots of the samples to the 

master mix in a sconed clean enviroment Seal the tube with Micro 
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AMP caps and take the assemled tray to the PCR thermal cycler. 

(Welsh and Mccleelland 1990). 

3- BOX-PCR ( Programme 24 ) :- 

         95   ْ  C    7 min .            94   ْ  C     1 min .                       53   ْ  C     1 

min .    

          65   ْ  C     8 min .           65   ْ  C      8 min .                        4   ْ  C     

500 K . 

4- Electrophoresis :-  

 Prepare a 2x agarose gel by adding 3 gm agarose to 150 ml 1x TAE    

 buffer in 500 ml conical flask containing magentic follower. Poul the   

 molten gel into the try. Place the try in the electorphoresis tank  

 containing 1x TAE bufer place 20x  3µl dats of loading buffer. Add  

 12 µl amplified DNA mixture to the LB and mix. Mix  3µl marker 

(marker IV Boehringer 1062590 is containing M.W standard , 2176 , 1766 

, 1230 , 1233 , 563 , 517 , 453 , 344 , 248 , 234 , 220 , 154  bp ) with 6µl 

water and 3µl LB . Run the gel at a constant voltage of 90 v per 15 cm 

gel, after stain in ethlidium bromide. Molecular weights of the bands were 

calculated with total lab program.      
 

 

RESULTS  
 

        Isolation trials during the 2003 summer season yielded three isolates 

of R.solanacearum. Data in Table (1) show the morphological and 

biochemical characteristics of the three isolates which were similar to 

these of R.solanacearum (Schaad, 1980).  
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Table1: Morphological and biochemical characteristics of the three  

               isolates of R.solanacearum obtained from diseased potato  

               tubers collected from El-Salhiya, El-Nobaria and El- Bostan  

               regions during 2003 summer season.   
 
 

Characteristics Result 

Colony type on GNA* medium + 0.005 % TTC Fluidal, white or white with 

pink centre, slimy, irregular in 

shape . 

Cell shape  Rods 

Sporulation  - 

Gram staining  - 

Motility  Motile 

Anaerobic growth  - 

Potato soft rot  - 

Gelatin liquefaction  - 

H2S from cystine  - 

Catalase activity  + 

Starch hydrolysis  - 

Nitrate reduction + 

Phosphatase + 

Reducing substance from sucrose  + 

Growth at 40   ْ  C  - 

Arginine dihydrolase    - 

Acid production from Lactose, Glucose, Fructose, 

Galactose, Maltose . 
+ 

 

       This study showed the differences in buffer soluble protein extracted 

from the two virulent isolates of R.solanacearum and the avirulent one. 

Results  in Table (2) showed distinguish differences in the number and 

size of extracted protein bands between the avirulent and virulent isolates 

of R.solanacearum as well as between the two virulent isolates.  
   

     Data presented in Table (2) and Fig (1) cleared that there are three 

polymorphic bands (29.1, 42.8, and 56.7 KDa) in virulent isolate of 

R.solanacearum ( El-Salhiya region), however, in El-Nobaria isolate, 

there are six polymorphic bands (24.7, 30.1, 34.1, 39.6, 220.0 and 275.2 

KDa). In addition, there are two monomorphic bands (16.2 and 27.0 KDa) 
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in the two virulent isolates, however, they were absent in the              

avirulent one.  
 

     In case of the avirulent R.solanacearum  isolate, there are nine 

polymorphic bands ranged from 11.5 to 98.0 KDa as following (11.5, 26.0 

, 28.3, 31.1, 32.3, 35.6, 38.1, 48.8, and 98.0 ) .    
 
 

Repetitive sequences and polymerase chain reaction ( rep - PCR )  to 

finger print genomic DNA of the R.solanacearum tested :-  
       

 

    Data presented in Table (3) and Fig (2) showed distinct differences in 

the number and size (molecular weight) of the extracted DNA bands 

between the virulent isolates of R.solanacearum. There are three 

polymorphic bands (1008 bp, 530 bp and 200 bp) in El-Salhiya virulent 

isolate and two polymorphic bands (538 bp and 220 bp) are there in  

El-Nobaria virulent isolate. Additionally, there are three monomorphic 

bands (517 bp, 298 bp and 234 bp) in both El-Salhiya and El-Nobaria 

virulent isolates, which were absent in the avirulent one. On the other 

hand, it is clear from the obtained data that the avirulent isolate had six 

polymorphic bands (576 bp, 482 bp, 453 bp, 394 bp, 370 bp, and 252 bp) 

which, they absent in the two virulent isolates of R.solanacearum.        
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Table 2 : Number and molecular weight of buffer soluble protein  

                   bands of the two virulent isolates of R. solanacearum and 

                   avirulent one .  
 
 

RFF bands M.W  Kda Lane 1 Lane 2 Lane 3 

1 275.2 - + - 

2 266.4 + - + 

3 220.8 - + - 

4 205.0 ** - + + 

5 119.0 ** - - - 

6 98.0 ** - - + 

7 56.7 + - - 

8 52.0 ** - - - 

9 48.8 - - + 

10 44.0 - + + 

11 42.8 + - - 

12 39.6 - + - 

13 38.1 - - + 

14 36.0 ** - - - 

15 35.6 - - + 

16 34.1 - + - 

17 32.3 - - + 

18 31.1 - - + 

19 30.1 ** - + - 

20 29.1 + - - 

21 28.3 - - + 

22 27.0 + + - 

23 26.0 - - + 

24 24.7 - + - 

25 22.0 ** - - - 

26 16.2 + + - 

27 11.5 - - + 

28 7.6 ** - - - 

Lane 1 : virulent isolate of R.solanacearum ( Salhiya ) .    

Lane 2 : virulent isolate of R.solanacearum ( Nobaria ) . 

Lane 3 : Avirulent isolate of R.solanacearum   

** Molecular weight of marker.        

 * Molecular weight by total lap programme . 

+  Present .             –  Absent .   
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Table3: Number and molecular weight of DNA bands of  

                 R.solanacearum  virulent  and  avirulent isolates. 
 

RFF bands M.W  base bairs Lane 1 Lane 2 Lane 3 

1 2176** - - - 

2 1766** - - - 

3 1230** - - - 

4 1033** - - - 

5 1008* + - - 

6 839* + + + 

7 653** - - - 

8 576* - - + 

9 538* - + - 

10 530* + - - 

11 517** + + - 

12 482* - - + 

13 453** - - + 

14 394** - - + 

15 370* - - + 

16 298** + + - 

17 252* - - + 

18 234** + + - 

19 220** - + - 

20 200* + - - 

21 154** - - - 

Lane 1 : virulent isolate of R.solanacearum ( Salhiya ).    

Lane 2 : virulent isolate of R.solanacearum ( Nobaria ). 

Lane 3 : Avirulent isolate of R.solanacearum   

** Molecular weight of marker.        * Molecular weight by total lap programme . 

+  Present .             –  Absent .   
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DISCUSSION 

         On the basis of the results obtained from protein (SDS - PAGE) 

analysis study performed on virulent and avirulent isolates of Ralstonia 

solanacearum, it could be detected that there are differences in protein 

profiles and molecular weight (M.W). It is evident from such results that 

nine polymorphic bands ( 275.0, 220.0, 56.7, 42.8, 39.6, 34.1, 30.1, 29.1, 

and 24.7 Kda ) were present in the virulent isolates , but absent in the 

avirulent one, however, other nine polymorphic bands varied in their 

molecular weights ( 98.0, 48.8, 38.1, 35.6, 32.3, 31.1, 28.3, 26.0, and 11.5 

Kda ) were present in avirulent isolate , but absent in virulent isolates of 

R.solanacearum . 

         The obtained results some what agree with the findings of EL-Ariqi, 

(2001) who found that the distinct differences in protein profiles of 

R.solanacearum were correlated with variation in virulence, and with 

those reports by Melo and Furuya, (1998) .  

         Concerning the DNA analysis by Box – PCR techinque, the data 

revealed that there were obvious differences in the molecular weights 

between virulent and avirulent isolates of R.solanacearum . On the basis 

of such data , five polymorphic bands (1008.0, 538.0, 530.0, 220.0 and 

200.0 bp) were present in virulent isolates, but absent in avirulent one .  

       Contradictly, six polymorphic bands (576.0, 482.0, 453.0, 394.0, 

370.0, and 252.0 bp) were present in avirulent isolate of R.solanacearum , 

but absent in virulent isolates. The obtained results agree with those 

obtained by Abo El-Dahab et al., 1999, and EL-Kazzaz, (1998) who 

found siginficant differences in total DNA content of virulent isolates of 

Ralstonia ( = Burkholderia ) solanacearum than that of avirulent ones, 

where they attributed variation in virulence to the differences in total 

DNA content of the bacterial cells.  

       Finally, the application of protein (SDS – PAGE) analysis and (Box – 

PCR) technique may aid and may be effective faster, and modern methods 

to detect and differentiate between the R.solanacearum isolates, the causal 

agent of brown rot disease of potato. and consequently introducing the 

best procedures for evaluating the spreading of the pathogen.        
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 الملخص العربي

analysis  (SDS - PAGE  ، ) استخدام فصل البروتينات الذائبة بطريقة 

للتفرقة بين العزالت الممرضة وغير الممرضة  BOX – PCRواستخدام تقنية 

 ستونيا سوالناسيرم .للبكتيريا رال
 

 دمحم أحمد الشيخ

 

 جامعة اإلسكندرية .  –كلية الزراعة بدمنهور  -قسم أمراض النبات

 
 

 ستم عزل ثالث عزالت من البكتيرة رالستونيا سوالناسيرم مسبب مرض العفن البني في البطاط         

هذا البحث لدراسة إمكانية الكشف من ثالث مناطق مختلفة هي الصالحية والنوبارية والبستان. وقد أجرى 

عن هذذ  البكتيذرة والتفرقذة بذين العذزالت الممريذة وميذر الممريذة منهذا عذن طريذق فصذل البروتينذات 

 - BOX. وكذا التفرقة باستخدام تقنية analysis   ( SDS - PAGE )Proteinالذائبة باستخدام طريقة 

PCRث وجذود فذروق بذين العذزالت الممريذة وميذر . وقد أثبتذت النتذائا المتحصذل عليهذا مذن هذذا البحذ

الممرية لهذ  البكتيرة في عدد األشرطة البروتينية ) الحزم البروتينية ( ووزنها الجزيئي. حيث وجد في 

العزلذة الممريذذة األولذذز ) عزلذذة منطقذذة الصذذالحية ( ثالثذذة أشذذرطة بروتينيذذة مميذذزة وميذذر متواجذذدة فذذي 

األخذرى ) عزلذة  ةشذرطة بروتينيذة مميذزة فذي العزلذة الممريذالعزلة مير الممرية، وكذلك وجد ست أ

منطقة النوبارية ( ومير متواجدة في العزلة مير الممرية عالوة علز ذلك فقد وجذد شذريطان بروتينيذان 

متماثالن في العزلتين الممريتين ومير متواجدين فذي العزلذة ميذر الممريذة . بينمذا وجذد تسذ  أشذرطة 

ة ميذر الممريذة ولكنهذا ميذر موجذودة فذي العذزلتين الممريذتين. كمذا أ هذرت بروتينية مميزة في العزلذ

الناتجذة وكذذا أوزانهذا الجزيئيذة بذين كذل مذن  DNAالدراسة وجود اختالفات في عدد أشرطة )حزم ( الـ 

(. حيث وجد ثالث أشرطة (BOX-PCRالعزلتين الممريتين والعزلة مير الممرية عند استخدام تقنية 

ة الممريذذة المعزولذذة مذذن منطقذذة الصذذالحية وكذذذلك شذذريطان مميذذزان فقذذط فذذي عزلذذة مميذذزة فذذي العزلذذ

النوبارية الممرية، عالوة علز وجود ثالث أشرطة متماثلة في كل من العزلتين الممريتين ولكنها مير 

متواجدة في العزلة مير الممرية. هذا وقد احتوت العزلة مير الممرية علز ست أشذرطة مميذزة بينمذا  

 واجد هذ  األشرطة في العزلتين الممريتين.  ال تت


