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1 2 3Abstract: Three B. megatherium isolates (BM , BM  and BM ) were studied, where variation in the

efficacy of phosphatic solubilizing potential, total acidity, exopolysaccharides and growth curve pattern

were found. Phosphatase isozymes, protein and DNA fingerprint analysis were successfully revealed

somaclonal and DNA genetic diversity among 3 isolates closely related B. megatherium . DISC-PAGE

phosphatase isozymes revealed 6, 4 and 5 bands of BM1; BM2 and BM3 isolates respectively.

Similarity analysis confirmed the difference in isozymes patterns among isolates. SDS-PAGE of

protein fingerprint varied among 3 isolates in number (10, 9, 8 bands of BM1 and BM2 and BM3

as well as in intensity, molecular weight and reproducibility. Polymorphism analysis revealed 6

common-fragments (Monomorphic with 46%) 3 specific bands (polymorphic with 25%) and 4 bands

(unique with 30%). RAPD-PCR for identification of 3 B. megatherium  isolates was conducted on the

screening of primers and on the extraction of template DNA. Of 10 random sequences 10 mer primers

were successful in the species identification of BM1, BM2 and BM3 resemble to B. megatherium .

PCR amplification yielded reproducible RAPD patterns which differentiated the 3 isolates examined.

The difference was also recognized among the RAPD patterns specially of BM2. Phosphatase

isozymes, protein and DNA fingerprint confirmed the genetic variability among 3 B. metatherium

isolates.   
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INTRODUCTION

Bacteria of genus Bacillus are common as a soil microorganisms that play phosphate solubilizing

biofertilizers, which suggested as a sustainable solution to improve plant nutrient and production (Vessey 2003).

Increasing the bioavailability of P and K in soils with inoculation of plant growth promoting rhizobacteria

(PGPR) or with combined inoculation and rock and silicate materials, which may lead to increasing P uptake

and plant growth, was reported by many researchers (Lin et al 2002;  Girgis, 2006; Eweda et al 2007 and

Girgis et al. 2008). The metabolic diversity of Bacillus spp. has led to the fact that many representatives of

this group are being used in a wide range of applications. Due to its ability to produce (which can improve

P and K availability in soils by producing organic acids) a range of enzymes solubilization pounded nutrients

and degrade organic wastes and other chemicals, stimulated growth and mineral uptake of plants. (Lucas et

2al. 2004), along with the N -fixing ability of some strains (Berge et al. 1991).

To study of somaclonal variation Bacillus spp. isolates and strains, traditional methods based on

morphological karyotypic analysis of metaphase chromosomes, protein fingerprint and isozyme analysis have

been used to determine genetic variations and identify parental hybrids (Sharma, 2003 and Nahid El-Aiat,

2007). Rapid and unambiguous identification of marker strains among field isolates has greatly benefited from

recent advances in DNA fingerprinting methods based on the polymerase chain reaction, random amplified

polymorphic DNA (RAPD-PCR) (Sharma, 2003 and Swelim, 2005) the present study detect the somaclonal

variation in the most efficient 3 isolates of B. megatherium phosphatase isozymes analysis protein fingerprint

by SDS-PAGE and DNA fingerprinting using RAPD-PCR.          

MATERIALS AND METHODS

Bacteria Isolates: 

Bacillus megatherium  isolates are obtained from Botany Dept. Fac. Sci. Benha Univ. (Nahid El-Aiat,
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2009). These isolates varied in growth rate, and phosphorus solubilization efficiency in the culture media and

showed different responses of wheat potato plants inoculated with organic amendment.

A nutrient broth was inoculated by one loop (about 15 x 10  cfu ml ) from each isolate in Erlenmeyer7 -1

flasks (100 ml) containing 25 ml of nutrient broth and shaking at 100 rpm at 30ºC for 72 hr. These isolates

were used to study the genetic variability.

Protein Contents: 

Water soluble proteins of whole cells were extracted in 1 ml extraction buffer [6 ml (1 M Tris pH 8.8);

20.8 ml (0.25 M EDTA) and 93.2 ml d. H O] with shaking thoroughly. The extracts ere transferred to

Eppendorof tubes and centrifuged for 15 min at 10.000 rpm under  cooling. The supernatants were transferred

in fresh tubes and used for SDS-PAGE and DISC-PAGE of isozymes analysis. 

Protein Fingerprint: 

The protein electrophoresis was performed under identical conditions on sodium dedocyl sulfate

polyacrylamide gel (15% W/V) (SDS-PAGE) vertical slat according to Studier (1973). The molecular weights

of protein were estimated relative to high marker protein. 

Phosphatase Activity and Isozyme Electrophoresis (PGP): 

Polyacrylamide gel electrophoresis (DISC-PAGE) was performed in 10% (W/V) slab gel (Davis, 1964).

Solution (A 0.1 M tris HCL; pH 7.5; 25 ml of 2. phospholycolic acid) with mixed an equal volume with

solution B (2% agar solution (60ºC) and the mixture pour over the gel surface. The staining gel was incubated

2 4at 37ºC for 2 hr. The gel was remained solution B (2.5% Ammonium molybdate in 4N H SO ) was mixed

with an equal volume solution B and the mixture was poured over the gel surface. Dark blue bands of PGP

activity appear after a few minutes. The zymogram was recorded.

Isolation of Genomic DNA: 

Small scale preparation of B. megatherium isolates genomic DNA was performed by the method of Walff

et al. (2002). DNA concentration was determined using UV spectrophotometer.

DNA Fingerprint: 

Random amplified polymorphic DNA (REAPD) analysis was applied according to Williams et al. (1990)

using five random oligonucleotide primers (10 mers) obtained from (Metobion A.G Lena Christ Strasse,

Martinsried Deutschland) as shown in Table (1). Amplification was performed in 25 μl react mixture containing

2.0 μl  template DNA (25 ng); 0.5μl tag DNA polymerase (unit); 0.3 μl dNTPs (25 mol of each dATP, dCTP;

dGTP and dTTP); 3.0 μl MgCl 25 mM); 3.0 μl PCR buffer (10X) and 2.0 μl random primer (10 p mole) and

10.5 μl dionized water. The mixture was assembled on ice, overlaid with a drop of mineral oil. The

amplification was carried out in DNA thermal cycler (MWG-BIOTECH Primuse) programmed as following:

One cycle at 94ºC for 4 min and them 40 cycles each cycle at 94ºC for 30 sec (denaturation); 35ºC for 1 min

(annealing) and 72ºC for 2 min extension). One cycle at 72ºC for 2 min then 40ºC for 10 min infinitive.

  
Table 1: Oligonucleotide sequences of the random primers.

Primer Sequence (5`-3)

11OPD 5` AGCGCCATTG 3`

20OPT 5` GACCAATTGCC 3`

2OPBO 5` TGATCCCTGG 3`

5OPDO 5` TGAGCGCGGACA 3`

8OPBO 5` TGCTCTGCCC `

Agarose Gel Electrophoresis: 

PCR amplified products ere analyzed using 1.2% agarose and staining with ethidium bromide. The

amplified DNA bands ere visualized on UV transilliuminator and photographed. The sizes of the fragments

were estimated based on a DNA leader of 100 to 2000 bp (manufactured by Bloron).   

RESULTS AND DISCUSSION

Somaclonal variations among 3 isolates of B. megatherium were detected by protein contents, protein

fingerprint, phosphatase activity and isozymes as well as DNA fingerprint. 
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Protein contents were determined in bacterial cells of each isolate related to BSA (Table 2). It was

revealed that, the protein content varied among 3 isolates with 78o0, 725 and 692 mg/g fresh weight cells of

1 2 3BM ; BM  and BM  respectively. 

Phosphatase activity was assayed for each isolate. The specific activities of enzyme as 3.26, 3.62 and 3.25

1 2 31 μ/mg protein for BM , BM  and BM  respectively (Table 2). 

Table 2: Protein content and phosphatase activity of three isolates of B. megatherium .

B. megatherium isolates Protein content (mg) Total activity(U) Specific activity(ug/mg)

1BM 780.0 2523 3.26

2BM 725.0 2632 3.62

3BM 2251 3.25692.0

Phosphatase isozymes were shown in Table (3) and Fig. (1-B). The total number of isozymes bands in

2 36 isozyme of BM,while those isolate of each BM  and BM  were 4 and 5 bands respectively. The phosphatase

2isozyme variability among 3 isolates showed some isozymes bands disappeared in BM , RF 0.38 and 0.51 and

3BM  RF, 0.38. As well as the prominent isozyme bands in the three isolates of RF 0.3; 0.37, 0.89 and 0.99.

1One polymiorphic bands at RF 0.31 and one unique band (genetic marker) at RF, 0.38 for BM  isolate. On

the other hand, differential number and density of bandswere observed among three isolates.

Table 3: DISC-PAGE banding patterns of phosphatase isozymes among three isolates of B. megatherium .

Isolates B. megatherium isolates Polymorphism

------------------ ------------------------------------------------------------------------------------------------------

1 2 3No. of bands BM BM BM

-------------------------------- ------------------------------ ---------------------------

RF fraction (% ) RF fraction (% ) RF fraction (% )

1 0.30 12.00 0.30 22.6 10.75 17.00 M onomorphic

2 0.37 64.50 0.38 28.4 0.38 68.25 M onomorphic

3 0.38 5.28 - - - - Unique

4 0.51 8.05 - - 0.51 6.25 Polymorphic

5 0.89 4.17 0.89 10.75 0.89 3.50 M onomorphic

6 0.99 6.00 0.99 8.25 0.99 5.00 M onomorphic

% fraction = relative to the total protein content in each isolate.

SDS-PAGE Proteins Analysis: 

Obtained results were listed in Table (4) and (Fig. 1-A) showed that, three isolates of B. megatherium

varied in number and density of protein. The variability analysis among isolates appeared 13 (total bands).

1 2 3Some of them 10, 9 and 8 polypeptides appeared in BM , BM  and BM  isolates respectively. Some

1 2polypeptide bands disappeared (107.5, 9.74, 30.1) of BM  (97.4, 29.7; 14.5 and 12.0) of BM  and (107.5, 80.2;

330.1 and 29.7 KDa) of BM  (Table 4). 

The molecular weight of each polypeptide was determined related to protein marker (Table 4). The most

prominent alteration (polymorphic bands) among 3 isolates 80.2, 14.5 and 12.0 KDa with 24%. The prominent

polypeptide bands in all isolates (monomorphic or common amplified fragments) were 85.5; 75.5, 57.8, 39.8;

1 233.2; 13.0 KDa with 46%. The unique amplified fragments (genetic markers) of 29.7; 14.5 (BM ) 107.5 (PM )

3and 97.4 (BM ) of 30%. These results indicated the variability among three isolates.

These results support the potent of using protein fractions and phosphatase isozymes analysis as good

indicator of genetic variability among three B. megatherium  isolates.

DNA Fingerprint: 

Total DNA preparation was found to be crucial for RAPD-PCR amplification. The DNA yield was

determined spectrophotometrically as 8 ug/0.05 filamentous mats. The DNA purity as indicated by 260/280

was 1.5.

The reproducibility of RAPD analysis is known to be highly influenced by experimental conditions. It is

therefore essential to optimize the PCR conditions to obtain reproducible and interpretable results before going

on routine analysis. The RAPD-PCR conditions analysis were optimized by investigating each factor

individually. This included genomic DNA quality and concentration, DNA denaturing, primer annealing and

extension temperatures. It was found that DNA quality was a good template per PCR amplification. However,

treatments of DNA with RNase gave sharp and clear amplification products compared with untreated DNA.

This might be a result of inactivation of endogenous endonuclease. Castinglione, et al (1994) reported similar

observations. After optimization of the PCR reaction conditions, polymorphism among the 3 B. megatherium
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Fig. 1: Showing bands of protein fractions among three isolates of B. megatherium .

(A) SDS-PAGE (15%) of denaturated protein extracted from isolates. M = Marker protein (KDa).

1 2 3(B) DISC PAGE (15%) of native protein of phosphatase isozymes. Isolates (BM , BM  and BM ).

Table 4: Protein content and fractions of three B. megatherium  isolates using SDS-PAGE.

Isolates B. megatherium isolates Polymorphism

---------------- --------------------------------------------------------------------------------------------

1 2 3M W  (KDa) BM BM BM

167.5 - - 107.5 +++ - - Unique

97.4 - - - - 97.4 ++ Unique

85.5 85.5 ++ 85.2 +++ 85.5 M onomor[hic

80.2 80.2 ++ 80.2 ++ - + Polymorphic

75.5 75.5 ++ 75.5 +++ 75.5 + M onomorphic

57.8 57.8 ++++ 57.8 ++++ 57.8 +++ M onomorphic

39.7 39.7 +++ 39.7 +++ 39.2 ++ M onomorphic

33.2 33.2 ++ 33.2 ++ 33.2 ++ M onomorphic

30.1 - - 30.1 ++ - - Unique

29.7 29.7 + - - - - Unique

14.5 14.5 + - - 14.5 + Polymorphic

13.0 13.0 ++ 13.0 ++ 13.0 ++ M onomorphic

12.0 12.0 +++ - - 12.0 ++ Polymorphic

TAF = Total fragment = No. of polypeptides

M AF = M onomorphic fragment = (Common polypeptides)

PAF = Polymorphic fragment = (Specific polypeptides) 

Unique fragment = Protein or genetic marker.

Bond density    ++++ Very strong ++  M oderate - Absent band  +++ Strong  + W eak

isolates were detected using different random primers by RAPD=PCR gave the best results of amplification

expressed an average number of bands per primer. Of the five random primers (operon random primer) were

screened in RAPD analysis for their ability to produce sufficient amplification products. Three random primers

namely OPD05, OPB02 and OPT20 were more stable and reproducible and gave sufficient polymorphism

among three B. megatherium  isolates. Therefore we focused our efforts on these primers are summarized in

Tables 5, 6 and Fig. 2.

The RAPD-PCR analysis of DNA extracted from 3 B. megatherium  isolates revealed 32 amplified bands

(11 band, OPB02, 5 bands, (OPD05) and 16 bands OPT20) with different values where molecular weight

ranged from 1976 to 205 bp. The DNA bands of 3 isolates varied in number density and molecular weight

bands where as BM1, BM2 and BM3 isolates were recorded 6, 10, 7 (OPB02); 5,5,4 (OBD05) and 10, 9, 7

bands (OPT20) respectively. The variability analysis of 3 isolates showed some DNA amplified bands absent
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or/and present in some isolates (Table 5). The polymorphism analysis among 3 isolates,showed 13

monomorphic amplified bands (common in all isolates) of 40%, 5 polymorphic amplified bands (specific bands)

of 16% and 14 unique bands (genetic markers) of 44%. The genetic marker of BM1, 3 bands with M.W. (709;

450, 400 bp); BM2, 8 bands with (1767, 1340, 1210, 556, 375, 250, 205 bp) and BM3 has 3 bands with (88-,

850, 485 bp) (Tables 5 and 6).

Table 5: DNA amplification of three B. megatherium  isolate using RAPD-PCR.

Primers OPBO2 OPD05 OPT20 Polymorphism

------------------ ------------------------------ ----------------------------- -----------------------------

M W  (KDa) BM 1 BM 2 BM 3 BM 1 BM 2 BM 3 BM 1 BM 2 BM 3

1976 ++ ++ + - - - - - - Polymorphic

1884 ++ ++ + - - - - - - Polymorphic

1767 - ++ - - - - - - - Unique

1650 ++ +++ ++ - - - - - - Polymorphic

1340 - ++ - - - - - - - Unique

1210 - ++ - - - - - - - Unique

1140 ++ +++ ++ - - - +++ +++ - Polymorphic

1030 - - - - - - +++ +++ - Polymorphic

880 - - ++ - - - +++ - ++ Polymorphic

850 - - - - - - - - ++ Unique

805 ++++ ++++ +++ - - - +++ +++ ++ Polymorphic

775 - ++++ - - - - +++ ++ ++ Polymorphic

709 - - ++ - - - +++ - - Unique

680 +++ ++ - - - - ++ ++ ++ Polymorphic

556 - - - +++ +++ +++ - - - Polymorphic

485 - - - +++ +++ +++ - - +++ Polymorphic

450 - - - +++ +++ +++ +++ - - Polymorphic

400 - - - - - - ++ - - Unique

375 - - - ++++ +++ - - ++ - Polymorphic

280 - - - +++ +++ +++ ++ - ++ Polymorphic

250 - - - - - - - + - Unique

205 - - - - - - - ++ - Unique

22 6 10 7 5 5 4 10 9 7

Evaluating the efficiency of rhizobacterial B. megatherium in phosphate solubilization in vitro (Girgis,

2006) revealed some variations in responses for each isolate using inoculants as biofertilizers. 

It is concluded that, distinct DNA fragments among three isolates were obtained when suitable primers

were used and PCR conditions were optimized. Numerous publications demonstrated the utility of RAPD

markers for the analysis of genetic diversity among bacteria, fungi and actinomycetes (Perrent and Broughton,

1998; Girgis, et al 2008, Swelim, 2005 and Seham Shash, 2009). 

Table 6: Polymorphism and genetic markers among three isolates of B. megatherium using RAPD-PCR.

Primers Polymorphism                    Genetic markers of isolates

----------------------------------------------------- ---------------------------------------------------------------------------------

TAF M AF PAF Unique M olecular weight (bp) BM 1 BM 2 BM 3

OPB02 11 6 - 5 1767 - + -

1340 - + -

1210 - + -

880 - - +

770 - + -

OPDO5 5 4 1 - - - - -

OPT20 16 3 4 9 850 - - +

704 + - -

556 - + -

485 - - +

450 + - -

400 + - -

375 - + -

250 - + -

205 - + -

Total bands 32 13 5 14 14 3 8 3

Percentage (%) - 40 16 44 44 9 24 9

TAF = Total amplified fragment = total number of DNA fragments

M AF = M onomorphic amplified fragments = common DNA fragments

PAF = Polymorphic amplified fragments = specific DNA fragments

Unique = Unique amplified fragment = Genetic markers

Band density ++++ very strong + W eak     +++ Strong - Absent    ++ M oderate
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Fig. 2: Agarose gel electrophoresis stained with ethidium bromide showing the PCR products of amplified total

DNA isolated from  B. megatherium  three isolates BM1, BM2, BM3 using RAPD primer OPB02,

OPD05, OPT20 and M marker DNA (1 Kb),

The molecular mechanism underlying somaclonal variations have been attributed to chromosome breakage,

single base change and others in copy number of repeated sequences and alteration in DNA methylation

patterns (Munhali et al, 1996 and Nahed El-Aiat, 2006). The polymorphism in the amplification products may

be due to either from changes in the sequence of the primer binding size (e.g. point mutations) or from

changes due to the size or prevent the successful amplification of the target DNA (e.g. insertation, deletions,

inverstions) as suggested by Rani et al (1995). Therefore, the present investigation was undertaken to employ

RAPD-PCR as a simple molecular marker tool for the analysis of 3 selected B. megatherium isolates genetic

variations. Numerous researches proved that the sensitivity of isozymes analysis, protein and DNA fingerprints

were sufficient enough to detect genetic diversity in many species of bacteria, fungi and actinomycetes (Perrent

and Broaghton, 1998; Sharma, 2003; Swelim, 2005; Nahid El-Aiat, 2006; Girgis et al. 2008). 

In conclusion, available soil minerals such as tri-calcium and rock phosphate in neutral and alkaline soils

in combination with selected efficient bacteria strains of phosphate dissolving are ungently needed to replace

chemical fertilizers and reducing the cost of crop production. Therefore, biochemical and molecular markers

can be successfully used to detect somaclonal variations among bacteria strains. The frequency of genetic

variability was detected in B. megatherium isolates dependent on variations in growth and available phosphorus

in vitro.       
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