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ABSTRACT
Bacillus species constitute a diverse group of bacteria widely distributed in soil. In this study, sixteen
Bacillus local strains isolated from different Egyptian soils and three identified strains; (Bacillus thuringiensis
subsp. Kurstaki (B.t.40), Bacillus subtilis subsp. subtilis strain ATCC 168(B.s) and Bacillus licheniforms strain
ATCC 14580) (B.l); were identified by detailed conventional biochemical methods, plasmid pattern and partial
16S rRNA sequencing. All isolates were Gram-positive, aerobic, and motile, Oxidase-positive, rod shaped,
endospore-forming bacteria. These isolate was phenotypically identified as Bacillus. The crude polysaccharides
were separated from the supernatant and examined for sulphate content. In this study, five different isolates
were selected according to their plasmids patterns and polysaccharide production, the primary aim was to
characterize these isolates using 16S rRNA partial gene amplification and sequencing. The five isolates were
assigned as Bacillus cereus strain and Bacillus sp BAB3450 16S rRNA gene. All Bacillus strains were
characterized by whole-cell protein profiles using sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and analysis of dendrogram using UN weighted pair group method with arithmetic averages
algorithm (UPGMA).
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INTRODUCTION
Soil is an excellent source for unknown microorganisms; the most frequently
isolated genus has been Bacillus. The use of 16S rRNA gene sequences to study bacterial
evolution has been the most common house-keeping genetic marker used for a number of
reasons. They include (i) existence in almost all bacteria, often as a multigene family, or
operon; (ii) the function has not changed over time, suggesting that random sequence
changes are a more accurate measure of time (evolution); and (iii) the 16S rRNA gene
(1,500 bp) is large enough for bioinformatics purposes [1].
The cumulative results from a limited number of studies to date suggest that 16S
rRNA gene sequencing provides identification on the genus level (90%) but less so with
regard to species level (65 to 83%), with from 1 to 14% of the isolates remaining
unidentified after testing [2-3-4]. 16S rRNA and its gene have proven to be useful and
powerful markers for the presence of bacteria in biological samples [5]. Several Bacillus
species were reclassified based on 16S rRNA and separated into different phylogenetically
distinct clusters [6]. Partial 16S rDNA sequence [7] and rRNA gene restriction pattern [8]
have been used for the rapid identification or classification of Bacillus species and related
genera [6]. Bacillus species is ubiquitous and broadly adapted to grow in diverse settings
within the biosphere. B. subtilis can be isolated in greater numbers than most other sporeforming bacteria from the rhizosphere of a variety of plants like Rhazyastricta. There is
evidence that through these associations, B. subtilis can promote plant growth [9-10-11].
The traditional methods for isolating B. subtilis require that the organism be in its spore
form. Besides, there is no guarantee that the isolated strain from a particular environment
actually grow at that location [12]. It is important to realize that libraries of PCR-amplified
16S rRNA and 16S rRNA genes may not represent a complete or accurate picture of the
bacterial community in a given biological sample. Firstly, the species diversity is so great; the
available libraries of 16S rRNA genes permit an initial survey of the global soil bacterial
community structure. The majority (79 to 89%) of 16S rRNA gene sequences are from
bacteria that are not affiliated with known genera [13]. The gene encoding the small subunit
rRNA serves as a prominent tool for the phylogenetic analysis and classification of bacteria
and archaea owing to its high degree of conservation and its fundamental function in living
organisms [14]. Plasmid profiles of B. thuringiensis strains from different environmental
zones. Totally 35 B. thuringiensis strains were subjected to plasmid profiling. Different sizes
of plasmids ranging from 108 kb to 2 kb in 97.22% strains were isolated [15].
Exopolysaccharides are naturally formed macromolecules during growth of many
organisms. Among a group of bacilli, Bacillus species strain-QS5 producing
exopolysaccharides, locally isolated from Eastern Province in Saudi Arabia, was
characterized and identified based on 16S rRNA sequencing [16].
In the present study, we performed an investigation for Bacillus strains by isolating
and identifying sixteen- local strains grown in Egyptian soil rhizosphere from different area
and three identified strains (B.t. B.s and B.l). The objectives of the present study are to
screen Bacillus species isolated from Egyptians soil rhizosphere in order to evaluate the
usefulness of the technique as a taxonomic tool in this genus and to study their suitability
with regard to exopolysaccharides and sulphate production. Also SDS-PAGE method
combined with computerized analysis of cellular protein profiles provide an effective
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approach to investigate of taxonomic relationships within Bacillus species. In this study, the
taxonomic position of Bacillus sp is determined using 16S rRNA partial gene amplification
and sequencing also, through 16S rRNA phylogenetic identification.
MATERIALS AND METHODS
Microorganism sources
Sixteen isolates were collected from Egyptian soils at different locals and three
identified strains (Bacillus thuringiensis subsp. kurstaki strain Bt40, Bacillus subtilis subsp.
subtilis strain ATCC 168 and Bacillus licheniforms strain ATCC 14580) obtained from National
Research Center, Microbial Genetics Dept. Dokki, Cairo, Egypt used in this study are listed in
Table (1).
Isolation of Bacillus isolates from field
One gm. of soil sample from each collected soil sample transferred into 10 ml tube
containing saline solution (NaCl 0.1 & w/v) and mixed vigorously with vortexes for 5 min.
until soil particles settled and left for 30 min at room temperature, sample solutions were
diluted ten- fold with 0.1% NaCl, spread onto Luria-Bertani (LB) agar plates [17], and
incubated overnight at 37oC. Bacilli-like colonies were isolated according to their
morphological characters.
Culture media and growth conditions
Bacillus isolates were cultivated at 37oC in Luria-Bertani (LB) medium composed of
1% NaCl, 1% tryptone, and 0.5% yeast extract. A single colony of an isolate was three times
streaked over LB agar and incubated at 37oC for 24 h. Purified colonies cultured under
various pH (between pH5 and pH9). Salt tolerance experiments were performed on LB broth
with NaCl, in various concentrations (between 0.5 and 10%, w/v) and temperature (between
25oC and 50oC) at 37oC. Purified Bacillus growth was numbered as indicated in Table (1).
Identification of selected bacterial isolates
Identification of the bacterial isolates was performed based on their morphological,
physiological, and biochemical characteristics, as described in Bergey’s Manual of
Systematic Bacteriology [18] then confirmed by PCR amplification of 16S rDNA. As well as
electrophoretic separation of total protein (SDS-PAGE) according to the method described
[19].
Isolation of exopolysaccharide and sulphate content from liquid culture.
Exopolysaccharide and sulphate content of all the local isolates and three identified
strains were done using the method described [16-20].
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Plasmid DNA pattern of Bacillus isolates
Plasmid profiles of the Egyptian Bacillus isolates and three identified strains (Bacillus
thuringiensis subsp. kurstaki strain Bt40, Bacillus subtilis subsp. subtilis strain ATCC 168 and
Bacillus licheniforms strain ATCC 14580) were done by using (Rouch) plasmid isolation kit.
Agarose gel electrophoresis of plasmid DNA
Ten micro liters of each sample were applied to a 0.5% agarose gel and run for
approximately 4h at 100 V. TAE buffer was the running buffer (0.001M EDTA pH 8.0, 0.04 M
TRIS pH 8.0, 0.02 M acetic acid), and the gel was stained in a solution of ethidium bromide
(1 μg/ml) for approximately 15 min, and washed in water for about 30 min. Gel images were
recorded in Gel Doc XR+ Bio RAD with Image Lab Software.
DNA Preparation and PCR Amplification
Genomic DNA was extracted from all the isolates using Qiagen DNeasy Tissues
isolation Kit. Each genomic DNA used as template was amplified by PCR with the aid of 16S
rRNA 8F (5-AGTTGATCCTGGCTCAG-3), and reverse primer 1492R (5-ACCTTGTTACGACTT-3)
with the programme consisted of denaturation at 94°C for 5 min and subsequent 35 cycles
of denaturation at 94°C for 30 sec, annealing at 55°C for 30 sec, and extension at 72°C for
2 min followed by final extension at 72°C for 5 min. The presence of PCR products was
determined by electrophoresis of 10 µl the reaction product in a 1% agarose gel.
16S rRNA Sequencing and Data Analysis
Sequencing analysis was performed on a 1500 bp PCR product. The sequence
analysis was performed using the ABI 3130 genetic analyzer and Big Dye Terminator version
3.1 cycle sequencing kit. The five 16S rRNA sequences were aligned and compared with
other 16SrRNA genes in the GenBank by using the NCBI Basic Local alignment search tools
BLAST-n program (http://www.ncbi.nlm.nih.gov/BLAST). A distance matrix was generated
using the Jukes-cantor corrected distance model. The phylogenetic trees created using
(Weighted Neighbor Joining: A Likelihood-Based Approach to Distance-Based Phylogeny
Reconstruction) with alphabet size 4 and length size 1000. The 16SrRNA gene sequences
have been deposited to Genbank using BankIt submission tool and has been assigned with
NCBI accession numbers.
SDS-PAGE protein analysis
Solubilized proteins were subjected to SDS-PAGE in gel slabs of 1 mm thickness
(3.5cm, 4% stacking and 16.5cm, 12.5% resolving gels) as described by [21] Electrophoresis
was performed with a discontinuous buffer system in a BRL gel apparatus model V16-2BRL
Gaithersburg MD, USA. The gel was run at 30 mA until the bromophenol blue marker had
reached to the bottom of the gel. Gels were then stained with Coomassie Brillant Blue R250.
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Statistical method
Data from SDS-PAGE were pooled and transferred into 1 and 0. The data were then
fed into the statistical data analysis software package SPSS system (SPSS for windows, Ver.
18.0- Lz0-up.for.vdown, 2002, Chicago, SPSS Inc.). The statistical analysis of the data was
carried out using the SPSS software package and utilizing the method described [22] with
the least significant difference values calculated at the 5% probability level.
RESULTS AND DISCUSSION
Collection and isolation of bacteria
Morphological, physiological and biochemical characters of Bacillus isolates.
In the course of a screening program for new bioactive polysaccharides, the present
study was carried out on sixteen local isolates, which were isolated from different areas in
Egypt and three identified strains (Bacillus thuringiensis subsp. kurstaki strain Bt40,
Bacillus subtilis subsp. subtilis strain ATCC 168 and Bacillus licheniforms strain ATCC 14580).
The samples were collected from 16 different areas and the isolates were obtained using
standard serial dilution technique from the original samples.
The genus Bacillus is generally defined according to classical phenotypic
characterization based primarily on morphology, nutrition, growth characteristics; and
various substrate utilization and physiological assessments. Physiological reactions are
generally used to determine the species of the genus [18-23].
Table 1: Characterization of the sixteen local Bacillus bacterial isolates and the three identified strains (B.t.
B.s and B.l).
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Data in Tables (1) showed the morphological and the physiological parameters,
identified bacteria isolates, of the sixteen local bacteria isolates and three identified strains
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(B.t. B.s and B.l). Data in Table (1) represent the sixteen bacteria isolates and three
identified strains (Bacillus thuringiensis subsp. kurstaki strain Bt40, Bacillus subtilis subsp.
subtilis strain ATCC 168 and Bacillus licheniforms strain ATCC 14580). According to the
obtained parameters which compared with those mentioned [18] found to be short rods,
spore form, gram positive, capable of growing on different sugars such as: Glucose, Sucrose,
Xylose and Arabinose. In addition, the isolates showed aerobic growth, catalase positive,
tolerance to 6.5 NaCl fermented glucose and could hydrolysis starch or gelatin. These strains
were negative for indole production, Reduction of nitrate to nitrite and utilized citrate.
Exopolysaccharide (EPS) and sulfate groups production from Bacillus sp.
The sixteen purified local strains of Bacillus sp and three identified strains (Bacillus
thuringiensis subsp. kurstaki strain Bt40, Bacillus subtilis subsp. subtilis strain ATCC 168 and
Bacillus licheniforms strain ATCC 14580) were tested for production of sulfated
exopolysaccharides. Data in Table (2) clearly show the production of strains greatly in
sulfated polysaccharide. The maximum value of polysaccharide obtained by the strain No.(3)
was 5.7 g/L EPS which isolate from Ismailia; while the minimum value; 3.8 g/L EPS; obtained
by the strain No.(11) which isolate from Damietta. On the other side the results in Table (2)
gives the sulfate production by the strains. The results indicate that the highest productivity
was on the strain No.(2) at a rate of 0.102 mg/ml these isolate from Monofeya; while the
lowest isolate productivity was the strain No. (12) 0.034 mg/ml these isolate from Dakahlia.
These results are in agreement with results obtained from previous studies [24-16] in
Bacillus subtilis and Bacillus licheniformis.

Code

Table 2: Sulfated and polysaccharide production from the sixteen local Bacillus isolates and three identified
strains (B.t. B.s and B.l).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Strains

Source

Mean of
polysaccharide
g/L

Mean of sulfate
mg/ml

Bacillus sp
Gharba
4.4
Bacillus sp
Monofeya
5.2
Bacillus sp
Ismailia
5.7
Bacillus sp
Behara
5.1
Bacillus sp
Kafr Al-Shaikh
4.6
Bacillus sp
Alexandria
4.7
Bacillus sp
Cairo
5.2
Bacillus sp
Giza
4.6
Bacillus sp
Fayoum
5.5
Bacillus sp
Kaliobeya
5.1
Bacillus sp
Damietta
3.8
Bacillus sp
Dakahlia
4.2
Bacillus sp
Porsaid
4.5
Bacillus sp
Shrkia
4.1
Bacillus sp
Suez
5.2
Bacillus sp
BeniSuef
4.7
Bacillus thuringiensis B.t40
NRC*
4.4
Bacillus subtilis ATCC168
ATCC
4.7
Bacillus licheniformsATCC14580
ATCC
5.0
*NRC. National Research Center ,Microbial Genetics Dept.Dokki,Cairo,Egypt
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Plasmid DNA profiles of Bacillus isolates
Summary of results of plasmid profiling of the various isolates has shown in Fig.(1) 16
isolates and three identified strains (Bacillus thuringiensis subsp. kurstaki strain Bt40,
Bacillus subtilis subsp. subtilis strain ATCC 168 and Bacillus licheniforms strain ATCC
14580)were ascertained for the presence of plasmids. The isolates from the various samples
were determined for the presence of DNA plasmids using agarose gel electrophoresis. The
results obtained revealed that the samples actually contained plasmids. The molecular
weight of the plasmids was determined using lambda DNA digested with Hind III. The bands
obtained from the plasmids are presented in Fig. (1). It was observed that the isolates
contained plasmids with molecular weights ranging between 3958bp to 27344bp. A total of
five different molecular weights were obtained for all the 19 strains. Fig. (1) Show the
plasmid patterns of all the Bacillus type strains included in this report. All the strains contain
at least one plasmid, and some strains have a maximum of seven plasmids. In general, all
plasmid patterns are unique to each strain. Comparative resolution of megaplasmid bands
(plasmids above the chromosomal DNA band) in the agarose gel was difficult and was an
unreliable way to differentiate plasmid patterns. This is the reason why the comparison of
plasmid patterns focused on the plasmids below the chromosomal band. However, this
decision made it impossible to compare the plasmid patterns of those strains that contained
only megaplasmids (Fig. 1). The strains (lane 2 to lane 10), showed similar migration of
plasmids, and two monomorphic band at molecular weight 18125bp and 8411bp, and
polymorphic percentage 77.7% also isolates lane 11-16 and lane 17, 18 and 19 identified
strains (Fig.1) plasmids have the same size, and showed polymorphic percentage about
100%, the DNA sequence may be different, and should be considered for future work. The
isolate (lanes 2, Fig. 1) showed unique plasmid patterns at molecular weight 9748 and lane 7
showed 2 unique bands at 6691 and 5085 bp. Also, the isolates 12, 16 and strain 19 (Bacillus
licheniforms) showed unique patterns with 9 total numbers of bands.
All of nineteen strains, contained megaplasmids except strain 18 (Bacillus subtilis)
that leads to the hypothesis that genes responsible for their efficiency are located on the
chromosome [25], such genes encoding the Cry proteins are found in chromosomes or
plasmids of different sizes.
Among the isolates and strains collected (lanes 1-19 Fig. 1) ten of them (strains 1, 4,
5, 6, 9, 10, 11, 16 ,17; B.t.40 and 18; B.s ATCC 168) showed a similar plasmid profile, have a
five bands, with one small plasmids, except the isolate 7 presented three small plasmids
(Fig. 1). All isolates collected had small plasmids varying in number from one to seven.
Isolate 7 showed only seven plasmids (Fig.1), the similarity between the plasmid profile of
all isolates reports and these results agreement with the results obtained previously [26].
Most Bacillus species, regardless of their source, harbor at least one indigenous plasmid
[27]. Many of the functional differences between B. cereus, B. thuringiensis and B. anthracis
are due to presence of plasmid that varies in number and size [28]. These results are in good
agreement with previous investigations [29-30].
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27344bp

Figure 1: Electrophoretic pattern for plasmid profile of the 16 local Bacillus isolates (lane 2-16) and three
identified strains (B.t. B.s and B.l). M, Lambda DNA digested with HindIII.

Cluster analysis with SPSS: Hierarchical Cluster Analysis.
Cluster analysis works upwards to place every variable (strain) into a single cluster.
The main part of the output from SPSS is the Dendrogram that represents the phylogenetic
relationships among the variable (strains) under study. The dendrogram for plasmid profiles
banding patterns of the all strains using average linkage (between groups) is presented in
(Fig.2). The horizontal dotted line of the dendrogram indicates the rescaled distance, in
which the clusters are formed. Two main clusters were apparent in the dendrogram made
by the Jaccard analysis method using similarity matrices based on hybridization information
(Fig.2).

G1

G2

G3
Figure 2: Dendrogram showing the genetic relationship among the 16 local Bacillus isolates and three
identified strains (B.t., B.s. and B.l.).
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PCR amplification of the 16S rDNA gene
The 16S rRNA gene sequence is about 1,550 bp long and is composed of both
variable and conserved regions. The gene is large enough, with sufficient interspecific
polymorphisms of 16S rRNA gene, to provide distinguishing and statistically valid
measurements. Universal primers are usually chosen as complementary to the conserved
regions at the beginning of the gene and at either the 540-bp region or at the end of the
whole sequence (about the 1,550-bp region), and the sequence of the variable region in
between is used for the comparative taxonomy [31-32].
PCR targeting the 16S rRNA has been used extensively to study prokaryote diversity
and allows identification of prokaryotes as well as the prediction of Phylogenetic
relationships [33]. Nucleic acids extracted from the formed bacterial colonies were
subjected to primer pair designation to amplify a region of the 16S rRNA gene and all
produced an expected size (1550 bp), as shown in Figure (3). This result does not indicate
that the tested bacteria belong to a specific genus or a particular species, because the
primer pair used was a universal eubacterial primer designed to classify related bacteria
according to sequencing results [34].
16S rRNA sequencing and PCR.
The 16S rRNA gene sequence is about 1,550 bp long and is composed of both
variable and conserved regions. The gene is large enough, with sufficient interspecific
polymorphisms of 16S rRNA gene, to provide distinguishing and statistically valid
measurements. Universal primers are usually chosen as complementary to the conserved
regions at the beginning of the gene and at either the 540-bp region or at the end of the
whole sequence (about the 1,550-bp region), and the sequence of the variable region in
between is used for the comparative taxonomy [30-31]. Although 500 and 1,500 bp is
common lengths to sequence and compare, sequences in databases can be of various
lengths. The 16S rRNA gene sequence has been determined for a large number of strains.
GenBank, the largest databank of nucleotide sequences, has over 20 million deposited
sequences, of which over 90,000 are of 16S rRNA gene. This means that there are many
previously deposited sequences against which to compare the sequence of an unknown
strain. Lastly, the 16S rRNA gene is universal in bacteria, and so relationships can be
measured among all bacteria [35-36] (Fig. 3). In general, the comparison of the 16S rRNA
gene sequences allows differentiation between organisms at the genus level across all major
phyla of bacteria, in addition to classifying strains at multiple levels, including what we now
call the species and subspecies level. The occasional exceptions to the usefulness of 16S
rRNA gene sequencing usually relate to more than one well-known species having the same
or very similar sequences.
In the present study we determined the 16S rRNA gene sequence of 16 isolates of
Bacillus form Egyptian soil and three identified strains B.t. B.s and B.l (Table 2). All strains
divided into five groups depending on their plasmids pattern and polysaccharide production
Fig.2 and Table 2. The phylogenetic tree of the five groups based on 16S rRNA sequences
was generated in comparison with 100 Genbank 16S Bacillus partial sequences. In silico
analysis;(computer simulation); the generated showed that the 16S sequence size for the
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five groups ranged between 641 to 1193 nt, while their counterparts in the Genbank ranged
between 1486-1487 nt. The percentage for GC content for all five 16S rRNA gene sequences
ranged between 52-54%.
Using BLAST search, we found that all strains belonged to species Bacillus. The
identities of the 16 soil Bacillus isolates were determined by comparing them to the
available 16S rRNA sequences found in Genbank and with high-scored rRNA sequences in
BLAST searches. BLAST similarity scores ranged between 97% to 95%, where 100 matches of
16S rRNA gene sequence were included in the analysis.

Figure 3: Full-length 16S rRNA gene (1500 bp) of the 16 Bacillus isolates and three identified strains (B.t. B.s
and B.l). amplified with universal primers. The amplicon was electrophoretically resolved on a 1.2% agarose
gel in 1X TBE buffer Lane1: DNA ladder, Lane 1-20: amplified product of full length 16S rRNA gene.

16S rRNA gene sequence similarity and Phylogenetic analysis:

Figure 4: Phylogenetic tree based on partial 16S rDNA sequences, showing the relationship between isolates
3_A11, 9_B11, 11_C11, 14_D11 and 15 _E11 and other species belong to the genus Bacillus. The tree was
constructed using the CLUSTAL-X and neighbour-joining method.
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Molecular identification of the isolated strains was carried out based on 16S rRNA
sequence analysis. The partial sequence of 16SrRNA obtained from Bacillus strains were
aligned with all the presently available 16S rRNA sequences in the GenBank data base.
Species identity of the five strains was further confirmation by molecular study of 16S rRNA
gene. The query sequence 3_A11 showed closely similarity with the strain Bacillus cereus
Vkk-7 also, strains 9_B11 and 11_C11 are placed in the same group. The rest strains 14_E11
and 15_E11 are related to the group of Bacillus sp. strain BAB 3450 .the NCBI BLAST
suggests the relatedness of the isolates with same and identity within the genus Bacillus.
As a result, a Phylogenetic tree was mapped using the neighbor joining method, and
is shown in Fig.(4). Phylogenetic analysis using the 16S rRNA sequences indicated that
isolate (3_A11,9_B11, 11_C11 , 14_D11 and 15 _E11) belonged to the genus Bacillus,
according to blast result shown in Fig.(4) isolate (3_A11,14_D11 and 15 _E11)) were
identified as Bacillus cereus VKK-7 and isolates (9_B11, 11_C11) were identified as Bacillus
sp. BAB3450 .
Protein Profiles of Bacillus Isolates
Sodium Dedocyle Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) analysis is
generally used to compare protein profiles of Bacillus isolates. For example, [37] used SDSPAGE analysis in order to determine the differences among the Bacillus isolates collected
from different aria in Egypt and three identified strains (B.t. B.s and B.l). SDS-PAGE of wholecell protein extract of sixteen bacterial isolates and three identified strains (B.t. B.s and B.l)
showed a high heterogeneous profile (Fig.5). The main difference in protein pattern was
related to some high-accumulated polypeptides with different molecular weight present in
almost strains. Protein profile allowed the comparison of the nineteen strains which were
distributed into five groups of bacteria; two main group and 3 individuals.
The high level of protein polymorphism observed in bacteria isolates, indicates that
protein profile is an effective method for bacterial fingerprinting when a high number of
isolates are necessary to be identified. Furthermore, SDS-PAGE could be an inexpensive and
fast procedure allowing the rational use of microorganism collections.
The Second level information for a cell, other than sequencing of bacterial genome,
can be obtained from cellular protein profiles. Different types of electrophoresis were used
to explore the profiles. The protein profiles produced y SDS-PAGE of whole cell extract have
been found correlates closely with DNA-DNA hybridization on results suggests it could be
appropriate to use SDS-PAGE for rapid bacterial identification [38-39-40]. Combination of
polyacrylamide gel electrophoresis (PAGE) of proteins with computerized analysis of profiles
provided an effective approach to investigate the taxonomic relationships among many
bacterial species [41]. In addition, the results of 16S rRNA sequence analysis reconfirm the
insufficient defined genera on the basis of phenotypic criteria [36]. Figure (4) shows the
whole -cell protein profiles of selected Bacillus strains obtained by sodium dodecyl sulphate
polyacrylamide gel electrophoresis. A dendrogram produced after numerical analysis of the
whole- cell protein profiles using the Neiand Li, coefficient and UN weighted pair group
method with arithmetic averages algorithm (UPGMA) is shown in Figure (4) Numerical
analysis revealed clearly two main clusters and three separate isolates in individual; in
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individual; B13, B1, B11 and B18 as shown in the dendrogram (Fig. 4) Cluster 1 divided into
four subgroup. Strain B15 and B16 was closely related together with 100% similarity this
strain; B15; belongs to B. cereus. in 16S rRNA. All strains in this cluster are belongs to B.
cereus. The cluster 2 divided into 3 subgroup; the strains of the subgroup1; B7,B8 is closely
related also B6 and B9 in subgroup 2 also closed together and belongs to B. cereus ,B3, is
nearst to strain 4, 5 and 2. The strain B3 (3A_11_01) which gave similarity with Bacillus
cereus in 16S rRNA(Fig.4 ). The same result B11( 11_c11_03) and B9( 9_B11_02) were
belongs to B. cereus. Our results have showed that electrophoretic methods can vide
valuable information which may be used identification of Bacillus strains. These results are
in good agreement with previous researches [40-42]. It is known that protein profiles of
whole-cell and extracellular protein are good enough to distinguish most of bacterial genera
at species level [40]. Some researchers [19-43] also differentiated the strains of Bacillus
subtilis and strains of Bacillus pumilus species by whole-cell proteins using SDS PAGE at the
subspecies level. Numerical analysis of SDS-PAGE of whole-cell proteins is an extremely
useful in taxonomic assessment in studying Bacillus species [19].
B.t B.s B.l

Figure 4: Electrophoretic profile (SDS-PAGE) of whole protein extract of 16 bacteria isolated from Egyptian
soil and three identified strains (B.t., B.s and B.l). Numbers 1 to 20 indicate bacterial isolates 1 to 20,
respectively. M = Protein Molecular weight markers, PageRuler™ Unstained Protein Ladder (Fermentas).

Figure 5: Dendrogram based on u nweighted pair group method with arithmetic averages algorithm
(UPGMA) of the protein patterns of whole-cell of of the 16 Bacillus isolates and three identified strains (B.t.
B.s and B.l).
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CONCLUSION
The characterization of the isolates was performed using various morphological,
biochemical and physiological parameters. The results indicate the identity of the isolates
under the genus Bacillus. Molecular characterization of based on 16S rRNA and NCBI BLAST
search confirms the identity of these isolates close to the Bacillus cereus and Bacillus sp. The
results obtained in this study showed that a combined identification method using SDSPAGE patterns of whole-cell proteins and subsequent 16S rRNA gene sequence analysis
could successfully identify Bacillus species isolated from soils. The identification of Bacillus
species based on whole-cell protein patterns by SDS-PAGE has not been previously reported.
This result suggests that such an approach will be useful for grouping and identifying Bacillus
species in soils, as a complementary identification method.
REFERENCES
[1]
[2]

[3]
[4]

[5]
[6]

[7]

[8]

[9]

[10]

[11]

Patel JB. 16S rRNA gene sequencing forbacterial pathogen identification in the
clinical laboratory. Mol. Diagn. 2001;6: 313-321.
Drancourt M, Bollet C, Carlioz A, Martelin R, Gayral JP, Raoult D. 16Sribosomal DNA
sequence analysis of a large collection of environmental and clinical unidentiable
bacterial isolates. J. Clin. Microbiol. 2000;38: 3623-3630.
Mignard S, Flandrois JP. 16S rRNAsequencing in routine bacterial identification: a 30month experiment. J. Microbiol. Methods. 2006; 67: 574-581.
Woo PCY, Ng KHI, Lau SKP, Yip KT, Fung AMY, Leung KW, TamD MW, Que TL, Yuen
KY . Usefulness of the MicroSeq 500 16S ribosomal DNA-based identification system
for identification of clinically significant bacterial isolates with ambiguous
biochemical profiles. J. Clin. Microbiol. 2003; 41: 1996-2001.
Rappe´ MS, Giovannoni SJ. Theuncultured microbial majority. Annu. Rev. Microbiol.
2003; 57: 369-394.
Dong X, Jean-Charles C. Phylogenetic relationships between Bacillus species and
related genera inferred from comparison of 39 end 16S rDNA and 59 end 16S– 23S
ITS nucleotide sequences. Inter. J. of Systematic and Evolutionary Microbio. 2003;
53: 695–704.
Goto K, Omura T, Hara Y, Sadaie Y. Application of the partial 16S rDNAsequence as
an index for rapid identification of species in the genus Bacillus. J. Gen. Appl.
Microbiol. 2000 ; 46: 1–8.
Joung KB, Coˆte JC. Evaluation ofribosomal RNA gene restriction patterns for the
classification of Bacillus species and related genera. J. Appl. Microbiol. 2002; 92: 97108.
Fall R, Kinsinger RF, Wheeler KA. A simple method to isolate biofilm-forming Bacillus
subtilis and related species from plantroots. Syst. Appl. Microbiol. 2004; 27: 372–
379.
Cazorla FM, Romero D, Pe´rez-Garcı´a A, Lugtenberg BJJ, de-Vicente A, Bloemberg G.
Isolation and characterization of antagonistic Bacillus subtilis strains from the
avocado rhizoplane displaying biocontrol activity. J. Appl. Microbiol. 2007 ; 103:
1950–1959
Nagórska K, Bikowski M, Obuchowski M. Multicellular behaviour and production ofa
wide variety of toxic substances support usage of Bacillus subtilis as a powerful

July - August

2014

RJPBCS

5(4)

Page No. 1602

ISSN: 0975-8585

[12]
[13]
[14]
[15]

[16]

[17]
[18]

[19]
[20]

[21]
[22]

[23]

[24]
[25]

[26]

[27]

[28]

biocontrol agent. Acta. Biochim. Pol. 2007; 54: 495-508.
Earl AM, Losick R, Kolter R. Ecology and genomics of Bacillus subtilis Trends in
Microbiol. 2008; 16 (6): 269-275.
Janssen PH. Identifying the Dominant Soil Bacterial Taxa in Libraries of 16S rRNA and
16S rRNA Genes. Appl. and Environmental microbiolo. 2006; 1719-1728.
Salman V, Amann R, Shub DA, Schulz-Vogt HN. Multiple self-splicing introns inthe
16S rRNA genes of giant sulfur bacteria. PNAS 2012; 109 (11): 4203-4208.
Reyaz AL, Shahanaj I, Gunapriya L, Nancy D, Karthik C, Indra AP. Plasmid profiling of
indigenous Bacillus thuringiensis isolated from Tamil Nadu and Kashmir. J. of
pharmacy research 2013 ; (6): 325 - 330.
Berekaa MM. Improved exopolysaccharide production by Bacillus licheniformis
strain-QS5 and application of statistical experimental design. Int. J. Curr. Microbiol.
App. Sci. 2014; 3(4): 876-886.
Luria SE, Burrous JW. Hybridization between Escherichia coli and Shigella. J.
Bacteriol. 1995; 74: 461-476.
Claus D, Berkeley CW. The genus Bacillus. In: Bergey’s Manual of Systematic
Bacteriology. Vol 2.Sneath PHA (Ed). Williams, Wilkins, Baltimore. 1986; 34: 11051139.
Ismet Berber. Characterization of Bacillus species by numerical analysis of their
SDSPAGE protein profiles Journal of Cell and Molecular Biology, 2004; pp: 33-37.
Sayed AIH, EL-Morsy SI, Abd-Aal SK, Asker MMS, EL-shaer HFA. Production of
sulfated polysaccharide from Arthrobacter fusants as Antiviral and Antioxidant AlAzhar J. Agric. Sci. Sector Res. 2010 ; (9):15-37.
Laemmli U K. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4.Nature (London). 1970; 227: 680-685.
Mohamed HAA, Haggag WM , Attallah A G. Genetic enhancement of Trichoderma
viride to overproduce different hydrolytic enzymes and their biocontrol potentiality
against root rot and white mold diseases in bean plants. Agric. Biol. J. N. Am., 2010;
1(3): 273-284.
Slepecky RA, Hemphill HE. The Genus Bacillus Nonmedical in “The Prokaryotes”. Vol
II. Balows A, Trüper HG, Drowkin M, Tno WH, Schleifer KH (Ed). Springer-Verlag,
New-York, Berlin, Heidelberg, London, Paris, Tokyo, Hong-Kong, Barcelona,
Budapest. 1992; 48: 1697-1745.
Patil SV, Bathe GA, Patil AV, Patil RH, Salunkea BK. Production of Bioflocculant
exopolysaccharide by Bacillus subtilis. Advanced Biotech. 2009; 4 –7.
Lereclus D, Vallade M, Chaufaux J, Arantes O, Rambaud S. Expansion of the
insecticidal host range of Bacillus thuringiensis by in vivo genetic recombination.
Biotech. 1992 ; 10: 418–421.
Hongyu Z, Ziniu Y, Wangxi D. Composition and ecological distribution of Cry proteins
and their genotypes of Bacillus thuringiensis isolates from warehouses in China. J.
Invertebr. Pathol. 2000; 76:191 - 197.
Molina-Aja A, Garcia-Gasca A, Abreu-Grobios A, Bolan-Mejia C, Roque A, Gomez-Grill
B. Plasmid profiling and antibiotic resistance of Vibrio strains isolated from cultural
panied shrimp. FEMS Microb. Let. 2002; (213): 7- 12.
Ombui JN, Mathenge JM, Kimotho AM, Macharia JK, Nduhiu G. Frequency of
antimicrobial resistance and plasmid profiles of Bacillus cereus strains isolated from
milk. East Afr. Med. J. 1996; 73: 380-384.

July - August

2014

RJPBCS

5(4)

Page No. 1603

ISSN: 0975-8585

[29]

[30]

[31]
[32]
[33]
[34]

[35]
[36]
[37]

[38]

[39]

[40]
[41]

[42]

[43]

Kashyap S, Amla DV. Characterisation of Bacillus thuringiensis kurstaki strains by
toxicity, plasmid profiles and numerical analysis of their cryIAgenes. African J. of
Biotech. 2007; 6 (15): 1821-1827.
Shishir A, Roy A, Islam N, Rahman A, Khan SN, Hoq M. Abundance and diversity of
Bacillus thuringiensis in Banglades handtheir crygenes profile. Environmental
Science. 2014; (2): 1- 10.
Chen K, Neimark H, Rumore P, Steinman CR. Broad-range DNA probes for detecting
and amplifying eubacterial nucleic acids. FEMS Microbiol. Lett. 1989; 57:19–24.
Relman DA. The search for unrecognized pathogens. Science. 1999; 284:1308–1310.
Pace NR. Microbial ecology and diversity. ASM News; 199965,328 – 333.
Jennifer LK, Lee AB, Miranda H, Peter M, John NK, Hung L, Jack TT. Methods of
studying soil microbial diversity. Journal of Microbiological Methods. 2004; 58 :169 –
188
Woese CR, Stackebrandt E, Macke TJ, Fox GE. A phylogenetic definition of the major
eubacterial taxa. Syst. Appl. Microbiol. 1985; 6:143–151.
Woese CR. Bacterial evolution. Microbiol. Rev. 1987; 51:221–271.
Figueiredo JEF, Gomes EA, Guimaraes CT, Lana PUG, Teixeira MA, Lima GVC, Bressan
W. Molecular analysis of endophytic bactria from the genus Bacillus isolated from
tropical maize (Zea mays L.). Brazilian J. of Microbiol. 2009 ; 40: 522-534
Vauterin L, Vantomme R, Pot B, Hoste B,Swings J, Kersters K. Taxonomic analysis of
Xhantomonas campestris pv. begonidae and X. campestris pv. pelargonii by means of
phythopathological, phenotypic, protein electrophoretic and DNA hybridization
methods. Systematic and Applied Bacteriol. 1990; 166-167.
Niemi RM, Niemela SI, Bamford DH, Hantula J, Hyvarinen T, Forsten T, Raateland A.
Presumptive fecal Streptococci in environmental samples characterized by onedimensional sodium dodecyl sulfate polyacrylamide gel electrophoresis. App and
Env. Microbiol., 1993 ; 2190-2196
Berber I, Cokmus C. Characterization of Bacillus sphaericus strains by Native-PAGE.
Bull of Pure and Appl Sci. 2001; 17-21.
Costas M. Classification, identification and typing of bacteria by the analysis of their
one-dimensional polyacrylamide gel electrophoretic protein patterns. In: Advances
in Electrophoresis. Chrambach A, Dunn NJ and Radola BJ (Ed). 1992; 351-408.
Zheng G; Slavik MF. Isolation, partial purification and characterization of a
bacteriocin produced by a newly isolated Bacillus subtilis strain. Letters in Applied
Microbiology., 1999; 363-367.
Atalan E, Manfio GP, Ward AC, Kroppestedt AC, Goodfellow M. Biosystematic studies
on novel Streptomycetes from soil. Antonie Van Leeuwenhoek.2000; 337-353.

July - August

2014

RJPBCS

5(4)

Page No. 1604

