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Abstract

In the present study nine reference Bacillus strains were characterized by whole-cell protein profiles using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). A numerical classification of the protein profiles
revealed two distinct clusters at 47% similarity level. Cluster 1 comprised four strains belongs to B. subtilis and B.
megaterium species at similarity levels changed between 67 and 85%, while cluster 2 consisted five strains belongs
to various Bacillus species at similarity levels changed between 50 and 70%. The strains of the cluster 2 were clearly
separated from that of cluster 1 by numerical analysis. Our results indicates that SDS-PAGE method combined with
computerized analysis of cellular protein profiles provide an effective approach to investigate of taxonomic
relationships within Bacillus species.
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Bacillus tiirlerinin SDS-PAGE protein profillerinin niimerik analizle karakterizasyonu

Ozet

Bu calismada, dokuz referans Bacillus irki sodyum dodesil siilfat poliakrilamid jel elektroforezi kullanilarak elde
edilen toplam hiicresel protein profillerine gore karakterize edildi. Protein profil sonuclari esas alinarak yapilan
niimerik siiflandirma %47 benzerlik diizeyinde iki ayr1 grup (cluster) olusturdu. Grup 1 benzerlik diizeyi %67-85
arasinda degisen B. subtilis ve B. megaterium tiirlerine ait dort irki; grup 2 benzerlik seviyesi % 50-70 arasinda
degisen farkli Bacillus tiirlerine ait bes irki icermektedir. Niimerik analizde grup 1’e ait irklar grup 2’den agikca
ayrilmaktaydi. Bizim sonuglarimiz, SDS-PAGE yontemiyle elde edilen hiicresel protein profillerinin bilgisayar
analizleriyle birlestirilmesinin Bacillus tiirlerinin taksonomik iliskilerinin incelenmesinde etkili bir yaklasim
sagladigim gosterdi.
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Introduction

The genus Bacillus are generally defined as gram-
positive, aerobic or facultative anaerobic, motile,
peritrichous flagella and endospore-forming rod-
shaped microorganisms (Claus and Berkeley, 1986).
This diversity was apparent even with classical

phenotypic characterization based primarily on
morphology, nutrition, growth characteristics; and
various substrate utilization and physiological
assessments (Slepecky and Hemphill, 1992). Although
physiological reactions are generally used to determine
the species of the genus, inconsistencies in test results
can make identification difficult (Ash et al., 1991).



34 Ismet Berber

Description of the genus has been improved by using
information obtained from DNA base composition and
DNA-DNA hybridization studies which was listed in
Bergey’s Manual of Systematic Bacteriology 40 (Claus
and Berkeley, 1986). However, in the literature there
are newly identified species which were shown to be
genetically and phenotypically distinct from other
Bacillus species and have not been described in
Bergey’s Manual (Slepecky and Hemphill, 1992).

A number of different methods have been used for
typing Bacillus species follow: Serotyping,
bacteriophage  typing, bacteriocin  activities,
antibiogram and biotyping, plasmid typing, analysis of
cellular fatty acid content, native-PAGE, small-subunit-
ribosomal RNA sequencing and genome analysis (Ash
etal., 1991; Berber and Cokmus, 2001). Although these
methods have been used for identification of Bacillus
species, characterization of these microorganisms is
still not well defined (Ivanova et al., 1999).

A 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 by SDS-PAGE of whole cell
extract have been found correlates closely with DNA-
DNA hybridization results suggests it could be
appropiate to use SDS-PAGE for rapid bacterial
identification (Vauterin et al., 1990; Niemi et al., 1993;
Berber et al., 2003).

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 (Kersters, 1985; Costas, 1992). This paper
describes PAGE results of nine reference Bacillus
species. The aim of the study was to evaluate the
usefulness of the technique as a taxonomic tool in this
genus.

Materials and methods
Bacteria and growth conditions

The test bacteria used in our study have been provided
from Prof Dr. Cumhur Cokmus (Department of
Biology, Faculty of Sciences, Ankara University
Ankara TURKEY). All cultures were grown at 30°C
for 24 h on NYSM (Difco, DETROIT)) agar and
propagated at least twice before use.

Preparation of whole-cell proteins

For each culture, a loopful of overnight growth on
NYSM agar plate was suspended in 15 ml NYSM
broth, and incubated on rotated incubator for 48 h (at
30°C, 150 rpm). Samples were then transferred into
1.3 ml eppendorf tubes, centrifuged for 3 minutes at
12,100 rpm, and the collected cells were washed three
times with distilled water. The washed cells were
stirred after adding 25 pl SDS-samples buffer on (0.06
M Tris-HCl, 2.5% Glycerol, 0.5% SDS, 1.25% B-
mercaptoethanol) and the proteins were denatured by
boiling the tubes for 5 minutes (Laemmli, 1970).

SDS-PAGE

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
Laemmli (1970). 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 R-250.

Data analysis

Gels were examined by naked eyes directly and the
protein profiles were recorded as binary data, that is, 1
or 0. The resultant data were typed into the MINITAB
(Version 13.1) program. This is a program for data
input and analysis of binary data and is run on IBM
computer. The similarity and relationship between the
protein traces of test strains were expressed in a
dendrogram derived by using the Pearson product-
moment correlation coefficient and unweighted pair
group method with arithmetic averages algorithm.

Results

Figure 1 shows the whole-cell protein profiles of
Bacillus species obtained by sodium dodecyl sulphate
polyacrylamide gel electrophoresis. There were
considerable differences in protein profiles of Bacillus
species at 20.000-66.000 kDa region. Most of Bacillus
species, except B. megaterium DSM 32 and B.
megaterium ATCC 1842, contain the protein band
(marked by 1) at the top of each lane. B. subtilis and B.



Figure 1: SDS-PAGE of whole-cell proteins of Bacillus
species. Lines: A, B. subtilis; B, B. subtilis DSM 10; C, B.
megaterium DSM 32; D, B. megaterium ATCC 1842; E, B.
licheniformis; F, B. megaterium; G, B. sphaericus MRS
400; H, B. thuringiensis var. israelensis; 1, B. cereus ATCC
7064; M, Molecular weight marker (x10° kDa).

subtilis DSM 10 strains had similar protein patterns for
the bands marked by 10 and 12 (lines A and B).
However, B. subtilis DSM 10 strain distinguished from
other strain with the presence of a band (marked by
16). B. megaterium DSM 32 (Fig 1, line C), B.
megaterium ATCC 1842 (Fig 1, line D) and B.
megaterium (Fig 1, line F) had crucial differences in
protein bands, although they belong to the strains of
same specie. These strains were separated from each
other in the presence or absent of some protein bands
marked by 3, 4, 6, 11, 13 and 15. B. licheniformis and
B. thuringiensis var. israelensis obviously differed
from other Bacillus species (Fig 1, lines E and H).
Moreover, some variations were observed between
protein profiles of two species (B. sphaericus MRS
400 and B. cereus 7064) and other Bacillus species
(Fig 1, lines G and I). Protein pattern of B. cereus 7064
strain was slightly similar to B. sphaericus MRS 400
strain, although, strain was distinguished by the
presence of four darkly protein bands (marked as 5, 8,
9, 14).

A dendrogram produced after numerical analysis of
the whole-cell protein profiles using the Pearson
product-moment  correlation  coefficient and
unweighted pair group method with arithmetic
averages algorithm (UPGMA) is shown in Figure 2.
Numerical analysis revealed clearly two distinct
clusters at a similarity level of 47% as shown in the
dendrogram (Fig 2). Cluster 1 comprised four strains
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Figure 2: Electrophoretic protein patterns and dendrogram
based on unweighted pair group method with arithmetic
averages algorithm (UPGMA) of the protein patterns of
whole-cell of Bacillus species.

at the similarity levels changed between 67 and 85%
belongs to B. subtilis and B. megaterium species. Two
members of the cluster 1 (B. subtilis and B. subtilis
DSM 10), formed the cluster at over 85 % of similarity
level, had a characteristic two pairs of banding pattern
at the 20.000-29.000 kDa in the molecular weight
region (Fig 1). Cluster 2 included five strains related to
different Bacillus species. The similarity level of
members of the cluster 2 changed between 50 and
70%. The strains of the cluster 2 were clearly separated
from cluster 1 by numerical analysis.

Discussion

Gram-positive, rod-shaped, aerobic or facultative
anaerobic spore-forming bacteria have been assigned
to the genus Bacillus. The genus Bacillus is
phenotypically heterogeneous with its members
exhibiting an extremely wide range of nutritional
requirements, growth conditions, metabolic diversity
and DNA base composition (Claus and Berkeley,
1986). In addition, the results of 16S rRNA sequence
analysis reconfirm the insufficient defined genera on
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the basis of phenotypic criteria (Woese, 1987).

Protein electrophoresis has been of great value for
delineation of numerous bacterial taxa (Vauterin et al.,
1990; Costas, 1992). Each of the different
electrophoretic techniques has its own discrimination
level and field of application. It is also widely
acknowledged that the electrophoretic separation of
cellular proteins is a sensitive technique which mainly
provides information on the similarity of the strains at
and below the species level. In addition, it is also
generally accepted that the objective comparison of
electrophoretic protein patterns provides a reliable
measure of genomic inter-relationship.

Our results have showed that electrophoretic
methods can provide valuable information which may
be used in identification of Bacillus strains. These
results are in good agreement with previous researches
(Lewis et al., 1987; Cokmus and Yousten, 1994; Zheng
and Slavik, 1999; Berber and Cokmus, 2001). It is
known that protein profiles of whole-cell and
extracellular proteins are good enough to distinguish
most of bacterial genera at species level (Elliott and
Facklam, 1993; Sacilik et al., 1998; Berber et al.,
2003). Some researchers (Costas et al., 1993; Cokmus
and Yousten, 1994; Atalan et al.,, 2000) also
differentiated the strains of Proteus species, strains of
Bacillus sphaericus and strains of Streptomyces
species by whole-cell proteins using SDS-PAGE at the
subspecies level.

The conventional tests based on the phenotypic
characteristics can clearly lead to misclassification in
some bacterial taxa. Recently, it has been reported that
the elecrophoretic technique, as a practical method, is
necessary for integrated use of phenotypic characters
in identification of bacterial genera at all level (Murray
et al., 1990). In our results, numerical analysis of one-
dimensional SDS-PAGE of the protein patterns of
whole-cell of Bacillus species provides a useful
approach towards clarifying relationship within the
Bacillus species. As each species cluster had
characteristically distinctive protein band patterns, we
suggest that simple visual comparison of the principal
bands provides a rapid means of identifying isolates
from various sources, by combination of cellular
protein patterns. We conclude that numerical analysis
of SDS-PAGE of whole-cell proteins is an extremely
useful in taxonomic assesment in studing Bacillus
species.
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