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SUMMARY

In the present study, seven reference Bacillus species
and a total of eighteen new facultative alkaliphilic Bacil-
lus strains, isolated from the water of Lake Van and its soil
surroundings, were identified using phenotypic charac-
teristics and the numerical analysis of whole-cell protein
profiles. According to morphological, biochemical and
physiological characteristics, it was found that the new
isolated strains belonged to Bacillus genus. In addition,
the research indicated that SDS-PAGE of polypeptides of
whole-cell extracts can provide more valuable taxonomic
information than conventional tests based on the pheno-
typic characteristics at the species and subspecies levels.
Numerical analysis of whole-cell protein profiles of test
strains revealed 4 basic clusters (I-IV) at dissimilarity val-
ues of 18.9 % or above. The results of numerical analysis
confirmed that each cluster had characteristic and distinc-
tive protein profiles. Indeed, this study showed that the
application of numerical analysis, coupled with the utiliza-
tion of a standardized identification system instead of sim-
ple quantitative comparison of protein patterns, greatly
enhanced the utilization of whole-cell protein profiles for
identification of the facultative alkaliphilic Bacillus species.

KEYWORDS: Lake Van, Bacillus spp., numerical analysis,
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INTRODUCTION

Lake Van, the world’s largest soda lake (volume
607 km®, area 3570 km?, maximum depth 450 m, lake level
1648 m above sea level, continental climate) is located on
the Anatolian high plateaus in eastern Turkey (38.5°N and
43°E). It has a pH of 9.7-9.8, and a salinity of 21.7%o con-
tributed to in equal shares by NaCl and sodium carbon-
ates, and with minor contributions from sulfate, potassium

and magnesium [1]. Soda lakes are highly alkaline aquatic
environments containing a number of alkaliphilic bacte-
ria [2]. Up to now, many of the microorganisms character-
ized from soda lakes have relatives in salt lakes, except
those being alkaliphilic or, at least, highly alkali-tolerant [3].
It was reported that Bacillus genera consist of alkaliphilic
strains, some of which are Gram-positive, endospore- form-
ing, aerobic and facultative anaerobic [4]. In the last dec-
ade, the taxonomical studies on alkaliphilic Bacillus strains
are rising due to possessing valuable and commercially
interesting enzymes [5].

The conventional identification and classification meth-
ods based on morphological, physiological and biochemi-
cal properties can clearly lead to misclassification in some
bacterial taxa. Due to this fact, the development and use of
new molecular methods for improving the identification and
detection of microorganisms are advisable [6, 7].

Some researchers have studied identification and char-
acterization of alkaliphilic Bacillus strains based on the
phenotypic characteristics, DNA-DNA relatedness data,
and phylogenetic analysis of the 16S rRNA sequence [8-
11]. Although these methods have been used for classifi-
cation of alkaliphilic Bacillus species, the characterization
of these microorganisms is still considered to be compli-
cated [6, 12].

Protein electrophoresis has been of great value for the
delineation of numerous bacterial taxa. The primary level of
information for identification of bacteria is given by nucleo-
tide base sequencing. Second level information is given by
the cellular proteins, and different types of electrophoresis
are used to explore relationship at this level [13]. SDS elec-
trophoresis in a discontinuous system is, by far, the most
widely used electrophoretic technique in bacterial systemat-
ics. The protein profiles produced by SDS-PAGE of whole
cells and extra-cellularly by bacteria have been observed to
correlate closely with DNA-DNA hybridization results, and
to be suitable for rapid bacterial identification [14-17].
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Computer-aided numerical analysis of protein patterns
has a high potential in microbial systematics. High resolu-
tion polyacrylamide gel electrophoresis (PAGE) of proteins
with computerized analysis of profiles provided an effec-
tive approach to the investigation of taxonomic relation-
ships among many bacterial species [18, 19]. The aim of the
present study is to identify seven reference Bacillus species
and eighteen new alkaliphilic Bacillus strains, isolated from
the water of Lake Van and the soil of its surroundings. The
strains were identified, based on phenotypic characteris-
tics and the numerical analysis of whole-cell protein pro-
files.

MATERIALS AND METHODS

Fresenius Environmental Bulletin

Bacteria and growth conditions

The reference bacteria used in this study were provided
from various researchers: B. megaterium GCM 1842, B.
megaterium DSM 32 and B. cereus ATCC 7064 from Prof.
Dr. Cumhur Cokmus (Department of Biology, Faculty of
Sciences, Ankara University, Tandogan 06100 Ankara,
Turkey), B. sphaericus MRS 400 from Prof. Dr. Allan A.
Yousten (VPI & State University, Blacksburg, VA, USA),
and B. firmus ATCC 14573, B. pseudofirmus OF4 and B.
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alcalophilus ATCC 27647 from Dr. Arthur A. Guffant1 and
Dr. Terry A. Krulwich (Department of Biochemistry, Mont
Sinai School of Medicine of the City University of New
York, 10029 New York, USA). The nonalkaliphilic strains
were cultivated at 30 °C and pH 7.5 for 24 hrs in Nutrient
Yeast Salt Broth (NYSM) medium consisting of 0.8% nu-
trient broth (Difco), 0.05% yeast extract (Difco), CaCl, x
2H,0 - 7.0 x 10* M, MnCl, x 4 H,0 - 5.0 x 10”° M, and
MgCl, x 6 H,O - 1.0 x 107 M, whereas the alkaliphilic
strains were propagated at 30 °C and pH 7.5 for 24 hrs in
Peptone Yeast Alkali Broth (PYA) medium consisting of
1% soluble starch (Difco), 0.5% polypeptone (Difco), 0.5%
yeast extract (Difco), 0.1% K,HPO,, 0.02% MgSO, x 7H,0,
and 0.5% Na,CO;. The solution of Na,CO; were autoclaved
separately and added to the medium.

Isolation of alkaliphilic Bacillus spp.

New facultative alkaliphilic Bacillus strains were iso-
lated from the water of Lake Van and the soil of its sur-
roundings (Figure 1) by using the isolation procedure of
Horikoshi and Akiba [20], and PYA Agar medium (1%
soluble starch (Difco), 0.5% polypeptone (Difco), 0.5%
yeast extract (Difco), 0.1% K,HPO,, 0.02% MgSO, x 7TH,0,
0.5 % Na,COs, 2% Agar, pH 10.5).

—-—— Caichment boundary
~—+-+—s-= Political boundary

FIGURE 1 - Location of Lake Van, Turkey and map of the sampling points.
(1 Campus Area, 2 Lake Ercek, 3 Edremit, 4 Gevas, 5 Tatvan, 6 Ahlat, 7 Adilcevaz, 8 Ercis, 9 Adir island, 10 Cakirbey).
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Physiological and morphological properties of the strains

For the phenotypic test studies, the following refer-
ence strains were used: B. megaterium GCM 1842, B.
megaterium DSM 32, B. sphaericus MRS 400, B. cereus
ATCC 7064, B. firmus ATCC 14573, B. pseudofirmus OF4,
and B. alcalophilus ATCC 27647. New isolated strains in
the present study were identified by conventional micro-
biological methods [20-22]. The morphology of vegetative
cells and sporangia, and the shape and position of spores
were observed under a phase contrast microscope (Nikon,
Japan). In addition, the following phenotypic tests were
performed: motility, catalase and oxidase test; anaerobic
growth; Voges-Proskauer test; methyl red test; gas produc-
tion from glucose; degradation of starch, urea and casein;
acid from D-glucose, L-arabinose, D-xylose, D-mannitol,
fructose, galactose, maltose, lactose, inulin and sucrose; de-
gradation of tyrosine; deamination of phenylalanine; egg-
yolk lecithinase; nitrate reduced to nitrite; formation of
indole; H,S production; DNase test; utilization of citrate;
NaCl and KCl required; growth at pHs 6.8 and 5.5 of nutri-
ent broth; growth in NaCl 2%, 5%, 7% and 10%; and growth
at 10, 30, 40, 45 and 50 °C.

Antibiotic sensitivity

Sensitivity to antibiotics was determined by using the
routine diffusion plate technique. Reference Bacillus strains
(Nutrient Yeast Salt Agar medium at pH 7.5) and alkaliphilic
strains (Peptone Yeast Alkali Broth medium at pH 7.5) were
grown overnight at 30 °C, and used to prepare suspensions
with optical density of 0.5 McFarland Standard (1.5 x 10
cells per mL). 100 uL of each test bacterium was plated
onto the agar, and disks containing antibiotics were placed
onto the surface of the medium. After overnight-incubation
at 30°C, the diameters of the zones of growth inhibition
were measured. The following antibiotics were used (pg/
disk): imipenem (10 pg), ceftizoximine (30 pg), ciproflox-
acine (5 pg), cefodizime (30 pg), ofloxacine (5 pg), amox-
icillin and clavulanic acid (10 pg), and sulbactam/ ampicil-

lin (20 pg).
Extraction of whole-cell proteins from bacteria

All test strains were, at least, propagated in duplicate
to prepare the synchronous culture. For each synchronous
culture, 100 puL was inoculated into 15 mL NYSM or PYA
broth, and incubated under rotation for 48 hrs (at 30 °C,
150 rpm). Each sample was centrifuged for 5 min at 12,
100 rpm, and the pellet collected was resuspended in 200 pL
of CelLytic™ B-II Bacterial Cell Lysis/Extraction Reagent
(Sigma) [23]. The suspension was incubated for 30 min at
room temperature. Afterwards, the sample was again cen-
trifuged and 80 uL from each sample was transferred into
anew 1.5 mL Eppendorf tube. Then, 25 uL of SDS-samples’
buffer (0.06 M Tris-HCI, 2.5% glycerol, 0.5% SDS, 1.25%
-mercaptoethanol) was added and the whole mixture was
vortexed to ensure good homogenization. The prepared
samples were kept on a boiling water bath for 5 min and
denaturated proteins stored at -70 °C until electrophoresis.
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SDS-PAGE

Solubilized proteins were subjected to SDS-PAGE
in gel slabs of 1 mm thickness (3.5 cm, 4% stacking and
15.5 cm, 12% resolving gels) as described by Laemmli [24].
Electrophoresis was performed with a discontinuous buffer
system in an UVP Vertical Electrophoresis Unit (Cam-
bridge, UK). The gel was run at 30 mA, until the bromo-
phenol blue marker had reached the bottom of the gel.
Protein molecular masses were calculated on the basis
by comparison with the following standards (Prestained
SDS-PAGE Standards, High Range, BIO-RAD): myosin
(201 kDa), B-galactosidase (118 kDa), bovine serum al-
bumin (83 kDa), and ovalbumin (48 kDa). After electro-
phoresis, the gels were rinsed out for 20 min in an isopro-
panol-acetic acid-water (1:3:6) solution, then for 5 min in
methanol-acetic acid-water (3:1:6) solution. Then, the gels
were stained for 6 hrs in 0.01 % (w/v) Coomassie Bril-
liant Blue R-250. Afterwards, the gels were destained in a
methanol-acetic acid-water (3:1:6) mixture, until protein
bands became clearly visible.

Statistical analysis of protein profiles

The gels were scanned via densitometer (Desaga CD-
60 Densitometer, Germany), and the molecular weight of
each band was determined by one-dimensional analysis
software (Lab Image Version 2.6, Halle, Germany). Data
were coded as 0 (absent) and 1 (present). A hierarchical
cluster analysis was performed using the average linkage
method with the squared Euclidean distances [25]. The
dendrogram, based on the whole-cell protein patterns of
the test strains, was constructed by the program SPSS for
Windows, version 12.0 (Chicago, I11., USA).

RESULTS AND DISCUSSION

In the present research, eighteen facultative alkaliphilic
Bacillus strains isolated from the water of Lake Van and
its surrounding soil were examined. Morphological and
physiological characteristics revealed that the new strains
were all members of Bacillus genus. Morphological, physio-
logical and biochemical properties of newly isolated strains
are presented in Table 1. The data show that all strains are
Gram-positive, acrobic rod, endospore-forming, facultative
alkaliphilic, peritrichously flagellate, motility and catalase-
positive. Spores were generally ellipsoidal without paraspo-
ral crystals, and located central and terminal, swelling in
the young sporangium, except two strains numbered by
57 and 107. The strains were cultivated in nutrient broth
at pHs between 6.8 and 10.5, and optimum pH was found
to be 9. This case indicated that all strains were faculta-
tive alkaliphilic. All the new strains were able to grow at
temperature from 20 °C to 40 °C. The optimum growth
temperature was 30 °C, but no growth was observed under
10 °C and above 50 °C. The native strains showed salt tol-
erance at NaCl concentrations upto 5%. But, the strains
numbered by 70, 74, 103 and 105, did not grow at 5% NaCl
salinity. Other phenotypic characteristics of the strains were
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determined to have the particular ability to reduce nitrate, | duction, gas production from glucose, methyl red and Vo-
utilization of citrate, acid formation from various carbo- | ges-Proskauer tests, and DNase and lecithinase activities
hydrates, hydrolysis of casein, starch and urea, H,S pro- | (listed in Table 1). The results of antibiotic tests indicated

TABLE 1 - Morphological and phenotypical properties of the native and reference Bacillus strains.

Properties

42
79
101
70
74
77
86
103
105
107
4
8
9
30
31
34
40
57
B. pseudofirmus OF4
B. firmus ATCC 14573
B. sphaericus MRS 400
B. megaterium DSM 32
B. cereus ATCC 7064
B. megaterium GCM 1842

+ 1 ®|3| B. alcalophilus ATCC 27647

SDS-PAGE lane numbers” 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 23 24 25 26
Cell shape R R R R R R R R R R R R R R R R R R R R R R R R
Position of spore T T T T T T T T T C T T T T T T T C T C T C c C
Sporangium swollen + o+ + + + + + + + - + + + + + + + - - - + - - -
Parasporal crystals - - - - - - - - - - - - - - - - - - - - - + - - -
Motility + o+ + + + + + + + + + + + + + + + + + + + + + + o+
Flagellation peritrichous + + + + + + + + + 4+ + + 4+ + + + + + + + 4+ + + 4+ +
Gram stain + o+ + + + + + + + + + + + + + + + + + + + + + + o+
Catalase + o+ + + + + + + + + + + + + + + + + + + + + + + o+
Anaerobic growth - - - - - - - - - - - - - - - - - - - - - - - + -
Oxidase + o+ + + + + + + + + + + + + + + + + + + + + + B
Voges-Proskauer - - - - - - - - - - - - - - - - - - - - - - - + -
Methyl red - - + - - - - - - - - - - - - - - - - - - - - -
Acid from D-Glucose - - - - - - - - - - - - - - R + R + R + o+ R + o+ 4
" L-Arabinose - - - - - - - - - - - - - - - - - + - + - - -
" D-Xylose - - - - - - - - - - - - - - - - - - - - + - - - -
" D-Mannitol - - - - - - - - - - - - - - - - - - + + + - - - -
" Fructose - - - - - - - - - - - - - - - - - - + - + - - - -
" Galactose - - - - - - - - - - - - - - - - - - + - - - - -
" Maltose - - - - - - - - - - - - - - - - - - - - + - - + -
" Lactose - - - - - - - - - - - - - - - - - - - - + - - - -
" Inulin - - - - - - - - - - - - - - - - - - - - - - - - -
" Sucrose - - - - - - - - - - - - - - - - - + - - + - - + -
Gas from Glucose - - - - - - - - - - - - - - - - - - - - - - - -
Hydrolysis of Casein - + + + + - + - - - - - - + + + + - + + + _ + + o+
" Starch - - - - - - - - - - - + - - - R R R + o+ 4+ R L+ 4
Degradation of Tyrosine - - - - - - - - - - - - - - - - - - - - - - - + -
Deamination of
Phenylalanine B . B B . B B B B B B B ” ” B B B ° ° ° oot - ot
Egg-yolk lecithinase - - - - - - - - - - - - - - - + - - - - - - - - -
Reduction of Nitrate + + + - + + + + + + - - - + + + + + - - - - + - -
Formation of Indole - - - - - - - - - - - - - - - - - - - - - -
NaCl and KCl required - - - - - - - - - - - - - - - - - - - - - - - - -
Hydrolysis of Urea + - + - - - - - - - - + + + + + + + - - - - - - -
H,S production - - - - - - - - - - - - + + - - - + - - - -
Growth at pH 6.8 + + + + + + + + + + + + + + + + + + + - + + + + +
Growth at pH 5.5 + - + + + + + + + - + + + + + - +
DNase + o+ + - - - - - - + o+ o+ o+ o+ o+ + + + + - - - + -
Utilization of Citrate - - - - - - - - - - - - - - - - - - - - - + + + +
Growth in 2% NaCl + o+ + + + + + + + + + + + + + + + + + - + + - - -
" 5% NaCl + o+ + - - + - - - + + + + + + + + + + - - - - - -
" 7% NaCl - - - - - - - - - - - - - - - - - - + - - - - - -
" 10% NaCl S oo oo oo oo oo e e e e e
Growth at 10°C - - - - - - - - - - - - - - - - - - - - - - - + +
" 30°C + o+ + + + + + + + + + + + + + + + + + + + + + + o+
" 40°C + o+ + + + + + + + + + + + + + + + + + + + + + + o+
" 45°C + o+ - - - - - - - - + - - - + - + + - - - - - - -
" 500C - - - - - - - - - - - - - - - - - R R R R R - - -
Antibiotics susceptibility”:
Imipenem 27 30 29 33 35 30 36 32 33 35 29 30 30 33 27 35 26 25 48 46 35 20 36 42 44
Ceftizoximine 24 28 22 30 30 32 33 27 18 22 30 21 21 27 23 26 21 20 40 9 26 27 14 31 40
Ciprofloxacine 20 30 29 25 25 26 25 25 26 30 24 24 23 22 19 27 15 14 38 35 32 15 26 40 34
Cefodizime 13 18 16 21 21 24 23 21 9 22 25 17 17 18 13 19 11 10 28 17 20 33 11 26 33
Ofloxacine 16 26 24 24 27 20 25 23 23 24 20 20 20 19 18 23 15 16 30 30 26 12 24 32 33
Amoxicillin-and 20 24 23 28 28 32 30 25 27 22 26 27 27 22 22 25 22 21 40 40 25 12 12 28 26
clavulanic acid
Sulbactam-ampicillin 8 9 8 17 8 - 10 9 - 11 8 10 10 10 8 8 7 8 15 15 9 10 8 19 19
Locality no 310 2 9 8 8 1 2 2 5 4 4 4 6 3 3 3 7

R: cell form rods; T: terminal spore; C: central spore; +: positive and -: negative; “Numbers correspond to the lane in Fig. 2; *Diameter of inhibition zone (mm)
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that reference Bacillus strains and native isolates had al-
most equal sensitivity against the tested antibiotics. Never-
theless, native strains were fairly resistant against sulbac-
tam-ampicillin antibiotic.

The analysis of whole-cell protein profiles of the ref-
erence and new facultative alkaliphilic Bacillus strains,
obtained by one-dimensional denaturing gel electrophore-
sis, are shown in Figure 2. The protein profiles of tested
bacterial strains were inspected visually and compared
with each others. The protein profiles of the test strains

1 2 3 4 5 6 7 8 910 M
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revealed considerable differences; however, there were
some similar protein bands between new strains and refer-
ence Bacillus strains. The test strains have curiously dis-
tinctive protein bands in the range of molecular weights be-
tween 83-201kDa.

The numerical analysis of the whole-cell protein pro-
files used for average linkage method with the squared
Euclidean distances yielded a dendrogram, consisting of
four basic clusters (I-IV) at dissimilarity values of 18.9 %
or above (Figure 3). Cluster I comprised B. sphaericus
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FIGURE 2 - SDS-PAGE of whole-cell protein profiles of the reference and the native Bacillus strains. Lanel, molecular
weight standards (kDa); lanes 2-19, the native strains; lines 20-26, the references strains. Lanes are identified in Table 1°.
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FIGURE 3 - Grouping of the reference and the native Bacillus strains studied using cluster analysis (the
squared Euclidean distances and average linkage clustering method) based on whole-cell protein profiles.
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MRS 400, B. alcalophilus ATCC 27647 and two new
facultative alkaliphilic strains, numbered as 4 and 107, at
dissimilarity level between 0.8 % and 20 %. Cluster 1I had
5 facultative alkaliphilic strains numbered as 9, 30, 31, 34
and 40. The dissimilarity levels of the members of this
group changed between 0.9 % and 12.4 %. The third clus-
ter included three reference strains (B. pseudofirmus OF4,
B. firmus ATCC 14573, and B. cereus ATCC 7064), which
had 10 % of maximum distance. Cluster IV was divided in
two subclusters (IVa and IVb) including B. megaterium
GCM 1842, B. megaterium DSM 32 and 11 new strains (8,
42,57,70,74,77,79, 86, 101, 103 and 105). Those strains
were similar to B. megaterium GCM 1842 or B. megaterium
DSM 32. Besides, the members of this cluster had the high-
est similarity of protein profiles.

A number of researchers have reported that the strains
of the genus Bacillus are recognized as being more pheno-
typically heterogeneous than most other bacterial genera
[26]. Truly, this genus exhibits a wide diversity of physio-
logical ability, since the members of the genus are able to
live in very different kinds of habitats. There is a diverse
group of Bacillus species living in highly-alkaline terres-
trial and aquatic environments. In the past decade, a full
revision of alkaliphilic Bacillus classification was marked
according to their phylogenetic and phenotypic character-
istics [12, 21, 27]. The species of alkaliphilic and nonalka-
liphilic Bacillus genera are notoriously difficult to be iden-
tified by traditional methods, based on their physiological
and morphological properties [6, 7, 12].

According to the present study, morphological, bio-
chemical and physiological characteristics indicated that
the new isolated strains are closely related to Bacillus ge-
nus. The strains had almost similar biochemical characteris-
tics. For instance, they did not utilize much carbohydrate
for growth, except for glucose. Although the new isolated
strains have been extensively investigated as a representa-
tive strain of facultative Bacillus, their taxonomic position
is not yet known. As a result, it was determined that the
conventional tests based on the phenotypic characteristics
were insufficient for the differentiation of the native iso-
lates.

Great attention has been given to protein electropho-
resis, for the identification of a number of bacterial genera
[14]. It is also widely acknowledged that the electropho-
retic separation of cellular proteins is a sensitive technique,
which mainly provides information on the similarity of the
strains at and below the species level. The results of this
study obviously showed that the electrophoretic method can
provide more valuable information than phenotypic meth-
ods at and below the species levels, and may be used for
the discrimination of some new isolated and other Bacillus
strains. The results are in good agreement with previous
studies, which observed that some Bacillus species displayed
distinct band variation in their SDS-PAGE whole-cell pro-
tein patterns at the species and subspecies level [28, 29].
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Analysis of whole-cell protein profiles of the Bacillus
strains is useful for characterizing these microorganisms
at the species and below the species level. However, com-
puter-aided numerical analysis of protein patterns has pro-
vided more useful information at subspecies level [14, 17].
In the present study, SPSS program was used to analyze
the data because of the difficulties in the visual interpreta-
tion of the bands, obtained in SDS-PAGE of whole-cell
proteins. According to the results of the numerical analy-
sis of whole-cell protein extracts, the new Bacillus isolates
scattered distinctly within the reference Bacillus species.
The results of numerical analysis confirmed that each clus-
ter had characteristical and distinctive protein profiles. For
example, the members of clusters [Va and IVb had the high-
est similarity of protein profiles related to B. megaterium
DSM 32 strain (Fig. 2). The members of Cluster II had very
similar protein profiles. However, there were some minor
band variations. Besides, protein profiles from particular
strains of the B. alcalophilus ATCC 27647 and B. sphaeri-
cus MRS 400 species were put into a distinct cluster (Fig. 3).
Cluster III included three reference strains (B. pseudofir-
mus OF4, B. firmus ATCC 14573, and B. cereus ATCC
7064), and it was slightly differed from Clusters [Va and
IVb. The data presented here led the author to make four
main clusters of new alkaliphilic Bacillus strains, which are
similar to different reference Bacillus strains. Indeed, nu-
merical analysis of one-dimensional SDS-PAGE of protein
profiles of the native and reference strains was concluded
to provide more useful approach towards clarifying rela-
tionship within Bacillus species, compared to visual inspec-
tion of protein bands.

In conclusion, this study showed that the application of
numerical analysis, coupled with the utilization of a stan-
dardized identification system, instead of simple quantita-
tive comparison of protein patterns, greatly enhanced the
utilization of whole-cell protein profiles for identification
of the native and reference Bacillus species. In addition,
the protein patterns of the isolated facultative alkaliphilic
Bacillus strains possibly represent new species of this ge-
nus. The numerical analysis of whole-cell protein profiles
obtained by SDS-PAGE can provide valuable taxonomic
position about new facultative alkaliphilic Bacillus strains.
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