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Summary

Sequencing of the 16S rDNA hypervariant region was applied to determine the

presence and composition of Bacillus species in 40 soil samples randomly collected
from different habitats in EI-Omayed biosphere reserve, Egypt. Although purified cul-
tures showed 18 different phenotypes that were morphologically distinct on a sporu-
lation medium plate, only 4 different nucleotide sequences designated Seq A, B, C
and D were revealed. Computational analysis of DNA sequence data suggested that
17 of these isolates are closely related members of the Bacillus cereus/thuringiensis
group (Seq B, C and D) and one isolate is belonging to the Bacillus subtilis group
(Seq A). Further phenotypic investigations confirmed the diversity of the 17 novel
Bacillus cereus/thuringiensis isolates and indicated that the new Bacillus subtilis
group isolate is a Bacillus amyloliquefaciens strain. A simple phenotypic discrimina-
tion key that can be applied for distinguishing between such closely related Bacillus
cereus/thuringiensis members is presented.
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Introduction

Soil is the main reservoir of the genus Ba-
cillus [26]. Members of this genus are used for
the synthesis of a very wide range of impor-
tant medical, agricultural, pharmaceutical and
other industrial products. These include a va-
riety of antibiotics, enzymes, amino acids and
sugars [11].

Sequencing of the 16S rDNA hypervariant
region (approx 275 bp close to the 5’ end re-
gion) is a rapid and reliable way for Bacillus
classification and basically informative at spe-
cies level [4]. Nevertheless, full sequencing of
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the16S rDNA gene is sometimes useful for
more detailed classification within some Bacil-
lus groups. On the other hand, closely related
taxa are often extremely similar in their 16S
rDNA sequences [13]. For instance, some mem-
bers of the Bacillus cereus group (B. anthracis,
B. cereus and B. thuringiensis) have high levels
of 16S rDNA sequence similarity (>99 %) [21].
However, some phenotypic characters
such as B-hemolytic activity can be used to
distinguish between B. cereus and B. thurin-
giensis on the one hand and B. anthracis on



the other hand [5, 14, 20].

The main objective of the present work is
to explore the presence and composition of
Bacillus species in representative soil samples
collected from EI-Omayed biosphere reserve in

Egypt. Eighteen different spore forming bac-
terial strains were isolated, characterized and
identified at the molecular level. A discrimina-
tion key for distinguishing between closely
related individual members is presented.

Materials and Methods

Bacterial isolation. The study area, El-
Omayed biosphere reserve, is a part of the
northwestern Mediterranean coastal zone of
Egypt [8]. Forty soil samples were collected
from five natural habitat types, including coa-
stal dunes, inland ridges with skeletal shallow
soils, saline marshy depressions, non-saline
depressions and inland plateau. In all cases,
soil samples were taken from 2 to 5 cm layers.
A gram of each well-mixed sample was sus-
pended in 50 ml of 2 x SG sporulation medium
[23], then incubated at 37 °C under shaking
conditions (200 rpm) for 48 h. Vegetative cells
were killed by adding chloroform (1 % v/v),
vortexing and keeping for 24 h at room tem-
perature. Spores were germinated by plating
0.1 ml of each spore suspension with and with-
out dilutions, into solidified 2 x SG medium. Iso-
lated colonies were further purified by streak-
ing on agar plates of the same medium.

Reference strains. B. cereus 4F1 and
B. thuringiensis 4A1 were obtained from Ba-
cillus Genetic Stock Center (BGSC), Ohio
State University, Columbus, OH, U.S.A. B. amy-
loliquefaciens 23350 was obtained from Ame-
rican Type Culture Collection (ATCC) and
B. subtilis 3007 was obtained from the Institute
for Fermentation, Osaka (IFO), Japan.

Phenotypic analyses. Pure cultures were
examined for motility, Gram reaction, spore mor-

phology, Voges- Prauskauer test, citrate utili-
zation, nitrate reduction, B-hemolytic activity,
catalase and oxidase expression and produc-
tion of acids from D-glucose, L-arabinose, D-xy-
lose and D-mannitol [5, 2, 24]. The expression
of some other enzymes such as B-glucosida-
se and N-acetyl-B-glucosaminidase was also
examined in addition to the ability to degrade
Tween 80, gelatin, casein, chitin, starch, pectin
xylan and mannan [9, 18]. Fatty acid profiles
were determined using the method described
by Sasser [22].

DNA preparation and PCR amplification.
Bacterial cells were obtained from late-exponen-
tial cultures shaken in LB medium at 37 °C.
Genomic DNA of Bacillus strains was prepared
for PCR amplification [25] and the primers used
for PCR and sequencing are shown in Table 1.
The primers 16S-1 and 16S-2 were used to
amplify a fragment of about 270 bp that inclu-
des the 16S rDNA hypervariant region [27]. F9
and R1510 primers were used to fully amplify
the 16S rDNA gene. F9, F515, F785, F1099,
R1510, R1115, R802 and R536 were separa-
tely used for DNA sequencing. The PCR reac-
tion mixture contained 200 uM of each dNTP,
0.5 pM primers, 10 mM tris-HCI pH 8.3, 1.5 mM
MgCl,, 50 mM KCI, 2.5 U Taq polymerase and
about 100 ng of template DNA. For 16S-1 and
16S-2, amplicons were obtained with a PCR

Table 1. Primers specific for 16S rDNA.

Primer | Sequence (5" to 37)

16S-1' | TGGCTCAGAACGAACGCTGGCGGC
16S-2'" | CCCACTGCTGCCTCCCGTAGGAGT
F9? GAGTTTGATCCTGGCTCAG

F5152 | GTGCCAGCAGCCGCGGT

F7852 | GGATTAGATACCCTGGTAGTC
F1099> | GCAACGAGCGCAACCC

R1510° | GGCTACCTTGTTACGA

R1115° | AGGGTTGCGCTCGTTG

R8022 | TACCAGGGTATCTAATCC

R5362 | GTATTACCGCGGCTGCTG

Note: 1According [27]; 2 Department of Biochemistry and Bioscience,
Faculty of Science, Kagoshima University, Japan.
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cycling program of 94 °C for 5 min, 30 cycles
at 94 °C for 30 s, 55 °C for 30 s and 72 °C for
30 s. At the end, the reaction was incubated at
72 °C for 7 min. For F9 and R1510, the cycling
program was 95 °C for 3 min, 30 cycles at 95 °C
for 30 s, 55 °C for 15 s and 72 °C for 1 min and
at the end, the reaction was incubated at 72 °C
for 5 min. Amplicons were visualized by electro-
phoretic separation on 2 % agarose gels stain-
ed with ethidium bromide.

DNA sequencing and data analysis. PCR
fragments were purified by QIAquick PCR puri-
fication reagents (Qiagen), labeled with Big Dye

Terminator Cycle Sequencing Kit and DNA se-
quences were obtained using ABI PRISM 310
sequencer (Perkin Elmer, Applied Biosystem,
USA). Homology search was performed aga-
inst DDBJ (DNA Data Base Japan) using Blast
program. Multisequence alignment and molecu-
lar phylogeny analyses were performed using
ClustalW (a distance-based analysis program).
The resulted tree topology was evaluated using
bootstrap analysis of the neighbor-joining me-
thod based on 1000 resamplings [3]. All sequen-
ces have been deposited in the Gen-bank and
their accession numbers are given in Table 2.

Table 2. Accession numbers of the novel Bacillus soil isolates.

Lst?rlr?ézr Sequence type Accession number
EM44 16S rDNA partial sequence DQ389737
EM62 16S rDNA partial sequence DQ389738
EM1 16S rDNA partial sequence DQ389739
EM3 16S rDNA partial sequence DQ389740
EM4 16S rDNA partial sequence DQ389741
EM15 16S rDNA partial sequence DQ389742
EM25 16S rDNA partial sequence DQ389743
EM33 16S rDNA partial sequence DQ389744
EM35 16S rDNA partial sequence DQ389745
EM37 16S rDNA partial sequence DQ389746
EM42 16S rDNA partial sequence DQ389747
EM46 16S rDNA partial sequence DQ389748
EMS0 16S rDNA partial sequence DQ389749
EMS52 16S rDNA partial sequence DQ389750
EMS58 16S rDNA partial sequence DQ389751
EM60 16S rDNA partial sequence DQ389752
EM63 16S rDNA partial sequence DQ389753
EM29 16S rDNA partial sequence DQ389754
EM44 16S rDNA full sequence DQ389755

Results and Discussion

A number of spore-forming bacteria iso-
lated from 40 different soil samples showed
18 different phenotypes that were morpholo-
gically distinct on sporulation medium plates.
Colony morphology of the isolate EM44 was
very unique because of its wrinkled configu-
ration. All isolates were further purified for
molecular and phenotypic characterization.
Preliminary results showed that all of the iso-
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lates are Gram positive bacilli and form oval
spores that do not cause mother cell swelling.

Sequencing of the hypervariant region
(275 bp) of 16S rDNA [4] in the 18 soil isolates
resulted in only 4 different nucleotide sequen-
ces designated Seq A, B, C and D. Based on
theses sequences and their comparative com-
putational analyses, phylogenetic positions of
the experimental isolates are shown in Fig. 1.
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Fig. 1. A phylogenetic tree based on partial sequencing of the 16S rDNA gene. The tree was constructed
by neighbor-joining method using ClustalW software. The scale indicates substitutions per site.
The numbers at the nodes indicate the frequency of occurrence in 1000 bootstrapped trees. App.:
Seq A, isolate EM44; Seq B, isolate EM62; Seq C, isolates EM1, EM3, EM4, EM15, EM25, EM33,
EM35, EM37, EM42, EM46, EM50, EM52, EM58, EM60 and EM63 and Seq D, isolate EM29.

These results suggested that the isolate EM44,
which carries Seq A, is belonging to the B. sub-
tilis group and that each of the other 17 isolates,
which comprise Seq B, C or D is likely a mem-
ber of the Bacillus cereus/thuringiensis group.
For further characterization, the 18 isolates
together with representative reference mem-
bers of the genus Bacillus (B. cereus, B. thurin-
giensis, B. subtilis and B. amyloliquefaciens)
were examined with respect to some bioche-
mical and nutritional features. All strains expres-
sed catalase, chitinase and caseinase. Besi-
des, all of them were able to ferment D-gluco-
se producing stable acidic end products (po-
sitive methyl red test) but not neutral ones (ne-
gative Voges- Prauskauer reaction). On the
other hand, the utilization of pectin, xylan and
mannan; fermentation of D-xylose and expres-
sion of B-hemolytic activity appeared to be po-
werful features in differentiation between exami-
ned B. cereus and B. subtilis groups (Table 3).
Members of the B. cereus group, especial-
ly B. anthracis, B. cereus and B. thuringiensis,
are so closely related to each other that they
are treated by some authors as only one spe-
cies [10, 19, 7, 17]. Likewise, the novel 17 mor-
phologically distinct B. cereus/thuringiensis iso-
lates were grouped into only three clusters ba-

sed on the hypervariant region of the 16S rDNA.

According to the results presented in Table 3,
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a discrimination key is suggested for complete
resolution of these closely related isolates. The
ability to degrade Tween 80 can divide these
isolates into degraders and non-degraders. Then,
citrate utilization can subdivide each category
into 2 subgroups. Sequential tests including nit-
rate reduction, mannitol utilization, gelatin hyd-
rolyses, N-acetyl-B-glucosaminidase expres-
sion, B-glucosidase activity and starch degra-
dation subdivide them further until reaching a
full discrimination between the 17 isolates.

The entire new B. cereus strains’ group ex-
hibited chitinase and B-hemolytic activities. In
addition, the majority of them were motile. The-
se results role out for all isolates the possibility
of being B. anthracis [5]. However, further in-
vestigations are required for these new isolates
that may comprise a variety of B. thuringiensis
genotypes, used as highly specialized and po-
werful biological agents for controlling insect
pests [1, 16].

Generally, the B. subtilis group includes a
number of industrially important species which
are used in a wide range of industrial applica-
tions [2, 6, 15]. Our results suggest a possible
industrial importance of the isolate EM44. This
strain has the ability to produce a considerable
range of extracellular enzymes such as a-amy-
lase, gelatinase, xylanase, mannanase, pecti-
nase and caseinase.



Table 3. Phenotypic characteristics of the Bacillus soil isolates.

o 125z 2888288 885 =
strain A ~ o | B @ z = o
EM1 + + - + + - - - + - - + + .
EM3 + + + + + - - - - + + + + .
EM4 - - - + - - - - + - - - + -
EM15 + - + + - - - - + - - + + .
EM25 + - + + + + + - - - + + - _
EM29 + - + + + - - - - - + - + -
EM33 + - + + + - - - - - - + +

EM35 + + + + - + + - - + + - + -
EM37 + + + + + + + - - - - + + -
EM42 + - - + + - - - - + - + + .
EM44 + + + - - + + + + - + + + +
EM46 + - - + + + + - - - + _ + _
EM50 + - + + - - - - - - - + . .
EM52 - - + + + - - - - - + + + .
EM58 + + + + - - - - - - + + + -
EM60 + - - + + - - - - - ¥ + + -
EM62 - - - + + - - - - - - + + B
EM63 + + + + + - - - - - - + + -
Ba 23350 | + + - - - + + + + - + + + +
Bs 3007 + - + - + + + + + - + + + +
Bc 4F1 + + - + - - - - - + - + . .
Bt 4A1 + - + + - - - - - - + + + .

Legend: motility (Mot), citrate utilization (Cit), nitrate reduction (Nit), B-hemolysis (B-Hem), oxidase

production (Oxd), acid production from L-arabinose, D-mannitol and D-xylose, respectively (L-Ara, D-Man
N-acetyl-p-glucoseaminidase productuin (N-Amn),
utilization of Tween 80 (T-80), gelatin hydrolysis (Gel), starch degradation (Str), degradation of pectin,
xylan and mannan, respectively (P, X, M); B. amyloliquefaciens (Ba), B. subtilis (Bs), B. cereus (Bc);

and D-Xyl), B-glucosidase production (B-Glu),

B. thuringiensis (Bt).

Because of its promising applicable featu-
res, isolate EM44 was subjected to further ana-
lyses to determine the exact species to which it
belongs within the B. subtilis group. Full se-
quencing of the 16S rDNA gene of the isolate
EM44 and its computer database alignment
recorded a similarity of 99% to a B. amyloli-
quefaciens reference strain (Fig 2.). For further
verification whole cell fatty acid composi-tion of
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isolate EM44, along with reference strains of
B. amyloliquefaciens and B. subtilis (Table 4),
was analyzed. The results revealed that the le-
vels of the most dominant fatty acids in the cells
of isolate EM44 (15:0 Iso and 15:0 Anteiso) are
closer to B. amyloliquefaciens rather than to
B. subtilis. Moreover, this novel Bacillus strain
was clearly characterized by over-expression
of a-amylase on starch plates (data not shown).



B. subtilis DSM10

B. valismortis DSM11031

TRICHOTQ MY

464

44

B. mojavensis

B. subtilis BFAS

B. amyloliquefaciens CMBO01

B. amyloliquefaciens ATCC23350

B. atrophaeus JCM9070

B. licheniformis KL-164

0.001

Table 4. Fatty acid composition analysis of isolate EM44 and two reference strains

Values are shown as percentages.

Fig. 2. Phylogenetic position of isolate EM44 based on full sequencing of 16S rDNA. The tree constructed
by neighbor-joining method using ClustalW software. The scale indicates substitutions per site.
The numbers at the nodes indicate the frequency of occurrence in 1000 bootstrapped trees.

Fatty acid Bacterium

B. amyloliquefaciens B. subtilis EM44
11:0 Iso 30H - 0.11 -
12:00 - - 0.34
13:0 Iso 0.15 0.67 0.25
13:0 Anteiso - 0.16 0.12
14:0 Iso 2.7 1.68 1.57
14:00 0.43 1.51 0.95
15:0 Iso 16.24 31.37 20.01
15:0 Anteiso 33.57 27.28 33.82
15:00 0.27 0.32 0.22
15:0 Iso 30H - - 0.42
15:0 20H - - 0.35
16:0 Iso 10.01 4.33 4.37
16:00 5.99 9.03 10.73
17:0 Iso 16.1 16.69 14.81
17:0 Anteiso 13.39 6.55 11.31
18:00 0.63 0.3 0.72
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PA3BHOOBPA3UE HA TEHOTUINOBE BACILLUS B NOYBEHU NMPOBU OT
BUOC®EPHUA PESEPBAT EL-OMAYED B ETUNET

EmaH A. X. Moxamep, Mwukunko A6e Kanep, M. ,D,)KaHeM Flcep P. Abpen- dJaTax

Acynown Hakarasa®, Exa6 P. En- Xenoy

Pe3rlome

lpunoxeHo e cekseHupaHe Ha xuriepesapuaHmHama obnacm Ha 16S p[HK 3a
onpedernsHe npucbcmeuemo u cbcmaea Ha suda Bacillus e 40 no4yeeHu rpobu, cbb-
paHu criydalHo om pasnudyHu mecmoobumanusi 8 buocghepHusi pesepsam EI-Omayed,
Eeunem. Bbripeku 4e npeducmeHume Kynmypu riokazeam 18 pasnuyHu ¢heHomuna,
Koumo ce pa3zpaHudasam Mopghosio2uU4HO Ha cpeda 3a criopynayus, ca omkpumu
camo 4 pasnu4yHu HykrieomuOHu riocriedoeamesiHocmu, o3HadyeHU kamo Seq A, B,
C u D. KomnrombpHusim aHanu3 Ha daHHume om [HK cekseHupaHemo rnpedno-
flaza, ye 17 om me3u u3onamu ca mscHo poOCmeeHuU 4YreHoge Ha epynama Bacil-
lus cereus/thuringiensis (Seq B, C u D), a e0uH usonam ripuHadnexu KbM 2pyrnama
Bacillus subtilis (Seq A). lNoHamambwHumMe gpeHomurnHuU u3criedsaHusi momebp)xoa-
eam pasHoobpasuemo Ha 17-me Hoeu u3ornama Bacillus cereus/thuringiensis u ro-
Kazsam, 4ye Hogusim u3osam om epyrnama Bacillus subtilis e wam Ha Bacillus amylo-
liquefaciens. lNpedcmaseH e e0uH rpocm ¢heHOMUMNHO QUCKPUMUHAMUBEH KIIHoY,
Kolimo moxe Oa ce MpusioXu 3a pa3zspaHudasaHe mMex0y MSCHO poOCmeeHuU Yre-
Hose Ha epynama Bacillus cereus/thuringiensis.
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