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Abstract

An endospore-forming bacterium, designated strain B-16T, was isolated from a forest soil sample in Yunnan, China.
The isolate presented remarkable nematotoxic activity against nematode Panagrellus redivivus. The organism was
strictly aerobic, motile, spore forming and rod shaped, catalase- and oxidase-positive. The predominant isoprenoid
quinone was menaquinone 7 (MK-7). The major cellular fatty acid profiles were anteiso-C15:0 (48.67%), iso-C15:0
(13.45%), C16:0 (9.06%) and anteiso-C17:0 (8.29%). The DNA G+C content was 46%. Phylogenetic analyses based on
16S rDNA sequence revealed that isolate belongs to the genus Bacillus. Strain B-16T exhibited high 16S rDNA
similarity with its closest neighbors Bacillus vallismortis (99.79%), B. subtilis (99.43%), B. atrophaeus (99.43%), B.

amyloliquefaciens (99.36%), B. licheniformis (98.0%) and less than 97.0% with all the other relative type strains in the
genus Bacillus. The phenotypic and genotypic characteristics and DNA–DNA relatedness data indicate that strain B-
16T should be distinguished from all the relative species of genus Bacillus. Therefore, on the basis of the polyphasic
taxonomic data presented, a new species of the genus Bacillus, B. nematocida, with the type strain B-16T ( ¼ CGMCC
1128T) is proposed.
The GenBank accession number for the sequence reported in this paper is AY820954.
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Introduction

Plant-parasitic nematodes cause serious losses to a
variety of agricultural crops worldwide. In 2000,
nematodes cost cotton growers across the belt 4.3% of
their crop, which translated into an economic loss
valued over $300 million. Since the traditional methods
based on the use of nematicides and antihelminthic
drugs are associated with major environmental and
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health concerns, the development of biocontrol agents
to control nematodes is of major importance [4].
Because of the fast breeding, ease cultivation and

production compared with fungi, nematophagous bac-
teria have been used extensively as bioinsecticides
against nematodes in soil, and levels of control
equivalent to those of chemical pesticides developed
[22]. In this work, we present the polyphasic taxonomic
characterization of strain B-16T with remarkable nema-
totoxic activity against nematode Panagrellus redivivus.

Genotypic and phenotypic data showed that the strain
B-16T should be recognized as a new species of the
genus Bacillus, for which the name Bacillus nematocida

sp. nov. is proposed.
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Methods

Isolation, screening and culture condition

Strain B-16T was isolated by using the dilution plating
method from a soil sample in Yunnan Province, the
south-west of China. The medium used for selective
isolation was LB agar medium and incubated at 37 1C
for about 2–3 days. The bacteria with significant
nematotoxic activities were screened according to the
method described by (Ahman et al. [1] with modification.
The strain B-16T was maintained on LB agar slants at
4 1C and as glycerol suspensions (20%, v/v) at –20 1C.
Biomass for chemical and molecular systematic studies
was obtained by growing in shake flasks (about
150 rpm) of LB medium broth at 37 1C for 2–3 days.

Phenotypic characteristics

Morphological properties were examined by light
microscopy (Olympus microscope BH-2) and Hitachi H-
800 transmission electron microscopy. Gram staining
was carried out using the KOH lysis test method [2]
combined with standard Gram reaction. Metabolic
properties were determined using API ID 32 E test kits
(bioMerieux) according to the manufacturer’s instruc-
tions. Other physiological and biochemical tests were
performed as described previously [12,13]. Color deter-
mination was done with color chips from the ISCC-NBS
COLOR CHARTS Standard Samples No. 2106 [7].

Menaquinone and cellular fatty acid compositions

Menaquinones were isolated using the methods of
Minnikin et al. [16] and separated by HPLC [10]. The
whole-cell fatty acid compositions were determined by
using the standard Microbial Identification System
(MIDI Inc.) of Sasser [18] and organisms that had been
grown for 24 h at 37 1C on Trypticase soy agar.

DNA extraction and amplification of 16S rDNA

Extraction of genomic DNA and amplification of 16S
rDNA were done as described by Xu et al. [21]. 16S
rDNA was amplified by PCR using TaKaRa Ex Taq

(TaKaRa Biotechnology) and primers A 8-27f (50-
AGAGTTTGATCCTGGCTCAG-30) and B 1523-
1504r (50-TAAGGAGGTGATCCAGCCGC-30). The
PCR reaction parameters included: an initial 5min for
pre-denaturation at 95 1C, followed by 35 cycles of 1min
at 95 1C, 1min at 56 1C, 3min at 72 1C and a final
extension of 5min at 72 1C and then cooled to 4 1C. The
1.5 kb amplified 16S rDNA fragment was separated by
agarose gel electrophoresis. The purified fragment was
directly sequenced using a Taq DyeDeoxy terminator
Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA) and analyzed with an ABI PRISMTM 377 DNA
sequencer (Applied Biosystems Inc.). Sequencing pri-
mers used included primer A, primer B and primer C (50-
AGGGTTGC GCTCGTTG-30).

Analysis of sequence data

The 16S rDNA sequence of the test strain was aligned
manually against corresponding sequences of most
related Bacillus strains obtained from the GenBank
database. Phylogenetic analysis was performed using the
software packages PHYLIP [6] and molecular evolu-
tionary genetics analysis (MEGA) version 2.1 [11] after
multiple alignment of data by CLUSTALX [19].
Distances (distance options according to the Kimura
[8,9] two-parameter mode) and clustering with the
neighbor-joining method [17]. Bootstrap analysis was
used to evaluate the tree topology of the neighbor-
joining data by performing 1000 resamplings [5].

Nucleotide sequence accession numbers

The 16S rDNA sequence of strain B-16T determined
in this study has been deposited in GenBank under the
accession number AY820954. The accession numbers of
the reference strains, which are closely related to strain
B-16T, are indicated in Fig. 1.

DNA–DNA reassociation and G+C content

determination

The DNA for the base composition and renaturation
studies was prepared following the method of Marmur
[14]. In brief, 2� SSC of the salt concentration and
70.5 1C of hybridization temperature were employed.
The renaturation rates of genomic fragments from pairs
of strains were determined spectrophotometrically with
a model 1601 UV spectrophotometer equipped with a
Thermoelectric Cell Temperature Controller (SHI-
MADZU). The equation of De Ley et al. [3] was used
to calculate the extent of DNA–DNA reassociation.
The G+C content was estimated and calculated by

the thermal melting procedure described by Marmur
and Doty [15].
Results

Phenotypic characteristics

The strain B-16T was aerobic, Gram-positive. Cells
are bacilli that are 0.8–1.2 mm wide by 2.0–3.5 mm long
and occurring singly or in short chains, motile and spore
forming. Colonies of B-16T were opaque, smooth,
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Fig. 1. Phylogenetic dendrogram obtained by distance matrix analysis of 16S rDNA sequences, showing the position of strain B-16T

among phylogenetic neighbors. Numbers on branch nodes are bootstrap values (1000 resamplings). The sequence of Alicyclobacillus

acidocaldarius DSM 446T (X60742) was used as root. Bar, 1% sequence divergence.
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jagged and 1.0–2.0mm in diameter after incubation
for 2 days at 37 1C. The pH and temperature range
for growth were 6.0–8.5 and 4–50 1C, and the op-
timum growth pH and temperature were 7.0–8.0 and
20–37 1C, respectively. Catalase- and oxidase-positive.
The activities for ornithine decarboxylase, b-glucosi-
dase, lysine decarboxylase, urease, a-glucosidase, a-
galactosidase, a-maltosidase, L-aspartique arylamidase
and lipase were positive, N-acetyl-b-glucosaminidase,
arginine dihydrolase, b-galactosidase and b-glucuroni-
dase were negative. Strain B-16T could utilize glucose,
maltose, ribose, mannose, mannitol, sucrose, xylose,
fructose, salicin, dextrin, galactose, starch, arabinose,
cellobiose, laetrile, sorbitol and rhamnose. Acid was
only produced from N-acetyl-b-glucosamine, lactose
and aesculin. It was positive for milk coagulation and
peptonization, gelation liquefaction, Tween 80 decom-
position and starch hydrolysis, but negative for growth
in cellulose, H2S and melanin production (shown in
Table 1).
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Table 1. Phenotypic characteristics that distinguish strain B-16T from the other most related five type strains of genus Bacillus

Character B-16T B. vallismortis

DSM 11031T
B. subtilis

NCDO 1769T
B. atrophaeus

JCM 9070T
B. amyloliquefaciens

CMB 01T
B. licheniformis

DSM 13T

Oxidase activity + + + � + +

Maximum growth

temperature (1C)

50 50 50 50 50 55

Minimum growth

temperature (1C)

4 10 10 10 10 15

Acid from

Glucose � + + + + +

Arabinose � + + + + +

Xylose � + + + + +

Mannitol � + + + + +

Lactose + � � � + �

Tween 80

decomposition

+ + W + ND ND

G+C mol% 46 43 43 42 43 46

Note: The following phenotypic characteristics are same in all the related type strains: Gram-positive, catalase-positive, motile, spore-forming rod

cells. Casein and starch are decomposed. Nitrate is reduced to nitrite. +, positive; �, negative; w, utilized weakly; d, doubtful; ND, not determined.
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Chemotaxonomic characteristics

The predominant menaquinone was MK-7. The
major cellular fatty acid profiles were anteiso-C15:0
(48.67%), iso-C15:0 (13.45%), C16:0 (9.06%) and ante-
iso-C17:0 (8.29%).
Phylogenetic analysis

The almost complete 16S rDNA sequence of strain B-
16T consisting of 1511 bp was determined. Preliminary
comparison of the sequence against the GenBank
database indicated that members of the genus Bacillus

were the closest phylogenetic neighbors. Binary similar-
ity values of this strain and other species of the genus
Bacillus ranged between 92.3% (B. azotoformans DSM
1046T) and 99.79% (B. vallismortis DSM 11031T). The
phylogenetic tree of Bacillus species is shown in Fig. 1.
The closest phylogenetic neighbors of strain B-16T are
B. vallismortis DSM 11031T (99.79%), B. subtilisNCDO
1769T (99.43%), B. atrophaeus JCM 9070T (99.43%), B.

amyloliquefaciens CMB 01T (99.36%) and B. lichenifor-

mis DSM 13T (98.0%), which have higher than 97% 16S
rDNA sequence similarity.
Accordingly, comparative taxonomic studies were

performed among strain B-16T, B. vallismortis DSM
11031T, B. subtilis NCDO 1769T, B. atrophaeus JCM
9070T, B. amyloliquefaciens CMB 01T and B. licheni-

formis DSM 13T to determine whether strain B-16T

could be considered as a new species of the genus
Bacillus or would be assigned to one of these species.
The strain B-16T showed some differences from the

other five most closest neighbors in some phenotypic
data (Table 1). DNA–DNA relatedness tests were
performed among strain B-16T and the other five related
species under optimal conditions (2� SSC at 70.5 1C),
and DNA–DNA reassociation similarity between strain
B-16T and B. vallismortis DSM 11031T, B. subtilis

NCDO 1769T, B. atrophaeus JCM 9070T, B. amyloli-

quefaciens CMB 01T and B. licheniformis DSM 13T were
with 45.5%, 38.6%, 15.2%, 21.3% and 13.2%, respec-
tively. DNA–DNA relatedness provided decisive evi-
dence that the new isolate B-16T and the other related
type strains are members of different genomic species
[20]. The G+C content for strain B-16T was 46mol%,
which lies within the range for the genus Bacillus.
Therefore, based on the above phenotypic and

genotypic results, we consider strain B-16T to represent
a novel new species of genus Bacillus, for which we
propose the name B. nematocida sp. nov.
Description of B. nematocida sp. nov.

B. nematocida (ne.ma.to’ ci.da. N.L. plur. n. Nema-
toda sytematic zoological name of a phylum (common
name roundworms), L.masc. suffix n. -cida killer, L.
masc. n. nematocida a killer of nematods). The
organism is strictly aerobic, motile, spore forming and
rod shaped, catalase- and oxidase-positive. The activity
for ornithine decarboxylase, b-glucosidase, lysine dec-
arboxylase, urease, a-glucosidase, a-galactosidase, a-
maltosidase, L-aspartique arylamidase and lipase are
positive, N-acetyl-b-glucosaminidase, arginine dihydro-
lase, b-galactosidase and b-glucuronidase are negative.
It could utilize glucose, maltose, ribose, mannose,
mannitol, sucrose, xylose, fructose, salicin, dextrin,
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galactose, starch, arabinose, cellobiose, laetrile, sorbitol
and rhamnose. Acid is only produce from N-acetyl-b-
glucosamine, lactose and aesculin. It is positive for milk
coagulation and peptonization, gelation liquefaction,
Tween 80 decomposition and starch hydrolysis, but
negative for growth in cellulose, H2S and melanin
production. The predominant menaquinone is MK-7.
The cellular fatty acid profiles (41%) are anteiso-C15:0
(48.67%), iso-C15:0 (13.45%), C16:0 (9.06%), anteiso-
C17:0 (8.29%), iso-C17:0 (4.53%), C15:0 (4.01%), iso-C16:0
(3.61%) and iso-C14:0 (2.98%). The DNA G+C content
is 46mol%. Its optimum growth temperature and pH
are at 20–37 1C and 7.0–8.0, respectively. It was isolated
from soil in Yunnan Province, the west of China. The
type strain is strain B-16T ( ¼ CGMCC 1128T).
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