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Abstract. A new Bacillus thuringiensis strain, Bt185, was isolated from HeBei soil samples in China.
Observations after transmission electron microscopy found that the strain produced spherical parasporal
inclusions similar to that of the B. thuringiensis subsp. japonensis Buibui strain, which showed toxicity
to both Anomala corpulenta and Popillia japonica. The plasmid profile seen on an agarose gel revealed
that Bt185 contained six large bands of 191 kb, 161 kb, 104 kb, 84 kb, 56 kb, and 37 kb. Sodium dodecyl
sulfate—polyacrylamide gel electrophoresis analysis revealed one major band with an estimated
molecular mass of 130 kDa. Polymerase chain reaction—restriction fragment length polymorphism re-
sults showed that a novel cry8-type gene sequence was found in the Bt185 strain. When we screened for
this novel gene sequence, an additional novel cry8-type gene was isolated, having a partial sequence of
2340 bp and encoding a protein of 780 amino acids. Bioassay results showed that Bt185 had no toxicity
against several Coleopteran and Lepidopteran pests. However, Bt185 exhibited toxicity against larvae of
the Asian cockchafer, Holotrichia parallela. This is the first report of the occurrence of a Bacillus strain

that has insecticidal activity against Holotrichia parallela larvae.

Bacillus thuringiensis is a Gram-positive bacterium that
produces one or more insecticidal proteins, deposited in
an intracellular parasporal crystal form, during sporu-
lation [16]. These crystalline inclusions often exhibit
strong and specific toxicity against several orders of
insects. This characterization makes B. thuringiensis one
of the most promising and environmentally sound
microbial agents for control of insect pests in both
agriculture and medicine [6].

The cry gene family is a large family of homolo-
gous genes, encoding proteins active against a large
number of insect larvae [16]. Proteins of the Cry3, Cry6,
Cry7, Cry8 [7, 11, 12, 15], Cry18 [24], and Cry43 [23]
classes, as well as the binary toxins, Cry34A-Cry35A,
are active against insects of the order Coleoptera (bee-
tles and weevils) [3]. Among these classes, cry8-type,
cryl8-type, and cry43-type genes are toxic to Scara-
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baeidae larvae [12, 18, 23, 24]. Ohba et al. [12] first
isolated a B. thuringiensis subsp. japonensis strain,
Buibui, which was specific to only Scarabaeid larvae. In
1994, a new cry gene, cry8Ca, was cloned from this
strain and its encoded protein exhibited larvicidal
activity against Anomala cuprea Hope, Anomala rufo-
cuprea Motschulsky, and Popillia japonica Newman
[15]. Currently, approximately 10 cry8-type genes have
been found, including cryS8Aa and cry8Ba that were
cloned by the American Mycogen company from the B.
thuringiensis subsp. kumamotoensis, and have activity
against Cotinis sp (such as Cotinis nitida, June beetle)
(US Patent 5554534). The cloned cry8Bb1 and cry8Bcl
proteins were found to possess activity against Western
corn rootworm and have been used in transgenic corn
studies [1].

The larvae of cockchafers are important insect pests
in agriculture, horticulture, and forestry in both Europe
and Asia (China) [17, 22]. In China, Holotrichia
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Table 1. The primers for identification of cry genes
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Gene Sequences of primer pairs Reference

cryl K5un2: AGGACCAGGATTTACAGGAGG [9]
K3un2: GCTGTGACACGAAGGATATAGCCAC
K3un3: CCTCCTGTAAATCCTGGTCCT
K5un3: CAATGCGTACCTTACAATTGTTTAAGTAAT

cryll S5uni: GCTGTCTACCATGATTCGCTTG [19]
S3uni: CAGTGCAGTAACCTTCTCTTGC

cry2 S5un2: GGAAGAACTACTATTTGTGATGC [20]
S3un2: AATAGTTTGAATTACCGCGAGC

cry3 S5un3: CGAACAATCGAAGTGAACATGATAC [20]
S3un3: CATCTGTTGTTTCTGGAGGCAAT

cry4/10 S5un4: GTGTCAAGAGAACCAACAGTATG [20]
S3un4: ACTAAGTCTCCTCCTGTATGACCAG

cryS S5un5: ATTGGAGGTGGTATTGCTGATAC This study
S3un5: ATAAGATGAAGACAGTGCTGGTGGTGG

cry6 S5un6: TAGAGAGTGGAACGACTTTACC This study
S3un6: CAACAAATCCTAGCAATGGTC

cry7 S5un7: GGATATGAAGATAGTAATAGAAC This study
S3un7: GCTGTAGCATGACATAATCGATG

cry8 S5un8: CGGCAAACTTAGTAGAATGC This study
S3un8: CTGACTGATTTCCACCATCACG

cry9 K5un2: AGGACCAGGATTTACAGGAGG [9]
S3un9: CCCAATGCGAAAGAACTAAG This study

parallela is one of the severe pests of the Scarab family
and is currently endangering large areas of peanut, soy-
bean, and sweet potato crops, especially in the HeBei,
AnHui, and JiangSu provinces [22]. The larvae destroy
the underground parts of the plants and cause a signifi-
cant reduction of output and great economic loss. Several
approaches for both biological and chemical pest control
are under investigation; however, all methods examined
so far are only minimally effective [8, 13, 17]. Scarab
beetles have evolved efficient mechanisms of defense
[21]. Thus, they were difficult to control 8, 13, 17]. Until
recently, no B. thuringiensis strain was found to control
Holotrichia parallela effectively.

In this report, we isolated and characterized the new
B. thuringiensis strain Bt185 from Chinese soil samples
that exhibited toxicity against the larvae of Holotrichia
parallela (Scarabaeidae). Furthermore, two novel cry§-
type genes were found in this strain. Analyses performed
include transmission electron microscopy, sodium dode-
cyl sulfate—polyacrylamide gel electrophoresis (SDS-
PAGE), plasmid profiling, polymerase chain reaction
(PCR) identification of novel gene, and insect bioassays.

Materials and Methods

Bacteria and growth conditions. The B. thuringiensis strain used in
this study was isolated from soil samples in Shunping county, HeBei
province, China. The B. thuringiensis subsp. japonensis strain Buibui
was used as a reference strain. B. thuringiensis strains were incubated

for 3 days in cross-baffled flasks at 30°C with shaking at 250 rpm in
LB medium (1% tryptone, 0.5% yeast extract, and 1% NaCl; pH 7.0).

Transmission electron microscopy. Bt185 strain spores and crystals
were harvested by centrifugation at 12,000 rpm for 10 min, washed
three times in distilled water, and then fixed in 3% glutaraldehyde in
phosphate buffer. The sample was subsequently dehydrated in an
ethanol—propylene oxide dilution series and embedded in an Epon resin
mixture (Sangon Ltd., China). Ultrathin sectioning was done on a
Reichert Ultracut ultramicrotome (Leika Aktiengesellschaft, Wien,
Austria), and the sections were stained with uranyl acetate and lead
citrate, examined, and photographed using a New Bio-TEM H-7500
electron microscope (Hitachi Ltd., Japan), operating at an accelerating
voltage of 80 kV.

Plasmid isolation and plasmid DNA pattern. Plasmid DNA was
isolated according to the method of Song et al. [19]. The plasmid DNA
was fractionated in a 1% (wt/vol) SeaPlaque GTG agarose pulsed-field
gel (FMC BioProducts) using the CHEF Mapper XA (BioRad, USA) in
0.5 x TBE with parameters of 6 V/cm, 12.5°C, and 120° angle, using a
90-s pulse for 18 h.

SDS-PAGE. At appropriate intervals (approximately every 2—4 h),
Bt185 strain culture was collected by centrifugation and SDS-PAGE
was performed on an 8% gel, according to the method of Laemmli
[10]. The molecular weights were estimated by comparison with the
protein ladder.

Identification of cry genes by PCR-restriction fragment length
polymorphism. The Bt185 strain was incubated overnight at 30°C at
230 rpm in LB medium. After centrifugation, the 1-mL pellet was
resuspended in 50 pL sterile water, boiled for 10 min, and centrifuged
at 12,000 rpm for 5 min. The supernatant was collected as a template
for PCR amplification. The primer pairs used for identification were
from the sequences of cryl genes [9], cryll genes [19], cry2-4 genes,
cryl0 genes [20], and cry5-9 genes (Table 1), and the primer pairs
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Fig. 1. Electron micrograph of the Bacillus thuringiensis strain Bt185.
S: spore; P: parasporal inclusion. Bar: 500 nm.

were general primers. PCR was carried out in a 50-uL volume,
containing 1-uL  template DNA, 04 mM deoxynucleotide
triphosphates, 0.2 um primer, 1.5 U Tag DNA polymerase
(Promega), and reaction buffer. Amplification was carried out for 30
cycles of denaturation at 94°C for 1 min, annealing at 54°C for 1 min,
and extension at 72°C for 2 min, with an additional step of extension at
72°C for 10 min. A restriction endonuclease reaction was performed in
a 20-pL volume containing the PCR products (0.5-1.0 pg) and 0.5 U
restriction endonucleases Dral and EcoO109], using the protocol
described by Sambrook et al. [14].

Partial cloning of the novel cry8-type gene. Bt185 plasmid DNA
was digested by endonuclease Kpnl. DNA fragments were ligated into
the pBlueScript II SK (+) cloning vector. The recombinant plasmids
were transformed into Escherichia coli IM110 cells. Transformed
E. coli cells were grown on LB plates containing 100 pg ampicillin per
milliliter to construct a DNA library. The cry8-specific primers S5un8/
S3un8 were used to screen the library. A 2.0-kb Kpnl fragment was
subsequently cloned into the pBlueScript IT SK (+) vector to produce a
recombinant plasmid pSS162 and was sequenced using an automated
DNA sequencer (ABI-3730XL). The sequences were analyzed using a
BLAST database search program [2].

Insect bioassays. Spores and crystals of Bt185 were harvested and
resuspended in sterilized water. The amount of spores in suspensions
was calculated, and then 40-mL suspensions with twofold serial
dilutions were added to 200 g soil containing potato pieces sterilized
under ultraviolet light in a plastic tube and containing 20 5-day-old
Holotrichia parallela larvae and 20 15-day-old larvae of Anomala
corpulenta. Bioassays were conducted at 25°C with a soil humidity of
18-20%. As a negative control, distilled water was mixed with the soil
containing potato pieces sterilized under ultraviolet light. Larval
mortality was scored after incubation for 7 days and again after 14
days. Insecticidal activity against larvae of Helicoverpa armigera
(first-instar), Tribolium castaneum (first-instar), and Tenebrio molitor
(first-instar) was measured after incorporation of a suspension of
twofold serial dilutions of the spore-crystal mixture into the larval
artificial diet. Toxicity studies on third-instar larvae of the
diamondback moth (Plutella xylostella) were conducted on fresh
cabbage disk leaves by leaf dip bioassay [19]. Ten larvae were each
given the artificial diet or placed on a leaf disk. Bioassays were
repeated at least twice, and LCs, values were calculated using probit
analysis [5].

Results and Discussion

The parasporal crystals of Bt185 were observed to be
spherically shaped (Fig. 1), similar to B. thuringiensis
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Fig. 2. Plasmid DNA pattern of Bacillus thuringiensis strains Bt185
and Buibui. M: lambda DNA marker.
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Fig. 3. Bacillus thuringiensis strains Bt185 and Buibui after poly-
merase chain reaction (PCR)-restriction fragment length polymor-
phism analysis. Lanes 1 and 2: Bt185 and Buibui PCR products,
respectively (using cry8-specific primers); Lanes 3 and 4: Bt185 and
Buibui PCR products, respectively, digested with endonucleases Dral
and EcoO109; Lane 5: DNA ladder.

strain Buibui that has previously been shown to be toxic
to both Anomala corpulenta and Popillia japonica [12].
The crystals were approximately 500 nm in length when
observed with transmission electron microscopy. The
plasmid profile of Bt185 revealed six large bands of 191
kb, 161 kb, 104 kb, 84 kb, 56 kb, and 37 kb. The plasmid
profile of Bt185 was found to be clearly different from
B. thuringiensis strain Buibui (Fig. 2), especially in re-
gard to the small plasmid bands.

For detection of the crystal genes in the Bt185
strain, PCR analysis was performed with 11 specific
primer pairs. The PCR results showed a DNA fragment
similar to the cry8-type genes, whereas the cryl, cryll,
cry2, cry3, cry4, cry5, cry6, cry7, cry9, and cryl0 genes
were not detected. The amplified PCR fragment of the
cry8 gene was about 1.212 kb in both the Bt185 and
Buibui strains, and restriction fragment length poly-
morphism patterns showed that the Bt185 cry8 gene was
different from that from the reference strain (Fig. 3).
When we screened for novel cryS-type genes, we iden-
tified two novel cry8-type genes in strain Bt185. One
was cloned and named cry8Eal, which was confirmed
by the B. thuringiensis Pesticidal Crystal Protein
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Fig. 4. Sodium dodecyl sulfate—polyacrylamide gel electrophoresis
profile of parasporal inclusion proteins from Bacillus thuringiensis
strains Bt185 and Buibui. Lanes 1-5: Bt185 parasporal inclusion
protein at 18 h, 20 h, 24 h, 28 h, and 32 h growth; Lanes 6 and 7:
Buibui parasporal inclusion protein at 28 h and 32 h growth. M:
molecular weight marker.

Nomenclature Committee [4]. The other 2.0-kb Kpnl
fragment (2.340 kb), from recombinant plasmid pSS162,
was sequenced (GenBank accession number AY897354)
and found to be the partial gene. Further study should
include cloning of the full-length gene. The obtained
sequences encoded the C-terminus of a protein with 780
amino acids. Protein Blast analysis showed that the
C-terminus had maximal sequence identities with
Cry8Ea (80%) (unpublished data), Cry8Aa (72%), and
Cry8Ba (70%). In the C-termini of this protein and
Cry8Eal (unpublished data), 519 amino acids were
identical, but the 211 amino acids near the N-termini
showed only 30% sequence identity. Thus, another po-
tential novel cry8-type gene appears to exist in strain
Bt185. Previously reported cryS8Aa and cry8Ba proteins,
isolated from B. thuringiensis subsp. kumamotoensis in
1994, were found to possess high activity to Cotinis sp
(June beetle) (US Patent 5554534), and two novel cry§-
type genes were also found in strain Bt185. These results
suggest that the cryS-type genes often co-exist in B.
thuringiensis strains toxic to the Scarabs.

Cry8 proteins are composed of 1160-1210 amino
acids and have a molecular weight in the range of 128-
137 kDa [12, 18]. The protein profile of Bt185 was
similar to the reference strain Buibui, as observed by
Sato et al. [15]. Both strains have one major band with
an estimated molecular mass of 130 kDa (Fig. 4). The
crystal proteins of Bt185 could be detected after 20 h of
growth, as shown in Fig. 4 (Lane 2). With an increase in
the time of growth, the concentration of toxin protein
was seen to increase gradually, and after 28 h (Lane 4),
no additional significant changes in protein concentra-
tion were observed. The growth curve of strain Bt185
showed that during the initial 14 h, the optical density of
the culture, measured at 600 nm, increased exponen-
tially with time before reaching stationary phase.
Combining the protein profile with the growth curve of
strain Bt185, we came to the conclusion that the
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expression of the cry genes of Bt185 was sporulation
dependent.

Bioassay results showed that the Bt185 strain pos-
sessed activity against Holotrichia parallela larvae with
an LCs, of 0.9464 (10® cfu/mL), but no toxicity against
Anomala corpulenta, Tribolium castaneum, Tenebrio
molitor, cotton bollworm (Helicoverpa armigera), or
diamondback moth (Plutella xylostella) (data not
shown). In previous reports, B. thuringiensis strain Bu-
ibui was found to express the cry8Ca gene that exhibits
high larvicidal activity against Anomala corpulenta and
Popillia japonica [12]. B. thuringiensis strain SDS-502
was shown to possess the cry8Da2 gene that was highly
toxic to Anomala cuprea [18], and B. thuringiensis
subsp. kumamotoensis was shown to express cry8Aa and
cry8Ba, which both were shown to have activity against
Cotinis sp. (June beetle) (US Patent 5554534). The
cry8Bb1 and cry8Cal proteins were found to be toxic to
Leptinotarsa decemlineata, Diabrotica virgifera virgif-
era, and Diabrotica undecimpunctata howardi (WO
Patent 02/347742 A2). Until recently, no B. thuringiensis
strain was reported to control Holotrichia parallela.
Holotrichia parallela and Anomala corpulenta have been
shown to often damage crops simultaneously [22].
Scarab beetles have evolved efficient mechanisms of
defense [21]. Thus, they were difficult to control [8, 13,
17]. Strain Bt185 could provide a new tool to control
Scarabaeidae by the development of a new B. thuringi-
ensis formulation.

In the present study, one of the most striking aspects
that we found was a new B. thuringiensis strain, Bt185,
which had high insecticidal activity against the Asian
cockchafer Holotrichia parallela larvae. To our knowl-
edge, no bacterium but this strain has been found to be
toxic to the cockchafer until now. We also found two
novel cry8 genes in strain Bt185. We predict the use of
the novel cry8 gene in transgenic plants to control
Holotrichia parallela. Future studies will include the
cloning and expression of the entire cry8-type gene in
Bt185 strain, and the analysis of the expression of the
two cry8-type genes at both the transcriptional and
translational levels in order to understand the role of
these two genes in the insecticidal activity against
Holotrichia parallela larvae.
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