
138

Journal of Biological Control, 26 (2): 138-143, 2012

Research Article

Development of recombinant Cry3A expressing Bacillus cereus isolated from the
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INTRODUCTION

Cry3A proteins produced by Bacillus thuringiensis
tenebrionis are known to be toxic to coleopteran
insects. Ash weevil, Myllocerus subfasciatus Guerin
has become a severe pest on brinjal (Gowda and Veeresh,
1984). Here, we have employed the coleopteran active
Cry3A protein producing Bacillus species to manage the
ash weevil infesting brinjal. The ability to colonize the
rhizosphere (competence) is an essential criterion for
bacteria to function as biological control agents.
Rhizospheric competence of soil microbes has been
known to be strain specific rather than the species or
the genus (Milus and Rothrock, 1993). Preparations
based on B. thuringiensis (Bt) strains producing
insecticidal crystal proteins have been commercially
available and are used as environmentally acceptable
insecticides as they are toxic to the specific target
insect, but are essentially harmless to most other non-
target organisms. This specificity makes the use of
Bt in the pest management very attractive. Since, the
commercialization of transgenic plants expressing Cry
toxins is an elaborate and time consuming process
requiring extensive bio safety trials and regulatory
approvals (Sudha, et al., 1999), use of microbial
formulations is a viable option. However, Bt spores
and crystal proteins are available commercially and are
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used extensively to combat the crop pests. Most of the
Bt preparations were targeted towards the lepidopteran
pests, except for a few preparations which are successfully
used against the coleopteran pests, viz., Novodor, has
been used to control the important pests such as Colorado
potato beetle (Leptinotarsa decemlineata Say) and
carrot weevil (Listronatus oregonensis  Le Conte) (Saade
et al.,  1996). However, the effectiveness of the application
depends upon the stability of the cry toxin and its
concentration in the insect feeding zone and its
replenishment by multiplication and sporulation of the
bacterium. The half-life of the Bt crystal protein in the
rhizopshere is short (4-20 days) and it is rendered
ineffective by the proteolytic attack and by adsorption to
the clay particles (Palm et al., 1996). This puts severe
limitations on the use of the spore and crystal protein
formulations in controlling soil dwelling pests. In the
recent years, Bt insecticide research has focussed on i) the
development of strains possessing increased virulence,
potency, selectivity, and environmental longevity through
selection and genetic engineering and the ii) the
introduction of B. thuringiensis ä-endotoxin genes in to
a wide variety of prokaryotic and eukaryotic hosts (Selinger
et al., 1998). Compared to B. cereus, B. thuringiensis
has low rhizospheric competence and is sparsely present
and its survivability in the rhizosphere is also low (Weller,
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1988). In view of this, in the present study, Cry3A toxin
was expressed in a rhizospheric B. cereus having higher
natural survivability than the Btt by gene transfer and its
toxicity against M. subfasciatus infesting brinjal was
evaluated.

MATERIALS AND METHODS

Bacterial strains and growth conditions

B.t tenebrionis was obtained from the Institut de
Pasture, France and grown on nutrient agar (NA) at 30°C
that harbours mega plasmids containing the cry3A
gene. A predominant Bacillus isolate (>105 cfu/g soil) from
the rhizosphere of brinjal was isolated and identified as
B. cereus, using the API CHB 50 kit, API NE 20 kit,
from Biomuerieux (France) following the instructions
of the manufacturer and also by employing 16S rRNA
gene sequence analysis, this isolate was designated as
BR145 and grown on NA at 30°C.

Survival studies in the brinjal rhizosphere were
carried out on the 6-week old brinjal plants grown in
pots of  30 cm diameter containing about 12 kg of
steam sterilised potting mix. Two hundred ml of NA
was inoculated with Btt and rBR145 and incubated for
2 days to an OD

600
 of 0.5. Cells were harvested by

centrifugation and washed twice with sterile distilled
water and re-suspended in sterile peptone (0.1%)  to
give a final cell density of 107cfu/ml. Five ml of cell
suspension was added to the potted brinjal plants.
Bacterial counts were made at seven days intervals
for four weeks by serial dilution and colony counting
(cfu/g). The stability of the recombinant cry3A plasmid
in rBR145 was confirmed by random selection and light
microscopy.

Transformation of Bacillus cereus

Transformation of BR145 with plasmid isolated
from Btt. Plasmid preparations were made by modified
alkaline lysis method (Bimboim and Doly, 1979) with
inclusion of lysozyme in the lysis buffer and 5u of
proteinase K. Plasmids were resolved on 0.8% agarose
gel by electrophoresis and quantified using a spectro-
photometer. Competent cells of BR145 were prepared
by pelleting the cells and washing thrice with ice cold
sterile water, the pellet was suspended in 1 ml of 30% ice
cold polyethylene glycol-1000 and cells were kept on
ice until electroporation. An aliquot of 45 ì l of cells was
mixed with 5 ì l of the plasmid DNA, electroporation
was performed in a BTX Electro cell manipulator 600 at
14.4 KVolts/cm, with a pulse length of 3.02 milliseconds
in a 1 mm gap sterile cuvette. After electroporation 1 ml

of twice the concentration of LB (TLB) was added and
incubated for 90 minutes at 30°C. A 100 ì l of aliquot
was spread plated on the NA plates and incubated for
3 days and individual colonies were observed in a
microscope after staining the smear with crystal violet
for 20 seconds and the transformants were selected
based on the presence of bi-pyramidal crystals by
microscopic observations.

PCR confirmation

Presence of cry3A gene in rBR145 was confirmed by
PCR gene specific primers, CJIII20 (5’TTAACCGTTTT
CGCAGAGA) and CJIII21 (5’TCCGCACTTCTATG
TGTCCAAG) which yield a PCR product of about 700
bp (Ceron et al., 1995). The crystal toxin was partially
purified by washing the spore and crystal mixture with
2% NaCl for three times most of the spores were
removed as frothy suspension after each washing, the
pellet was washed with cold sterile, distilled water and
dissolved in carbonate buffer pH 10.5. An aliquot of  200
ì l was used for estimating the protein concentration by
Bicinchinoninic (BCA) method.

Bioassay

The partially purified toxin was used for the bioassay,
against grubs and adult weevils. Brinjal leaves were dipped
for 2 minutes in spore crystal mixture in sterile water
with 0.1% Tween 20 as surfactant, the leaves were air
dried in a laminar air flow chamber for 10 minutes. Three
leaves were placed in each Petri-dish (15 x 2 cm), and
10 adult weevils were introduced  and replicated four
times. Observation on the mortality was recorded at
24 hours interval for two weeks.

Bioassay using grubs was performed on the potted
brinjal plants in to which 30 newly hatched grubs were
released. Five ml of the bacterial culture of both Btt and
rBR145 was poured in to the rhizosphere of brinjal. After
three weeks, the brinjal plants were carefully uprooted
and checked for the grub mortality. Total number of grubs
surviving in the rhizosphere were counted and averaged
for each of the treatments including controls.

RESULTS AND DISCUSSION

It was observed that after 5 days the Btt count came
down to 5 x 103 cfu per g soil, from the initial count of
about 107 cfu and at the end of 3 weeks to about 0.5%
of the initial count. Whereas, rBR145 count decreased
to 5.9 x 105, after 3 weeks the counts were about 3.5%
of the initial count of about 107.

Recombinant Cry3A in the management of ash weevil
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Introduction and expression of cry3A gene in BR145,
the selection of the transformants was based on the
presence of the crystal proteins by microscopy to further
confirm the gene transfer cry3A gene was amplified by
PCR using specific primers,  PCR products were resolved
on 1% agarose gels and scored for the presence of the
expected band size.

Initially the LD
50

 for the purified CRY3A protein
against M. subfasciatus  grubs was 0.947µg/ml. In bio-
assay experiment using M. subfasciatus grubs, of the
30 grubs introduced in to the potted brinjal plants, the
treatment with rBR145 and Btt, only a mean numbers
of 4.6 and 5 grubs survived whereas in control 25.6 grubs
survived. More than 70% of the adult M. subfasciatus
were dead within 4 days in rBR145 and Btt treated leaves.
In control treatments weevils survived for more than
two weeks.

M. subfasciatus is a serious pest in brinjal causing
huge crop losses, Use of Cry toxins is a highly targeted
and ecologically sound approach in pest management. In
view of this a recombinant B. cereus, (rBR145) expressing
Cry3A crystal protein has been developed to manage the
ash weevil infesting brinjal. The major damaging stage
is grub, which feeds on the roots while the adults feed
on the foliage resulting in the characteristic notching
of the leaf edges. The damage by grubs is more severe in
young seedlings, where they girdle the tap root resulting
in the death of the seedling.

B. thuringiensis tenebrionis has been shown to
control this pest, however, the survivability in the
rhizopshere is low, thus a predominant rhizospheric
Bacillus species was isolated and identified as B. cereus.
Since, many Bacillus species, mainly members of the
B. cereus group, possess the enterotoxin genes and they
may be pathogenic (Granum et al., 1999), we tested the
presence of enterotoxic gene using hblA PCR primers
and was found negative. This isolate was transformed
with cry3A genes by using the plasmid of Btt and the
expression of toxin protein was stable. B thuringiensis
has been known to reproduce poorly in the soil (Raymond
et al., 2010). Comparison of rhizospheric survival of
Btt and rBR145 have shown that the latter can survive
for longer periods, at the end of 3 weeks rBR145
population was approximately 7 times higher than that of
Btt. Since, the BR145 was the predominant one in the
brinjal rhizosphere, its competence also was naturally
higher compared to the introduced Btt. This could be
attributed to the specific bacterial lipopolysaccharides,
antibiotics, the root exudates and also the ability to
attach itself to the roots of the plants etc.  It is documented

that the B. cereus strains produce and secrete a number
of antibiotics such as cerecin (Oscariz et al., 1999;
Vijayalakshmi and Suseela, 2010).

The bioassay results on adult weevils and grubs
have demonstrated the effectiveness of the Cry3A
toxin. These results also showed that the Cry3A proteins
produced by rBR145 was equally toxic to both stages
of Myllocerus weevil as that of Btt. The mortality rate
of Myllocerus grubs released on to the potted brinjal
plants receiving soil application of rBR145 and Btt
cultures had exhibited about 85% mortality within 3 weeks
of application as compared to the control, indicating that
recombinant B. cereus produced Cry3A protein with similar
toxicity to the target pest as that of Btt.

The transferred plasmids were highly stable in the
rBR145 host cells for a number of generations in the
antibiotic free medium by microscopic observations of
the randomly selected colonies of host cells. A number of
reports support the highly stable replication and
maintenance of the Bt toxin producing plasmids in the
recombinant hosts. Wang et al. (2006) developed an
engineered wild type B. thuringiensis subsp. aizawai
G03 which naturally contains Lepidopteran active cry
toxins with a Coleopteran active cry toxin cry3Aa7 and
monitored the inheritance of the plasmids in the
recombinant cells and observed that the plasmid was
maintained in bacteria cultured for 180 generations in
the culture media containing no antibiotics. Similarly,
Casique-Arroyo et al. (2007) a recombinant plasmid in
B. thuringiensis subsp. kurstaki HD-73 showed high
segregation stability in the antibiotic free medium.

Many studies have shown that recombinant
heterologous Cry protein production was effective in pest
management as these can be engineered by domain
swapping or by constructing chimeric toxins with an
objective to enhance the toxicity, to widen host range
and also to manage or delay resistance development in
the pest (Knight et al., 2004). Thus, we have developed
a recombinant B. cereus having significantly higher
rhizospheric survival than the natural host of cry3A
genes, Btt by the heterologous production of Cry3A
protein that is toxic to the M. subfasciatus weevil
infesting brinjal. Bioassay using adult weevils has indicated
that both the transformed B. cereus and Btt have led to a
mortality of over 70% post four days of treatment, in
control the weevils have survived for more than two
weeks. With this approach many beneficial soil microbes
can be used for pest control with reduced number of
sprayings. Thus, by employing the recombinant microbes
it is possible to tailor the microbes for multiple uses,

MALLIGEPPAGOL et al
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Fig 1 Survival of the inoculated bacterial cells in the rhizosphere of brinjal. Error bars represent standard error of
mean of three replications

Fig 2 Effect of Cry3a producing  B. cereus and B.t.t. on the rhizospheric survival of Myllocerus subfasciatus Guerin
grubs. Error bars represent standard error of mean at 95% confidence interval
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such as biofertilizers, biopesticides and microbes inhibiting
plant pathogens.
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