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INTRODUCTION

The greater wax moth is responsible for heavy
economic losses reaching up to 60–70 per cent to bee
keepers in India (Paddock, 1918, Kapil and Sihag, 1983;
Hanumanthaswamy et al., 2009).  Of all the various microbial
agents that have been evaluated, the most successful by
far, has been the Bacillus thuringiensis Berliner.  It does
not affect Hymenoptera and is considered nonpathogenic
to human (Gates, 1986).

Bacillus thuringiensis is a gram-positive, spore-
forming bacterium with entomopathogenic properties and
produces insecticidal proteins during the sporulation phase
as parasporal crystals.  These toxins are highly specific to
their target insect and are generally expected to be
innocuous to humans, vertebrates and plants, and are
completely biodegradable (Bravo et al., 2005). A few
attempts that were made in India to isolate this bacterium
have yielded cultures that are effective against Plutella
xylostella, (Karthik John, 2001), Helicoverpa armigera
(Reddy, 2000); Myllocerus subfasciatus (Raghunatha, 2002);
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and Bactrocera cucurbitae and Musca domestica (Smitha,
2009). There are reports on the isolates effective against
Galleria mellonella L. In our previous study (Taredahalli
et al., 2011), we have isolated 98 Bacillus isolates and
characterized morphologically and biochemically and
found six Bacillus isolates with good insecticidal activity
against G. mellonella L. Therefore, the present study was
conducted to characterize the Bacillus isolates for their
identity and presence of cry genes with a view to identify
strains that could be deployed for the management of
G. mellonella under field conditions.

MATERIALS AND METHODS

Bacterial Strains

Six local B. thuringiensis isolate strains (C7, N12, F2,
A3, A7, and M2) were used in the study. They were
previously isolated from the soil samples collected from
different parts of Karnataka and characterized by their
high toxicity against third instar larvae of G. mellonella
(Fig. 1).
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Isolation of Bacterial Genomic DNA

Isolation of genomic DNA was carried out by the
methods of Sambrook and Russel (2001). Bacillus
thuringiensis strains were grown in 10 ml of LB broth at
30°C with shaking overnight. Cells were harvested by
centrifuging at 6000 rpm for 10 min and the cell pellet was
resuspended in 567 TE buffer vertexed. Then 30ìl lysozyme/
ml, 30 ìl SDS, 3 ìl protienase K was added and mixed well
followed by the incubation for 1 hour at 37°C. 100 ìl 5 M
NaCl and 80 ìl CTAB/NaCl solution were then added and
mixed by inverting the tubes. The cell suspension was
incubated for 10 min at 68°C in a water bath. For chloroform
extraction, one volume of chloroform/isoamyl alcohol

GATAAGACT-3’, positions 175 to 195] and BT2r [5’-
CCTTCATACGTATGAATATTATTT-3’, positions 519 to
542]), 2.4 μL of 25 mM MgCl2, 1 U/μl Taq polymerase, and
sterile distilled water to the total volume of 20 μL.
Amplification reagents were obtained from Thermo
scientific (Lithuania). The primers were purchased from
Sigma-Adrich (Bangalore). Each experiment was conducted
with a negative control (without template DNA). Primer
sequences and conditions of PCR amplification for cry
gene identification were accomplished as described by
Beron et al. (2005).  The PCR products were electrophoresed
in 0.8% agarose gel and stained with ethidium bromide.
The results were documented by the Easywin32 system
(HeroLab, Germany).  The molecular weights of amplified
products were estimated by comparing with molecular
weight marker (Fermentas).

Identification of cry genes by PCR

Five degenerate primers were used for the detection
of novel cry genes from B. thuringiensis strains (Beron
et al., 2005). DNA amplification was carried out in a reaction
mixture containing 2 μl bacterial DNA, 4 μL of 1 mM dNTP,
20 pmol of appropriate primer pairs (Table 1), 2.4 μL of 25
mM MgCl2, 1 U/μl Taq polymerase, and sterile
distilled water to the total volume of 20 μL. Amplification
reagents were obtained from Thermo scientific (Lithuania).
The primers were purchased from Sigma (Bangalore).  Each
experiment was conducted with a negative control (without
template DNA). Primer sequences and conditions of
PCR amplification for cry gene identification were
accomplished as described by Beron et al. (2005). The
PCR products were electrophoresed in 0.8% agarose
gel and stained with ethidium bromide. The results
were documented by the Easywin32 system (HeroLab,
Germany).  The molecular weights of amplified products
were estimated by comparing with molecular weight marker
(Fermentas).

RESULTS AND DISCUSSION

Out of six isolates analyzed, four namely N12, M2,
A7 and A3 were amplified with the product size of
450bp indicating the characteristic of B. thuringiensis.
The standard strain Bt. kurstuki (HD-1) was also amplified
with same product size of 450bp. There was no amplification
observed in two isolates C7 and F2 which revealed that
these two are non-B. thuringiensis isolates. This is one of
the important techniques used for differentiation of
Bacillus species. Sequencing of the gyrA and rpoB genes
has been found to be useful in discriminating species of
the B. subtilis group, while the gyrB gene has been studied

Fig. 1. Mortality of third instar larvae of Galleria mellonella
on exposure to various Bacillus isolates

(24:1) was added and mixed effectively and centrifuged at
10000 rpm for 10 min. Then aqueous phase was
phenol:chloroform:isoamyl alcohol (25:24:1) was added
and centrifuged at 10000 rpm for 10 min. The aqueous
phase was transferred into another tube and 0.5 M NaCl
final concentration and two volumes of cold absolute
ethanol were added to precipitate the DNA and kept
at –20°C for 1 hour.  After spinning at 10,000 rpm for
10 min, pellets were washed in 500 ìl 70% ethanol by
centrifugation for 5 min at 8,000 rpm.  Finally, the washed
DNA pellets were dried and resuspended in 50-200 ìl 1X
TE, depending on the amount of the DNA pellet. Samples
were stored at –20°C until further use.

Identification of Bt strains using species specific primers

PCR assays were performed using PCR primer sets
designed from the gyrase subunit B gene (gyrB) to
differentiate B. thuringiensis (BT1 and BT2r) from other
Bacillus species (Yamada et al., 1999).  DNA amplification
was carried out in a reaction mixture containing 2 μl bacterial
DNA, 4 μL of 1 mM dNTP, 20 pmol of appropriate primer
pairs for B. thuringiensis (BT1 [5’-ATCGG TGATACA

Characterization of Bacillus isolates against greater wax moth
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for the discrimination of members of the Bacillus
cereus group (Chun and Bae, 2000; Palmisano et al.,
2001). Suitable primer sets have been reported that
could amplify the gyrB fragment of B. thuringiensis,
B. anthracis, B. mycoides and B. cereus to specifically
identify the organism irrespective of their phenotypes,
serotypes and virulence factors (Yamada et al., 1999).
The same gene was also used to differentiate members
of Bacillus or related endospore-forming genera in
contaminants in semifinal gelatin extracts by Clerk et al.
(2004). Therefore, in the present study also the same
technique has been used successfully.

Identification of cry genes by PCR

The cry gene amplification analysis of the four
Bacillus isolates which were proved to be B. thuringiensis
was carried out using 5 sets of degenerated primers
(Table 1). The results revealed the presence of amplified
fragments characteristic of three different cry genes
viz.cry1Aa, cry11Aa and cry2Aa with the expected sizes
of PCR products of ranging from 891 to 1308, 636 to 816
and 235 to 735 bp, respectively (Fig. 3 and Table 2).
Excepting isolate N12, cry 2Aa gene was common in
other three B. thuringiensis isolates including standard
HD-1 (Table 2).  All four B. thuringiensis isolates were
harboring a combination of different lepidoptera-active
cry genes, such as N12 harbored cry1Aa and cry11Aa
with PCR product size 891-1089 and 816bp, respectively;
A-7 harbored cry1Aa, cry 2Aa and cry11Aa with product
size 891-1308, 235-696 and 636bp, respectively, while
M-2 and A-3 were containing a single gene that is cry2Aa
of size 696-735bp (Fig. 3 and Table 3). Since proteins
of groups cry1, cry2 are toxic for pests of the order
Lepidoptera (e.g., Lymantria dispar [Peyronmet, et al.,
1998], Manduca sexta [Zeigler, 1999], Spodoptera littoralis
[Kumar et al., 1998], and Helicoverpa armigera [Jalali
et al., 2004]), these strains can be potential candidates

in the search for biocontrol agents in management of
G. mellonella with a specific lepidopteran activity. The
profiles of cry genes indicated that all isolates were
active against lepidopteran insects. The two isolates;
N-12 and A-7 are harboring multiple cry genes (Fig. 3).
The presence of different cry genes in the same
B. thuringiensis strain has been reported, for example
Aronson (1994) and Ben-Dov et al. (1997) reported the
presence of cry1 genes and cry3, cry8, or cry7 genes in
the same B. thuringiensis strain. While, Bravo et al.
(1998) observed lepidopteran-active cry1 genes and
coleopteran-active cry3A, cry3Ba and cry7A genes in the
same strain. They suggested that such B. thuringiensis
strains which harbored more than one cry gene, have a
high frequency of genetic information exchange.

The cry 2Aa genes were the most frequently found
among the 3 local B. thuringiensis isolates and the second
abundant gene was cry1Aa (Table 2). Ben-Dov et al. (1997)
found that strains containing cry1 genes were the most
abundant; however, strains harboring cry4 genes were
the second most abundant, while strains with cry3 genes
were absent. While, Chak et al. (1994) reported that cry1A
genes were the most abundant, followed by the cry1C and
cry1D genes.  The identification of known cry genes in
B. thuringiensis strains is important, since the specificity
of action is known for many of the cry toxins. This fact
allows the possibility of selecting native strains that could
be used in the control of some targets and of selecting
strains with the highest activity.

The PCR screening is a rapid method for detecting
and differentiating B. thuringiensis field strains by their
PCR product profiles and for predicting their insecticidal
activities in order to direct them for subsequent toxicity
assays against lepidoptera, coleoptera and diptera. The
two B. thuringiensis isolates displaying multiple profiles
that contain combinations of cry genes should be
characterized and further developed for integration with
other toxicity assays against other lepidopteran insects.
Specific gene identification using specific set of primers
could be carried out for further analysis of cry gene specific
to the target insect Ben-Dov et al. (1997).
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