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In the present comparative study, four Bacillus thuringiensis kurstaki strains (HD1, dipel, HD73,
HD1dipel) were characterized by investigating their total plasmid profiling; cryIA genes profiling and
toxicity towards local isolates of agricultural insects Helicoverpa armigera and Spodoptera litura.
Result showed that LC50 for S. litura were 0.11 g of HD73, 0.027 g of HD1, 0.20 g of dipel and 0.018
g of HD1 dipel, while LC50 for H. armigera insect were 0.04 g of HD73, 0.031 g of HD1, 0.011 g of
dipel and 0.008 g of HD1dipel. The native plasmid number and type varied from 4 - 8 among these
strains and HindIII restriction showed 0.4 to 8.0 kb size fragments. The numerical classification of the
cryIA gene profiles showed two distinct clusters at 48% similarity level. Cluster one of 80% similarity
comprises of two strains HD73 and dipel, while cluster two of 65% consisted of HD1 and HD1dipel
strains. Southern analysis of restricted plasmid combined with cryIA profile can provide an effective
approach for investigation of taxonomic relationship within Bacillus thuringiensis kurstaki strains.
Key words: Bacillus thuringiensis kurstaki, Helicoverpa armigera, Spodoptera litura,
Southern hybridization.
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INTRODUCTION
The genus Bacillus is usually determined at species level
by physiological reactions, but inconsistency in tests
results can make identification difficult (Ash et al., 1991a).
Description of the genus has improved by using information obtained from DNA base composition and DNADNA hybridization studies which was listed in Bergey’s
Manual of Systematic Bacteriology (Claus and Berkely,
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Abbreviations: ICP, Insecticidal Crystal Protein; H.a.,
Helicoverpa armigera; S.p., Spodoptera littura; Bt, Bacillus
thuringiensis; Btk, Bacillus thuringiensis kurstaki; RH, relative
humidity; BSA, bovine serum albumin; kDa, kilodalton; SDSPAGE, Sodium Dodeosyl Sulfate Poly-acrilamide
Gel
Electrophoresis; BME, ß-Mercaptoethanol;
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1986). However in the literature there are newly identified
strains which were shown to be genetically and phenoltypically distinct from other species and strains and have
not been described in Bergey’s Manual (Slepeck and
Hemphill, 1992). Similar situation exists for the well
known Gram positive bacterium Bacillus thuringiensis, a
candidate with insecticidal properties against a number of
agriculturally important insect pests and common invader
of different ecological niches like soil, dead leaves,
grains, rice dusts and snow (Hofte and Whiteley, 1989;
Schnepf et al., 1998; Widener and Whiteley, 1990;
Travers et al., 1987; Martins and Travers, 1989) and till
now considered to be completely harmless for humans
and mammals (Glare and O’Challaghan, 2000; Damgaard et al., 1997). The bacterium comprises of different
sub-species and isolates each of which produces toxins
that kills different insects belonging to various orders and
groups (Adang et al., 1985). Although, it is one of the
most widely used biopesticide in the world, in India it is
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still restricted to experimental field trials on few crops
only.
A number of different methods have been used for
typing these species by serotyping, bacteriophage typing,
bacteriocin activity, antibiogram and biotyping, plasmid
typing, analysis of fatty acid content, native PAGE, smallsubunit – ribosomal RNA sequencing and genome analysis (Ash et al., 1991a; Berber and Cokmus, 2001).
Although these methods have been used for identification
at species level, characterization of these microorganisms is still not well defined (Ivanova et al., 1999). Second
level information for a bacterial cell, other than sequencing of bacterial genome, can be obtained from cellular
protein or gene profiling. Different types of electrophoresis were used to explore such profiles. The protein
profiles produced by SDSPAGE of whole cell extract
have been found to correlate closely with DNA- DNA
hybridization results suggesting that it could be appropriate to use plasmid profiling and conserved phenotypic
lineages for rapid identification. (Vauterin et al., 1990;
Niemi et al., 1993; Berber et al., 2003). Combination of
gene profiling with computerized analysis of profile provides an effective approach to investigate the taxonomic
relationships among many bacterial species (Kestas,
1985; Costas, 1992).
In view of these, present communication describes toxicity profile (phenotypic trait) and numerical analysis of
cryIA gene profile (genetic trait) of four Bacillus thuringiensis kurstaki (Btk) strains belonging to same serotype for evaluating the usefulness of the technique as
taxonomical and identification tool in the genus at subspecies level. The goal of present communication was,
Btk isolates that differ in cryIA genes relatedness were
examined for the presence of DNA sequence similar to
cryIA linage alone correlates with genomic relatedness as
establish by other comparisons (Jackson et al., 1999;
Tricnor et al., 2001). Here we show that Btk strains
distinctly separated within two clusters are further grouped by numerical analysis.
MATERIAL AND METHOD
Insect bioassay
The individual larvea of Helicoverpa armigera were collected from
local okra (Hibiscus esculentus L.) and chickpeas (Cicer arietinum
L.) fields and cultured on artificial diet at 26 ± 2oC; 85 - 90% R.H.; 8
– 10 h dark-light cycle. The adult moths were allowed to mate into
large plastic boxes. During mating, 10% sucrose with honey in (1:1)
was kept inside containers. Freshly laid eggs hatched and neonatal
larvae were transferred to separate tubes containing artificial diet
cubes. These larvae were maintained under control conditions and
used for insect bioassay. Toxicity bioassay was carried out with
artificial diet cubes of 2 mm2 essentially consisting of Bengal gram
power (110 gl-1), yeast extract (20 gl-1), ascorbic acid (2.6 gl-1),
hydroxybenzoate (2.0 gl-1), multiplex (0.6 gl-1), streptomycin (0.2 gl1
), casein (10.0 gl-1), vitroline (0.5 gl-1), formaldehyde (10 gl-1), agar
agar (12 gl-1), and desired dilution of protein was soaked into diet
cubes and feed to neonatal larvae of H. armigera and Spodoptera
littura 2nd instars larvae were fed with protein coated (18mm) leaf
discs made from young castor leaf lamina. The protein dilution

was made between 0.00 to 3.00 g cm2 of diet and 5 - 10 larvae
were placed in three sets per dilution. The leaf disc and diet cubes
were replaced at 24 h interval. Mortality of insects was monitored
for 6 - 8 days.
Bacterial strains
Btk-HD73, Btk-HD1, Btk -dipel, obtained from Pasteur culture
collection Paris, France and Btk-HD1 dipel obtained from personal
culture collection of Prof. H. R. Whiteley, USA. They were grown in
Luria- or Nutrient- Broth (Hi-Media, Mumbai, India) at 28oC on
Rotatory shaker (200 rpm).
Protein estimation
Quantitative estimation of protein was done by procedure described
by Ausubel et al. (2002) using BSA (fraction IV, Sigma) as
standard.
Molecular technique
Plasmid DNA – isolation; purifications, quantification, electrophoresis, 32 end labeling of oligo probe, Southern blotting and hybridization were carried out following standard protocols of Sambrook
(Sambrook and Russell, 2001). DNA- restriction; -modifying
enzymes (New England Biolabs USA) Nylon membrane (BioRad,
USA) were used as per manufacturer’s recommendations. Probe
consisting of 20 mer oligo fragment derived from conserved cryIA
gene region was used (Adang et al., 1985).
PCR analysis
Loopful of bacterial strains grown on LB agar were transferred to
eppendorf tube containing lysis buffer (50 mM Tris , 50 mM EDTA,
3% SDS, 1% BME, pH 7.2) and heated at 65oC for 20 min with
occasional gentle mixing. The lysate was extracted with equal
volume of phenol: chloroform: isoamyl alcohol (25:24:1) and phenol
(water saturated) once. The aqueous phase was removed after
centrifugation (15000 rpm. 15 min, 4oC). The total DNA was precipitated by isopropanol and pellet washed with 70% ethanol. Finally,
pellet was air dried and resuspended in 200 µl TE buffer (0.1 mM
Tris HCL, 1 mM EDTA pH 8.0) and allocates were directly utilized
for PCR assay. The two oligo primers set used were 5’
CCGAGAAGTCAAACATGGCG
3’
and
3’
TACATGCCCTTTCACGTTCC 5’ which were specific for cryIA
(Carozzi et al., 1991). The typical PCR reaction mixture consisted of
10 µ l DNA, 2 µ l each of primers 0.5 µl each of dNTP’s 2 µ l PCR
buffer (with MgCl2), 0.5 µ l of Taq polymerase and 1.5 µ l of sterile
water. Amplification was done by using step cycle program set to
denature at 94oC for 1 min, anneal at 40oC for 1 min and extension
at 72oC for 3 min. A final extension step of 15 min at 72oC was
added at the end of 45 cycles. The amplificons were resolved on
0.8% agarose gel and after staining with ethidium bromide, gel was
recorded on with gel doc system.
ICP purification
Late stationary phase culture of Btk was harvested by centrifugation
(10000 g, 10 min and 4oC). The pellet was washed twice with 2 ml
cold sterile of extraction buffer (20 mM sodium bicarbonate, 0.001%
Triton X-100; pH 9.5). The suspension was sonicated (MSE
Soniprep UK) at full energy level (4 cycles, 30 s, 4oC). The lysate
was further subjected to biphasic separation to obtain pure crystal
protein. Essentially, the sonicated lysate obtained from 2l of sporulated culture was centrifuged (10000 g, 20 min, 4oC). The pellet
consisting of spores and ICP was retained and washed three times
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Table 1. Flagella serotype and growth pattern of four Btk strains.

Strain

Flagellar serotype

Btk HD73
Btk HD1
Btk dipel
Btk HD1 dipel

3a3b3c
3a3b3c
3a3b3c
3a3b3c

Growth pattern
-1
ak (h )
Ag (h)
1.05
0.42
0.99
0.40
0.924
0.43
0.91
0.38

with sterile distilled water and one cycle with saline buffer (50 mM
sodium phosphate, 150 mM sodium chloride pH7.5). The spore ICP
pellet was finally suspended in sterile distilled water to get a
suspension of 50 mg/ml (w/v). To 35 ml of this suspension 30 ml of
1% sodium sulfate (w/v) and 35 ml of carbon tetrachloride was
added followed by extensive blending (800 rpm, 10 min, 25oC). The
spore and crystal suspension was allowed to settle down for 12 to
18 h to separate into aqueous and organic phase. The upper
aqueous phase consisting of 85 to 90% ICP was siphoned out
using peristaltic pump. The crystal protein was separated out of
aqueous phase by centrifugation (12000 g, 10 min and 4oC). The
pellet was washed three times in cold sterile distilled water and
dissolved in 2 ml bicarbonate buffer (sodium bicarbonate 0.02 M,
pH 9.5). Undissolved material was removed by centrifugation. The
clarified and partially purified ICP solution was stored at –20oC with
0.001 M DTT. The various components of ICP were separated on
10% SDSPAGE (Sambrook and Russell, 2001) and 135 - 140; 65 70 kDa ICP component were purified as per protocol of Harlow and
Lane, (1988).
Calculations
Similarity Index of Toxicity activity ratio was performed by
LC50 of H. a ÷ LC50 of S. l = Index of Toxic Specificity
Specific growth rate k and generation time g was estimated
according to equation Stainer et al., (1990)
k = 2.3 (log N2 - log N1) T2 - T1
and
g = 0.693 ÷ k
Data analysis and dendrogram construction
The data produced by Southern analysis of HindIII restricted total
plasmid DNA of Btk strains were analyzed using the unweighted
pair group method with arithmetic mean (UPGMA) of NTSYS-pc
2.02 (Rohlf, 1997). The dendrogram tree was constructed using
TREE analysis of the Software.

RESULTS
Btk growth and sporulation
The growth profile was found similar in each strain and
exhibited typical sigmoid pattern. Maximum specific growth rate was observed in case of Btk HD73 while lowest
growth rate was exhibited by BtkHD1 dipel. The maximum generation time was observed for Btk dipel and
shortest in case of BtkHD1 dipel. The values for growth
rate and generation time for other strains were within the

1823

above mentioned values (Table 1). Sporulation and crystalline inclusion body formation occured consistently in
mid to late stationery phase in each case.
Insect toxicity assay
Toxicity bioassay trials for Btk strains with H. armigera
and S. littura showed differential pattern of susceptibility.
The S. littura insect typically exhibited lack of appetite
and stopped feeding after 2 - 3 days of toxic challenge
due to gut paralysis and mortality occur-red within 2 to 7
days. The decreasing order of LC50 values revealed by
Btk strains was HD1 dipel > HD1 > HD73 > dipel in S.
littura and HD1dipel > dipel > HD1 > HD73 in H.
armigera. The other regional isolates of S. littura and H.
armigera also followed similar susceptibility pattern.
Based on toxicity index, HD1 dipel showed highest score
and other strain as HD1 > HD73 > dipel against local
insects (Table 3).
Plasmid and cryIA gene profile
Summarized observations on number of native plasmid
their HindIII restriction profile, Southern hybridization with
cryIA gene probe of four strains is presented in Table 2
and Figures 1a and b. The native plasmid profile of all the
four strains as observed after alkali lysis (Sambrook and
Russell, 2001) on agarose gel electrophoresis showed
comparable pattern as reported earlier and substantial
deviations in polymorphism was not evident except in
smaller cryptic plasmid’s regions. The plasmid profile in
B. thuringiensis has been shown to be influence by
composition of medium-, growth- and stress- conditions,
which also affect the stability and inheritance of plasmids
by daughter cells. In the present case, cultures were
o
routinely grown at 28 - 30 C in nutrient broth and higher
temperatures resulted in loss of megaplasmids. Similarly,
HindIII restriction of total plasmid DNA resulted into
discrete 12 - 14 bands in each strain and
dissimilarity/similarity calculation did not show sufficient
variations among the strains. The Southern analysis was
carried out using a 20- mer oiligo fragment derived from
5’ conserved consensus sequence of cryIA genes (Adang
et al., 1985). No hybridization was observed with small
cryptic plasmid as previously reported (Andrup et al.,
1995). Southern hybridization of HindIII restricted total
plasmid DNA showed distinct polymorphism reflecting the
presence of different classes of crystal protein genes in
the strains and it was not assumed to be multiple copy of
a gene in lieu of 4.5, 5.3 and 6.6 kb class gene concept
of Kronstad (Kronstad and Whiteley, 1986). The PCR
amplification with synthetic oligo primers specific for
cryIAa and cryIAc genes produced 986 type amplificon
while cryIAb gene gave 908 bp products. No additional
products were observed in any case. Two main clusters
were apparent in the dendrogram made by the SAHN
analysis using similarity matrices based on hybridization
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Table 2. Plasmids and cryIA gene profile of four Btk strains.

Strains

Number of plasmid

Btk HD73
Btk HD1
Btk dipel
Btk HD1 dipel

4-5
5-7
6-7
7-8

HindIII fragments bearing
cryIA gene type
6.6 kb type
4.5, 6.6 kb type
5.3, 6.6 kb type
4.5, 5.3, 6.6 kb type

PCR product
(bp)
986
986
986, 908
986, 908

Table 3. Toxicity profile of four Btk strains.

Strain
Btk HD73
Btk HD1
Btk dipel
Btk HD1 dipel

S. littur
(LC50)
0.110
0.021
0.20
0.018

Toxicity to insects
H. armigera
(LC50)
0.04
0.031
0.011
0.008

I. S.
2.75
6.75
1.80
22.5

Toxicity values are protein ng/cm2 of diet.
Index of specificity (I. S.).

Figure Ib. Southern hybridization of four Btk strains with
heterologous cry1A probe. Lane 1, HindIII restricted Btk HD73
plasmids; Lane 2, Native Btk HD73 plasmids; Lane 3, HindIII
restricted Btk HD1plasmids; Lane 4, Native Btk HD1 plas-mids;
Lane 5, HindIII restricted Btk dipel plasmids; Lane 6, Native
Btkdipel plasmids; Lane 7, HindIII restricted Btk HD1dipel
plasmids; and Lane 8, Native Btk HD1dipel plasmids.

information (Figure 2). The Btk HD73 and Btk dipel was
found to be closer than rest of strains.
DISCUSSION
Gram-positive, rod-shaped, aerobic or facultative
anaerobic spore forming bacteria have been assigned to
the genus Bacillus (Cohn, 1872). The genus Bacillus has

Figure Ia. Restriction and Native plasmid profile of four Btk strains.
Lane 1,
HindIII marker; Lane 2, HindIII restricted Btk HD73
plasmids; Lane 3, Native Btk HD73 plasmids; Lane 4, HindIII
restricted Btk HD1plasmids; Lane 5, Native Btk HD1 plasmids; Lane
6, HindIII restricted Btk dipel plasmids; Lane 7, Native Btkdipel
plasmids; Lane 8, HindIII restricted Btk HD1dipel plasmids; and
Lane 9, Native Btk HD1dipel plasmids.
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Figure 2. Dendrogram showing the genetic relationship among
four Bacillus thuringiensis kurstaki strains.

undergone considerable taxonomic changes and is phenotypically heterogeneous with its members exhibiting an
extremely wide range of nutritional requirements, growth
conditions, metabolic diversity and DNA base composition (Claus and Berkely, 1986) B. thuringiensis is a
member of Bacillus cereus, Bacillus anthracis phenotypic
group (Ash et al., 1991b; Carlson and Kolse, 1993; Keim
et al., 1997; Helgason et al., 2000). They are in principal
mesophilic and neutrophilic and are placed in 16S
rRNA/DNA group I. Classical features to distinguish this
group from all other aerobic endospore forming bacteria
are their ability to produce acids from mannitol and their
production of lecithinase. Within the group, phenotypic
differentiation is difficult. In general, the developmental
process in Bacillus is temporally regulated at the
transcription level by the successive action of different
sigma factors to induce various sporulation dependent
genes and cellular differentiation including crystal formation in Bt (Agaisse and Lereclus, 1995). Efficient sporulation may be linked, for enhanced production of insecticidal crystal protein in these bacterial strains (Agaisse
and Lereclus, 1995).
The four different strains of Btk are evaluated for their
comparative toxicity against two locally available common
pest insects H. armigera and S. littura the mean LC50
values is different among each strain for both the insects.
The quantitative and qualitative difference in production
and composition of protoxin of B. thuringiensis isolates is
postulated by various investigators (Grouchski et al.,
1995; Du and Nickerson, 1996), the larval stage (Chenot
and Raffa, 1998) and combined dosage effect of different
toxins was also found to play determinative role (Chilcott
and Tabashnik, 1997). The LC50 values strongly favour
the view that more than one protoxin is present and they
are efficiently processed within the gut to provide sufficient active toxin molecules in HD1 dipel compared to
remaining three isolates. Other studies have also shown
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similar variability in toxicity within Btk serovars (Saitoh et
al., 1996). To achieve unbiased values reflecting degree
of lethality, index of specific toxicity was estimated (Table
1). It was found to be highest in case of Btk HD1 Dipel.
These values showed prominent relationship with cryIA
gene(s) presence on megaplasmids. Similar relationship
was not evident either with generation time, specific
growth rate and sporulation timing. The parental line of
these insects may have already been exposed to synthetic insecticides in field but are never exposed to biopesticides preparation based on B. thuringiensis, therefore a
difference in midgut physiological condition (Elghar et al.,
1995) and nature of membrane receptors was expected
in terms of susceptibility (Rao and Krishnayya, 1996;
Reger et al., 1996; Chaufaux et al., 1997). Carrozzi et al.
(1991) used 20 different primer sets to differentiate B.
thuringiensis strains effective against lepidopteran, coleopteran and dipteran orders. Ben-Don et al. (1997) used
five primer sets to probe highly conserved sequence of
cry genes to distinguish Colombian B. thuringiensis
isolates. The PCR amplificons in present work, were
similar as in Carrozzi’s work, no substantial difference in
band size or intensity was observed to relate with copy
number and proportion of cryIA genes to evaluate gene
dosage effect in individual strains, further RTPCR work in
this regard is in progress. The member of Btk group are
virtually indistinguishable by 16S rDNA sequence analysis (Barns et al., 1999; Ash et al., 1991b) reconfirming the
insufficiency in defining this genera on basis of phenotypic criteria alone (Woese, 1987; Ivanova et al., 1999).
Multilocus enzyme electrophoresis and comparative DNA
sequences analysis suggest that B. cereus group may
represent single species (Helgasa et al., 2000). The
conventional tests based on the phenotypic characteristics can clearly lead to misclassification in some bacterial
taxa. Recently, it has been reported that the electrophoretic technique, as a practical method, is necessary for
integrated use of phenotypic character in identification of
bacterial genera at all level (Murray et al., 1990). Protein
electrophoresis has been of grate value for delineation of
numerous bacterial taxa (Vauterine et al., 1992). Each of
the different electrophoretic technique has its own discrimination level and field of application. It is also widely
acknowledged that the electrophoretic separation of plasmids is a sensitive technique that mainly provides information on the similarity of the strain at below species
level. In addition, generally it is accepted that objective
comparison of electrophoretic pattern provides a reliable
measure of genomic inter-relationship. Many of the
functional differences between B. cereus, B. thuringiensis and B. anthracis are due to presence of plasmid
that varies in number and size (Carlson and Kolse, 1993;
Ombui et al., 1996). Loss of crystal protein formation has
been attributed to the loss or suppression of megaplasmid replication in several species of B. thuringiensis
(Levinson et al., 1990). These mega-plasmids are known
to be highly interrelated and replicate involving a single
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stranded DNA intermediate. The additional features are
plus and minus origin of replication and presence of crystal protein gene (Gonzales et al., 1982; Andrup et al.,
1995; Vilas-Boas et al., 1998). In HD73, these megaplasmid were studied in detail by Gonzalez et al. (1981) and
are known as pAMB-1 family of theta replicative plasmids
usually present in broad range of Gram positive species
(Wilcks et al., 1998; Gonzalez et al., 1981). Our result
indicate that cryIA gene profile of Btk strains can provide
valuable information which may be utilized in direct
identification of these strains providing a reliable measure
of genomic interrelationship. These results are in good
agreement with previous investigations (Lewis et al.,
1987; Cockmus and Yousten, 1984; Zheng and Slavik,
1999; Berber and Cockmus, 2001). This approach allows
rapid characterization of isolates toxic to insect pests of
order Lepidoptera. In Asia, Btk is the most common
biochemical type (Martins and Travers, 1989). Thus, by
using toxicity as well as hybridization studies, it is
possible to characterize a large number of Bacillus native
isolates up to subspecies level. Our study exhibited
presence of more than one cryIA gene in Btk HD1 dipel
and its performance better in in vitro toxicity assay
against local H. armigera and S. litura insects (Regev et
al., 1995) and Btk HD1, Btk dipel, Btk HD73 and Btk HD1
dipel strains can be distinguished at the level of toxicity
and cryIA gene polymorphism by use of hybridization
analysis as the potential diagnostic tool to distinguish
strains when no specific variation could be detected by
restriction analysis using same restriction endonucleases.
Methods for bacterial identification are of great importance for taxonomical purpose, especially when they are
accurate, rapid and easily applicable to large number of
strains. Our numerical analysis of cryIA gene profiles
provides a useful approach towards clarifying relationships at the sub-species, level and such sub-species
clusters had characteristically distinct banding pattern of
the genes. We suggest that simple comparison of the
native plasmid profile provides a rapid means of identifying isolates from various sources in combination of
restricted plasmid DNA profiling. We conclude, that
numerical analysis of plasmid borne functional conserved
genes is extremely useful in identification and taxonomic
assessment of different isolates and it strengthens the
Jackson’s view for redefinition of species and subspecies in a group (Jackson et al., 1999), and to a large
extent, will influence the consideration of taxonomists
about where and how to discriminate sub-species from
species.
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