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Cloning and expression in Eschericbia coli of entomotoxie protein gene
from Bacillus tlmringiensis subspecies kurstaki
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Abstract. A plasmid borne larvicidal crystal protein gene from B. thuringieJ~sis subspecies
kurstaki was cloned in Escherichia colt using a specific 20-met oligonucleotide probe. The
gene expressed in E. colt at a high level. Transgenic E. colt cells produced large irregular
bodies which looked bright under phase contrast microscopy. The phase bright bodies
released by sonic disruption of cells could be peIleted by centrifugation. Toxicity trials on
the larvae of Spodoptera litura showed that the pellet was antifeedai)t alKl toxic to the
larvae. The supernatant was only mildly antifeedant. Even short term feeding of larvae on
the toxin delayed the onset of pupation.
Keywords. Bacillus thuringiensis; delta-endotoxin; gene cloning and expression; lepidopteran
toxin; Spodoptera toxin; parasporal crystal protein; toxin gene.
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Introduction

Bacillus thuringiensis is a sporulating bacterium which produces a crystalline body
during sporulation. The crystals contain one or more proteins which are toxic to
the larvae of a variety of insects. Several toxins produced in B. tlmriJ~:/iel~sis are
protoxins, which are proteolyticalty activated in the midgut of larvae to produce
smaller active toxins. The larvaecidal proteins are single gene products encoded by
plasmid or chromosomal genes (reviewed in Whiteley and Schnepf 1986). Strains of
B. thuringiensis toxic to lepidopteran (Duhnage and Rhodes 1971), dipteran
(Yamamoto and McLaughlin 1981) and coleopteran (Krieg et al. 1983) larvae have
been isolated. Conjugal transfers, point mutations and genetic rearrangements seem
to have evolved a variety of toxin genes (btx) with varying degrees of h o m o l o g y
(Shimizu et al. 1988). The type of the toxin gene(s) and the variety of such genes
present in a strain of B. thuritl:liellsis determine its level of toxicity and the host
range (Hofte et al. 1988; Visser et al. 1988). Different serotypes and different isolates
within a serotype show immense variability in their toxicity spectra.
There has been a recent upsurge of interest in cloning genes for the hlrvicidal
proteins. This has enabled the separation of specific toxins which are sometimes
accompanied by other hemolytic and nematodal toxins. 'In some cases the cloned
genes have been expressed in organisms that are more feasible commercially for the
development of biopesticides. Possibilities in genetic manipulation of the cloned
gene provide new opportunities for understanding the structure-func(ion
relationship in toxic proteins. Transgenic plants expressing the toxin gene have been
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developed (Barton et al. 1987; Fischoff et al. 1987; Vaeck et al. 1987). Such plants are
resistant to feeding by sensitive insect larvae. This has opened up the possibility of
developing insect tolerant crop varieties. More than twenty five reports on the
sequences of a variety of toxin genes have been published during the last five years.
When we first reported cloning of the btx gene in 1987 (Tuli 1987), no other report
utitising tile oligonucleotide probe for tile cloning of this gene had been published.
in this study we describe details of molecular cloning and expression of the btx gene
in E. coll. The entomotoxin gene of B. thuringiensis subsp, kursmki cloned by us
expresses very efficiently ill transgenic E. coil It forms phase bright intracellular
bodies which are antifeedant and toxic to the larvae of a polyphagous insect
Spodoptera ligura.
2.
2.1

Materials and methods
Bacterial stroins, plasmids and media

Tile toxin gene was cloned ti'om B. thuringiensis subsp, kurstaki strain HDI
(Kronstad et al. 1983; Yamamoto et al. 1988) obtained from the USDA culture
collection, Texas. As the isolate maintained in our laboratory shows certain
differences with respect to antibiotic resistance and plasmid profiles (to be published
elsewhere), it was named HDI-A. The E. coil host used for cloning the toxin gene
was HB 101 (Maniatis et al. 1982). The plasmid vector pUC18 used for cloning was
obtained from Pharmacia PL Biochemicals.
Most of the restriction enzymes were obtained from New England Biolabs, and
the biochemicals fl'om Sigma Chemical Company. Southern hybridisations were
done using Hybond-N membrane fi'om Amersham hlternational. The 7-s2p-ATP
(3000 Ci/mmol) used for 5' end labelling was obtained from Board of Radiation and
Isotope Technology, B.A.R.C., E. coil and B. thuringiensis were grown as batch
cultures in LB medium (Miller 1972) wittl shaldng at 37~ and 30~ respectively.
E. coli harbouring pUC18 and its derivatives were always grown in the presence of
ampicillin at 500 #g/ml. A high concentration of the antibiotic was helpful for the
stability of certain clones.
2.2

Plasmid DNA preparation

Large scale plasmid DNA from E. coil was purified in CsC1 grac!ient as in Maniatis
et al. (1982). To obtain high yields of plasmid DNA Dora 13. thuringiensis the lyric
mixture was kept cold overnight with an equal volume of phenol. Total DNA
precipitated from the supernatant was redissoived in Tris 10 mM pH 8"0, EDTA
0,1 mM and tile ptasmid DNA was purified twice by CsCI density gradient
centrifugation run in tile presence of ethidium bromide (EtBr). Recombinant clones
were analysed by preparing plasmid DNA by the rapid aikali-denatnration method
(Birnboim and Doly 1979).
2,3

Oligom~cleotide probe

A 20-mer oligonucieotide sequence custom synthesized by Syn Tel< Sweden, was
used as the probe to locate the btx gene. The sequence 5' H O - G G T T T T C A
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G G A C C A G A A T T C - O H 3' was located in a conserved region at the second EcoP, I
site of tile btx genes sequenced partially from H D I (Wong et al. 1983) and
completely from HD73 (Adang et al. 1985). The 5' O H end of the oligomer was
labelled with 32p using ?-32p-ATP and T4 polynncleotide kinase. A typical
reaction mixture contai,led 2 0 p m o l of otigomer, 50 mM Tris (pH 8.0), 10 mM
M g C I 2 , 10raM fl-mercaptoethanol, 500#g/ml bovine serum albumin, 27pmol
7-32p-ATP and 5 units of kinase in a total volume of 20t.d. After allowing the
labelling reaction to go on for 1 h at 37'-'C, the lnixture was added directly to the
hybridisation bag.

2.4

Southern and colony hybridisa~ions

Plasmid DNA, with or without digestion with restriction enzymes, was electrophoresed overnight on 0"8% agarose gel (without EtBr). To f~:cilitatc efficient
transfer of DNA, the get was treated with 0'25 M HCI t'o17 30 rain. It was then
placed in denaturing solution (0.5 M NaOH, 1.5 M NaCI) with one change and
blotted for 24 h in alkali buffer (0.25 M N a O H , t.5 M NaCI) onto Hybond N.
Prehybridisation for 6 to 12 h was carried out in 6 x SSC containing t00 tLg/ml
denatured herring sperm DNA, 5 x Denhardt's solution and 0"5% SDS at 65~C.
Tile 5' end labelled oligonucleotide reaction rnixture was added to tile prehybr.idisation bag to commence hybridization. After allowing a hybridisation time of 24 h at
room temperature the membrane was washed at room telnperature twice in 6 x SSC
t'or 15rain. After air drying, the membrane was autoradiographed with an
intensifying screen to visualise the D N A bands showing l~omology. To increase the
stringency of hybridisation, tile hybridisation mixture sometimes contained 35%
t'ormamide as per tile protocol of Anlersham.
For colony hybridisation, the recombinant E. coli cells grown on LB agar plates
were transferred onto Hybond N by placing a dry membrane on it. Tile meinbrane
was th/en shifted to a chloramphenicol agar medium for plasmid amplification for
5-6 h. Tile bacterial cells were lysed by placing tile membrane for 30 mill on a fiher
soaked in 2 mg/ml tysozyme. The D N A was then denatured., prehybridised and
hybridised with oligo-probe as above to score the colonies showing homology to
tile btx probe.
2.5

Larval toxicity tests

A bunch of eggs of Spodc~ptera litura collected from a groundnut fieM were hatched
under laboratory conditions and fed oll castor leaves. To conduct toxicity trials, five
replicates each containing three eleven-day old larwm (3rd instar) were used. Each
group of three larvae was fed on three 35ram leaf discs applied with tile
appropriate treatment. Tile weights of fifteen larwm per treatment were taken
periodically after feeding them on tile control and treated leaf discs.
The control E. coil I-1t3 10l and the transgenic cells containing tile cloned btx
gene were grown at 3'7"C overnight in LB medium in tile presence of antibiotics.
The cells were washed twice with the feeding buffer (Tris 10 mM pH 7"4, NaCI
10 raM, Tween 1%), resuspended in 5 ml of it and clisrupted by sonication. The
sonicated extracts were applied as such or after centrifugation as 25 ~d suspension
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on each side of the castor leaf discs. The toxicity of the transgenic E. coli cells was
compared with that of B. thurin,qiensis by feeding the larvae on leaf discs applied
with spore-crystal suspension equivalent in terms of the amount of protein. The
B. thurin,qiensis culture was grown for 4 d as an aerated b a t c h culture at 30~ in
nutrient broth supplemented with 0.2% sucrose. The pellet, washed twice in saline
phosphate was lyophilised for long term storage. The spore count was determined
by plating the suspension after heat shock at 60~ for 30 rain. Spore-crystal
suspension in the feeding buffer was used in toxicity experiments.
Total protein in the suspensions used for toxicity trials was determined according
to Lowry et al. (1951).
2.6

Polypeptide analysis

To examine' in vic,o expression of the cloned btx gene, electrophoresis in the
presence of sodium dodecyl sulphate (SDS) was done in 7.5% acrylamide gels by
the method of Weber and Osborn (t969). A fi'eshly grown single colony of E. coli
was inoculated in 5 ml LB and grown overnight at 37~ The cells were washed and
resuspende d to A6oonm of 30. Twenty ~tl of the cell suspension was boiled for 3 rain
in cracking buffer (60raM Tris pH 6.8, 2% SDS, 5% fi-mercaptoethanol, 10%
glycerol) and loaded on the gel.
3.

Results

3.1 Cloning and characterisation of btx gene .fi'om B. thuringiensis subspecies
kurstaki H D I - A
The lower (heavier) DNA band fi'om the CsCI(EtBr) gradient (corresponding to
covalently closed circular DNA) contained a variety of plasmids fi'om B. thm@giensis
kurstaki HDI-A. As many as 20 bands could be seen (figure la) migrating to
various positions corresponding to 2 HindHI linear DNA markers. A rough
estimate indicates the presence of plasmids of sizes 2 MDa to more than 100 MDa.
Some of the faint plasmid bands may be due to nicked forms of the plasmids.
Southern hybridisation of tile uncut plasmid profile with 20-met btx probe showed
strong hybridisation with two plasmid bands (figure l b). Several other bands
showed weak hybridistion with the probe. Plasmid DNA digested with HincII and
HindlII showed hybridisation of at least three fragments of about 8'6; 3.1 and
1.8 kb to the 20-met btx probe (figure 2b) when hybridisation was carried out in the
presence of Denhardt's reagent. However, on conducting hybridisation in the
presence of 35% forlnamide, only a 3"1 kb fragment hybridised strongly (figure 2c).
A btx fragment of this size is expected from a gene similar to the toxin gene that has
been sequenced from the B. thurinqiensis kurstaki strain HD73 (Adang et al. 1985).
The complete nucleotide sequence of the btx gene from HD73 (Adang el al. 1985),
and the partial seqtlm;ce t?om HDI (Wong el a!. 1983) have a Hincll site on the 5'
side of btx but none within the gene. However, there is an internal HindIII site
present in btx of HD73. On the basis of this inforlnation, a plasmid DNA library of
HDI-A was constructed in vector pUC18. Tim vector D N A c u t with both HincII
and HindItI was ligated to the total plasmid DNA prepared from HDI-A and cut
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Figure 1. Location of sequences homologous to the 20-met btx
probe on plasmids of B. thuringiensis kurstaki HDI-A. (a) Photograph of agarose gel stained with EtBr showing plasmid profile in
the preparation (lane 2) purified by CsCI(EtBr) density centrifugation. (b) Autoradiograph resulting from hybridization of the
a2p-labelled 20-met btx probe to blot of the gel shown in (a). The
arrows in (a) indicate the plasmid bands that show strong
hybridization. Lane 1 indicates the positions of lambda DNA
HindtII fragments.
to complete digestion with HinclI but partially with HindIII. Colony hybridisation
with the 20-met oligo probe gave strong hybridisation with 6 out of 720 colonies.
Analysis of the insert in small scale plasmid preparations from the six positive
clones, gave a clone with about 5'3 kb fragment inserted at the HincII and HindIII
sites in pUC18. This clone was named pRT200. On digestion with HincII, pRT200
was linearised to give an 8'0 kb fragment (figure 3a). The 8 kb recombinant plasmid
band hybridised strongly with the btx probe (figure 3b). pRT200 cut with Hindlll
and HinclI gave a 3.1 kb fi'agment that hybridised to the btx probe. A closely
located 2'7 kb fragment of the vector in the doublet band and the 2'2 kb
subfi'agment of the 5.3 kb insert showed no hybridisation to the 20-mer btx probe
(figure 3b). Restriction mapping for HincII, HindIII and EcoRI sites in the cloned
5.3 kb btx fragment located these sites (figure 4) at positions similar to those
reported for HD73 (Adang et al. 1985).
3.2

Expression of btx fi'agment in transgenic E. coli

Microscopic examination of E. coli HB1 101 (pRT200) cells grown overnight in LB
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Figure 2. Location of sequences homologous to the btx
probe in plasmid DNA of B. thurinqiensis kurstaki HDI A.
(a) Photograph of EtBr stained agarose gel showing plasmid
DNA cut with HincII and HindIII (lane 2), (b) and (e) Autoradiographs resulting fiom Southern hybridization of the btx
probe to blot of the gel in (a), in the absence (b) or presence (c)
of 35 per cent formamide. Lane 1 indicates the positions of
lambda DNA HindIII fragments.

ampicillin showed tile presence of intracellular phase bright bodies in more than
95% of the cells (figure 5b). Disruption of the transgenic E. coli cells by sonication
resulted in a cell-free extract that looked like a white emulsion. Under a
microscope, such cell-free extracts showed intact phase bright bodies (figure 6b)
which were completely absent in tile parental E. coli strain HB 101.
SDS-polyacrylamide gel electrophoresis showed the presence of an approximately
130 k D a polypeptide in E. coil HB 101 (pRT200) which formed the most prominent
band on the gel and was absent in the parent strain (figure 7). Other minor
differences in the protein profiles were not investigated further. Some additional
bands could possibly be due to the proteolytic degradation of the toxin in E. coli~
3.3

Toxicity of transgenic E. coli to lepidopteran larvae

The immediate response of the larvae of Spodoptera litura fed on leaf discs treated
with transgenic E. coil was the cessation of feeding (figure 8). A similar response but
to a lower extent was seen on feeding the larvae on leaves carrying the spore-crystal
preparation of B. thuringiensis kurstaki H D I - A . The l l - d a y old larwte fed on the
various toxin treatments showed severe growth retardation, though no mortality.
Larval weight measurements indicated 80% reduction in growth after three days
of feeding on leaf discs coated with the transgenic E. coli. The retardation is much
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Figure 3. Location of sequences homologous to
the btx probe in pRT200. (a) Photograph of EtBr
stained agarose gel showing pRT200 cut with
HincII (lane 2) and HincII HindIII (lane 3). Tire
arrows indicate two very closely located bands in
lane 3. (b) Autoradiograph resulting from Southern
hybridization of the btx probe to blot of gel in (a).
As shown in the restriction map of tire cloned
fragment (figure 4) only the 3.1 kb HincII HindIII
part of the insert present (i) in the doublet band
hybridises to the probe.

higher than the 39% growth reduction caused by the a p p l i c a t i o n of c o m p a r a b l e
a m o u n t s of p r o t e i n as the s p o r e - c r y s t a l p r e p a r a t i o n of H D I - A . C o n t r o l E. coli
HB 101 r e t a r d e d larval growth m a r g i n a l l y by a b o u t 11% (table 1). A m a j o r fi'action
of the toxin in HB 101 (pRT200) was localised in the pellet that c o n t a i n s the
inclusion bodies. In terms of protein applied, the resuspended pellet was nearly 4
times m o r e active than the whole extract. The s u p e r n a t a n t was relatively less toxic,
causing only 41% growth r e t a r d a t i o n after 3 days of feeding. S u b s e q u e n t to three
days of feeding the larvae on treated leaf discs, all the larwte were fed on untreated
leaves and the growth was followed till p u p a t i o n . As seen in table 1, the larvae
Hc E

E

Hd

Hd

Figure 4. The recombinant plasmid pRT200
showing sites for restriction enzymes HinclI
(Hc), EcoRI(E) and HindlIl(Hd) in the 3.1 kb
btx fiagment inserted at HinclI HindlII sites in
pUCI8. The arrow indicates direction of transcription.
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Figure 5. E. coil HB 101 without (a) or with (b) tlm b t x gene containing recombinant
plasmid pRT200. The transgenic E. coli produce phase bright inclusion bodies.
Magnification 39564 x.

exposed to the toxin picked up growth slowly. While pupation was complete in
controls by the 23rd day, the majority of those fed on the toxin preparations
continued to be in larval stages. The delay in pupation was in proportion to the
extent of toxicity. It took 9 more days for pupation to be complete in the 'treated'
larvae. Larval mortality was observed only when the toxin was fed to newly
emerged larvae instead of the l 1-day old larvae. Detailed toxicity trials will be
published elsewhere.
4.

Discussion

Plasmid analysis of 22 different strains by Kronstad et al. (1983) showed the presence
of numerous extrachromosomal elements in B. thm'ingiensis. It varied from one
plasmid in subspecies sotto to 9 to 10 in subspecies kursta]d strain HDI. The strain
HDI and its reisolate HDI-Dipel showed somewhat different plasmid profiles with 4
plasmids being additionally present in HDI. Sil~ce there is a possibility that the
reisolated colonies could be different from the original strain, as also pointed out by
Yamamoto et al. (1988), the reisolate used by us was named HDI-A. The
CsCI(EtBr) density gradient purified plasmid preparation from H D I - A resolved
into nearly 20 bands and the profile appeared to be different from those reported
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Figure 6. Cell-free extract of E. coil HB 101 without (a) or with (b) pRT200. The
transgenic E. coil show irregularly shaped phase bright inclusion bodies (b). A clump of
lnembranous debris seen at a different focus in parental E. coli is shown in (a).
Magnification 15825 x .

earlier (Kronstad et al. 1983; Yamamoto et al. 1988). Some of these bands could be
the alternative topoisomeric forms of the same plasmid.
The 20-met btx probe hybridised strongly to at least 2 plastnid bands as seen in
figure lb. A strongly hybridising 3"1 kb HincII HindIII fragment (figure 2) in
plasmid DNA was identified as carrying the btx gene. Homology to btx probes has
been located on 6'6, 5'3 and 4"5 kb HindIII fragments in several strains of B. thurin,qiensis. The three HindlII fragments represent three different btx genes. The
strains HDI and HDI-Dipel (Kronstad and Whiteley 1986) contain all the
three btx genes while the strain HD?3 (Prefontaine et al. 1987) contains only the
'6.6 kb HindIII-type' btx gene. The '6'6 kb HindIII-type' and not the other two
genes are expected to give a 3'1 kb HincII HindIII btx fragment as per the
published restriction maps. All the three genes have a HinclI site at the same
position on the 5' side, outside the reading frame. The position of the HindllI site,
which is internal to the gene, is different in the three cases. The '4.5' and the
'5.3-type' genes have been sequenced from several strains (reviewed in Brousseau and
Masson 1988), The '6'6 type' gene has been sequenced only from HD73 (Adang
et al. 1985). Colony hybridisation ot the HincIt (complete digestion) Hindtll
(partial digestion) plasmid D N A library with the 20-mer btx probe gave strong
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Figure 7. Toxin gene expression in transgenic E. coil SDS-polyacrylamide gel
electrophoretogram to show polypeptide profiles of cells with (lane 1) and
without (lane 2) the btx plasmid, pRT200. The most prominentband at 130 kDa
position in HB 101 (pRT200) is indicated by an arrow.
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Figure 8. Larwd toxicity test. Larwm of Spodoptera litm'a fed on leaf discs applied with
ceil-free extract of E. coli HB 101 without (a) and with (b) tim cloned toxin gene.
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Table 1. Larval toxicity tests on extracts prepared fi'om transgenic stra;n of E. coli.
Weight (g) of 15 larwtea
after 3 clays of feeding on

Treannent
Control
B.t.k. HDI-A
E. coliHBlOl
E. coil HB 101 (pRT200)
i) Whole extract
ii) Pellet
iii) Supernatant

Protein
(mg)
applied
pe,' disc

Treated
leaves

Normal leavesb
subsequent to
the treatment

Pupae c
formed
by 23rd
clay

Nil
1.22
1.47

2.14
1.31 (39)d
1.9l (ti)

10.10
4.93 (51)
9.76 (3)

15
5
15

1.33
0.32
1.33

0.43 (80)
0.42 (80)
t.27 (41)

1.95 (81)
1.92 (81)
4.80 (52)

1
Nil
8

aEleven-day old larvae were fed on the castor leaf discs after application of the given amount of protein
as described in w2. A group of 3 larvae was fed on 3 leaf discs which were changed in all treatments after
12 h or ea,lier. All treatments had 5 replications;
bArter 3 days of feeding on treated leaves, the larvae were given normal leaves. The weights of the 15
larvae per treatment were recorded on different clays.The table gives larwfl weight after 3 days of feeding
on treated leaves and after 3 days of feeding on normal leaves subsequent to the treatment;
Cpupation commenced in the control on day 20 and was complete on day 23;
dNumbers in parenthesis indicate % growth retardation as compared to controls on that partmular day.
h y b r i d i s a t i o n with a clone which carried a 5.3 k b insert in p U C 1 8 , the restriction
m a p for H i n c I I E c o R I a n d H i n d l I I sites (figure 4) confirmed that the btx fragment
cloned by us carried a '6.6-type' gene. The published sequence of the '6.6-type' btx
gene fi'om H D 7 3 shows that the HincII end is the 5' end. Therefore in pRT200, the
toxin gene is aligned in the right orientation a l o n g the direction of transcription of
lacZ promoter.
The 5.3 kb HincII H i n d I I I fragment expresses the 130 k D a toxin very efficiently in
the transgenic E. coll. The intensity of the p r o t e i n b a n d did not increase further on
inclusion of I P T G to induce the lacZ p r o m o t e r (data n o t given). This implies that
the p r o m o t e r sequence in the cloned fi'agment is recognised by E. coli transcriptional
machinery. Details of subcloning and evidence for the presence of a p r o m o t e r
expressible in E. coil within the fragment cloned in p R T 2 0 0 will be published
elsewhere. Several cloned btx genes have been r e p o r t e d to express in E. coil as in
the case of '4.5-type' gene of H D I - D i p e l ( W o n g et al. 1983), '6.6-type' gene of H D 7 3
(Adang et al. 1985), '6.6 and 5.3-type' genes of H D I ( S h i v k u m a r et al. 1986), a
p l a s m i d - b o r n e gene of berliner 1715 (Hofte et al. 1986), '5.3-type' gene of aizawai
HD133 (Chak a n d Ellar 1987) and one of the two 1 3 0 k D a protein genes of
israelensis ( W a r d a n d Ellar 1988). However, failure in expression of the cloned btx
fragments in E. coli has also been r e p o r t e d in several cases as in the case of
c h r o m o s o m a l gene of berliner 1715 (Hofte e t a l . 1986), the 28 k D a and the 72 k D a
toxin genes of israelensis ( D o n o v a n et al. 1988), the 4'5 type gene of aizawai P L I 7
(Shimizu et al. 1988) a n d the c o l e o p t e r a n toxin gen e of tenebrionis (Jahn et al. 1987;
M c P h e r s o n et al. 1988). O n e of the two 1 3 0 k D a toxin genes of israelensis
continued to express p o o r l y in E. coli despite several m a n i p u l a t i o n s including
transcriptional fusion with lacZ p r o t n o t e r ( W a r d and Ellar 1988). These examples
suggest that the expression of toxin genes in B. thuringliensis is regulated by a
variety of factors, some of which are c o m p a t i b l e with the expression signals in
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E. coll. We find a very high level of expression of the toxin from pRT200, leading to
its accumulation as insoluble, phase bright inclusion bodies. The inclusion bodies
were noticecl in the transgenic E. coli in more than 95% of the cells after overnight
growth. This is ira contrast to the parental B. thurinfliensis strain which takes 3-4
days to reach the sporulation phase and shows crystals in only 50-60% of the cells.
Additionally, crystal formation ira B. thurincliensis is not a stable character in the
majority of the strains. It is highly influenced by the growth conditions, the media
and the strain (Duhnage and Rhodes 1971; Mummigatti and Raghunathan 1988).
As the inclusion bodies made i!t E. coli can be easily separated from the soluble
proteins after" disrupting the cells, the transgenic E. coli provide a convenient source
for harvesting the toxin. Accmnulation of the toxin in inclusion bodies has been
reported earlier ira some cases (Shivkumar et al. 1986; Chak and Ellar 1987; Ward
and Ellar 1988). Tlle chromosomal toxin gene of aizawai IPL7 did not express in
E. coli by itseE However, placing the tac promoter at the 5' end gave a high level
expression leading to formation of the inclusion bodies (Shimizu et al. 1988).
Similarly btx of tenebrionis formed inclusion bodies following natidixic acid-induced
expression from recA promoter (McPherson et al. 1988).
The transgenic E. coil expressing the 130 kDa protein t?om pRT200 were toxic tO
the larvae of Spodoptera litm'a. The toxin caused cessation of food intake and
growth in the 3rd instar larvae. As shown in table 1, the transgenic E. coli were more
toxic to the 3rd instar larvae than the parental B. thuringiensis HDI-A. Amonkar
el al. (1985) have noticed 50% mortality on feeding HDI to the 1st instar larvae. As
shown in the results here, HDI is an antifeedant and growth retardant but is not
larvicidal to the 3rd instar larvae of Spodoptera litura. Detailed toxicity trials
during different stages of the larval life cycle using comptete and truncated btx gene
products will be published elsewhere. The 130 kDa toxins of B. thuringiensis are
known to be generally toxic to the lepidopteran insect larwle. However, some
dipteran-specific (Sekar and Carlton 1985; Ward and Ellar 1987; Tungpradubkul
et aL 1988) and more recently, dipteranr as well as lepidopteran-specific (Haider and
Ellar 1987; Granum et al. 1988; Chestukhina et al. t988) toxic proteins of 130 kDa
have been reported. The 'strain HDI used in this study has been reported to
produce at least 3 toxic proteins of 130-134kDa (Yamamoto et al. 1988).
Comparison of the peptide maps of the entomocidat proteins produced by the
parental strain and its plasmid-cured derivatives showed that in HDI, crystals
comprise 130 kDa protein products of '5'3 and 4'3-type' genes. The '6'6-type' gene
product was not detectable in significant amounts in HDI, although it was
expressed in HDI-Dipel. The gene cloned in this study is the '6'6-type' gene. The
host range of the individual 130 kDa toxins present in HDI has not been reported.
Our results show that the '6.6-type' btx gene of HDI makes a 7130kDa protein in
E. coli which is toxic to Spodoptera litm'a. Insects belonging to family Noctuidae,
like Spodoptera sp. are controlled poorly with the isolates of B. thurinfliensis
presently in use as biopesticides. Strains with significant levels of toxicity to
Spodoplera have been recently isolated from aizmvai (Lecadet and Martouret 1987)
and eHtomocidus (Visser et all 1988). Cloning and expression of the individual toxin
genes in E. coil may reveal the presence of silent genes with newer host specificities
in the already awfilable strains of B. thurirtgiensis. Once the structure-function
relationship is established, it may become possible to change host spectra of toxins
by manipulation of the cloned genes.
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