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Abstract: The control of cotton pests may be accomplished using Bacillus thuringiensis Cry proteins. 
For this purpose, the objective of this work was to evaluate the insecticidal activity of a new Cry1Ia 
protein against neonatal larvae of Spodoptera frugiperda and Anthonomus grandis. The complete 
cry1Ia gene, previously obtained by PCR with oligonucleotide primers based on the sequenced gene, 
was cloned into the vector pET28a(+), introduced into Escherichia coli BL21(DE3) and expressed by 
induction with IPTG. The expression of the Cry1Ia protein was confirmed with molecular weight of 
approximately 81 kDa. The results demonstrated the efficiency of the bacterial system for the 
expression of B. thuringiensis Cry1Ia protein, which was subsequently used in quantitative bioassays 
against S. frugiperda and A. grandis larvae, resulting in an extremely toxic protein for both species. 
This characteristic is exceptionally important for obtaining transgenic cotton plants resistant to these 
pests. 
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INTRODUCTION 

 
Large-scale commercial crops such as cotton, corn, soybean, and sugar cane require intensive use of 

insecticides to control pests, especially Lepidoptera and Coleoptera insects, with costs estimated between 3 and 
5 billion dollars per year total and 645 million for cotton crops alone (Santos, R.C., et al, 2003). The most 
devastating cotton crop pests include the Fall Armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae), 
which also attacks other economically important crops worldwide, and the Boll Weevil, Anthonomus grandis 
(Coleoptera: Curculionidae), one of the most important cotton pests on the American continent (Grossi-de-Sa, 
M.F., et al, 2007).   

The control of those pests is normally accomplished using chemical insecticides, which have high costs, are 
highly toxic and impact the environment. Scientific and technological advances have propelled the use of 
biological controls as an alternative to chemical defenses. Nowadays, the most commonly employed 
bioinsecticides are based on Bacillus thuringiensis (Bt) Berliner bacteria due to its production of toxins specific 
to the larval phase of Lepidoptera, Coleoptera, Diptera, Hymenoptera, Homoptera, Orthoptera and some Acari 
species, phylum Nematode and Protozoa (Feitelson, J.S., et al, 1992). The B. thuringiensis bacteria is mainly 
characterized by the production of a protein inclusion formed by Cry or δ-endotoxin and Cyt proteins, which are 
able to produce other toxic proteins, such as Vip (Crickmore, N., et al, 2011).  

The Cry proteins are classified based on similarities among amino acid sequences, and are grouped into 54 
classes. There are also more than 400 different cry genes that encode these proteins (Crickmore, N., et al, 2011), 
that are may be done using the Polymerase Chain Reaction (PCR) technique. This technique has been applied in 
several studies, including Lereclus et al. (1993), Vilas-Bôas & Lemos (2004), Jouzani et al. (2008), 
Thammasittirong and Attathom (2008), Seifinejad et al. (2008) and Gonçalves et al. (2009) to find new isolates 
with entomopathogenic potential. The type of cry gene present in an isolate correlates with the specificity of the 
produced Cry protein.  

Some of these proteins have toxicities to more than one insect order; for example, Cry1I is toxic to the 
Lepidoptera and Coleoptera orders (Tailor, R., et al, 1992). Other cry1I genes have been characterized and 
published (Tounsi, S., et al, 2003; Song, F., et al, 2003; Selvapandiyan, A., et al, 1998; Gleave, A.P., et al, 
1993; Choi, S.K., et al, 20004). The cry1I genes encode proteins of about 70 to 80 kDa that are segregated 
during the vegetative phase of B. thuringiensis and do not accumulate as crystals (Escudero, I.R., et al, 2006; 
Grossi-de-Sa, M.F., et al, 2007).  

With advances in biotechnology, genes that encode proteins with insecticidal characteristics may be isolated 
from B. thuringiensis, cloned into Escherichia coli or B. thuringiensis mutants for cry genes (cry-B) and even 
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modified to express adequately in plants. Bt cotton plants have already been adopted by some farmers, which 
has decreased insecticidal application by 50 to 65% (Santos, R.C., et al, 2003).  

The objectives of the present work were to clone the cry1Ia gene of a Brazilian isolate into an expression 
vector, express the Cry1Ia protein in E. coli and evaluate its insecticidal activity against S. frugiperda and A. 
grandis neonates. 

 
MATERIALS AND METHODS 

 
Bacillus thuringiensis Strain: 

An E. coli DH5α clone containing the complete cry1Ia gene of the B. thuringiensis strain var. thuringiensis 
T01 328, isolated from the soil of Cubatão, São Paulo, Brazil, was used. This gene was inserted in the pGEM T-
Easy vector and sequenced by the “Gene Walking” strategy. The strain belongs to the Bacterial Genetics and 
Applied Biotechnology Laboratory (LGBBA) of FCAV- UNESP, Jaboticabal, São Paulo, Brazil. 
 
Amplification of the Complete Cry1Ia Gene: 

The FASTA sequence of the complete cry1Ia gene of isolate T01 328 (GenBank accession number 
AY262167) was used to make a pair of primers that flank the beginning and end of the gene and amplify it 
completely. In order to subclone the gene into the expression vector pET28a(+) (Novagen) in E. coli without 
altering the reading frame, recognition sequences for the restriction enzymes NheI and NotI were added to the 
forward primer (5’ CTAGCTAGCTACATGAAACTAAAGAATCAAGAT 3’) and the reverse primer (5’ 
ATAGTTTAGCGGCCGCATTCCTACATGTTACGCTC 3’), respectively. 

 The E. coli DH5α clone of cry1Ia gene was cultivated in LB liquid medium (1% tryptone, 0.5% yeast 
extract  and 1% NaCl, pH 7.2) for approximately 18 h, and the plasmid DNA containing the complete cry1I 
gene was extracted by the method described by Sambrook and Russell (28). The PCR reactions were performed 
using the plasmid DNA and the Expand High Fidelity Plus PCR System (Roche), according to the 
manufacturer’s instructions. 

The PCR reactions were done in a thermocycler according to the following two programs with different 
annealing temperatures. The first program consisted of a cycle of 5 min at 95ºC, followed by 15 cycles of 1 min 
at 95ºC, 1 min at 49ºC and 2 min at 72ºC and a final extension step of 10 min at 72ºC. In the second program, a 
cycle of 5 min at 95ºC of denaturation was followed by another 20 cycles of 1 min at 95ºC, 1 min at 54ºC and 2 
min at 72ºC, with an extra final extension step of 10 min at 72ºC. At the end of each program, samples were 
incubated at 10ºC until removal from the thermocycler.  

After amplification, the samples were submitted to 0.8% agarose gel electrophoresis and stained with 
ethidium bromide (Sambrook, J. and Russell, D.W., 2001). To verify the size of the obtained molecular 
fragments, an aliquot of 1 kb DNA Ladder was used in all electrophoreses as a reference. The agarose gel was 
visualized under UV light and documented by the Gel Doc 2000 equipment (Bio-Rad).  
 
Cloning of the Cry1ia Gene In E. Coli: 

For expression of the gene of interest, the amplified product was inserted into the expression vector 
pET28a(+). This vector contains a polyhistidine (6xHis) tag, which is useful in Western Blotting and may also 
be used for protein purification by affinity chromatography. 

The complete amplified gene was gel purified using the Illustra GFX PCR DNA and Gel Band Purification 
kit (GE), according to the manufacturer’s instructions. The resulting fragment was then double digested with the 
enzymes NheI and NotI (New England Biolabs), according to the manufacturer’s instructions. The gene was 
cloned into the expression vector, which had been previously digested with the same specific enzymes and 
dephosphorylated, using DNA ligase incubated at 16ºC for 12 h. Afterwards, the recombinant vectors were 
transformed by thermal shock into BL21(DE3) competent E. coli, according to Hanahan (1983). The 
transformed clones were selected on LB agar medium plates with 50 g ml-1 kanamycin, 60 l of IPTG (100 
mM) and 80 l of X-gal (50 mg ml-1). The clones were then transferred to 15 ml falcon tubes containing 3 ml of 
liquid LB cultural medium supplemented with 50 g ml-1 kanamycin and incubated at 37ºC for 12 h with 
constant agitation at 110 rpm. An aliquot was aseptically set aside in sterile glycerol (40%) and stored at -80ºC, 
while the rest was used for plasmid DNA extraction (Sambrook, J. and Russell, D.W., 2001). The transformed 
clones were analyzed by agarose gel electrophoresis after digestion of the plasmid DNA with the restriction 
enzymes used in the cloning to verify the insertion of the gene into the expression vector. 
 
Induction of Cry1Ia Protein Expression: 

One colony of a clone containing the Cry1Ia expression vector was inoculated into a preculture of 20 ml of 
LB medium with 50 μg ml-1 kanamycin and cultivated with agitation at 250 rpm and 37ºC for 16 h. The pre-
inoculum was then transferred to 200 ml of LB medium with 50 μg ml-1 kanamycin until the OD600 reached 
0.025. This suspension was maintained with agitation until the OD600 was 1.2. For protein expression induction, 
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IPTG was added to a final concentration of 1 mM. The culture was maintained at 37ºC with constant agitation at 
190 rpm through the night. The cells were collected by centrifugation (7,400 x g for 30 min) and lysed with a 
solution containing 20 mM phosphate buffer, 0.5 M NaCl, pH 7.4, 100 mg ml-1 lysozyme and 1 mg ml-1 DNase 
and incubation for 30 min with agitation at 100 rpm at 37ºC. Afterwards, the cells were sonicated twice for 60 s 
at 60 W, with a 10 s break in between. The supernatant was collected after centrifugation at 7,400 x g per min at 
4ºC and used for analysis of the expressed protein and bioassays.  
 
Protein analysis by SDS-PAGE and Western Blotting: 

Confirmation of protein production was measured by resolution of the total protein in a 10% SDS-PAGE 
gel, according to Laemmli (1970). The discontinuous polyacrylamide gel electrophoresis was done using a mini 
gel (60 x 80 x 1.0 mm). The stacking gel was made with 5% acrylamide containing 0.1% SDS and the 
separation gel with 10% acrylamide and 0.1% SDS (m/v). The electrophoresis was done in 0.187 M Tris-HCl 
buffer, 0.2 M glycine and 0.075% SDS (m/v), pH 8.4, at ambient temperature and 200 V for 90 min. Ten 
microliters of buffer solution [0.187 M Tris-HCl., pH 7.0, 2% SDS (m/v), 1% bromophenol blue (m/v), 27% 
glycerol (v/v)] and 5% β-mercaptoethanol (v/v) were added to each 20 μl protein sample. The mixture was 
heated for 2 min at 100ºC and applied equally to two gels.  

After the gels were run, the polypeptide bands were detected in one of the gels with a solution of 0.1% 
(m/v) Coomassie-Brilliant Blue R-250 dissolved in a fixing solution [50% (v/v) methanol and 10% (v/v) acetic 
acid] and then destained in 30% (v/v) ethanol and 10% (v/v) acetic acid. The protein bands of the bacteria 
transformed by the recombinant plasmid vector and the standard bacteria containing the non-recombinant vector 
were compared by analyzing the presence of the Cry1Ia protein. Its molecular weight was also measured by 
comparison with the PageRuler Prestained Protein Ladder marker. Four different concentrations of bovine 
serum albumin (BSA) (440, 220, 110 and 50 µg ml-1) were used to determine the protein concentration by the 
Quantity One 1-D analysis program (Bio-Rad). 

For the Western Blotting method, one of the SDS-PAGE gels, prepared according to the previous 
explanation and the Spectra™ Multicolor Broad Range Protein Ladder molecular marker without staining, was 
electro-transferred in a humid transference cube to a Hybond-P PVDF membrane (Amersham Bioscience). 
Using transfer buffer [50 mM Tris, 384 mM glycine and 20% (v/v) methanol , pH 8.3], the process was done at 
15 V and 4ºC for 35 min (Towbin, H., et al, 1979). After the proteins were transferred, transfer efficiency was 
verified by staining the membrane with 0.1% Ponceau S Solution dissolved in 1% acetic acid and destained with 
distilled water. The membrane was blocked in 10 ml of PBS (phosphate buffered saline, 0.01 M phosphate 
buffer, 2.7 mM KCl2, 137 mM NaCl, pH 7.4), containing 5% skimmed milk powder (LPD) and 0.02% Tween-
20 solution, with light agitation for 1 h. The membrane was then incubated in a solution containing anti-
polyhistidine mouse monoclonal IgG antibody (Sigma) diluted 1:500 in PBS with light agitation for 1 h at 
ambient temperature. After washing with PBS, the membrane was incubated with goat peroxidase-conjugated 
anti-mouse IgG secondary antibody (Bethyl Laboratories Inc.) diluted 1:500 in PBS-5% LPD for 1 h. The 
membrane was once again washed with PBS and the color developing reaction was processed with the FAST 
DAB substrate kit (Sigma), which contains diethylamino-ethyl-benzidine (0.7 mg) and hydrogen peroxide–urea 
(1.6 mg). The membrane was washed with deionized water to stop the development reaction, desiccated at 
ambient temperature and then stored without light.  
 
Bioassays of Median Lethal Concentration (LC50): 

For the determination of the bioinsecticidal activity of the protein, the lysate obtained from the BL21 (DE3) 
E. coli that expressed the Cry1Ia protein was used. The bioassays with S. frugiperda were performed according 
to Monnerat et al. (2007), with first instar worms fed with lysate solutions in ten different concentrations (10-1 to 
10-10 ug ml-1), prepared from a 20 ug ml-1 Cry1Ia protein stock solution (Martins, E.S., et al, 2008). The same 
procedure was done for the control, with the Cry1Ia protein lysate substituted with a BL21 (DE3) E. coli lysate 
containing the empty vector. The treatments were kept in a climatic chamber (25 + 1ºC) with a 14-h photophase 
and relative humidity of 70 + 5%. The treatments were evaluated 7 days after inoculation (Polanczyk, R.A., et 
al, 2000) and then the worms killed by the action of B. thuringiensis crystal protein were quantified, from which 
the LC50 was determined with the Probit analysis (Finney, D.J., 1971).  

In the bioassays with A. grandis neonate larvae from Martins et al. (2008), 1 ml of lysate solution with five 
different concentrations (100, 50, 20, 10 and 5 ug ml-1) of Cry1Ia protein was incorporated in 35 ml of artificial 
diet (Martins, E.S., et al, 2007). For the control, a lysate of BL21 (DE3) E. coli containing the empty vector was 
used. The treatments were kept in a climatic chamber (25 + 1ºC) with a 14-h photophase and relative humidity 
of 70 + 10%. The treatments were evaluated 7 days after inoculation (Praça, L.B., et al, 2004) and, afterwards, 
the worms killed by B. thuringiensis were quantified and used to determine the LC50 by the Probit analysis 
(Finney, D.J., 1971). All bioassays were done with three replicates. 
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Results: 
A new gene of the Brazilian strain of B. thuringiensis var. thuringiensis T01 328, encoding a protein of the 

Cry1I group, was cloned and sequenced (GenBank accession number AY262167). After review by the Cry 
Gene Nomenclature Committee, the nucleotide sequence of the complete gene that was submitted to the website 
http://www.lifesci.sussex.ac.uk/home/Neil_Crickmore/Bt/index.html received the designation of cry1Ia10. With 
this sequence, specific oligonucleotides were built and used to amplify the complete gene of cry1Ia10 and to 
insert the restriction sites used to clone it into the vector pET28a(+). Initially, the oligonucleotides partially 
annealed to the gene and after several amplification cycles with the first annealing temperature (49ºC), the non-
annealed part, containing the restriction sites, was also amplified. The temperature was raised to permit 
complete annealing of the oligonucleotide primers to the amplified sequence, resulting in the 2193 bp amplicon 
with sites for the NheI and NotI enzymes inserted at the ends (Figure 1).  

The gene of interest was inserted into the vector pET28a(+) using the cry1Ia gene cloning methods, 
resulting in a recombinant vector of 7478 bp (Figure 1). Transformation of BL21 (DE3) E. coli with the 
recombinant pET28a(+)-cry1Ia vector was efficient and confirmed by double digestion with the enzymes NheI 
and NotI, which resulted in two fragments: one of the 5318 bp vector and another of 2160 bp corresponding to 
the complete cry1Ia gene (Figure 1). 
 

 
 

Fig. 1: Electropherogram showing the presence of the E. coli recombinant clone. MM, 1 kb DNA Ladder 
molecular marker; Lane 1, DNA of the recombinant clone digested with NheI and NotI; Lane 2, DNA 
of the recombinant clone without digestion; Lane 3, product of the complete cry1Ia gene of the T01 
328 strain. 

 
When compared to an E. coli extract containing the empty vector (Figure 2), SDS-PAGE analysis 

demonstrated the presence of a band with a molecular weight of approximately 81 kDa, corresponding to the 
Cry1Ia protein and several other E. coli proteins. The protein was quantified from the linear equation obtained 
with BSA standards and the concentration was determined to be 250 ug ml-1. 
 

 
 
Fig. 2: Detection of the recombinant protein with a 10% SDS-PAGE gel. MM, PageRuler™ Plus Prestained 

Protein Ladder molecular marker in kDa; Lane 1, 440 µg ml-1 BSA; Lane 2, 220 µg ml-1 BSA; Lane 3, 
110 µg ml-1 BSA; Lane 4, 50 µg ml-1 BSA; Lane 5, proteins from the E. coli cell extract with the empty 
vector; Lane 6, proteins from the recombinant clone cell extract containing the Cry1Ia protein, indicated 
by the arrow. 
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The confirmation of Cry1Ia protein expression in E. coli was done by Western Blot. In this method, a anti-
polyhistidine mouse monoclonal IgG antibody and a goat peroxidase-conjugated anti-mouse IgG were used. 
Because of the presence of the polyhistidine tail, a protein with a molecular weight of 81 kDa was identified in 
the total protein extract of the recombinant E. coli. This band was not identified with the extract prepared of E. 
coli cells with the empty vector (Figure 3). 
 

 
 

Fig. 3: Detection by Western Blot of the Cry1Ia protein expressed in E. coli. MM, Spectra™ Multicolor Broad 
Range Protein Ladder molecular marker in kDa; Lane 1, total protein extract of E. coli cells with the 
empty vector; Lane 2, total protein extract of the recombinant E. coli clone, showing the Cry1Ia protein 
with the polyhistidine tail. 

 
In the S. frugiperda and A. grandis bioassays, the LC50 of the recombinant Cry1Ia protein lysate was 

determined for each species and the results were statistically significant (Table 1). The LC50 of the Cry1Ia 
protein was 0.017 ug ml-1 for S. frugiperda and 5.23 ug ml-1 for A. grandis. 
 
Table 1: Dosage/response bioassays of the Bacillus thuringiensis Cry1Ia protein against Spodoptera frugiperda and Anthonomus grandis 

first instar larvae. 
Insect N α CL50 μg ml-1 (CI 0.05) χ2 g.l. 
Spodoptera frugiperda 1320 1.27 0.017(0.009; 0.033) 5,34 9 
Anthonomus grandis 420 1.09 5.23 (2.19; 8.56) 6,79 4 

N = number of insects/species; g.l. = degree of freedom; α = angular coefficient;  
χ 2 = Chi-square value; CI = confidence interval. 

 
Discussion: 

The expression of genes of various microorganisms in E. coli has been broadly used with success. With this 
technique, a new cry1Ia gene of a Brazilian isolate was cloned, expressed in E. coli and the toxicity of the 
recombinant protein was tested against pests of the Lepidoptera and Coleoptera orders, confirming the effective 
action of the Cry1Ia protein. The strategy permitted the verification that the new protein has interesting 
insecticidal characteristics, particularly due to its large functional spectrum, which has been attributed to some 
proteins of this group. Cry1I toxins are of special interest, since they present toxicity against insects of the 
Lepidoptera and Coleoptera orders. Other proteins, as Cry1B, Cry1C and Cry2A, have also been found to 
exhibit action against more than one order (Zhong, C., et al, 2000; Widner, W.R. and H.R. Whiteley, 1990; 
Bradley, D., et al, 1995; Abdul-Rauf, M. and D.J. Ellar, 1999). 

The alignment of the nucleotide consensus sequence of the isolate T01 328 (GenBank accession number 
AY262167) with the B. thuringiensis var. kurstaki HD1 (gi 1621215) cryV gene sequence resulted in 99% 
identity, revealing four base substitutions: G for A (position 476 bp), T for C (position 1719 bp), C for G and G 
for C (position 2133 bp). These substitutions caused three changes in the amino acid sequence, including 
arginine to lysine (AGG to AAG - residue 159), phenylalanine for itself (TTT for TTC – residue 573),  
asparagine to lysine (AAC to AAG - residue 711) and glutamic acid to glutamine (GAA to CAA – residue 712), 
resulting in 99% identity with the amino acid sequence of the GeneBank accession number Y08920.  

The nucleotide alignment with the sequence reported by Gleave et al. (1993) only revealed one transition of 
C to T at position 1398 relative to the ATG start codon, resulting in no changes in the amino acid sequence. 
These results agree with that described by Kostichka et al. (1996), in which the cryV gene of the B. thuringiensis 
AB88 strain was sequenced. The nucleotide sequence alignment of the cry1Ia10 gene of the T01 328 isolate 
showed 99% identity with the gene sequences of cry1Ia1, cry1Ia2, cry1Ia3 cry1Ia4, cry1Ia5, cry1Ia6 and cry1Ia8; 
97% with cry1Ia7; 93% with cry1Ib1; 92% with cry1Ic1; 90% with cry1Id1 and 94% with cry1Ie1. The nucleotide 
sequence of isolate T01328 also presented between 57 and 65% similarity with nucleotide sequences of the cry1B 
gene, which encodes a protein with insecticidal effects both in Coleoptera and Lepidoptera larvae (Bradley, D., et al, 
1995). 

According to the results described by Kostichka et al. (1996), the analysis of the deduced cry1I protein 
sequence of the T01328 isolate also revealed the presence of a N-terminal sequence that functions as a signal 
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peptide. Although the sequence has little similarity with other Cry proteins, the first 34 amino acids show significant 
homology. The N-terminal sequence of the cry1Ia gene contains positively charged amino acids (from M-1 to Q-10) 
followed by hydrophobic residues (from S-11 to A-16) and a polar region (from K-17), which may function as a 
signal peptide in Bacillus species (34). Thus, this data indicates that the Cry1Ia protein is possibly secreted 
(Kostichka et al., 1996). 

The E. coli expression system was used to produce the Cry1Ia protein. The molecular weight of the Cry1Ia10 
protein, measured by SDS-PAGE, was 81 kDa, approximately the same as the native protein. The mass increase is 
due to the polyhistidine tail. The Western Blotting technique confirmed the correct expression of the cry1Ia10 gene, 
through the recognition of the polyhistidine tail on a protein of the known size.  

Other B. thuringiensis genes have been isolated and cloned in E. coli or in B. thuringiensis mutants for cry 
(cry-B) genes (Bhalla, R., et al, 2005; Craveiro, K.I.C., et al, 2010;  Hernandez-Martinez, P., et al, 2008; Kumar, 
S., et al, 2005; Sena, J.A.D., et al, 2009). In Escudero et al. (2006), a new cry1I gene, designated cry1Ia7, was 
isolated and its protein expressed in E. coli. This protein was demonstrated to be soluble in water and toxic to 
various insect species. Cry1Ab, Cry1Fa, Vip3Aa and Vip3Af proteins was expressed in E. coli and their 
toxicities against Spodoptera frugiperda were determinated with bioassays, demonstrated that Vip3A proteins 
were more toxic than Cry1 proteins (Sena, J.A.D., et al, 2009). 

In Silva-Werneck & Monnerat (2001) and Li-Ming et al. (2007), the expressed cry proteins were used in 
bioassays and LC50 values were determined, separately verifying toxicity for the pest. In the present work, the 
LC50 values for the Cry1Ia10 recombinant protein were 0.017 μg ml-1 for S. frugipedra and 5.23 μg ml-1 for A. 
grandis, therefore showing high toxicity against these pests. When compared with the literature pertaining to 
Cry1I proteins and the same pests, the Cry1Ia10 protein has a lower LC50. The Cry1Ia12 recombinant protein 
demonstrated moderate toxicity against first instar larvae of S. frugipera and A. grandis, with LC50 of 230 μg ml-

1 and 5 μg ml-1, respectively (Grossi-de-Sa, M.F., et al, 2007). In Martins et al. (2008), a Cry1Ia protein was 
cloned into the baculovirus genome, expressed in cells of infected insects and its high toxicity was demonstrated 
in bioassays with the purified protein against A. grandis and S. frugiperda neonate larvae. In assays with A. 
grandis, the toxicity (21.5 μg ml-1) was 15 times higher than in the standard (B. thuringiensis var. tenebrionis), 
while with S. frugiperda, the toxicity (0.289 μg ml-1) was 160 times higher than the standard (B. thuringiensis 
var. kurstaki S1450). In the same paper, any significant toxicity was not demonstrated against Plutella 
xylostella and Anticarsia gemmatalis. 

Expression of the Cry1Ia protein in E. coli produces inclusion bodies that don’t occur in B. thuringiensis, 
since the Cry1I proteins are secreted into the medium and don’t participate in the formation of crystals (Choi, 
S.K., et al, 2000) which restrain its use in bioinsecticidal applications (Escudero, I.R., et al, 2006). However, its 
insecticidal characteristics may be explored if the Cry1I proteins were successfully expressed in transgenic 
plants (Lagnaoui, A., et al, 2001;  Liu, K.Y., et al, 2004). Likewise, the present work demonstrated the 
efficiency of the bacterial system for the expression of the B. thuringiensis Cry1Ia protein, the high toxicity of 
this protein to S. frugipera and A. grandis neonate larvae, and its potential application to generate transgenic 
cotton plants resistant to these pests.  
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