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ABSTRACT 

Two of the Bacillus thuringiensis (8.1.) strains, israelensis and kurstaki, produce 

similar 130 kDa protoxins encoded by the cry/VB and cry/A(c) genes, respectively. The 

former encodes a toxin specific to dipteran larvae and the latter to lepidopteran insects. A 

putative insect specificity domain of cry/vB was amplified by PCR and cloned into pUC 19 

(pGI). This region was excised and exchanged with an analogous sequence in cry/A(c) 

cloned in pKK2233 to form pOSM. The chimeric gene was stable in Escherichia coli but 

bioassays showed little toxicity to Aedes aegypti or Aedes triseriatus mosquito larvae 

Sequencing of the inserts in both plasmids was performed to determine if there had been 

an alteration in the sequence resulting in loss of toxicity an/or to verify that we had 

amplified and exchanged the correct domain for toxicity. We verified that 33% of the 

insert contained no alterations. Toxicity may not have been seen due to the parental 

(pOSU4202 - 8.1.k. cry/A(c) in pKK(233) losing toxicity. 
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INTRODUCTION 

The increasing alarm over the application of high levels of toxic chemical pesticides has 

led to research into biological insecticides. Because of the high specificity and safety of 

toxins produced by various strains of Bacillus thuringiensis (8. 1), these microorganisms 

have become important weapons as biological controls. However, the high degree of 

specificity limits the manufacture of broad-spectrum formulations. To solve this problem, 

it is important to identify the insect binding specificity encoding regions. Once they have 

been located, several types of mutageneses may be employed to broaden or narrow the 

toxicity to various insect groups or to enhance the current level of toxicity toward a target 

organism. Introduction of Bacillus thuringiensis toxins into larval food sources will 

eventually enable us to control insect populations without the problems of non-target 

organism death commonly associated with chemical insecticides (Schmeisser 1993). 

The aerobic, gram-positive strains of8.t. are known to produce a parasporal 

endotoxin crystal during sporulation The many subspecies have different insecticidal 

spectra; some are toxic only to dipteran insects (8.t. subspecies israelensis) and some 

only to lepidopteran larvae (8.t. subspecies kurstaki). 

After ingestion of protoxin by susceptible larvae, the crystalline protein is 

solubilized in the alkaline insect midgut and cleaved into an active form ofMr 53-63 kD. 

This active toxin binds to a midgut receptor protein and forms a pore. As a result of pore 

formation in the midgut, cell lysis occurs and insects are killed. 

The three dimensional structure of8.t. subspecies tenebrionis (8.tt.) toxin protein 

was identified recently (Ellar et al. 1991). There are three major domains; an alpha helix 

domain which is responsible for pore formation, a beta sheet which functions in receptor 

binding and a jellyroll which is required for toxicity. 

Previously, the secondary structures of8.t.i. and 8.t.k. toxins were compared to 

the three-dimensional structure of8.u. to identify a putative insect binding domain of 



- Bt.i.(Schmeisser 1993}. The insect specificity domain of crynB was amplified by PCR 

and cloned into pUC19 (pGI) (B-S. Kim 1994). This region was excised and exchanged 

with an analogous sequence in cry/A(c} and cloned into pKK2233 to form pOSM 

(Schmeisser 1993). A southern blot analysis was performed and hybridizing bands were 

detected confirming the presence of the pGI small fragment in pOSM (B-S. Kim 1994). 

Our overall goal in the research was to identify the specificity domain ofBt.i. toxin by a 

PCR-mediated exchange with the previously identifid specificity domain in B.t.k.. 

A specific goal of this research was to examine the level of toxicity of the 

recombinant plasmid (pOSM) on Aedes aegypti and Aedes triseriatus by performing 

mosquito bioassays. Secondly, when no toxicity was observed, DNA sequencing was 

performed to determine if there were mutations in the inserted sequence. If a specific 

sequence alteration were responsible for the loss in toxicity, this might provide important 

information about the mechanism of action or structure of the insect specificity domain. 
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- REVIEW OF LITERATURE 

Bacillus thuringiensis Background 

Bacillus thuringiensis is a gram-positive soil bacterium characterized by its 

ability to produce crystalline inclusions during sporulation. These inclusions consist of 

proteins exhibiting a highly specific insecticidal activity. Many B. thuringiensis strains 

with different insect host spectra have been identified. They are classified into different 

serotypes or subspecies based on their flagellar antigens Most strains are active against 

larvae of certain members of Lepidoptera, but some show toxicity against dipteran or 

coleopteran species. For several crystal-producing strains, no toxic activity has yet been 

demonstrated (Hofte et aL 1989). 

Briefly the major toxins ofRt are: alpha-exotoxin, beta-exotoxin, louse factor, 

delta-endotoxin, and the spore. The delta-endotoxin is present as a crystal. Its activity is 

limited to larvae of Lepidoptera, mosquitos, chrionomids, and blackflies. All the safety 

data collected within the last twenty years have shown that the crystal has no adverse 

effect on non-target invertebrates or vertebrates. The term "delta-endotoxin" used to 

describe this crystal is in reality a misnomer, for the crystal itself is not toxic to insects 

until it is dissolved either ill vitro under specific conditions or in the midgut of the larva. 

The dissolution releases from the insoluble protein matrix a small protein (50-100,000 

daltons) which is the true toxin. Therefore, susceptibility of an insect to this toxin may in 

part, or perhaps entirely, depend on the insect's ability to digest the crystal into its toxic 

subunits. The observed potency may actually reflect the rate at which the insect's 

digestive system brings about this dissolution. The delta-endotoxins from different strains 

ofRt can differ quantitatively and qualitatively in their insecticidal activities (Dubois et 

al. 1980). 

When R 1. crystalline inclusions are ingested by susceptible larvae, the protoxin is 

solubilized in the insect midgut and is converted to a toxic polypeptide by proteolytic 
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cleavage. Upon binding of the toxin to surface receptors of the insect midgut epithelial 

cells, small pores are generated in the plasma membrane which disturb ion gradients, pH 

regulation and nutrient uptake. Paralysis of the gut and mouth parts concomitant with a 

deterioration of the epithelial cells lining the gut lead to death of the larva (Knowles et al. 

1987). The insecticidal protoxin is 130-140 kDa prior to proteolytic cleavage by midgut 

prot eases to a 55-70 kDa toxin. The toxin diffuses across the peritrophic membrane and 

interacts with specific receptors on the columnar cell apical membrane of midgut cells 

(Crawford et al. 1988). 

Many of the B t. strains have been categorized into families based on structural 

homologies and on insecticidal spectra of the crystalline protein. Currently, there are four 

evolutionarily related families: (i) the Cry I subclasses are all toxic to certain larvae of 

lepidopteran insects; (ii) the Cry II subclasses are all toxic to specific larvae of both 

lepidopteran and dipteran insects; (iii) the Cry III family, with only one isolated toxin to 

date, is toxic to one coleopteran insect larva; and (iv) the Cry IV subclasses are all toxic 

to certain larvae of dipteran insects (Hofte et al. 1989). 

Protoxin Architecture 

Protoxins ofBt. share several properties. First, computer analyses have shown 

three areas of amino acid conservation (see Figure 1). The first region involves the entire 

carboxyl C-terminal half of the protoxin. The sequences of amino acids in this region are 

highly conserved and do not appear to be necessary for toxic expression of the delta

endotoxin (Honee et al. 1991). Interestingly, it has been demonstrated that most of the 

cysteine residues are located in this portion of the protoxin and that they seem to be 

responsible for the biphasic solubility profile seen with these protoxins (Couche et al. 

1987). This evidence supports the notion that the entire C-terminal halves are involved in 

crystal formation. Perhaps the conservation seen in this protion allows the assembly of 

several toxins with different insecticidal spectra in to one crystal (Hofte et al. 1989). 

4 



Figure 1. The overall general crystal protein structure of Bacillus Ihurillgiensis subspecies 

(Hofte et al. 1989). 
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The amino N-terminal half contains the domain responsible for the toxic expression 

of the protoxin (Schnepf et al. 1985). Again based on amino acid conservation this 

region has been split into two halves (pao-intra 1988). The N-terminal half of this portion 

has been shown to have highly conserved amino acids, it appears to be rich in alpha

helices and contains a hydrophobic distribution of amino acids (Honee et al 1991). The 

hydrophobic amino acids indicate that this portion of the toxin may be membrane 

associated in a domain responsible for the pore formation that is needed to lyse the target 

cells (Li et al 1991). 

The C-terminal portion of this half, however, is quite different. It is more variable 

in amino acids, is rich in beta-sheet motifs, and has been shown to be involved in receptor 

binding in the target insect (Ge et al. 1991). The differences in amino acid conservation 

seen in this section may explain the differential insecticidal specificities of the individual 

B. t. toxins. 

Two studies seem to show that the alpha-helical and beta-sheet motifs seen in both 

sections of the N-terminal halves of all B. t. t<>xins are highly conserved (Li et al. 1991). 

This indicates that the toxic core fragment is localized in the same relative position in all 

the protoxins, the N-terminal half 

Activated Toxin Architecture 

The 3-dimensional structure of the Bacillus thuringiensis tenebrionis (Cry IlIA) 

protein was determined by x-ray crystallography to a resolution of25 Angstroms (Li et al. 

1991) (Figure 2). According to these analyses there are three distinct structural domains 

forming the active toxin. The first domain encompasses the N-terminal third of the toxin. 

It is a bundle of seven helices with one of them buried inside the center of the domain. 

The second domain is made of three beta-sheets arranged into a triangular array around a 

hydrophobic core. This section also corresponds to the hypervariable region of amino 
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Figure 2. Activated toxin architecture The three-dimensional model for the 27 kDa toxin 

of B. thuringiensis subsp lelJt.:imol1ls It shows the ribbon model for the three

dimensional structure In the figure three domains, the alpha-helical Domain I , the 

triangular beta-sheet array of Domain II. and the "jelly roll" beta-sheet of Domain III, are 

indicated. The N-terminus occurs in Domain I and the sequence continues through to the 

C-terminus in Domain III (Li et al 1991) 
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acids (Li et al. 1991). The third domain encompasses the C-terminal portion of the active 

toxin. It is a sandwich of two antiparallel beta-sheets and has no known function. Based 

on blocks of sequence homology and the three-dimensional crystallographic study, the B.t. 

tenebrionis structure has been proposed as the basic model for all B. 1. deIta-endotoxins 

(Le et al. 1991). 

The functions of the respective domains were also revealed by the x-ray 

crystallographic analysis. The first domain, with its helical bundle, forms a tubular 

structure that is long enough to penetrate the lipid bilayer, creating a hole that is 20 

Angstroms in diameter (Figure 2) (Li et al. 1991). The second domain has been 

implicated in insect specificity (Ge et al. 1991). Interestingly, the second domain has a 

beta-sheet array that is very reminiscent of those seen in the binding domains of antibodies 

(Li et al. 1991) It has also been shown that a beta-sheet structure is involved in the insect 

specificity of the toxin (Honee et al. 1991). Taken together these data designate this 

domain as the insect specificity determining region. 

Mechanism of Action 

Factors that contribute to the insect specificity of all B.t. protoxins are; (1) 

solubility of the protoxins in the midguts of insect larva; (2) proteolytic activation of the 

protoxins in the midguts; (3) the susceptibility of the target insect and; (4) the ability of 

the toxin to insert into the cellular membrane and cause lysis to the cell. 

The solubility of the protoxin in the insect midgut is essential in getting the protein 

out of the tightly packed crystalline inclusion. Involved in the solubility from the 

crystalline assembly is the C-terminal half of the protoxin. It has been shown previously to 

be involved in the assembly of the protoxin into the inclusions normally seen in the wild

type organism (Hofte et al. 1989). The C-terminal half also contains most of the cysteine 

residues that are responsible for the structural disulfide bond. The disulfide bonds are 

both intermolecularly and intramolecularly maintained. These data suggest that the 
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covalent linkages created by the disulfide bonds not only hold the three dimensional 

structure of the protoxins together within the crystal but also hold the adjacent protoxins 

together as a crystal. Furthermore, these structural disulfide bonds have been 

demonstrated to contribute to the solubility profiles observed with the protoxins that are 

assembled into crystalline inclusions (Couche et al. 1987). 

Proteolytic processing is essential for the correct activation of the toxins (Haider et 

al. 1986). It has been shown that a part of the specificity determining region is affected by 

the prot eases of each insect group. 

The third factor that influences toxicity is the susceptibility of the insect to the 

activated toxin. Insects are susceptible to the toxins only if their midgut epithelial cells 

express a particular glycoprotein receptor (Hoffinan et al. 1988). There is a specific 

receptor responsible for binding each of the individual toxins produced by the B.t. 

bacterium. 

The fourth factor that influences the toxicity of the peptides is the ability to form 

pores in the cellular membrane by the Colloid-Osmotic Lysis Theory. The process begins 

once the toxin has bound to the receptor on the membrane of a sensitive cell. Once the 

toxin is bound here it integrates into the membrane by an unknown fashion and the alpha

helical domain forms a pore in the membrane that is about 10-20 Angstroms in diameter 

(Li et al. 1991). 

Insect Resistance to B. thuringiensis Toxins 

Chemical pesticides have been used for a long time, but they have several 

disadvantages and side effects. The widespread use of chemical pesticides has directed the 

development of resistant strains of insects. Furthermore, chemical insecticides are 

extremely persistent in the environment and are toxic to a wide variety of non-target fauna 

(Schmeisser 1993) 
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For more than 30 years crystalline delta-endotoxins have been available as an 

alternative to synthetic organic insecticides in controlling harvest losses by larval forms of 

agronomically important insects. Although single proteins display only a very narrow 

range of target insects, B. t. toxin activity has been found against many species of insects 

within the orders of Lepidoptera, Diptera, and Coleoptera, due to the enormous diversity 

ofB.t. strains with respect to delta-endotoxins ( Strittmatter et al. 1993). 

At present, the use of B. t. -based bio-insecticides, which usually are formulations of 

B.t. spores and crystalline toxin inclusions, is still very limited for several reasons: the low 

stability of the proteins in the field, the difficulty to reach internal and underground regions 

of the plant, the relatively high production costs and the limited insecticidal spectrum of 

single proteins. The first two restrictions can, in principle, be overcome by expressing B. t. 

toxins in transgenic crops, and indeed, transformation of plants with B. t. toxin genes was 

one of the first attempts made to genetically engineer disease or pest resistance 

(Strittmatter et al. 1993). 

Plants transformed with B. t. toxin genes are considered environmentally safe 

because of the high specificity of the encoded proteins as well as their short persistence in 

the field. A major concern arises from the potential selection of insects resistant to these 

toxins. Several major pest species have demonstrated the ability to adapt to B. t. toxins 

whether in laboratory tests or in the field. Changes in the binding specificity of toxin 

receptors seem to represent the major cause of resistance development. Several strategies 

are discussed for the management of insect resistance, when deploying B. t. toxins through 

transgenic plants: developing and maintaining refuges for the survival of susceptible 

insects, growing mixtures of cultivars with different toxins, sequentially planting such 

different cultivars, expressing mixtures of toxins in single transgenic lines, and regulating 

the expression pattern and/or level of toxin genes by the use of promoter sequences which 

confer inducible, not constitutive, transcription. None of these strategies alone has proven 
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its general suitability, and extensive field trails are necessary to further evaluate their 

advantages and disadvantages ( Strittmatter et al. 1993). 

Bacillus thuringiensis israelensis Toxins 

Toxicity of B. t. i cells to mosquito larval midgut epithelial cells is due to the 

presence of a unique parasporal body that is spherical in shape and is surrounded by an 

envelope of unknown composition. The parasporal body is made up of four major protein 

components (27-, 65-, 125-, and 135- kDa) which are assembled into three different types 

of inclusions (Barjac et al. 1990). 

The 27 kDa protein encoded by the cyt A gene, has a molecular weight of 27.4 

kDa, and is proteolytic ally cleaved to 25 kDa by larval proteases. It is also associated 

with the cytolytic nature of the inclusion body. Although this protein is produced with 

the others during sporulation, it shows no homology with the other toxins (Armstrong et 

al 1985) 

The 65 kDa protein is coded for by the cry IVD gene, has a molecular weight of 

72.4 kDa, and is cleaved in the midgut to a 30-35 kDa active toxin. This protein is the 

major component in the crystalline inclusion. Cry IVD is active against mosquito larvae 

(Hofte et al. 1989). 

The 125 kDa and the 135 kDa proteins have recently been shown to be 

substantially mosquitocidal. The 125 kDa protein is coded for by the cry IVB gene, has a 

molecular weight of 127.4 kDa, and is proteolytically cleaved to an active toxin with a 

molecular weight ranging form 53 to 67 kDa (Pao-intra 1988). The 135 kDa protein is 

encoded by the cry IVA gene, has a molecular weight of 134.4 kDa and is proteolytically 

cleaved to an active form that ranges in size from 53 to 67 kDa (Hofte et al 1989). 

11 
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Bacillus thuringiensis kurstaki Toxins 

The Lepidoptera-specific proteins have historically been the best studied of the 

entomocidal proteins, because they are toxic to agricultural pests. The Lepidoptera

specific strains of B. 1. can be classified into six different genotypes. The B. 1. kurstaki 

strain HD-73 produces a toxin that belongs to the Cry I family. The protein has been 

named Cry IA( c) and amasses in the cytoplasm of sporulating B. 1. k. cells as bipyramidal 

crystals. Cry IA( c) is produces as a 133.3 kDa protoxin and is proteolytically cleaved in 

the midguts of target organisms to an active peptide ranging from 60-70 kDa 

(Hofte et al. 1989) 

The DNA sequences of CRY IA(c) encoding the insect specificity to both insect 

larvae have been determined (Ge et al. 1991). The region of cry I A( c) encoding amino 

acids 332 to 450 will transfer Trichoplusia ni-cabbage looper specificity to another highly 

homologous protein that does not normally kill this organism. The amino acids necessary 

to transfer toxicity have been shown to conform to a beta-sheet motif and they correspond 

to most of the second structural domain of the three-dimensional model proposed by 

Li et al (1991). 

Structural relatedness of Cry IVB and Cry IA(c) 

A portion of Cry IVB that is suspected to confer insect specificity to mosquitoes 

can be transferred to Cry IA( c) without disrupting the insecticidal function. In order for 

the exchange of specificity domains to be successful, the two proteins that will be used 

must share very similar structural conformations. Not only do these two toxins share 

properties that are common to all B. 1. toxins, but the two sequences used to perform the 

domain exchanges, Cry IA(c) and Cry IVB, are even more closely related. An important 

structural relationship for both proteins is a conservation of the hydropathic pattern in the 

250 N-terminal amino acids. The pattern is localized to the hypervariable region in 

12 



Figure I and it suggests that a strong conservation of function occurs in this region 

(Chungjatupornchai el al. 1988). The function that is apparently conserved by the amino 

acids in this region is the receptor recognition conferring insect specificity to these toxins 

(Schmeisser 1993). 

Previous domain exchange 

Previously, our lab analyzed the secondary structures ofB.t.i. and B.t.k. toxins and 

compared these to the three-dimensional structure ofB.t.t. to identifY a putative insect 

binding domain ofB.t.i.(Schmeisser 1993). The insect specificity domain of cry IvB was 

amplified by PCR and cloned into pUC19 (pGI) (B.-S. Kim 1994). This region was 

excised and exchanged with an analogous sequence in cry IA(c) and cloned into pKK2233 

to form pOSM (Schmeisser 1993) Plasmid pOS4202 was constructed by cloning the Cry 

IA (c) toxin gene into the plasmid pKK2233-3 and was kindly donated by Dr Donald H. 

Dean of Ohio State University. A Southern blot analysis was performed and hybridizing 

bands were detected confirming the presence of the pGI small fragment in pOSM. A 

polyacrylamide gel electrophoresis verified that a crystalline protein was accumulated as 

an inclusion body in IPTG induced transformed E. coli (B.-S. Kim). Our overall goal in 

the research was to identifY the specificity domain ofB.t.i. toxin by a PeR-mediated 

exchange with the previously identified specificity domain in B.t.k. 

(Figures 3, 4, 5). Thus, the specific goal of this research was to examine the level of 

toxicity of the recombinant plasmid (pOSM) and, when the chimeric protein showed no 

toxicity, sequencing was performed to determine if alterations had been made in the 

inserted sequence. 

13 
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Figure 3. Primer sequences of the DNA primers used in the peR reaction are shown. 

Underlined bases are the engineered restriction sites. Primer #1 has an Eco RI site and 

primer #2 has a Sac I site. 

Primer #1 sequence; 

S'-AT GAA TIC ACf TGG CfA AAG AGA-3' 

Primer #2 sequence; 

· S'-CTG AGC TCf CCA AGC AAA TGA AA-3' 

14 
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Figure 4. A schematic diagram of the area of Cry IVB to be amplified by the 

oligonucleotide primers and the analogous region of Cry IA(c) to be exchanged. The 

shaded regions at the ends of the DNA correspond to the blocks of sequence homology 

exhibited by the two genes. Blocks on the left correspond to the ends of block 2 and 

those on the right correspond to the beginning of block 3. Numbers in parentheses 

indicate the nucleotide position downstream of the adenine in the start codon ATG. 

Positions of the binding sites of primers 1 and 2 to the Cry IVB sequence are indicated by 

# 1 and and #2 respectively. Abbreviations; S, Sac I site; E, Eco RI site. 

CryIA(C) 

(807) 

CryIVB 

(654) 

E (966) 

I 

#1 (944) 

I .. 

15 

5 (1,350) 

1~'N 
(1,356) 

(1,380) 

\",~'l 

#2 (1,397) 



-. Figure 5. Schematic diagram of the overall procedure for the domain exchange. 
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MATERIALS AND METHODS 

Mosquito Bioassay 

Mosquito bioassay was performed to examine the level of toxicity of the 

recombinant plasmid (pOSM) on Aedes aegypti and Aedes triseriatus lan'ae obtained 

from George Craig of the Vector Control Laboratory at the University of Notre Dame. 

The mosquitoes were maintained by Dr. Pinger in his laboratory at Ball State University. 

Mosquito assays were performed in small cups containing 50 ul of rifampicin, five third 

instar larvae (A. aegypti. A. triseriatus), 1 ml of 10% liver powder solution, 9 ml of 

distilled water and about 107 recombinant Escherichia coli cells that were grown 

overnight and exposed to IPTG to induce protein translation. Rt.i. and E. coli containing 

pOSU4202 were used as positive and negative controls, respectively. Mortality was 

scored at 24 hours, 48 hours, and 72 hours. 

DNA Sequence Analysis 

DNA sequencing was performed using a Silver Stain kit from Promega, a fmol kit 

from Promega, and a Sequenase kit from Amersham Life Science. The Sequenase Kit was 

ultimately chosen for final results. 

An 8% polyacrylamide gel was prepared in 100 rnl using glycerol tolerant buffer. 

The gel contained 20 ml of acrylamidelbisacrylarnide stock, 50 g of urea, 5 ml glycerol 

tolerant buffer, and 30 ml dd water. Just before pouring the gel, 1 ml of 10% ammonium 

persulfate and 20 ul ofTEMED was added. 

The glass sequencing plates were cleaned with soap, water, and ethanol. The short 

glass plate was then prepared with a solution containing 3 ul of Bind Silane, 1 mlof 95% 

ethanol, and 0.5% glacial acetic acid. This plate was then washed four times with 95% 

ethanol. On the other hand, the long glass plate was prepared with SigmaCote. The gel 

was preran for one hour at 1500 V in glycerol tolerant buffer (50ml of 20X in 1000 total 

volume). 

17 



- The sequencing reactions involved adding 7 ul of DNA template to an Epp-tube. 

These were then heated 2 min. at 95 degrees Celsius and quick freezed in -80 degree 

Celsius ethanol for 1 min. Two microliters of 5X buffer and 1 ul of primer (see Figure 5 

for primers used) was added quickly. The tubes were than centrifuged briefly incubated at 

room temperature for 20 minutes, and incubated on ice for 5 minutes. Sixteen tubes were 

labeled GATC and 2.5 ul of each termination mixture (GTP) was added to the appropriate 

tube and then stored on ice. To the tubes on ice, containing the DNA (pGI or pOSM), 

1 ul of OTT, 2 ullabeling mix, 0.5 ul [32p] dATP, and 15.5 ul ofSequenase was added. 

The tubes were spun briefly and incubated at room temperature for 5 minutes. At 2 min. 

before the 5 min. were up GATC tubes were placed in a 37 degree Celsius water bath. At 

the end of the 5 min. 4 ul of stop solution was added to each tube and then each tube was 

stored at 4 degrees Celsius. 

Before gel loading, the samples were heated to 85 degrees Celsius for 2 minutes. 

The samples were then placed on ice and 4 ul of sample was added to each gel lane. The 

gel ran for three hours at 1700 V. After 3 hours, the second round of samples was loaded 

and run for three hours. 

After the gel ran for the 6 hours required, it was soaked in a solution of 120 ml of 

methanol and 100 ml of acetic acid for 25 minutes. The gel was then placed in a 37 

degree Celsius incubator overnight to dry. 

The gel was exposed to X-ray film the next day for a total of two days. After the 

two days the autoradiogram was developed. The sequence of each lane was read. The 

insert sequence (453 bp) was compared to the Rti. sequence for mutations or alterations. 
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- RESUL TS AND DISCUSSION 

Mosquito Bioassay 

The chimeric toxin showed little toxicity to third instar larvae of Aedes aegypti or 

Aedes triseriatlls (Table 1). The B. t.i. (positive control) showed total mortality (25/25) 

and the E. coli (negative control) showed no mortality (0/25). One mosquito died in the 

second pOSM trial, but this was not significant. 

The recombinant showing no toxicity could mean that the parental plasmid 

(pOSU4202) may have lost its toxicity. Another reason may be that the insert was 

unstable when cloned into the plasmid. Finally, this may have been due to choosing the 

incorrect specificity domain. 

When the chimeric protein showed no toxicity, DNA sequencing was performed to 

determine if there were mutations in the inserted sequence. 

Table 1. Mosquito Bioassays. 

Assay B.t.i E.coli E.coli E.coli E.coli E.coli E.coli 
pOSU4202 pOSM-l pOSM-2 pOSM-J pOSM-4 pOSM-5 # of 

tube 
1 5/5 0/5 0/5 0/5 0/5 0/5 0/5 

2 5/5 0/5 0/5 0/5 0/5 0/5 0/5 

J 5/5 0/5 1/5 0/5 0/5 0/5 0/5 

4 5/5 0/5 0/5 0/5 0/5 0/5 0/5 

5 5/5 0/5 0/5 0/5 0/5 0/5 0/5 

# of 
larvae 25/25 0/25 0/25 1/25 0/25 0/25 0/25 killed 
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DNA Sequence Analysis 

DNA sequence analysis confirmed that the center 113 (125 bp) part of the total 

insert sequence from base pair number 944 to 1397 (453 bp total) had not changed. There 

were no mutations or alterations found in 33% of the substituted domain. A sample of the 

DNA sequencing gel can be seen in Figure 6. The chimeric insert in this lane had the best 

most readable results. Primer #1 (Figure 3) was used in this reaction. 

If a specific sequence alteration were responsible for the loss in toxicity, this might 

have provided important information about the mechanism of action or structure of the 

insect specificity domain. Since there was no alteration found in 33% of the substituted 

domain, we have the wrong domain, the parent lost toxicity over time, or the protein seen 

on the polyacrylamide gel electrophoresis was no the crystalline protein. 
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Figure 6 Lane (3) of sequencing gel used for sequencir.g analysis Pan of the center 1/3 

insen sequence ( 125 bp) analyzed and compared with the B t i sequence 
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CONCLUSION 

Biological control of the insect vectors has become an important component of an 

integrated strategy. A variety of formulations of bacterial spores and toxin particles of 

Bacillus thuringiensis israelensis have been shown to be effective in the control ofthe 

dipterans Aedes, Culex, and Psorophora. Finding and confirming the insect specificity 

domain ofB.t.i. is important in that insecticidal toxins can be made active to specific 

insects. The purpose of this project was to examine the level of toxicity of the 

recombinant plasmid (pOSM) to third instar larvae of Aedes aegypti and Aedes triseriatus 

Also, DNA sequence analysis was performed to verify that there were no mutations in the 

inserted sequence. The research revealed no toxicity of the recombinant plasmid and the 

sequence analysis revealed no sequence alterations. Even though no mutation was found 

in the insert, the data revealed a loss of toxicity or instability in the insert. 

For future research, the sequence analysis needs to be completed in the other 2/3 

of the insert to confirm that there are no alterations. If there are no alterations, the host 

plasmid (pOSU4202- B.t.k. cry IA(c) in pKK2233) needs to be checked for toxicity to 

lepidopteran larvae It may have lost its toxicity over time. Still another important 

procedure to perform is a Western blot analysis with a B.t.k. Cry IA(c) antibody. This 

would verify that the correct crystalline protein was produced (shown in a polyacrylamide 

gel electrophoresis), not a similar protein Each of these procedures will help verify our 

putative insect specificity domain exchange. 

The results ofB.t.i. research should provide information on the functional role of 

specific toxic domains and perhaps of specific amino acid residues within the toxins. This 

information will aid in a better understanding of the general mechanism of toxicity and 

may ultimately facilitate the construction ofbiorational insecticides. 

Overall, B.t.i. research may benefit different areas in disease, agriculture, and pest 

control. For example, identification of the insect specificity domain and perhaps future 

specific alterations of it may permit construction of designer pesticides which target a 
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specific spectrum of insects with one or more toxins. One consequence would be a 

reduction in pesticide applications to agriculture. This is just the beginning of newer, safer 

techniques used to manage our environment. 
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