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ABSTRACT 

Bael JJ us thud ngiensl s (B. t.), an extensively used microbial pesticide, 

produces protein endotoxins active against the larvae of many different orders 

of insects. The subspecies lsraelensis is specifically active against the lar-

vae of certain mosquitos and blackflies which are known carriers of malaria. 

Present use of the toxin involves the spraying of the crystsl fonn of the toxin 

in the area of insect breeding, which is usually a large area of stagnant 

water. Frequent reapplications of the toxin are needed due to the toxin' s sen-

sitivity to ultraviolet light, and its tendency to sink and become unavailable 

for ingestion by the larvae (15). 

In the previous research done in the lab, the gene encoding the protein 

toxin from the B. t. 1. bacterium was cloned into a plasmid capable of transfonn-

ing bacteria, as well as cyanobacteria. The next step was to clone the plasmid 

into the cyanobacterium Synecbococcus FCC 7942. This plan would alleviate scme 

of the problems with spraying because the cyanobacterium would protect the en-

dotoxin from ultraviolet breakdown and keep it in the feeding levels of the 

larvae. Eacbericbia wll was transformed and clones were identified. Bioas-

says were performed with the clones on the larvae of ~ aegyp1ji mosquitos 

and a few were shown to be toxic. Subsequent attempts to isolate the plasmid 

DNA from the clones, as well as subsequent attempts at bioassay showed that the 

plasmid was unstable. Through studies done on the gene sequence, it was found 

that the gene may contain transposable sequences (17). A new approach was used 

to cut out. the transposable sequences. ::maller, yet still active, gene 

fragments were cloned into the target plasmid and E. coli clones have been iden-

tified. Bioassays have been done on a few of the clones and these show scme 

toxicity to the ~ larvae. Two clones, #4 and #1, have shown significant 

toxicity with the death of 3/5 of the exposed larvae. Further analysis is 

'still being done to detennine if there is stability. 
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STATFMEm' OF THE PROBLFl1 

Many different species of the gram-positive bacterium Bael J JUB thl!rln-

gjoo61B (B. t.) produce crystal delta-endotoxins which are active against the 

larvae of many different insect orders. BBdlJYB thllringienBis var. israe1-

enaiII (B.t.!.) has been shown to produce a protein toxin that is active against 

the larvae of certain types of JIlOSQuitos and some blackflies (14). For this 

reason, the crystalline protein has been used extensively as a pesticide (3,6). 

The protein is ingested by the larvae and interacts with specific receptors on 

the cells lining the midgut of the larvae. This results in an increase in ion 

conductance, allowing potassium ions to enter the cell in greater amounts which 

causes the influx of water. This causes swelling and lysis of the cells, and 

finally, death of the larvae (16,24). 

Previously, the toxin has been isolated as protein crystals and released 

into an area of standing water (6) as a way to combat the problem of malaria. 

The activity of this protein endotoxin toward the larvae of many species of 

insects involved in transmitting malaria, including the AoopbeJeo JIlOSQuito, 

makes this an important chemical. The importance lies not only in malaria con

trol, rut also in control of many other diseases that are transmitted thrrugh 

the target species of insects. The problem with this tactic is that the 

protein breaks down due to its ultraviolet light sensitivity and the protein 

eventually sinks below the feeding level of the larvae in the water. For this 

reason, the toxin must be reapplied frequently. A potential way to alleviate 

these problems is to genetically engineer a microorganism which natively lives 

in the top layers of the water to produce this toxin. The goal of this project 

was to clone the gene encoding the protein toxin into the cyanobacterium Svnec-

bOCOCC:UB FCC 7942 to alleviate the two problems. With the protein being an 



endotoxin, the cyanobacteria would protect the protein from ultraviolet light 

deterioration and this would also keep the toxin within the feeding levels of 

the insect larvae in their distriootion in the upper surface of the water. 

The significance of this project is quite widespread as this will create a 

way to produce biorational insecticides that will allow control of certain 

insect species which are vectors for diseases and some which are not. Further 

research of the mechanism of this toxin may allow for the production of other 

pesticides that would be environmentally safe to use in agriculture. 



REVIEW OF LITERATURE 

A. Malaria: 

Malaria threatens regions inhabited by almost half of the world's popula

tion. There are an estimated 300 million acute cases each year (23). It is 

the most widely spread disease of man. Malaria is transmitted to humans via 

the bite of the Anopheles JOOBqui to. If there was a way to control the &lQlC 

~ JOOBquito, it would limit malaria greatly. This may also lead to the con

trol of other JOOBquitos species such as AedeI:! aegypt] which is a carrier of 

yellow fever and dengue fever. Mosquitos also carry encephalitis and 

filiariasis (22). In controlling the other JOOBquito species, many other di

seases, including malaria, would also be controlled. 

So far, all the approaches such as the use of va=1nes, pharmaceuticals, 

insecticides and J;tlysical traps for JOOBqui tos to improve the control of 

JOOBquito-borne diseases have failed (20). Mosquitos develop resistance to the 

insecticides and the sporozoan, P1a6!!lt"!d]\!!D falcinarum which causes malaria in 

humans, is 1.nmmologically variable so that a va=ine will not work for long 

(7). Another approach that has been suggested is the genetic engineering of a 

strain of JOOBquitos that will not transmit malaria. These JOOBquitos would then 

be introduced into the environment to replace the ones that do. This would 

definitely be a difficult task and the sequence of DNA that II1lBt be engineered 

is unknown (7). 

B. Bacill!!s thur]ngiensis var. ]sraelensis 

Bacill!!s th!!ringiens]s var. israeleps]s is a soil bacterium and produces 

an insecticidal toxin that is specific for the larvae of certain species of 

lIlOBquitos and blackflies. This protein has been extensively tested on other 

organisms such as humans, other maJIIIlals, and other non-target fauna and the 



results showed no toxicity (5). It also has no heax:>lytic activity, making this 

protein insecticide a perfect candidate for the control of mosquitos in an en-

vironmentally sound way (1). 

This protein is produced as a crystal endotoxin within the bacterium 

during sporulation (4). ~ this protein is ingested, the protein is cut into 

other active proteins, one of which is toxic. When this protein binds to the 

surface receptors on the epithelial cells of the insect larvae midgut, small 

pores are created in the plasma membrane which disrupts ion gradients and pH 

regulation. This causes death of the cells in the lining of the midgut and 

then in turn prevents uptake of nutrients killing the larvae (3, 16) . 

The protein is made up of several other proteins with molecular masses of 

135, 130, 70, and 28 kilodaltons (kDa) (1). The sene that encodes these 

proteins resides in a 108 kilobase (kb) plasmid within the nucleus of the bac-

terium cell (8,13,14). A 3.8 kb gene fragment that encodes the 135 or 130 kDa 

lIlO6quitocidal protein was cloned into E coli and has shown significant toxicity 

to the Aed= mosquito larvae (1,2, 10) . 

c. Cyanobacterium SynechOCOCCUS FCC 7942 

In this project, the B. t. 1. plasmid gene fragments were cloned into the 

hybrid plasmid pTNTV due to its ability to transform both E.co1i bacteria and 

the cyanobacterium Svnechop ... ellS FCC 7942 (10). This organism was obtained 

from G. van Arkel (Utrecht, the Netherlands). It is a single celled organism 

found in water which is used in genetic manipulations since it can be trans-

fonned by externally-added DNA (9). It had been determined previously through 

a method by Marten (25) that mosquitos will ingest and lyse cyanobacteria (Vann 

and Rivers unpublished results). The hybrid cyanobacterial cloning vector, 

pTNI'V, was constructed by T. Nahreini et al (21). 



MATERIAlS AND METHODS 

A. Strains and PlasmidB 

Certain clones that showed initial s:lgnificant toxicity to the mosquito 

larvae were obtained from a fonner Master's student Leah Helvering (10). These 

clones contained the hybrid plasmid pTNTV within which 80IDe part of the 3.8 kb 

gene fragment that coded for the 135 or 130 kDa protein toxin was inserted. 

This plasmid carries the gene for ampicillin resistance. as well as the power-

ful lambda pranoter for enhanced toxin expression (21). In later experiments. 

another ampicillin resistant plasmid vector. pKK223-3. was used instead. This 

is not a plasmid able to transfonn cyanobacteria. but it has a strong tennina-

tor with a different pranoter. and may be more stable. 

Earlier transfonnations that were perfonneci by Leah Helvering. Sherry 

Henderson. and myself were done using the E. coli strain DH5 alpha due to its 

lack of any plasmid DNA and its sensitivity to antibiotics (Bethesda Research 

Lab::>ratory). Later transfonnations perfonneci by Mary Robinson and myself used 

Sure Strain E col i. as this has a higher transfonnation ability and is also 

sensitive to antibiotics with no such plasmid DNA produced. 

B. Growth of Cells 

Miller's Luria Broth was used to grow b::>th strains of E.col j (Gibco. 

Ltd.). Fifty microliters of glycerol stock were used to innoculate five milli-

liters of Luria broth which was shaken at 37C. Similarly. B. t. 1. bacteria were 

innoculated and grown in Luria broth or in Spy medium. except these cells were 

shaken at 3OC. Miller' s Luria Broth Agar (0.7%) was used to plate the 

bacterial transfonnants. The concentration of the antibiotic ampicillin within 

the plates and Luria broth which were used for specific E coli clones was 40 
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ug/mL. Ampicillin was dissolved in distilled water at 25 mg/mL, fliter-steri-

lized, aliquoted, and frozen at -2OC. Each aliquot that was needed was defros-

ted, removed, and used with the rest being thrown away (11). 

c. Plasmid Isolation 

E coli recombinant plasmids and the B t i plasmid were isolated by a 

large-scale alkaline lysis method based on the Maniatis method (18). Using a 5 

ml overnight culture of bacteria, 500 ml of Luria broth with or without amp

icillin was innoculated. This culture was allowed to grow overnight. The 500 

ml culture was centrifuged at 2600 rpm for 15 minutes to harvest the cells. 

The supernatant was poured off and the pellet allowed to dry as IWch as 

possible. The pellet was resuspended in 5 ml of Solution 1 (1.25 ml of 2M 

glucose; 1. 25 ml of 1M Tris, pH 8.0; 5 ml of 10ClJU'1 EDTA) to set up the lysis. 

Ten ml of the NaOO/SIXS solution (0.5 ml of 10 N NaOH; 44.5 ml of H2O; 5 ml of 

10% SIXS) was added to lyse the cells and denature the OOA and the container was 

inverted carefully to mix. This was allowed to sit for 10 minutes at room 

temperature and carefully inverted every few minutes. Seven and one half ml of 

KOAc solution (30 ml of 5M KOAc; 14 ml of H2O; 6 ml of glacial acetic acid) was 

added and mixed to renature the plasmid DNA and set the conditions for the pre-

cipi tation of proteins and chromosomal OOA. The mixture sat on ice for 5 

minutes after which it was centrifuged for 5 minutes at 16K rpm. To pre-

cipi tate the DNA, 20 ml of isopropanol was added and mixed well. The DNA was 

harvested by centrifuging at 7500rpm for 30 minutes. 

Once a white pellet was obtained and the supernatant was poured off, the 

pellet was washed very carefully with ethanol and dried as much as possible. 

The pellet was resuspended in 2.7 mL of TE and 2.7 gms of cesium chloride was 

added to a final density of 1.57 g/ml. Two hundred microliters of 10 mg/mL 

ethidium bromide was added to the solution and mixed well. The tube was spun 



for 10 minutes at 3K l"J;ID and the supernatant was removed to be put into a grad-

ient tube. furing the removal of the supernatant. care was taken not to remove 

any of the red pellet. The gradient tube with the supernatant was SPlUl at 42K 

l"J;ID at room temperature overnight. 

Two banda appeared and the lower plasmid band was pulled with a syringe. 

If only one band was visible. then it was pulled. In either case. the liquid 

was dedyed by using 2-ootanol. taking the top layer after mixing and repeating 

until the top layer was no longer pink. Each sample was dialyzed three times 

with 1XTE to remove the cesium chloride with the last dialysis being performed 

overnight. The samples were ethanol precipitated. An agaroae gel electro-

phoresis method was employed to determine the concentration. 

A quicker method was used to acreen the many different clones that were 

identified as recombinants. This mini lysis entails the crude i60lation of 

plasmid DNA from small amounts of bacterial cells. Alxlut 1 ml of the bacterial 

culture was centrifuged at 8K l"J;ID for five minutes to harvest the cells. The 

supernatant was poured off and 100 microliters of Solution 1 (deacribed in the 

large seale method) was added. The pellet was resuspended and 200 microliters 

of the NaOO/SOO 6Olution was added. The sample was inverted to mix and this 

was then left on ice for 5 minutes. The sample was centrifuged for 3 minutes 

at 12K l"J;ID at room temperature and the supernatant was transferred to a new 

tube. This supernatant was extracted first with 450 microliters of phenol/-

chlorofonn solution which is made with 1/2 volumes of each. This was mixed and 

centrifuged for 2 minutes at 12K l"J;ID to separate the two phases. The top phase 

removed into a new tube. Two microliters of 3M NaOAc and 2 microliters of 10 

mg/mL glycogen were added. This was mixed very thoroughly and 900 microliters 

of 95% EtOO was added and mixed. The sample was centrifuged for 10-15 minutes 

at 12K l"J;ID at room temperature. The supernatant was taken off and the pellet 

i' 
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was rinsed with 95% EtCH. The pellet was allowed to dry completely and then it 

was resuspended in 1 X TE with one ul of RNase (1 ug/ul). 

D. Restriction Enzyme Digestion and Agarose Gel Electrophoresis 

Restriction enzymes were obtained from Bethesda Research Laboratories or 

from International Biotechnologies, Inc. The digests contained about 1 ug of 

the sample plasmid DNA, the correct tuffer for the enzyme, and 1-2 units of 

enzyme per ug of DNA in a final volume of 20 uL. Each sample was incubated at 

37C for at least an hour. 

Agarose gel electrophoresis of the plasmid DNA and its fragments of was 

done on a O. 8% agarose gel made with 1 X '!'BE and ethidium bromide at a concent-

ration of 1 ug/mL in 1 X '!'BE. The apparatuses that were used were obtained 

from Bethesda Research Laboratories. The samples that were added to the gel 

were made by adding about 1/2 ug of DNA sample with 1/5 volume of bromophenol 

blue to yield a final volume of 20 uL. The smaller gels were run at about 50 

volts for about 1-2 hours. 

Low melting, 0.1% agarose gels, run in cold 1 X E tuffer were utilized in 

order to cut out the protein toxin gene fragment for ligation into the cloning 

vector. This type of gel was run at 4 degrees C at 50 volts for approximately 

30 minutes and visualized using ethidium bromide as described above. Once the 

target fragment was visualized, the band within the agarose was cut out of the 

gel with as little extra gel as possible. 

E. Ligations and Transformations 

Initial ligations that were performed earlier last academic year in con-

junction with Sherry Henderson used the restriction enzyme Bam HI and the 

cloning vector p'Im'V along with the gene fragments that had been cut out of the 

B. t. i. plasmid through agarose gel electrophoresis. The gel pieces wi thin 



which the gene fragments were contained were first melted at 65 degrees C. The 

digests were extracted with phenol/chloroform at 1: 1. and with chloroform at 

1:1. The top layer was ethanol precipitated and the cleaned and dried pellet 

was brought back up in 1 X TE. Two ligation reactions were done with half of 

the digested p'Im'V being treated with ClAP (Calf Intestinal Alkaline Fhospha

tase) prior to any ligation action. These ClAP reactions consisted of 5 ug of 

p'Im'V DNA. 20ni'.! Tris pH 8.0. 1ntI MgC12. 1ntI ZnCI2. O. 01 unit of ClAP; and they 

were incubated for 30 minutes at 37 degrees C. After these reactions had 

proceeded. the DNA was extracted using phenol/chloroform and chloroform and 

then it was ethanol precipitated and resuspended in 1 X TE (11). 

For the ligation reactions. 10 ul of the melted gel with the gene fragment 

was added to 3 ul of the unphosphatased half of the p'Im'V. To this was added 

ligation buffer. 10ni'.! ATP. two units of T4 DNA ligase. and water to bring it to 

25 ul (19). The reaction was cooled to OC and carried out at 15C for 2 hours. 

The phosJ;¥latased half of the p'Im'V was used in another ligation reaction. rut 

this should not ligate due to the loss of end phOSJ;¥late groups and this would 

not give a functional plasmid that would extend ampicillin resistance to the 

bacterium. 

The ligation method that was used recently with Mary Robinson involved the 

cutting of the B. t. i. fragment with restriction enzymes. isolating the total 

DNA as explained above. and ligating the fragment contained in the total DNA 

solution into the digested plasmid vector pKK223-3. Half of the digested 

pKK223-3 was again CIAPed and then allowed to try to ligate. 

F. Synthesis of Oligo Primers 

Oligonucleotide primers were synthesized on an Applied Biosystems model 

381A DNA Synthesizer. The identification of the ones made was performed by 
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computer analysis of previously sequenced B. t. toxin genes and polypeptides 

using the International Biotechnologies Incorporated Pustell DNA and Protein 

Sequence Analysis System. Unique primer sequences were selected that were hom-

ologous to regions flanking the target toxin gene within the 108 kb B.t.i. 

plasmid. The oligonucleotides were removed from their columns with concen-

trated aJIIIlOnium hydroxide. The solutions were allowed to incubate at 60C over-

night to remove the protecting molecules on the phosphate groups, the exocyclic 

amino groups on the bases, and the 5" hydroxYl moiety. The samples were dried 

in a Savant Speed Vac SVC100, and resuspended in 75 ul of saturated urea solu-

tion (12). 

G. Nonradioactive Genius Labeling System and Hybridization 

This system was used to label oligonucleotides nonradioactively for hybri-

dization to complementary DNA wi thin the recombinant clones. The oligonucleo

tides that were created in the method above, were end labelled with a chromati-

graphic polyuridine tail which allows the oligos to be detected by their color 

by using a transferase enzyme given in the Genius System kit. Nitrocellulose 

filters were then introduced to the plated colonies that showed ampicillin re-

sistance. The DNA was bound to the filters and the excess proteins were rinsed 

off by a method given in Maniatis (19). ~ce the filters were set up, they 

were used in the hybridization procedure along with the labelled oligonuc-

leotides. The nitrocellulose filters were introduced first to the oligos so 

that hybridization could occur and the excess was rinsed off. Secondly, the 

filters were inlnersed in an antibody soution that binds the polyuridine tail on 

the oligonucleotides to create the color reaction the excess was again washed 

off. The filters were incubated and the color was documented while the filters 

were wet. This method is completely explained in the Genius nonradioactive 

labelling kit obtained from Boehringer Mannheim. 



H. Mosquito Larvae Bioassays 

The method for the growth of and bioassays performed on Aedea aegypti 1008-

quito larvae was given by Dr. Robert Finger of Ball State University. In this 

project, the Aedea lIIOflquito was used due to its greater susceptibility to the 

toxin. The growth of the JOOSquitos after the eggs had hatched was continued 

in a environmental room which kept the temperature and humidity at a constant. 

The JOOSqui to larvae were grown with a minimum of food for about 4 days. The 

resulting JOOSquito larvae being within the 2nd or 3rd instar stage, were used 

to bioassay the E coli bacteria clones. 

To each snap cup, five JOOSquito larvae were added. CAle tenth of a milli-

liter of 10% liver powder solution was added to the snap cups, as well as 1 ml 

of an overnight bacterial clone culture to each snap cup. For each clone, 2 

different temperatures were used as variables with IPTG also as a variable. 

Rifampicin was used in some snap cups of each clone also as this restricts cel-

lular replication. This was added in 50 ul aJOClUllts of 1 X in methanol. The 

entire solution in the snap cup was brought up to a total of 10 ml. These cups 

were put back into the environmental room and the larvae were checked at 24, 

48, and 72 hours for larvae IJX)rtali ties . 
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RESULTS AND DISCUSSION 

A. Plasmid Restriction Digest Mapping of Recombinants 

In work done last academic year by Sherry Henderson, Sherry Johnson, and 

myself, recombinants that were obtained from Leah Helvering (10) were tested in 

mosquito larvae bioassays. It was detennined that most clones had lost their 

toxicity to the larvae which suggested some sort of instability. Two of the 

recombinant clones were found to retain some significant toxicity. These 

clones, pHVX3 and pHVXl0, which were identified through the bioassays were the 

targets of restriction mapping to detennine how II1lch of the toxic gene fragment 

was retained. 

The process of mapping the plasmid involved the restriction enzyme diges

tion of the recombinant vector using different types of enzymes to map the 

sites and distances of these sites from each other. The enzymes used for this 

process were Eco Rl, Bam Hi, and Hind III. By using agarose gel electropho

resis (figure 1), the recombinant plasmid was found in pHVXl0 to be between 3.6 

and 4.0 kb larger than the original pTNI'V plasmid. This allowed us to suggest 

that the 3.8 kb gene fragment that codes for the toxin protein was inserted and 

retained =ntrib.iting to the observed toxicity. Restriction mapping of pHVX3 

showed that it had not retained the insert. Subsequent studies done by Mary 

Robinson and Dr. Carolyn Vann during the last sUlllller suggested that neither 

pHVX3 nor pHVXl0 had the toxin gene insert any longer. This was believed to be 

caused by some sort of instability within the hybrid plasmid structure. Fol

lowing these results, a different approach was attempted to in=rporate the 

gene fragment stably into the cloning vector. Sequencing of the plasmid, which 

was a planned study, was subsequently dropped also. 
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Figure 1 

Ethidium Bromide staining patterns 
following agarose gel electro
phoresis. The size of the lambda 
marker DNA fragments are indicated 
on the left of the gel. Each lane 
contains 1 ug of specified DNA. un
restricted or restricted with 
specified enzymes. 
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B. Cloning of a Stable Active Gene Fragment Into E.coli 

Another attempt to clone the gene fragment that codes for the B.t.i. endo

toxin into E co] j was made this academic year. Working in conjunction with a 

Master's student, Mary Robinson, our task was to clone a smaller fragment of 

the gene into the plasmid pKK223-3 which would still code an active protein, 

yet more stable due to the excision of certain transposable sequences wi thin 

the long gene sequence. B t i. was grown up in 2 11 ters of wria and two dayS 

later this was checked for sporulation by Mary Robinson. The DNA was isolated 

from the bacteria and the plasmid DNA was subjected to restriction digest 

enzymes that cleaved the plasmid in areas just outside the ends of the gene. 

The enzymes used to isolate the gene were Ace I and Eco R1. DJe to an internal 

Eco Rl site within the gene, the Eco RI digest was a partial digest. Mary 

Robinson ligated this fragment into the hybrid cloning vector, pKK223-3. The 

pKK223-3 was cleaved in its native Eco RI and Ace I sites and then the fragment 

was ligated in followed by Klenow fragment which would fill in for the Ace I 

and Eco Rl that were not compatible. 

Following this procedure, competent E coli which were Sure Strain E. coli , 

were transformed using the recombinant plasmid DNA that should have contained 

the gene fragment that had been in the B.t.i. plasmid. These bacteria were 

selected by plating on selective antibiotic plates. The growing cultures were 

then placed in glycerol stcx:ks and Luria cultures were grown up. This was all 

done with the help of Mary Robinson. 

C. Identification of Toxin Gene Clones 

The clones that were selected by the antibiotic plating were examined for 

inserts of the toxin gene by hybridization studies using the nonradioactive 

Genius labeling system. The probe that was used was the oligonucleotide comp-
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Fjgure 2 

BACI'ERIAL CULTlJRE USED IN ASSAY II DEAD AFTER 24 HOURS 48 H. 72 H. 

pKK223-3 37C IPTG 5 larvae total 0 0 0 
(control) 

pKK223-3 37C Rifampicin 5 total 0 0 0 
(control) 

pKK223-3 30G IPTG 5 total 0 0 0 
(control) 

pKK223-3 30G IPTG Rifampicin 5 total 0 0 0 
(control) 

111 37C IPTG 5 larvae total 0 0 0 

#1 37C Rifampicin 5 total 3 3 3 

111 30G IPTG 5 total 1 2 2 

#1 30G IPTG Rifampicin 6 total 0 0 0 

114 37C IPTG 5 larvae total 0 1 1 

114 37C Rifampicin 6 total 1 3 3 

#43OG IPTG 6 total 0 1 1 

#43OG IPTG Rifampicin 9 total 1 3 3 

B.t.i. 30G 5 larvae total 5 
(optimal control) 



lementan' to a sequence wi th:ln the middle of the gene. 

After a number of trials, the test was no longer used due to its :lneffec

tive positive/negative reaction. The test seemed to pick up too IIJ.lch back

ground color due to the b:lnding of the probe to prote:ln residue that rema:lned 

on the filter paper. Two clones of the 53 total were analyzed to be possible 

toxic gene recomb:lnants. Bioassays were used instead for an efficient way of 

determ:lning significantly toxic clones. Mosquito larvae bioassays were per

formed on 7 of the 53 clones that were isolated from the selective plating. 

Data has shown that clones #1 and #4 (figure 2) are toxic to ~ aezvnti 

mosquito larvae. Further testing is being done to determine other toxic clones 

and the extent to which they are toxic. These will also be tested for the sta

bility of the recomb:lnant plasmid. 



CONCLUSIONS 

The proposed approach of controlling specific insects by genetically en

gineering a cyanobacterium to produce a protein toxin originally only native to 

certain strains of Bacillis thuringiensis has undergone many roadblooks. The 

continued ligations and transformation tests have shown that the recombinant 

plasmid vectors are unstable due to some secondary structure wi thin the 

plasmid. From the literature, the suggested cause of this instability is tran

sposable sequences that reside in the gene. As long as the transposable seq

uences are still active, the gene fragments will not give any active protein 

toxin. 

In an attempt to excise the sequences that impair stability by shortening 

the fragments that .... re cloned in, expression seemed to be limited as the toxin 

was not as effective as the tests by Leah Helvering (lO) with the full fragment 

showed. Secondary structure and concentration of the toxin have greatly 

limited the progress of this project, yet the information that has been gained 

will assist others in the understanding of the mechanism by which this toxin 

works, as well as understanding the action of secondary structure in plasmid 

DNA and how it affects the stability and expression. 
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