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ABSTRACT
Chemical pesticides have disadvantages such as high production costs, short persistence,
comparative low efficacy, development of resistance to toxin and causing ecological
damage. In order to obtain cheaper biopesticides, many locally available and inexpensive
agricultural/industrial byproducts have potential as culture media for Bacillus thuringiensis
Crystal protein production. In this study, cost-effective media were developed, based on
locally available raw materials namely legumes, potato, and whey. Optimization studies
indicate that pH 6.4-7.5 was best for sporulation and OD 600 was highest at 37 °C for all
isolates tested. The optical density, protein concentration yield, sporulation and Chilo
partellus larvicidal action were studied by growing bacterial strains in these waste product
and in comparison with the conventional medium (NYSM). Protein concentration yield of
27.60 pg/ ml, spore count of 5.60 x 10% and Chilo partellus larvicidal activity (LCsg) of 78
Mg/ | against first-instar larvae were obtained with a 72 h culture of this bacterium. Based
on media comparison between NYSM and other media, the legumes produced the highest
spore counts, followed by potato and then whey; and, differences between media treatments
were significantly different (P<0.05). The SDS-PAGE profiles indicated that spore-crystal
product from each treatment consisted of proteins with molecular weights of approximately
110-120 kDa and 60-70 kDa, suggesting the presence of bacterial insecticidal protoxins.
Therefore the investigation suggests that legume, potato and whey-based culture media are

more economical for the industrial production of Bt Insecticidal Crystal Proteins.
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CHAPTER ONE
1.0 INTRODUCTION
Insects are the most abundant groups of organisms on earth. They often negatively affect
humans in a variety of ways. They cause massive crop damage and act as vectors of both
human and animal diseases, such as malaria and yellow fever. Therefore, humans have
desired to control insects. As being parallel to development of chemistry, chemical
substances have been used to control pests from the mid-1800s (Denolf et al., 1993;
Yasutake et al., 2007). The use of inorganic chemicals and organic arsenic compounds
were followed by organochlorine compounds, organophosphates, carbomates, pyrethroids
and formamidines (Gill et al., 1992). These chemicals were very effective in killing and
controlling many species of pests. However, they have many direct and indirect adverse
effects on ecosystem including accumulation of toxic residues in nature, leading health
problems in mammals and development of insect resistance (Fadel and Sabour, 2002;
Sarfraz et al., 2005). The problems related with chemical pesticides oriented humans to

find out safer and natural alternative ways of pest control.

In developing countries like Kenya, where agriculture is the main income generating
activity, the excessive and widespread use of pesticides has attained immense momentum
during the recent past. Pesticides are the largest group of possible hazardous chemicals that
are introduced purposefully into the environment (Ghribi et al.,, 2007). These toxic

pesticides produce residues which persist in the environment, causing pollution and



resistance in many target organisms against these chemicals (Brar et al., 2006). The
residues persist in the soil and may contaminate ground water and following absorption, get
accumulated in plants, fruits and vegetables. Pesticides affect wildlife, biological control

agents and above all are dangerous to fish, man and mammals (Bhattacharya, 2000).

Presently, major concerns including insect resistance to chemicals, non-target effects of
pesticides and the cost of production of new compounds have renewed interest in
alternative forms of pest control, among which disease causing micro-organisms hold out
particular promise (Ferre et al., 1991; Fadel and Sabour, 2002). Increased concerns about
the potential effects of pesticides on health, the reduction in arable land per capita, and the
evolution of pest complexes likely to be accelerated by climate changes also contribute to
change in plant protection practices (WHO, 1985). Other drawbacks of synthetic
insecticides include resurgence and outbreaks of secondary pests and harmful effects on

non-target organisms (El-Bendary, 2006).

The widespread use of a single chemical compound confers a selective evolutionary
advantage on the progeny of pests, since they acquire resistance to such chemicals. Another
problem is that some pesticides affect non-target species with disastrous results (Lambert
and Peferoen, 1992). Unexpected elimination of desirable predator insects has caused
explosive multiplication of secondary pests. Other concerns include environmental

persistence, toxicity of many pesticides and increased cost of developing new and safer



ones (Sayyed et al., 2000; Devi et al., 2005). This calls for a demand for alternative control
methods, including physical controls (Sayyed et al., 2004; Sarfraz et al.,, 2005). The
drawbacks of using synthetic pesticides provide strong desire to find alternative

approaches, formulations and cost-effective biopesticides production for pest control.

1.1 Pests in Croplands

Human population is estimated to increase to 8.5 billion by the year 2020 (United Nations,
2000). This increased population will cause an increase in the demand for agricultural
production. However, the land suitable for agricultural production is limited due to
restricted water availability, depletion of land sources and already cultivated highly
productive soils. Under these limitations, it is important to develop the yield of agricultural
production (Luna et al., 2004). It has been estimated that up to 15% of crops worldwide are
lost annually due to insect damage only (Devi et al., 2005). Therefore, the need to
exterminate insects that are destroying crops becomes urgent. Wheat, rice, maize and
barley are the primary source for human nutrition worldwide and cover more than 40% of
global croplands (Tyagi et al., 2002). Most of the pests giving damage to these grains
belong to Coleoptera and Lepidoptera orders. In addition, some species of Arachnida,
Orthoptera, Hymenoptera, Diptera and Psocoptera can also cause damage in stored grain

products.



1.2 Pesticides

Early pesticides were largely composed of chemical constituents. Certain properties made
them useful, such as long residual action and effective toxicity to a wide variety of insects
(WHO, 1985). However, their use led to many negative outcomes. The chemical
insecticides used today are considered as presumably safer to those used in the past, but
there are still some concerns. Long-term exposure to these chemicals can cause cancer,
liver damage, immunotoxicity, birth defects and reproductive problems in humans and
animals (Bhattacharya, 2000; Zouari et al., 2002). Also, they can cause accumulation and
persistence of toxic residues in soil, water and food; toxicity against beneficial insects and
development of pest resistance (Luna et al., 2004). Nevertheless, chemical insecticides
have a large market volume, and global sales of them are about $5 billion a year (Lambert

and Peferoen, 1992).

1.3 Biopesticides

By contrast, microbial pesticides are safe for ecosystems. They are non-toxic and non-
pathogenic to wildlife and humans. Their toxic action is often specific to a single group or
species of insects, so they do not affect the other insect population in treated areas (Adams
et al., 1999). Because they have no hazardous residues to humans or animals, they can also
be applied when crop is almost ready for harvest (Ouoba et al., 2008). In spite of these

attractive features, microbial pesticides represent about 2% of global insecticide sales.



Bacillus thuringiensis based pesticides account major share of the bioinsecticide market

with 80-90% (Lambert and Peferoen, 1992).

For several reasons, the use of biopesticides as insecticide has grown slowly when
compared to chemical ones. Microbial pesticides are generally more expensive to produce
than many chemicals. Large quantities of toxins have to be applied to the field to ensure
that each larva will ingest a lethal dose. However, the cost can be decreased by increasing
demands. Many chemical pesticides have broad spectrum of toxicity, so pesticide users
may consider microbial pesticides with a narrower range to be less convenient (Chang et
al., 2008). The use of biological pest control agents has been considered to be much safer
than chemical ones for the ecosystem. Moreover, the future prospects of them seem to be
positive. It is estimated that, the growth rate of usage of biopesticides use over the next 10
years up to 2015 will be 10-15% compared with 2% for chemical pesticides (Crickmore,
2005). Also, the cost of development of Bacillus thuringiensis insecticides is predicted to
be $3-5 million, compared with $50-80 million for chemical insecticides (Krattiger, 1997).
In addition, the use of chemical insecticides seems likely to decline in the future;
restrictions for their registration will increase resulting in a smaller chemical pesticide

market (Zouari et al., 2002).

In nature, some microorganisms have the potential to produce some biological agents

capable of infecting other living organisms including insects. Many of these infectious



agents have a narrow host range and, are not toxic to beneficial insects or vertebrates
(Schnepf et al., 1998). Therefore, the use of these non-pathogenic microorganisms has been
developed as the biological way of pest control. Insect viruses (baculoviruses), some fungi,
protozoa and bacteria have been used as biological pest control agents. Among all, Bacillus
thuringiensis is the most important microorganism with entamopathogenic activity against
certain insect orders. It is ubiquitous, gram-positive and spore-forming bacterium which
produces insecticidal crystal proteins during sporulation. The toxic activity due to proteins
produced by plasmid encoded Cry genes varies with insect type. The native strains of this
bacterium have been used nearly for 50 years safely, as an alternative to chemical
pesticides (Aronson et al, 1986). Bacillus thuringiensis formulations account for 80-90% of
world biopesticides market (Krattiger, 1997). By contrast, it represents only 2% of the total

global pesticide market with $90 million worldwide sales (Lambert and Peferoen 1992).

Like all living things, insects are infected by bacteria, fungi, protozoa and viruses. The
discovery of the larvacidal action of some bacterial strains from the genus Bacillus caused
the introduction of biopesticides (Afkhami, 1993). Bacillus thuringiensis has been used for
pest control since 1920s and still accounts for over 90% of the biological insecticide market
(Adams et al., 1999; Crickmore, 2005). Bacillus sphaericus was next identified as a new
biological insecticidal agent and its products appeared in the market (WHO, 1985). The
name Bacillus sphaericus was first applied by Neide in 1904 to an aerobic bacterium that

formed terminally located, spherical spores. Kellen during routine surveillance of rock



holes in California collected several moribund fourth instar larvae of Culiseat incidens. He
isolated several bacteria, among which were strains of Bacillus sphaericus. Kellen’s strain
was later designated as strain K. It was the first reported active Bacillus sphaericus isolate.
The isolation of strain SSII-1 renewed interest in Bacillus sphaericus. In early 1975, strain
1593 was identified. It was the first fermentation and population stable strain (WHO,

1985).

Insect viruses (baculoviruses) have achieved some modest commercial success as pest
control agents. Still, further genetic manipulations of already defined agents or continuous
isolation of new strains may well increase the utility of biological pest management
strategies (Krattiger, 1997; Schnepf et al., 1998). The use of Bacillus thuringiensis as a
biopesticide was discovered in the first decade of this century when larvae of flour moths
died suddenly. Research into their deaths led to the discovery that the presence of Bacillus
thuringiensis was responsible for the death. However, it took 50 years before Bacillus
thuringiensis became a widely used biopesticides with its registration in the USA in 1961
(Aronson et al., 1991). The percentage worldwide is estimated to be less than 1% with over
half of the Bacillus thuringiensis biopesticides being used in the USA, with a total
worldwide market of biopesticides of US$24 million in 1980 (Krattiger, 1997; Lambert and

Peferoen, 1992).



Over 90% of the biopesticide sales are one single product type, such as the Bacillus
thuringiensis based products. For biopesticide applications, the Bacillus thuringiensis
protein is usually used in a formulation containing the spores and crystalline inclusions that
are released upon lysis of Bacillus thuringiensis during its growth. The molecular potency
of the toxin is 300 times higher than synthetic pyrethroids and the toxin breaks down

quickly when exposed to ultraviolet light e.g. from sunlight.

1.4 History of Bacillus thuringiensis

The entamopathogenic bacterium Bacillus thuringiensis was first isolated by the Japanese
scientist S. Ishiwata, in 1901, from silkworm larvae (Bombyx mori) exhibiting the sotto
disease and named as Bacillus sotto. In 1911, Berliner formally described the species from
a diseased Mediterranean flour moth larvae (Anagasta kuehniella) collected in a German
town, Thuringia which gave the name to the species (Lambert and Peferoen, 1992).
Bacillus thuringiensis first became available as a commercial insecticide, against flour
moth, in France in 1938 (Schnepf et al., 1998). In 1956, the main insecticidal activity of
Bacillus thuringiensis against Lepidopteran insects was found to be due to parasporal
crystals by the researchers Hanay and Fitz-James Angus. This discovery increased the
interest of other researchers in crystal structure, biochemistry and action mechanism of
toxins. In 1950s, Bacillus thuringiensis was developed for commercial use in the US. By
1961, Bacillus thuringiensis was registered as biopesticide by the United States

Enviromental Protection Agency (EPA). Up to 1976, Bacillus thuringiensis was available



only for control of Lepidoptera (butterflies and moths), with a highly potent strain Bacillus
thuringiensis subsp. kurstaki (Lambert and peferoen, 1992). This strain still forms the basis

of many Bacillus thuringiensis formulations.

In 1976, with the discovery of Bacillus thuringiensis subsp. israelensis by Margalit and
Tahori in Israel, disease causing dipteran insect pests such as mosquitoes and blackflies
have been controlled (WHO, 1985). In 1980s, developments in biotechnology stimulated
researchers to screen large number of natural Bacillus thuringiensis isolates in order to find
different strains toxic against other insect orders. In 1983, Bacillus thuringiensis subsp.
tenebrionis was described effective against the larvae of coleopteran insects (Lambert and
peferoen, 1992). Bacillus thuringiensis subsp. aizawai active against both Lepidoptera and
Diptera orders and Bacillus thuringiensis subsp. sandiego active against beetles were later

introduced into markets (Schnepf et al., 1998).

At the end of the 1980s, the first report came on the insertion of genes encoding Bacillus
thuringiensis toxic proteins into plants. The first transgenic plants expressing Bacillus
thuringiensis toxins were tobacco and tomato (Wakisaka, et al., 1982). Bacillus
thuringiensis field cotton was the first plant pesticide registered by United States EPA
(USEPA, 1999). Rapidly developing recombinant DNA technology after 1990 became an
important tool to develop genetically manipulated Bt pesticides. Today, major Bt

transgenic crops include corn, cotton, potatoes and rice. They have been commercialized



and are in use widely in Canada, Japan, Mexico, Argentina, Australia and United States.
Both Bacillus thuringiensis in the form of transgenic crop and spray formulations are still
being widely used (USEPA, 1999). Furthermore, many research centres focus on the
collection of native strains from different environments to find novel strains with high toxic

potential to wider insect spectra.

1.5 Bacillus thuringiensis Formulations

Commercially available Bacillus thuringiensis formulations contain both spore and toxic
crystal protein (Delta-endotoxin). In the production, spores and crystals obtained from
fermentation are mixed with the additives including wetting agents, stickers, sunscreens
and synergists (Brar et al., 2007). It is expected that UV inactivation of the crystal toxin is
the major cause for the rapid loss of Bacillus thuringiensis activity. Several approaches,
such as the use of some chromophores to shield Bacillus thuringiensis formulations against
sunlight and enhancing the melanin-producing mutants of the organism, increase UV
resistance and insecticidal activity. Besides, encapsulation of Bacillus thuringiensis in
biopolymers reduces washing of the product from the plant by rain (Depieri and Ludow,

1992).

In the development of new formulations and optimization of the utilization of biopesticides,
knowledge of insect feeding behaviour is a fundamental requirement (Aronson et al.,

1986). Some formulations are used to stimulate feeding, such as the use of a

10



phagostimulant mixture or a yeast extract in a dustable granular form have been proposed
to increase residual toxic activity and to attract to the feed selectively on the Bacillus
thuringiensis product than the feed on the plant (Bravo et al., 2007). These approaches can

help to increase the effectiveness of the new Bacillus thuringiensis formulations.

In agricultural use, Bacillus thuringiensis formulations are mostly applied with ground
sprayers. Since high volumes of aqueous spray per unit area are needed for adequate
coverage of the plant, ground spraying may not be practical in some cases. In recent years,
air spraying with the use of a helicopter have reduced spray volume and made more
effective and better controlling of the droplets (Tyagi et al., 2002). Also the use of air has
increased spray penetration, plant coverage and reduces drifting to unintended areas. Low
persistence of the spore-crystal product on the plant is an important problem in Bacillus
thuringiensis applications (Aronson et al., 1986). When the products of Bacillus
thuringiensis were applied to cotton and potato, persistence was observed as 48 hours
(Luna et al., 2004). Therefore, timing is the major factor for determining the effectiveness
of Bacillus thuringiensis applications. Application early in the season, according to
monitoring egg hatching and after sunset instead of in the morning can increase the
persistence of Bt formulations (Bravo et al., 2007). Laboratory and field assays have
showed that younger larvae are more susceptible to Bacillus thuringiensis formulations
than older ones (Broderick et al., 2006). Therefore, larval age is an important aspect in

Bacillus thuringiensis applications.

11



The primary advantage of Bacillus thuringiensis products is their safety resulting from their
selectivity which is affected by several factors. The delta-endotoxins are activated by
alkaline solutions and different varieties may require different pH values (Dregval et al.,
2002). Also, crystals need to be broken down to toxic elements by certain enzymes that
should be present in the insect’s gut. In addition, certain cell characteristics in the insect gut
encourage binding of the endotoxin and leading to pore formation (Gill et.al., 1992).
Therefore, each strain is capable of producing toxic proteins effective on one or few
specific groups of insect. Non-target species such as beneficial insects and wildlife are not
affected by these toxins. According to oral mammalian toxicology and in vitro digestibility
studies which are demanded by the Environmental Protection Agency (EPA), Cry proteins
(CrylAb, CrylAc, Cry3A) have not shown toxicity to mammals and they are rapidly
degraded in simulated gastric fluid (USEPA, 1999). Additionally, Bacillus thuringiensis

toxins are biodegradable and do not persist in the environment.

1.6 Concepts of local production

The term local production of microbial insecticides refers to the development of production
(fermentation and formulation) facilities in developing countries, in contrast to the existing
production facilities in more industrialized nations. In the conventional Bacillus
thuringiensis production process, the cost of raw materials varied between 30-40% of the
total cost depending on the plant production capacity. Therefore, local production of this

insecticide in developing countries should depend on the use of production media made of

12



cheap, locally available sources including agro-industrial by-products. For large scale
production of Bacillus thuringiensis, different approaches have been investigated to
construct media that could support good production of spores and toxins at reasonable

Ccosts.

There are number of advantages in promoting development of local production facilities for
larvacides. The most important advantage of local production concerns stability. One of the
disadvantages of using microbial agents to control pests has been instability and the
variation of the toxicity of the formulations. This lack of stability was most likely the result
of the lengthy shipping periods and long and variable storage temperatures before the
product reached the consumer. To avoid these instability and variability problems with
microbial larvacidal agents, local production should be encouraged. The second advantage
of local production concerns appropriate formulations. The development of such
formulations will depend largely on the result of actual field-trial data due to very different
environmental conditions between tropical or dry countries and temperate industrial
countries. Thus, there will be no single formulation that will be effective for all field
conditions and local production of microbial agents would be beneficial in providing
material for conducting appropriate field studies and for developing formulations suitable
for local environmental conditions. The last advantage of local production concept is the

dependency on the locally available, cheap raw materials.
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In summary, local production of biological larvacides would not only allow the
development of general fermentation capability in developing countries, but would also
provide more stable and more suitable product formulation i.e. with cheaper raw materials,
shorter shipment period, shorter shelf-life requirement, and better quality of low-cost
flowable formulations. Nonetheless, it appears that to achieve the aim of local production
capability, the final price of the product has to be competitive with the commercially

available products.

Various agricultural and industrial by-products used as raw material in Bacillus
thuringiensis production are citrus peels, wheat bran, corn meal, seeds of dates, beef blood,
silkworm pupal skin, ground nut cake, cane molasses, fish meal, cotton seed meal, soybean
meal, residues from chicken slaughter house, fodder yeast, cheese whey and corn steep
liquor (Obeta and Okafor, 1984; Ouoba et al., 2008). Recently, other wastes such as sludge
and broiler poultry litter were utilized for biopesticides production (Chang et al., 2008). In
general, two methods of fermentation are used for production of microbial products,
submerged fermentation and solid state fermentation. In this study, we attempted to
optimize lab-scale production of entomopathogenic crystal toxins of sixteen different

biolarvacidal strains prior to stage of local industrial production.
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1.7 Problem Statement

Chemical pesticides have certain disadvantages such as high production costs, short
persistence, comparative low efficacy and development of resistance to toxin. The
ecological damage occasionally caused by the lack of specificity in the toxic effects of
insecticides has provided the impetus to seek alternative methods of insect control. This
observation led to the development of bioinsecticides based on the insecticidal action of
Bacillus thuringiensis (Bt). The discovery of biolarvicidal actions of Bacillus thuringiensis
and Bacillus sphaericus opened a new perspective for insect control. In order to obtain
these cheap biopesticides, many locally available substrates which are inexpensive
agricultural and industrial byproducts would conduct to discover a culture medium for
Bacillus thuringiensis cultivation that has a low price, locally valuable and most

importantly, has satisfactory potential for Crystal protein production.

1.8 Justification

The use of isolated Bacillus thuringiensis strains in Kenya for pest protection will be a
milestone in the reduction of chemical pesticides and hence reduce negative impacts of
chemical pesticides in the environment. Discovery of cheap raw materials for production of
biopesticides will reduce the costs making it affordable to the locals who depend on
agriculture as their principle mode of income. The goal then becomes how to find
alternative approaches for pest control by developing a cost-effective medium from locally

available raw materials in Kenya e.g., soybean, groundnut seed meal extracts, gruel and
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fish meal media, for large scale toxin production by Bacillus thuringiensis isolates
exhibiting various insecticidal activities. There is also need to search for other toxic
Bacillus species that are less likely to induce the development of resistance when used as

bioinsecticides.

1.9 Objectives
1.9.1 General Objective
To characterize local isolates of Bacillus thuringiensis from various sources and test their

efficacy of their toxins against Chilo partellus.

1.9.2 Specific Objective
1. To optimize conditions for low cost production of Bacillus thuringiensis toxin from
Bacillus thuringiensis isolates.
2. To extract and characterize the delta toxin from the Bacillus thuringiensis isolates.
3. To carry out in vivo studies on the sensitivity of first-instar Chilo partellus to the
Bacillus thuringiensis toxin from the new isolates.
1.10 Hypotheses
1. Growth, sporulation and protein production by local Bacillus thuringiensis isolates
is not influenced by the carbon-source.
2. Local isolates differ in their delta-endotoxin production and toxicity to Chilo

partellus larvae.
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CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 General characteristics of Bacillus thuringiensis
The genus Bacillus comprises the Gram-positive rods that grow aerobically and form heat
resistant spores (El-Bendary, 2006). The vegetative bacilli are large, straight and often
grow in filamentous chains. These organisms are among the most difficult to classify
because of their physiological characters and morphology (Manzano et al., 2009). In spite
of these factors, different species of Bacillus have been studied and special recognition is

given to Bacillus thuringiensis and its various strains (Agaisse and Lereclus, 1995).

Bacillus thuringiensis is a widely studied bacterium among microbial biological agents
known for their use in pest management (Ferre et al., 1991; Adams et al., 1999).
Nowadays, it is the most attractive commercial biopesticide having worldwide application
(Broderick, 2006). In comparison to chemical pesticides, Bacillus thuringiensis is
advantageous because of being biologically degradable, selectively active on pests and less

likely to cause resistance (Alvarez et al., 2009).

The name Bacillus thuringiensis was first coined by the German biologist E. Berliner to
describe pathogenic bacteria located in the pupae of the Mediterranean flour moth
(Ephestia kuehniella) and other unspecified insect larvae living in stored grains in the city

of Thuringen (formerly East Germany). This bacterium had previously been recognized by
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the Japanese biologist Ishiwata (1901) as the causal agent of the flasherie, sotto disease, of

silkworm (Bombyx mori) (Lambert and Peferoen, 1992).

Bacillus thuringiensis strains have been isolated worldwide from many habitats, including
soil insects, stored-product dust, deciduous and coniferous leaves (Ohba et al., 2002;
Yasutake et al., 2007). Isolation usually involves heat treatment to select for spores,
sometimes with an acetate enrichment step or antibiotics selection (Hofte and Whiteley,
1989). The diversity in the flagellar H-antigen agglutination reactions is one indication of
the enormous diversity among Bacillus thuringiensis isolates (Yamamoto, 1983; Knowles

et al., 1986).

2.2 Sporulation

Bacillus thuringiensis has a two-phase growth cycle. During the vegetative cell cycle, the
bacterium normally multiplies by cell division but when the nutrients are depleted or when
the environment becomes adverse, it forms spores within the sporangium (Lambert and
Peferoen, 1992). These spores are highly resistant to adverse conditions such as heat and
drought, enabling the bacterium to survive in the periods of stress. Spores germinate and
may restart a vegetative cell cycle under favourable conditions (Crickmore et al., 2005).
Persistence of Bacillus thuringiensis spores in the laboratory, greenhouse, and field or

forest environment has been well studied (Crickmore et al., 1995). Bacillus thuringiensis
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spores can survive for several years after spray applications, although rapid declines in

toxicity and populations have occurred (Kim et al., 1998).

Bacillus thuringiensis synthesizes an insecticidal cytoplasmic protein (ICP) inclusion
during the stationary phase of its growth cycle (Schnepf et al., 1998). These crystalline
inclusions comprise of relatively high quantities of one or more glycoproteins known as
delta-endotoxins. The insecticidal activity of Bacillus thuringiensis has been attributed to
these parasporal crystals (Bravo et al., 2007). These proteins are toxic to larvae of different
orders of insects, including disease vectors and many agricultural pest insects (Devi et al.,

2005).

These pesticidal delta-endotoxins are produced during sporulation and are accumulated
both as an inclusion and as part of the spore coat (EI-Bendary, 2006). Their primary action
is to lyse midgut epithelial cells by inserting into the target membrane and forming pores
(Denolf et al., 1993). Once ingested, crystals are solubilised in the alkaline and reducing
environment of the mid gut lumen and are activated by host proteases (Brar et al., 2007).
On the other hand, the involvement of Bacillus thuringiensis proteases in processing

inactive protoxins has also been reported (Brar et al., 2007).
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2.3 Insecticidal Crystal Proteins (ICPs)

In 1989, Hofte and Whiteley, reviewed the known Cry genes and proposed a systematic
classification. They distinguished four major classes of 3-endoto