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Pests represent a major threat to food crops and human health, and therefore have to be combated in 
several ways, including chemical methods using pesticides. However, researchers demonstrated that 
these molecules are dangerous for the farmers, consumers and the environment in general. For this 
reason, scientists permanently searched environment friendly alternatives such as the use of the 
bacterium Bacillus thuringiensis classified as one of the best insect pathogens. This microorganism is 
known by its ability to produce two types of insecticidal proteins, Vegetative insecticidal proteins (Vip) 
and δ-endotoxins produced during vegetative and sporulation stages of growth, respectively. This paper 
will discuss the main approaches used in the pest management control including chemical, physico-
mechanical and biological control methods. The review is also intended to demonstrate the efficiency of 
biopesticides in the control of pests and especially B. thuringiensis and its proteins worldwide known as 
eco-friendly insecticide that able the improvement of agriculture crops productivity. 
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INTRODUCTION 

In agriculture, it is undeniable that agricultural 
expansion and productivity must be achieved 
through optimal management of pests and weeds 
(Dlott et al. 1993; Capinera, 2005). Since 1960, 
the application of chemical pesticides has been 
intensively used to protect crops against pests, 
and to enhance the productivity of the agriculture 
crops (Kumar and Singh, 2015).  

Although pesticides have been shown to be 
efficient in crops protection, their application may 
also cause potential damages on the environment 
and the crop itself (Nicolopoulou-Stamati et al. 
2016). Pesticides can remain for long time in the 
environment and their extensive application can 
deteriorate soil microbial comities such as 
bacteria, fungi, and earthworms which are 
essential in soil nutriment cycle. Also, uncontrolled 

use of chemical pesticides can alter the crop 
products safety and health by the residue levels 
accumulated in food products (Sachs et al. 2010; 
Grewal et al. 2017). 

Thus, significant advances in research of 
biological control approaches that offer health and 
environmental solutions are of most interest. 
Biopesticides can be used as promising eco-
friendly pest management alternative for 
sustainable agricultural crop production (Prabha 
et al. 2016). Currently, there is a high demand for 
biopesticides market by type (Bioinsecticides, 
Biofungicides, Bionematicides and Bioherbicides). 
The annual growth rate of more than 15% of 
biopesticides is recorded to replace the chemical 
pesticides. Indeed, biopesticides may offer the 
potential for higher quantity and quality crop 
amounts compared to chemical-only programs 
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(Mishra et al. 2015). Recent research focusing on 
biopesticides studied the enhancement of their 
stability and action spectra to reduce the use of 
chemical pesticides (Nawaz et al. 2016; Damalas 
and Koutroubas, 2018). 

Generally, biopesticides are regrouped into 
three major categories, microbial and biochemical 
pesticides and transgenic plants. Microbial 
pesticides represent different products from 
microorganisms such as bacteria, fungi, viruses, 
protozoa and yeasts (Samada and Tambunan, 
2020). As examples, certain weeds can be 
eradicated using fungi and some potato’s insects 
can be treated by the bacterium Bacillus 
thuringiensis (B. thuringiensis). Biochemical 
pesticides such plant extracts and organic 
compounds, control pests naturally by non-toxic 
mechanisms (Gupta and Dikshit, 2010; 
Kachhawa, 2017). The third group of biopesticides 
includes transgenic plants modified by inserting 
genes encoding pesticidal proteins such B. 
thuringiensis cry genes which make plants 
intrinsically productive of bacterial proteins highly 
effective against insect pests. 

In 1990, the biocontrol market have been 
dominated by microbial pesticides based on the 
use of B. thuringiensis with more than 70% of the 
world market (Berini et al. 2018). During decades, 
numerous studies around the world focus on the 
B. thuringiensis potential on pest’s management 
control programs. Indeed, this entomopathogenic 
bacterium produces various toxins (Vip and Cry) 
and metabolites that can have different 
biotechnological applications. 

This review aims to summarize the main 
pest’s management control approaches and the 
potential of B. thuringiensis and its toxins in the 
biological control of pests and especially 
undesirable insects. 

1. Insect management control 
To reduce damages and economic losses in 
agricultural crops, farmers have tended to control 
harmful pests using different methods such as 
chemical, mechanical and physical control 
methods as well as the biological methods and 
biopesticides. 

1.1. Chemical control  
Chemical control whether against pests that 

threaten agriculture crops, diseases or weeds is 
based on the use of chemical pesticides including 
insecticides, fungicides, herbicides, rodenticides, 
molluscicides, nematicides and others (Aktar et al. 
2009).  

Chemical insecticides were classified into 
three classes: organophosphorus insecticides, 
organochlorined insecticides and carbamated 
insecticides (Zhang et al. 2011) and different 
methods can be used to minimize risks of insect 
pests such as the use of antifeedants and 
Chemosterilants. Antifeedants prevent insect 
feeding or cause cessation or slowing of further 
feeding (Fuog et al. 1998; Isman, 2002). While, 
Chemosterilants cause sterility of insect pests or 
prevent maturation of young insects to sexually 
functional adult stage (Baxter, 2016). 

The uncontrolled application of the chemical 
pesticides with a broad spectrum of action has led 
to the establishment of a continuous selection 
pressure on numerous pests leading to the 
emergence of resistant genotypes, toxicity and 
several health issues (Pray et al. 2002; Chen et 
al. 2004; Gu and Tian, 2005). According to a 
report of WHO and UNEP, the use of pesticides 
caused 220,000 deaths per year (Richter, 2002).  
 
1.2. Mechanical and physical controls 
Mechanical and physical control methods 
constituted practical techniques used to combat 
pests that threaten agriculture wealth and 
included various devices, equipment and natural 
components. Usually, mechanical methods 
depended on movements such as the infestation 
of insects by hand or trapping, however, physical 
methods depended on the principles of physics 
such as energy and forces (Vincent et al. 2003). 
One of the applied mechanical traps is sticky 
barrier placed on the trunks of trees and shrubs to 
impede the movement of crawling insects on 
these stems thus reduce the damage of these 
insects. 
Although mechanical and physical techniques are 
efficient in controlling insects, they are not 
specialized for harmful insects and may also trap 
beneficial insects. Moreover, some traps are 
expensive and must be cleaned or replaced 
periodically (Hillock and Bolin, 2004). 

1.3. Biological control  
Biological control, known as biocontrol was 

also defined as the use of organisms in order to 
reduce population of other organisms (Van 
Lenteren et al. 2018). Three basic biological 
control strategies were used during decades to 
control pests and minimize danger and damages 
they caused, the importation, augmentation and 
conservation. 

Classical biological control, known as 
importation, was defined as the introduction of the 
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natural enemies of the pest in a location that 
naturally did not contain these organisms. 
Importation should be used as a remedy if the 
pest caused severe damage to the environment, 
human health problems and deterioration of 
economic crops. For example, Aphis glycines 
(Homoptera) that caused severe damages in 
soybean crops was controlled by importation of 
exotic organisms such as the parasitoid Aphelinus 
albipodus (Heimpel et al. 2004). 

Biological control can be enabled by 
augmentation strategies involving supplemental 
release of natural enemies of the pest in a 
particular area hence boosting these populations. 
The Lepidoptera Pieris rapae is one of the most 
destructive pests attacking cabbage (Brassica 
oleracea) and it was reported the efficiency of 
different predators that can be used in 
augmentation control of this pest such as 
Hippodamia variegate (Coleoptera: Coccinellidae) 
(Schmaedick and Shelton, 2000). 

Conservation of existing natural enemies in an 
environment was worldwide used to control 
different pests. This strategy is generally simpler 
and more cost-effective then the other strategies 
of the biological control. Conservation is 
characterized by knowing the biological behavior 
of the natural enemy to provide suitable habitats 
and various resources. Conservation control was 
performed by planting a meter-wide strip of 
tussock grasses in the center of the field (Wright, 
1995).  

Despite their multiple advantages compared 
to chemicals in the control of pests, biological 
control strategies presented some limits. In fact, 
importation or augmentation of natural enemies 
could lead to their disappearance after each 
agricultural season, which negatively affected 
plants and agricultural crop products (Gurr, 2008). 
For the conservation strategy, the main limitation 
is the poor immediacy of response and the 
necessity to plan ahead (Gurr, 2008). 
 
1.4. Biopesticides  
The term 'Biopesticides' is a contraction of 
'biological pesticides' and was defined by the 
European Commission as a form of pesticide 
based on natural products or micro-organisms. 
The Environmental Protection Agency of the 
United States defined biopesticides as pesticidal 
substances produced by plants containing new 
genetic material (PIPs or plant-incorporated 
protectants), naturally occurring substances 
(biochemical pesticides) and microorganisms 
(microbial pesticides) able to control pests.  

1.4.1. Plant-incorporated protectants  
Plant-incorporated protectants also called 
Genetically Modified Crops are genetically 
modified materials produced from plants after 
adding some modifications to their genetic 
information. One of the most important typical 
examples is the incorporation of B. thuringenisis 
toxin-encoding genes into the genetic information 
of different plants such as cotton and corn to 
obtain Plant-incorporated protectants able to 
achieve effective control of pests. Different studies 
demonstrated that this famous bacterium 
produced toxins able to kill insects with high 
specificity within 48 hours (Siegel, 2001). 
Moreover, B. thuringiensis and its toxins were 
classified as friendly to the environment and safe 
for humans and non-target organisms (Tijjani et 
al. 2016). 

1.4.2. Biochemical pesticides  
Biochemical pesticides include naturally occurring 
substances or their structurally synthetic analogs 
used as attractants, desiccants, repellents, 
semiochemicals and plant regulators. This type of 
biopesticide includes substances such as insect 
pheromones that prevent mating and plant 
extracts that attract insect pests into the trap.  
 
1.4.3. Microbial pesticides  

Microbial pesticides, used to control harmful 
insects and different other pests, include different 
types of microorganisms (viruses, fungi and 
bacteria) and their derivative molecules. 

Among 650 species of entomopathogenic 
viruses, the most used in biological control belong 
to the families of Baculoviridae, Reoviridae and 
Poxviridae. This choice is explained by their 
harmlessness to vertebrates because the 
inclusion bodies are unable to develop outside 
their natural host, insects. 

More than 700 species of entomopathogenic 
fungi were used in biological control. In fact, 
different species belonging to the genera 
Beauveria, Metharizium, Erynia and Verticillium 
were used (Starnes et al. 1993). For example, 
Beauveria bassiana was used to eradicate the 
Colorado potato beetle (Lawrance, 2000). 

In 1993, more than 100 bacteria have been 
identified as having insecticidal power (Starnes et 
al. 1993). These entomopathogenic bacteria 
essentially belong to three large families, 
Bacillaceae, Enterobacteriaceae and 
Pseudomonaceae (Greathead et al. 1994; 
Jamoussi et al. 2009; Jallouli et al. 2013). But 
during decades, the most widely used microbial 
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bioinsecticides were based on the subspecies of 
the bacterium B. thuringiensis (Thakore, 2006). 
This bacterium was largely used on fields and 
demonstrated its efficiency in controlling insect 
pests (Tijjani et al. 2016). Depending on the 
subspecies, B. thuringiensis can be active on 
Lepidoptera, Diptera and/or Coleoptera and was 
the basis of many formulations developed and 
marketed by several firms around the world 
(Gelernter et al. 1990). Among the 
Enterobacteriaceae with entomopathogenic 
power, different studies reported the efficiency of 
the bacterium Photorhabdus (Jallouli et al. 2011). 

The use of biological pesticides has 
uncountable advantages due to their 
biodegradability, their harmlessness to humans 
and animals and their high specificity toward 
targets (Kumar et al. 2021) thus making possible 
the protection of benefic and non-target 
organisms (Sudakin, 2003). Moreover, 
biopesticides are effective in very low doses and 
do not require a pre-harvest delay. Viral 
bioinsecticides are characterized by high 
specificity, high virulence and rapidity of action, in 
addition of their reasonable level of persistence in 
the environment. Entomopathogenic fungi are 
very promising control agents due to their ability to 
infect the host by ingestion or by simple contact 
making all stages, from egg to adult, susceptible. 

2. B. thuringiensis and its insecticidal proteins 

2.1. The bacterium B. thuringiensis 
Since the 1980s and continuing to the 

present, different biological and molecular 
methods have been evolved to extensively search 
novel adequate biopesticides able to be 
commercialized. Scientists focused on the use of 
microbial insecticides like B. thuringiensis which 
was commercially ready in US market since 1958 
as Thuricide (Gelernter and Schwab, 1993). 
Nowadays, B. thuringiensis is considered as an 
environment friendly bioinsecticide and 
contributed during years to the increase of insect-
resistant crops such as Maize, Cotton, Potato and 
Rice (Kumar et al. 2021).  

Angus et al. (1956) demonstrated that 
crystalline protein inclusions formed by B. 
thuringiensis during its sporulation stage were 
responsible for its insecticidal action. In the early 
1980s, a group of scientists revealed that cry 
genes encoding for crystal proteins are generally 
located on B. thuringiensis plasmids and this 
location was determined using the plasmid curing 
technique (González and Carlton, 1980). Schnepf 

and Whiteley (1981) cloned and characterized the 
genes encoding for Cry proteins and 
demonstrated the toxicity of the corresponding 
proteins against larvae of the tobacco hornworm 
(Schnepf and Whiteley, 1981).  

In the 1980s, scientists demonstrated that 
plants can be genetically engineered using cry 
genes and B. thuringiensis-cotton reached the 
market in 1996 (Shelton et al. 2002). Due to their 
efficiency against pests, high specificity and safety 
to the environment, B. thuringiensis crystal 
proteins constituted a vital alternative to chemical 
insecticides in controlling insect pests in 
agriculture and forestry by spraying the mixture of 
spores and Cry toxins on crops. 

2.2. Pathogenicity of B. thuringiensis  
It is known that exploiting microorganisms as 

agents for the environmental control of pests may 
be a source of problems in some cases but when 
these microbes do not cause any disease or 
rarely for non-target organisms, scientists 
considered them as safe. One of many successful 
examples is the use of B. thuringiensis, safe for 
non-target organisms but that possess several 
factors that make it very promising as biological 
control agent or as source of biomolecules. In 
fact, B. thuringiensis produce different toxins, 
enzymes, structural proteins and antimicrobial 
compounds that enable it to multiply and stay in a 
variety of environments as well as to access to 
various organisms (Raymond et al. 2010; Zhang 
et al. 2012).  

B. thuringiensis produces many molecules 
able to overcome the defenses of hosts and 
cause physiological changes within the body of 
the insect affecting its life and causing its death 
(Argôlo-Filho and Loguercio, 2014). Using its 
secreted toxins, B. thuringiensis has the ability to 
overcome physical barriers that encounter it in its 
host such as peripheral membrane and 
commensal microbes. Also, it can overcome 
chemical defenses in the digestive system such 
as antimicrobial compounds, pH and proteases. 
By blocking the defense barriers of the insect, B. 
thuringiensis can adapt to the host and move from 
the gut to other parts of the body causing disease 
and death of the target (Broderick et al. 2009). 

Among all the interesting compounds 
produced by B. thuringiensis, Vip (Vegetative 
Insecticidal Proteins) produced by the bacteria in 
its vegetative stage of growth and Cry toxins 
produced during sporulation are the most 
important and most studied around the world due 
to their efficiency and specificity against insect 
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pests and their safety for non-target organisms 
and environment. 

2.3. Delta-endotoxins produced by B. 
thuringiensis   

2.3.1. Insecticidal crystal proteins  
Crystal inclusions produced by B. 

thuringiensis strains during sporulation are also 
known as insecticidal crystal proteins (ICP). B. 
thuringiensis δ-endotoxins are known by their 
efficiency against different insect orders with high 
specificity against targets and no action on 
beneficial insects (Schnepf et al. 1998).  

Individual Cry toxin is generally characterized 
by its insecticidal action against some species 
belonging to specific orders such as Lepidoptera 
(butterflies and moths), Diptera (flies and 
mosquitoes), and Coleoptera (beetles and 
weevils) (de Maagd et al. 2001). 

Scientists reported that Cry1Ba toxin is active 
against the larvae of moths, flies and beetles 
(Zhong et al. 2000) and that the mixture of toxins 
in a given strain determine the activity spectrum of 
this B. thuringiensis strain.  

2.3.2. Cry toxins mode of action 
Different stages follow one another after the 

ingestion of B. thuringiensis crystal proteins by the 
larvae of target insects. In fact, these crystals will 
be solubilized in the larval midgut and the 
protoxins released will be activated by midgut 
proteolytic enzymes and fixed on receptors 
located in epithelial cells. This will result in the 
formation of lytic pores thus causing the 
disintegration of the cells and the death of the 
infected larvae (Jenkins et al. 2000). 

Generally, ingestion of crystal proteins is 
accompanied by the ingestion of B. thuringiensis 
spores which will then germinate in the target 
midgut and the proliferation of vegetative bacterial 
cells in the hemocoele can lead to septicemia 
which also contributes to larval death (Raymond 
et al. 2010). 
 
2.3.3. Genetically modified plants expressing 
delta-endotoxins 

Usually, B. thuringiensis toxins are used as 
sprays on agricultural crops to target harmful 
pests with great safety to humans and 
environment. Nevertheless, these toxins quickly 
dissolve through ultraviolet radiation. Moreover, 
the toxin effect can be removed by rain. Thus, the 
efficiency of these sprays is limited in time and 
place, so the scope has been expanded in the use 

of the bacteria in place of sprays directly through 
genetic engineering and biotechnology (Behle et 
al. 1997). 

Biotechnology helped the engineering of 
genetically modified plants expressing delta-
endotoxins able to resist faster against harmful 
pests. There are many plant species containing 
genetically modified DNA sequences of B. 
thuringiensis and expressing one or more types of 
Cry toxins such as Cry1, Cry2, Cry3 and Cry9 
(Van Frankenhuyzen, 2013). Plants containing B. 
thuringiensis DNA are able to produce Cry toxins 
in all stages of their growth from germination to 
harvesting. 

Different studies revealed that even the pollen 
obtained from genetically modified plants with B. 
thuringiensis DNA have the ability to express Cry 
toxins that are stable even in the presence of 
ultraviolet radiations (Hilbeck and Otto, 2015).  

One of the most important genetically 
modified plants expressing Cry toxins is cotton 
with a rate of 80% of cotton cultivation 
(Fernandez-Cornejo et al. 2014).  

Therefore, corn and cotton are considered 
genetically modified crops expressing B. 
thuringiensis toxins with a total of 570 million 
hectares of crops worldwide (Tabashnik et al. 
2013). 

2.4. B. thuringiensis vegetative insecticidal 
proteins 

2.4.1. General characteristics of Vip toxins 
Production of Vip toxins by B. thuringiensis 

strains begins at the vegetative growth phase of 
the bacteria and continues during sporulation 
(Warren, 1997; Abdelkefi-Mesrati et al. 2005a). At 
the contrast of delta-endotoxins classified as 
endotoxins and that aggregate inside the 
bacterium at the sporulation stage from which 
emerge the term parasporal crystal, Vip toxins are 
soluble proteins that will be secreted by the 
bacterium into the media culture (Estruch et al. 
1996). 

Discovered late compared to Cry toxins, Vip 
proteins showed an exceptional efficiency against 
insect pests. In fact, some Vip toxins were 
classified as active against different pests 
resistant or less sensitive to Cry toxins such as 
Black cutworm (Agrotis ipsilon) (Rings et al. 1974) 
and the polyphagous insect Spodoptera littoralis 
(S. littoralis) (MacIntosh et al. 1990), respectively. 
Moreover, bioassays using B. thuringiensis toxins 
demonstrated that Vip proteins acted at the 
nanogram level in the contrast of the Cry toxins 
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that killed the same target insect at the microgram 
level (Doss et al. 2002).  

Vegetative insecticidal proteins, also secreted 
by some B. cereus strains (Guttmann and Ellar, 
2000), were grouped into different subfamilies and 
this according to the degree of homology of the 
corresponding sequences. The most studied Vip 
toxins belong to Vip1, Vip2 and Vip3 subfamilies 
and were encoded by vip1, vip2 and vip3 genes, 
respectively and like Cry toxins, Neil Crickmore 
proposed the classification of Vip proteins and 
their corresponding genes in the nomenclature 
database of B. thuringiensis (Crickmore et al. 
2011). 

Different studies demonstrated that vip genes 
are localized on B. thuringiensis plasmids. Indeed, 
Espinasse et al. (2003) suggested the presence of 
the vip1 and vip2 genes on a plasmid which could 

also contain the gene encoding -exotoxins. The 
localization of vip3 genes has been demonstrated 
by plasmid curing and molecular hybridization 
(Abdelkefi-Mesrati et al. 2005b). In fact, it has 
been demonstrated that the vip3Aa16 gene is 
carried by the same megaplasmid containing the 
cry1Ia gene (Abdelkefi-Mesrati et al. 2005b). 
However, Boukedi et al. (2020) demonstrated that 
vip3 and cry genes are located on different 
plasmids in the genome of B. thuringiensis 
BLB459 strain. Alignment of the various known 
vip3 genes demonstrated that these genes are 
highly conserved (Chen et al. 2003; Wu et al. 
2007) and that Vip toxins showed no sequence 
homology with Cry proteins.  

2.4.2. Vip1 and Vip2 proteins 
Vip1 and Vip2 proteins, produced by some B. 

thuringiensis strains (Shi et al. 2004; Sattar and 
Maiti, 2011), B. cereus (Guttmann and Ellar, 
2000) and B. sphaericus (Ramasamy et al. 2008), 
were encoded by an operon with an intergenic 
space of about 4 bp (Warren, 1997; Shi et al. 
2004). These proteins composed a binary toxin 
having an important toxicity against coleopteran 
pests that can be resistant to B. thuringiensis Cry 
toxins. In fact, an interesting activity of this binary 
toxin Vip1-Vip2 was reported against Diabrotica 
barberi (Warren, 1997) and Diabrotica virgifera 
(Ellis et al. 2002). 

Concerning the mode of action of Vip1 and 
Vip2 proteins, a succession of steps has been 
proposed by Leuber et al. (2006). Thus, after 
ingestion of these proteins by the target larvae 
and under the action of alkaline midgut pH and 
proteases, the Vip1 protein will undergo cleavage 
to be activated. The Vip1 toxin resulted from this 

cleavage bound to specific receptors in the 
microvilli of the larval midgut, forming a 

transmembrane -turn structure. Following this 
specific binding, pores were created in the midgut 
epithelial cells allowing the entry of the Vip2 
protein. The latter, corresponding to the active 
enzymatic component, attacked the midgut cells 
and contributed finally to the death of the target 
coleopteran pest (Barth et al. 2004; Leuber et al. 
2006). We noticed that despite its highly effective 
action against different dangerous Coleoptera, the 
binary toxin Vip1-Vip2 showed no toxicity against 
Lepidoptera. 

2.4.3. Vip3 proteins and their mode of action 
against Lepidoptera 

The lack of action of the Vip1-Vip2 toxins on 
Lepidoptera was resolved by the broad spectrum 
of action of the Vip3 proteins on insects belonging 
to this order. These Vip3 toxins, also secreted 
during the vegetative growth phase of B. 
thuringiensis, have a molecular weight rounding 
the 90 kDa (Estruch et al. 1996). 

vip3 genes expression was studied at the 
transcriptional level and Abdelkefi-Mesrati et al. 
(2005a) demonstrated that the vip3Aa16 gene is 
expressed from the middle of the exponential 
growth phase of the bacteria to the middle of the 
stationary phase with a transcript of about 2.7 kb 
(Abdelkefi-Mesrati et al. 2005a). Thus, the 
secretion of Vip3-type proteins occurs mainly 
during the vegetative phase but it continues 
during the sporulation phase. 

The alignment of the different Vip3 proteins 
deposited in the database showed the presence 
of a possible signal sequence which spans the 
first 23 amino acids. This region, conserved in all 
Vip3 proteins, is typical of proteins secreted by B. 
thuringiensis (Estruch et al. 1996). 

Different studies demonstrated that the 
proteolytic activation by midgut proteases is the 
first key step in the Vip3 toxins mode of action. 
Indeed, a comparative study of the activation of 
the VipAa16 protoxin (90 kDa) by midgut 
proteases showed that, by the midgut extract of 
Ephestia kuehniella (E. kuehniella), the active 
form of the toxin (62 kDa) is larger than that 
obtained using midgut extract of S. littoralis 
(Abdelkefi-Mesrati et al. 2011a). This difference 
was obtained because S. littoralis midgut 
contained more proteases with higher activities 
than that of E. kuehniella larvae, which caused the 
degradation of the protoxin into several bands by 
the gut juice of S. littoralis, thus reducing the 
amount of the active form. Following this 
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extensive activation of the protoxin in the case of 
S. littoralis, the latter is less sensitive to the 
Vip3Aa16 protein than E. kuehniella (Abdelkefi-
Mesrati et al. 2011a).  

After activation by midgut proteases, Vip3 
toxin must specifically recognize molecules 
located on the epithelial midgut cells to 
accomplish its toxic action against its target (Yu et 
al. 1997). Abdelkefi-Mesrati et al. (2009) 
demonstrated that Vip3Aa16 toxins specifically 
recognized molecules in the midgut cells of target 
larvae and have determined the molecular 
weights of these receptors in Prays oleae (65 
kDa) (Abdelkefi-Mesrati et al. 2009), E. kuehniella 
(65 kDa) (Abdelkefi-Mesrati et al., 2011a) and S. 
littoralis (55 and 100 kDa) (Abdelkefi-Mesrati et al. 
2011b). It was reported that these receptors are 
different from those recognized by Cry toxins in 
the same target, hence the interest of the use of 
Vip3 proteins to fight against pests and especially 
to bypass the resistance problems that can arise 
following repeated use of δ-endotoxins (Abdelkefi-
Mesrati et al. 2009). 

Lee et al. (2003) showed that the action of the 
Vip3 toxin is accomplished after the formation of 
lytic pores that were obtained only in the midgut 
cells of the target pest larvae. This was followed 
by swelling of the cells and consequently 
damaged the midgut of the target larvae (Yu et al. 
1997; Lee et al. 2003; 2006). The 
histopathological effects of Vip3 toxins on the 
larval midgut consisted on an intense 
vacuolization of the cytoplasm of midgut epithelial 
cells and vesicles formation in the apical region 
(Abdelkefi-Mesrati et al. 2011b; Ben Hamadou-
Charfi et al. 2013; Boukedi et al. 2020). 
 
CONCLUSION 
Insect pests represent a major threat to food 
crops and human health, and therefore have to be 
combated in several ways, including chemical 
methods. However, researchers demonstrated 
that these molecules are dangerous for the 
farmers, consumers and the environment in 
general. For this reason, scientists permanently 
searched environment friendly alternatives such 
as the use of mechanical and physical control 
methods as well as the biological methods and 
biopesticides. The bacterium B. thuringiensis 
classified as one of the best insect pathogens is 
known by its ability to produce two types of 
insecticidal proteins, Vip and δ-endotoxins, that 
are gaining worldwide importance as insect 
control agents efficient and safe for humanity and 
environment. 
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