
i 
 

Study on the enhanced expression of insecticidal 
crystal protein in Bacillus thuringiensis  

against the larvae of mosquito 

 
  

DISSERTATION  
FOR THE DEGREE OF  

DOCTOR OF PHILOSOPHY  
  
  

Mahmuda Akhtar  
17899018  

  
  

Ph.D. SUPERVISOR  
Dr. Shinya Ikeno  

  
  

Department of Life Science and Systems Engineering  

Graduate School of Life Science and Systems Engineering  
 
 

KYUSHU INSTITUTE OF TECHNOLOGY  
  



i 
 

 

Table of Contents 

 

1. Chapter 1: Introduction  ····································································· 1 

 

1.1 Background of the study 

1.2 Basic Biology of Bacillus thuringiensis  

1.2.1 Bacillus thuringiensis taxonomy and genetics 

1.2.2 Ecological role of Bacillus thuringiensis 

1.2.3 Pathogenicity and virulrnce 

1.2.4 Nomenclature of Bt toxin 

1.3  Expression regulation of insecticidal genes 

1.4 Crystal toxins (δ-endotoxins)  

1.4.1 Classification of δ-endotoxins:  

1.4.2 Cry toxin 

1.4.3 Diversity, structure and evolution of Cry toxins 

1.4.4 Mode of action of Cry and Cyt toxins in mosquitoes 

1.4.5 Receptor binding in mosquito midgut membranes 

1.4.6 Synergism of Cyt and Cry toxins 

1.4.7 Applications of Cry toxins 

1.5 Current development for the expression Cry protein and addressing of problem  

1.6 Action to address the problem 

1.6.1 Strategy and motivation in this study 

1.6.2 LEA peptide co-expression system 

1.7 Organization of present thesis 

1.8 Purpose of this study 

 



ii 
 

2. Chapter 2: Enhanced insecticidal activity of Bacillus thuringiensis using a late 

embryogenesis abundant peptide co-expression system……………….65  

 

2.1 Introduction  

2.2 Materials and Methods 

2.2.1 Strains and expression vector 

2.2.2 Design of LEA peptide  

            2.2.3 Introduction of the LEA peptide gene into the pHT01 vector 

2.2.4 Construction of Bt-LEA transformants 

2.2.5 Cultivation and induction of LEA peptide by IPTG  

2.2.6 SDS-PAGE analysis  

2.2.7 Evaluation of larvicidal activity against Aedes albopictus  

2.3 Results and Discussion 

2.3.1 Construction, characterization, and determination of the function of 

the LEA peptide-encoding gene in the Bt.D142 strain  

2.3.2 Cultivation of Bt-LEA transformants for Cry protein expression  

2.3.3 Enhanced expression of the Cry protein in the Bt-LEA transformant 

2.3.4 Bioassay for larvicidal activity  

2.4 Conclusions  

 

3. Chapter 3: Lactose as a time-dependent promising inducer in response to the efficient 

expression of insecticidal crystal protein by late embryogenesis abundant 

peptide co-expression system in Bacillus thuringiensis ····················· 87 

 

3.1 Introduction  

3.2 Materials and Methods 

3.2.1 Strains and expression vector 

3.2.2 Design of LEA peptide 

            3.2.3 Introduction of the LEA peptide gene into the pHT01 vector 

3.2.4 Construction of Bt-LEA transformants 



iii 
 

3.2.5 Cultivation and induction of LEA peptide by IPTG for cell growth and 

spore counting 

3.2.6 Cultivation and induction of LEA peptide by lactose 

3.2.7 SDS-PAGE analysis 

3.2.8 Determination of glucose and lactose in the medium and cell 

3.3 Results and Discussion 

3.3.1 Construction, characterization, and determination of the function of 

the LEA peptide-encoding gene in the Bt.D142 strain 

3.3.2 Cultivation of Bt-LEA transformants for Cry protein expression   

3.3.3 Cell growth and expression of the Cry protein in the Bt-LEA 

transformant with and without glucose 

3.3.4 Cell growth and expression of the Cry protein in the Bt-LEA 

transformant with lactose by intermittent and at a time induction 

3.3.5 Enhanced expression of the Cry protein in the Bt-LEA transformant 

3.3.6 Optimal inducing concentrations and induction pattern of lactose 

3.4 Conclusions 

 

4. Chapter: General Conclusion··································································· 120 

 

Acknowledgements  ·················································································· 127 

 

Achievements  ························································································· 129 

 

Appendix  ······························································································ 132 

 



1 
 

 

 

 

CHAPTER 1 

 

Introduction 

 

 

 

 

 



1 
 

1.1 Background of the study 

 

Since the past 15 years in the territory of molecular research, the development and use of 

entomo-pathogens as classical, conservation, and augmentative biological control agents have 

incorporated several prosperity and some setbacks [1]. As a consequence, in the domain of 

molecular field and research employing living organisms to a degree bacteria, viruses, and fungi, 

or natural products derived from these organisms, can be used auspiciously as biological control 

agents and more prevalently alternative to chemical insecticide or pesticide. Moreover, it is also 

well known to everyone that these sorts of microorganisms are playing the key role as paramount 

or auxiliary pest control measures and symbolize a prized arsenal for the control of pest 

management in the territory of agro-industry [2]. Bacterial protein toxins are regarded as the 

biological appliance that has been applied over a long period to illuminate diverse mechanisms in 

the field of agriculture and medicine. As biological control tool of Gram-positive 

entomopathogenic bacteria that have paid a significant have received significant consideration 

owing to have their capability to restrict the insect pests in the sector of agriculture and insect 

vectors of human diseases. For the advancement of bio insecticides-based B. thuringiensis, special 

scrutiny was directed to restrict the distinct range of insect species encompassed by the orders of 

Lepidoptera, Diptera, and Coleoptera in conjunction with another form of insect orders 

(Hymenoptera, Homoptera, Orthoptera, and Mallophaga) along with other nematodes, mites, and 

protozoa [3]. B. thuringiensis is already grabbed the position as an alternative advantageous to 

chemical or synthetic insecticide employment as an effective controller in the area of commercial 

agriculture, woodland management, and restriction of mosquito to play a vital source of genes for 

transgenic expression for contributing insect resistance in plants [4]. Insects may be the responsible 
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vectors for the etiological agent for varieties of diseases and be the botheration to humans, carrying 

the load for health burdens all around the worldwide [5]. Among all the insects, globally, the 

deadliest of the creatures that carry and cause the most dangerous deadly diseases is the mosquito. 

Because mosquitoes are capable to kill more humans rather than human murderers do. According 

to Bill Gates summarizing surveys or statistics like as WHO, each of a near about 725 thousand 

people passed away owing to this dangerous creature means mosquitoes. In comparison to other 

creatures like sharks and snakes (Fig.1-1) [6]. (https://www.mosquitomagnet.com/articles/the-

economic-cost-of-mosquito-borne-diseases), it is indicating a devastating figure.    

 

 

 

Figure 1-1 Number of people killed in a year by specific organisms 

 

https://www.mosquitomagnet.com/articles/the-economic-cost-of-mosquito-borne-diseases
https://www.mosquitomagnet.com/articles/the-economic-cost-of-mosquito-borne-diseases
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All around the world, mosquito-borne diseases notably, Dengue, chikungunya, and Zika virus 

isgetting alarming in recent context and at present, there is a lack of alternative or potent vaccines 

feasible to the greater extent of these diseases [7]  Aedes (Stegomyia) aegypti (Linnaeus 1762) acts 

as a predominant vector in the universal resurgence of epidemic dengue, and also capable of 

disseminating a variety of other arboviruses which is responsible to contribute detrimental effect 

on the human populations globally, along with Zika and Chikungunya, that have been more 

prominent recently into Brazil [8-12].  

Indeed, of knowing the negative impact of chemical pesticides or insecticides from the very 

beginning to date, the employment of the chemical insecticides still is being adopted to restrict 

insects despite exceedingly toxic to non-target organisms as well as generally mischievous to 

human and animal health. On account of, Bacillus thuringiensis (Bt) might be the option to merge 

the advancements of chemical pesticides and microbial control agents MCAs: acting to synthesize 

parasporal crystal inclusion having the capacity to kill mosquito larvae in a way of eco-friendly 

and environmentally welcoming although the production cost is overpriced than chemical 

insecticide. So Bt is still the most promising microorganism for its’ homicide trait of mosquitoes 

and how it could be gem selection in the future by the employment of both biological and non-

biological approaches.   

  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aedes
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/arboviruses
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Table 1-1 Mosquito-Bornediseases  

 

(https://apps.who.int/iris/bitstream/handle/10665/111008/WHO_DCO_WHD_2014.1_eng.pdf;js

essionid=6DA9461FCD4806A3FB8A0B4209D6E5FF?sequence=1) 

 

Vectors (Mosquito) Diseases 

Aedes aegypti  Dengue, yellow fever, chikungunya, Zika 

virus  

Aedes albopictus  Chikungunya, dengue, West Nile virus 

Culex quinquefasciatus  Lymphatic filariasis  

Anopheles (more than 60 known 

species can transmit diseases) 

Malaria, lymphatic filariasis (in Africa)  

Haemagogus Yellow fever 

Sandflies  Leishmaniasis 

Triatomine bugs Chagas disease 

Ticks Crimean-Congo haemorrhagic fever, tick-

borne encephalitis, typhus, Lyme disease 

Fleas Plague, Murine typhus 

Flies (various species) Human African trypanosomiasis, 

onchocerciasis 
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1.2 Basic Biology of Bacillus thuringiensis 

 

Bacillus thuringiensis (Bt) is a ubiquitous gram-positive bacterium that belongs to 

morphological group I in conjunction with Bacillus cereus, Bacillus anthracis, and Bacillus 

laterosporus [13] characterized by aerobic or facultative anaerobes, rod-shaped, low G + C, and 

endo spore-forming which have been that has been isolated globally in distinction to a vast 

diversity of ecosystems together with different varieties living and nonliving sources like soil, 

water, departed insects, dirt from silos, leaves from short-lives trees, varieties of conifers, and 

insectivorous mammals, in associate with serious form of necrosis derived human tissues [14–19]. 

By the employment of ordinary nutrient agar media, it is possible to isolate. The life cycle of Bt is 

quite ordinary and sufficient growth is aided by nutrients and environmental conditions through 

spore germination by a-vegetative cell growth and binary fission mechanism for reproduction. For 

multiplication of cells when it started from one to more there must be required some proper 

nutrients or like sugars, amino acids, or depletion of oxygen. Bt is capable to show its unique 

attribute at the onset of sporulation and for the time being of growth phase as parasporal crystalline 

inclusions to synthesize crystal (Cry) and cytolytic (Cyt) toxins, (also known as δ-endotoxins [20] 

that is a most distinguishable feature from else species [21]. Crystals are composed of proteins 

called δ‐endotoxins, which played a major role in the distinct insecticidal activity [22]. Cry 

proteins have the tendency to get easily solubilized by the aided of consecutive interactions with 

the different insect’s midgut epithelium to promote the formation of an oligomeric structure for 

the membrane insertion, pore formation to perceive, and successive binding of the toxin to the 

membrane receptors to facilitate the killing of midgut cells [23-27]. Behind this reason is for the 

shake of the most expected biological insecticide that acts as a substitute to chemical insecticide, 

regarded as the leading bio rational pesticide, eco-friendly, and in conjunction with distinct to a 
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defined figure of insect species (insect specific toxin) without any toxicity against humans or other 

organisms [28]. 

 

1.2.1 Bacillus thuringiensis taxonomy and genetics 

The classification of Bt is complicated regularly revisited belongs to a diverse group of 

opportunistic bacteria Bacillus cereus sensu lato, [29]. From the past decades, varieties of 

taxonomic studies along with different methods have been executed with a view to inaugurating 

logical or authentic criteria for the separation and analysis of diversity among interspecific and 

intraspecific for species of the genus [30-32]. The principal method that has been applied for 

recognition of subspecies particularly for Bt since its description in 1915, is mainly based on the 

flagellar H antigen reaction [33, 34]. For instance, along with 3,000 strains termed as Bt were 

assembled in 69 serotypes and 13 subtypes by the improvement of this method in the past few 

decades [35].  

For the management of pest control programs, identification of new strains by the application 

of molecular tools is extremely essential to make the possible differentiation of the different strains 

of Bt for detailed studies. Among all the adopted tools, the most predominantly and highlighted 

are based on 16S rRNA, RAPD, RFLP, REP-PCR, ERIC-PCR, and MLST.  For the study of 

bacterial diversity, the molecular marker regarded is the most prominent tool, 16S rRNA genes. 

For the studies of phylogenetic analysis and metagenomics, this is the most extensively used 

marker [35, 38]. 

But there remain some constraints in the genus of Bacillus by the employment of this 16S rRNA 

particularly for being the high correlation between the sequences of closely related species [39]. 

The most recently applying the technique is 16S rDNA analysis in conjunction with other markers, 
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have been developing the scope to differentiate from Bt strains to other species of Bacillus to defeat 

these restrictions [40-45].  

 

1.2.2 Ecological role of Bacillus thuringiensis 

Bt is regarded to be aboriginal to many environments [46-48] and essentially being considered 

a soil originated bacterium has the tendency to live as both saprophytic, (employing organic matter 

form and dead organisms) and parasitic (colonization in living insets) [49]. Globally, Bt strains 

have been isolated from many habitats, in accordance with soil [48, insects [53] stored-product 

dust 47, 55, 57], and deciduous and coniferous leaves [53, 58]. Owing to have its insecticidal 

capability and specificity, Bt is renowned as the most environmentally safe organism without 

having the distinct aftereffect to non-target organisms like mammals, birds, amphibians, and 

reptiles [59]. Albeit there is little evidence of toxic effects of Bt demonstrated to useful insects 

such as bees and Campoketis chloridae [13, 60]. The endospore is regarded as the most prominent 

trait of the Bacillus ecology owing to its considerable logic. Firstly, for the rehabilitation of 

Bacillus spp. from the environment, the isolation procedure is regarded as the most frequent 

approach. Most likely the studies focused on the endospore to the segregation of vegetative cells. 

Secondly, the spore has a trait with a dormant structure of great longevity, although there are some 

ecological studies focused on the assessment of aggregation of spores in an environment instead 

of an estimation of how bacteria can devote to the environment. Even though in a habitat, if there 

is some presence of the big number of spores of a specific species, it is an active indication of 

earlier or steady growth and metabolism in that niche [61]. Still, there is some doubt on the true 

ecological role of Bt [62].  Despite the fact, it is well established that Bt has the capability to 
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produce the divergent form of toxic protein active against a wide variety of insect orders but still, 

it is identified some strains without having any toxicity [63]. 

 

1.2.3 Pathogenicity and Virulence 

The most beautiful and amazing capacity of Bt to make crystal toxins during their sporulation 

phase is considered to be the major virulence factor to the insect. The insecticidal characteristics 

of the bacterium are derived from the δ-endotoxin that exists in both the crystalline inclusion and 

in the spore coat. Pathogenicity and virulence are the two principal indicators that help to figure 

out the target pest susceptibility to entomopathogen(s) through bioassays. The Cry proteins 

belonging to the pore-forming proteins (PFPs), where the members of the single largest class are 

responsible for bacterial virulence factors [64].  

During the stationary phase, these bacteria not only produce the specific Cry toxins but also 

another kind of insecticidal proteins during its vegetative growth phase, designated as Vip proteins 

(vegetative insecticidal proteins) that have no similarity and disagree significantly with the Cry 

toxins [65]. However, it is produced during different phases of the life cycle of Bt, where there is 

no evidence with remarkable detrimental effects on non-target organisms in case of both Cry and 

Vip proteins contribute a narrow range of target insect pests. 

 

1.2.4 Nomenclature of Bt Toxin 

For novel insecticidal proteins, the number of genes has been coded that have expanded 

frequently, developing the demand for a standard and organized nomenclature system [3], from 

1981 when the identification and cloning of the first Bt insecticidal crystal protein [66],  For the 

establishment of first such system, Cry toxins and their corresponding genes were named in 
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association with a Roman numeral (primary rank distinction) based on the insecticidal activity of 

the crystal protein, namely: CryI protein toxic against lepidopterans, CryII protein toxic against 

both in lepidopterans and dipterans,  CryIII protein toxic against coleopterans; and CryIV proteins 

toxic exclusively against dipterans only [67]. Usually, the new system implies while giving a new 

novel toxin by the indication of a four-rank name conditioning to its degree of couple amino acid 

identity taken from the earlier named toxins; besides this, similar protein structure, host range, or 

even mode of action. Does not mention by associating this criterion. For the first and fourth ranks 

are implied by the Arabic numbers, whereas the uppercase and lowercase letters are designated for 

the second and third ranks, correspondingly. The most frequently applicable system is 

nomenclature which is defined the δ-endotoxins (Cry and Cyt) and secret able (Vip and Sip) Bt 

toxins [3].  
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1.3 Expression regulation of insecticidal genes 

 

The most obvious basic difference from Bt to its relatives has the amazing capacity to produce 

crystal inclusions during the stationary phase of growth [67]. The ultimate-products of cry gene 

expression are Cry protein that accumulates to dry weight constitute 20–30 % of the cell gather in 

mother cell on the onset of stationary phase (started from sporulation stage III and advances 

through stage VII, each single cell must synthesize 106 to 2 × 106 δ-endotoxin molecules to form 

a crystal) [68]. Various factors that are uniformly manipulated for the high degree synthesis of Cry 

protein like the transcriptional, posttranscriptional, and posttranslational levels, the copy number 

of cry gene, the stability of cry gene mRNA, and the aggregation and crystallization of Cry proteins 

[69, 28].  In the mother cell, the development and spatial control of cry gene expression is generally 

accomplished by the dint of promoter with its sporulation-specific sigma factors. During the period 

of sporulation, the factors that are firmly regulated and developed by maintaining a fixed order 

and the total figure of the sporulation-specific transcription factors are five:  σH, σF, σE, σG and σK. 

Different sigma factors are active in accordance with a different location like the σH factor in the 

pre-divisional cell; σE and σK factors in the mother cell; and finally, σF and σG factors active in the 

forespore. The identification and determination of different varieties of cry genes promoters have 

already been completed. [18, 70-73].  

For instance, the way of expression of the cry1Aa gene is initiated by two overlapping 

promoters (BtI and BtII) [65]. First transcription process is usually started from the downstream 

promoter, while BtI keeps remains active in between the stages II and VI of sporulation and applies 

of σE factor. The next transcription that is initiated by dint of the upstream promoter, BtII, 

activation period lasting from stage VI to the end of sporulation and employs σK. The σA, the sigma 

factor of vegetative cells, is responsible for the identification of the cry3A promoter, and the active 
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hour is initiated by the end of exponential vegetative growth and continued this active hour through 

stage III of sporulation. 

Initially in the stage of transcriptional level, cry genes are classified into two varieties based on 

the transcriptional regulation mechanisms: the first one is termed as sporulation-dependent cry 

genes that are initiated by virtue of sporulation-specific sigma factors SigK and/or SigE and the 

rest on is sporulation-independent cry genes concealed by the control of the vegetative SigA factor 

[74]. In addition, there are also some extra factors responsible for the contribution of cry gene 

expression (Table 1-2) particularly in transcriptional regulation: 

 

Table 1-2 Transcription factors involved in cry gene expression. 

Gene Sigma Factors Other TFs References 

Cry1A σE, σK Spo0A (+); PDH E2 (+) [75 49, 76] 

Cry2A σE NA [54] 

Cry2B σE NA [54] 

Cry3A σA NA [77] 

Cry4A σE, σK σH PPK(+); Hpr/CcpA(-) [78-81] 

Cry4B σE, σK NA [78] 

Cry6Aa2 NA ORF2(-) [58] 

Cry8Ea1 σE, σK σH NA [47] 

Cry11A σE, σK σH Spo0A [78] 

Cry15A σE, NA [82] 

Cry18A σE, σK NA [83] 

Notes: TFs: Transcription factors; (−): negative regulation; (+): positive regulation. 
NA: undetermined  
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1.4 Crystal Toxins (δ-endotoxins)  

 

δ-endotoxin is regarded as the most virulence criteria in the case of Bt convey the most pathogenic 

attribute against insects [16]. δ-endotoxin genes inhabit plasmids [83] in almost Bt toxin genes 

generally be the part of composite structures in conjunction with mobile genetic elements [85, 86] 

where a vast of cry gene-belonging plasmids to be conjugative in nature [61]. The most widely 

known are the δ-endotoxins, including Cry and Cyt toxins.  

 

1.4.1. Classification of δ-endotoxins:  

Hofte and whitely [61] who took the cardinal attempt to organize the nomenclature and 

classification scheme considered for delta-endotoxin on the basis of the insecticidal spectra of 

toxin [61] where the δ-endotoxins [86] is the principal indicator for the insecticidal properties of 

Bt. They also introduced four leading classes of cry genes and other classes cyt genes in associate 

with individual subclasses: cryI-specific for Lepidoptera, cryII--specific for Lepidoptera and 

Diptera, cryIII-specific for Coleoptera, cryIV - specific for Diptera, and cytA- specific for Diptera 

based on sequence analysis and spectrum of toxicity against the insects. Subsequently, other forms 

of new classes of cry genes like cryV and cryVI were also included where the genes were encoded 

for the protein toxic against nematodes [87]. Recently, Cry proteins belonged to 75 families in 

accordance with 800 different cry genes [88] on the basis of amino acid sequences. On the other 

hand, Cyt proteins belong to three families with 38 genes [64]. In addition to crystal proteins, there 

is another form of a protein called Vip that is synthesized and secreted during the vegetative growth 

phase and into the medium respectively. In association with Cyt and VIP toxins, there are at best 

six different families produced by Bt where no similarity to structure, the three-domain (3D) family, 



13 
 

the Bin-family, and the MTX family. From time to time the classification and diversity of Cry, 

Cyt, and Vip toxins have been updated [89]. 

 

1.4.2 Cry toxin 

The name of a protein termed Cry toxin originated from the basis owing to synthesizing a 

parasporal crystal. As a consequence, Cry toxins comprised a number of unrelated lineages where 

do not exist in a single, homologous family of proteins [90]. Cry toxins belong to the group of δ-

endotoxins proteins also termed as parasporal inclusion generated by Bt during the onset of 

sporulation phases have the capability to destroy the insect and other organisms as well [91]. 

Cry proteins are also termed as Cry toxins characterized by significant sequence similarity to 

proteins however the target organism persists unidentified [61, 90]. Presently, the Cry protein 

produced by the species of Bacillus composes the largest group of insecticidal proteins. Up to now, 

the classification of Cry proteins organized by Bt Toxin Nomenclature Committee [88] has 

categorized 73 different types of Toxins (Cry1 to Cry73) in association with three-domain Cry 

(3d-Cry), the Bin-like Cry and ETX_MTX2 family proteins from Bt and Ls, having the toxicity 

against different insect orders like lepidopterans, coleopterans, hemipterans, dipterans, nematodes 

(human and animal parasites, and free-living; Rhabditida) some snails [91-99]  and/or human-

cancer cells based on different origins [100, 101]. Procedures to assess the insecticidal activity of 

crystal proteins that are correlated with the expression of E. coli to obtain pure proteins and have 

tremendous importance for the Bt community however there might be the possibility of effective 

antibacterial activity to cradle the cloning and/or efficient expression (e.g., the three-domain toxins 

Cry13A and Cry14A) [102].  

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/bacillus-thuringiensis-toxin
https://www.sciencedirect.com/topics/medicine-and-dentistry/bacillus-thuringiensis-toxin
https://www.sciencedirect.com/topics/medicine-and-dentistry/sporogenesis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/target-organism
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1.4.3 Diversity, structure and evolution of Cry toxins 

It is already well established to prove the diversity of Cry proteins by showing their toxic effect 

against a wide range of insect orders particularly, Lepidoptera, Coleoptera, Hymenoptera, and 

Diptera, and also to nematodes. Another example for the diversity of Bt to synthesize another 

category of toxin called Cyt toxins have the capability to show the toxic effect against Diptera. 

Besides Cry protein, another form of protein also synthesized by Bt called Cyt protein, structurally 

similar to Cyt toxin possesses the mnemonic Cyt [103]. The nomenclature of Cry and Cyt proteins 

is based on the primary sequence identity with varieties of gene sequences. There are many 

insecticidal proteins, phylogenetically not related to the three-domain Cry family have been 

determined. Amid these, the similarity groups are binary-like toxins and Mtx-like toxins correlated 

to B. sphaericus toxins, and Bt producing parasporins [103]. 

The specific trait of these members belong to the family is accompanied by the protoxins in 

conjunction with two distinct lengths. For the large group of protoxins, almost two times longer 

than the majority of the toxins. The long protoxins of the C-terminal extension are non-essential 

dispensable for toxicity although it is said to contribute a role in the accumulation of the crystal 

inclusion bodies into the bacterium [104]. Cyt toxins composed comprise two remarkably similar 

gene families (Cyt1 and Cyt2) [105]. Protoxins and small portions synthesized by Cyt toxins 

belonging to the N-terminus and C-terminus are abolished to make it an activated toxin [106]. To 

date, X-ray crystallography is very indispensable to figure out the tertiary structures of three-

domain Cry proteins like Cry1Aa, Cry2Aa, Cry3Aa, Cry3Bb, Cry4Aa, and Cry4Ba [91, 116-120], 

and the structures play a pivotal role to display a large amplitude of similarity to a three-domain 

organization, indicating the same mechanism of action of the Cry three-domain protein family.  
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The N-terminal domain or domain I is characterized by a bundle of seven α-helices where the 

central helix-α5 nature is hydrophobic and enclosed by six different amphipathic helices, which 

are liable for membrane insertion and pore-formation. Domain II and III are characterized by three 

anti-parallel β-sheets along with exposed loop regions, and a β-sandwich accordingly [99, 107-

111]. Both exposed regions of domain II and domain III are engaged in receptor binding [112]. 

The structural similarities of Domain I administers with another PFT like colicin Ia, N, and 

diphtheria toxin are responsible for pore-formation. It has been reported that the structural 

similarities of Domain II, distribute to different forms of carbohydrate-binding proteins like 

vitelline, lectin jacalin, and lectin Mpa [91] whereas Domain III, also have the tendency to deliver 

structural similarity with other carbohydrate-binding proteins like the cellulose binding domain of 

1, 4-β-glucanase C, galactose oxidase, sialidase, β-glucuronidase the carbohydrate-binding domain 

of xylanase U and β-galactosidase [113]. These kinds of similarities are an indication for the 

carbohydrate moieties might play a pivotal aspect in the action of mechanism for three-domain 

Cry toxins.  

 

1.4.4 Mode of action of Cry and Cyt toxins in mosquitoes larvae 

In the case of lepidopteran insects, the process to digest the crystals in mosquitoes by ingestion 

and dissolving in the alkaline gut environment by susceptible larvae discharging soluble proteins 

(Fig. 1-2). Particularly for the 70 kDa Cry11Aa protoxin, the way of proteolytic activation adopting 

gut extract by elimination of 28 residues from the N-terminal and proceeded to 34 and 32 kDa 

fragments by intramolecularly cleaving [114] resulted in these two fragments continuing to hold 

toxicity (Fig. 1-3) [115]. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1857359/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1857359/figure/F2/
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Alternatively, the 130 kDa of Cry4Ba protoxin, where N-terminal, C-terminal, and intra-

molecular cleavage proceeded to an active form toxin belonging to two protein fragments of 18 

kDa and 46 kDa (Fig. 1-2) [116, 117]. The amino acid residues of 32 and 15 belonging to Cyt2Aa 

respectively from the N-terminal and the C-terminal ends are eliminated by proteinase K treatment 

developing a monomeric protein together with hemolytic activity [118]. 

 

  

Figure 1-2 Mode of action to kill mosqito larvae by Cry protein from B. thuringiensis 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1857359/figure/F2/
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Figure 1-3 N-terminus and C-terminus of Cry protein are removed to activate the toxin 

 

1.4.5 Receptor binding in mosquito midgut membranes 

It is well established that the microvilli of the mosquito midgut cells are correlated by the way 

where Cry toxins bind to specific protein receptors. Alternatively, like Cry toxin, Cyr toxin is not 

related to the binding of receptor but straightly to do insertion into the membrane and formation 

of the pore by diffusely synergistic with membrane lipids [119-122] (or damaging the membrane 

by dint of detergent-like interaction [123]. 

The mosquitocidal toxin of Cry4A, Cry4B and Cry11Aa, there have been associated with toxin-

receptor interaction and specificity in the region of the domain II loop. There is an importance of 

loop α-8, β-4 region, and loop 3 for binding to lipids of brush border membrane vesicles (BBMV) 

from Ae. aegypti in regard to qualitative binding competition assays with synthetic peptides 

complementary to predict Cry11Aa domain II exposed regions. For Cry11A toxicity it is 
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indispensable to interact with Ae. aegypti BBMV by confirming the mutagenesis and the region of 

putative loop α-8 residues [124]. From the overall discussion, there is no doubt on the influence of 

domain II loop regions for Cry toxin-receptor interaction in mosquitoes. 

By the dint of toxin overlay assays, the mosquitocidal toxin of Cry11Aa and Cry4Ba where the 

binding-proteins of 65 and 62 kDa were determined in BBMV from Ae. aegypti larvae [125]. 

Currently, another three categorized midgut proteins, 200 kDa, 100 kDa, and 65 kDa were 

identified in Ae. aegypti midgut membranes of the mosquitoes where it is impelled with the 

Cry11Aa toxin confirming the subsistence of distinct receptor particles for Cry toxins. Most of 

these proteins have the propensity to harbor of the membrane by dint of GPI where the exhibited 

molecular weight were 100 and 65 kDa [126]. 

In spite of, GPI-anchored proteins purified by the employment of Cry11Aa affinity 

chromatography admitted only the protein with 65 kDa designated as a GPI-anchored ALP enzyme 

[112]. Apart from this, Ae. aegypti GPI-ALP protein was also associated with the toxicity of 

Cry11Aa. There are two peptides displaying phages like P1. BBMV and P8. BBMV is particularly 

bound to the 65 kDa ALP, by competitive binding of the toxin to BBMV, in association with the 

interference toxicity of Cry11Aa toxin [121]. Lastly, it is obvious that the GPI-ALP act as a crucial 

receptor molecule that interferes with the toxicity of Cry11Aa to Aedes. aegypti larvae. There is a 

high affinity between the APN protein bound to Cry11Ba but no tendency to show the interaction 

with Cry4Ba or Cry11Aa toxins [127]. 

Cry receptor molecules in mosquito play a major role that is crucial to figure out where the 

oligomeric structure of a pre-pore intermediate this toxin by the insertion of the membrane. 

Nonetheless, the mechanism of Cry toxins in association with mosquito might have a similar 

pattern following to lepidopteran insects suggesting due to the presence of conserved structure of 
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Cry toxins with multiple receptor molecules, GPI anchored membrane, and the role of domain II 

in receptor interaction.  

 

1.4.6 Synergism of Cry and Cyt toxins 

Recently, a question is arising that is the leading menace or extreme threat regarding insect 

resistance by using the Bt in the field with lepidopteran insects [128]. Although our principal focus 

is to consider the resistance fact in the Dipteran order, particularly and undoubtedly, it’s a matter 

of great hope, yet no resistance has been observed in the field in mosquito species controlled with 

Bacillus thuringiensis serovar israalensis (Bti) [129]. There is no evidence of resistance in the case 

of Bti owing to the existence of Cyt1Aa protein in the crystal [130]. However, there is some 

evidence of Culex quinquefasciatus populations resistant to Cry4Aa, Cry4Ba or/and Cry11Aa 

under the laboratory conditions but the absence of resistance to the Cry protein where the presence 

of Cyt1Aa protein [131]. Additionally, the insecticidal activity was far better after observing the 

synergistic reaction between Cyt1Aa and the Cry proteins of Bti [123, 132,133] in comparison to 

isolated proteins.  

Lately, it was established that Cyt1Aa protein by functioning as a receptor molecule is capable 

to synergizes Cry11Aa toxicity [134]. The binding capability of Cry11Aa to Ae. aegypti BBMV 

was augmented by membrane-bound Cyt1Aa resulted in immense synergistic affection between 

Cyt1Aa and Cry11Aa in solution ae well as in membrane bound state was identified. The epitopes 

binding of Cyt1Aa and Cry11A were identified. The heterologous competition assays were helpful 

by the employment of synthetic peptides related to these regions by site-directed mutagenesis to 

determine the role of loop β6-αE and part of β7 of Cyt1Aa in binding Cry11Aa [134]. It is already 

reported that the involvement of the domain II loops α-8 for the interaction of Cry11Aa with ALP 
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receptor [135]. Mutagenesis of specific amino acid residues plays a vital role in both toxins to 

indicate the interaction between these two toxins in association with synergistic action [135]. It is 

obvious from the data that the insertion of Cry11Aa into the mosquito resulted when Cry11Aa 

interacts with membrane-inserted Cyt1Aa. It has a similar kind of interaction while Cry11Aa binds 

with its natural receptor. Therefore, it will remain the first instance, of an insect pathogenic 

bacterium where it’s not only generates a toxin but also a functional receptor resulted in improving 

the binding of toxin and toxicity to target membranes and the mosquito respectively [134]. 

 

1.4.7 Applications of Cry toxins 

The most three important applications of Bt toxins have been achieved: (i) Controlling of defoliator 

pests particularly in forestry, (ii) Controlling of the most dangerous deadly diseases (human) 

producing mosquito vectors, and (iii) Developing transgenic insect-resistant plants. But here, one 

of our cardinal targets is to kill only the mosquito larvae by the employment of a biological 

approach.  

A proper combination like appropriate timing, weather conditions, and high dosage of spray 

applications is much essential for application of using Bt. All these factors in combination help to 

figure out the feasibility of larvae ingesting a lethal dose [136, 137]. The application of Bt for the 

controlling of mosquitos has resulted in a remarkable decrement in the employment of chemical 

insecticides to restrict the insects in the forests. As chemical insecticide is harmful to human beings 

as well as the environment, so it’s high time to approach something which should be effective in 

the control of mosquitoes verse eco-friendly for our future generation.   

It’s well noted that the effectivity of Bt for the controlling disease vector mosquitoes like Ae. 

aegypti (vector of dengue fever), Simulium damnosum (vector of onchocerciasis), and 



21 
 

certain Anopheles species (vectors of malaria). The most powerful attribute of Bt with high 

insecticidal activity cum eco-friendly nature, lack of resistance to toxicity against a non-target 

organisms and finally the presence of insect-resistant populations to chemical insecticides resulted 

in accelerated implementation of Bt as an alternative control method of mosquito and black fly 

populations [129].  

At present, by the application Bt protected region is more than 80 % whereas rest of the 20 % 

region with the chemical larvicide, temephos. This figure will help to successfully control vectors 

by the application Bt will enhance its operation all around the world. Although there is some 

limitation for controlling some specific vector-born mosquitoes, particularly Anophelines owing 

to have the low activity of Bt, demanding the isolation of other strains of Bt along with 

novel cry genes to make it much efficient against these important disease vectors. 

For the advancement of microbial-based products with upgraded characteristics, the option is 

to the consecutive investigation of novel mosquitocidal toxin in conjunction with the high and 

strategic mechanism of action [138, 139]. Subsequently, after discovering HD 1 isolate resulted in 

commercial advancement of brand-new products administered to figure out new isolates of Bt as 

an effective mosquitocidal agent which advances persistant till to date. Bt grabbed the position 

very promptly as a commercial utilization after its discovery (1977–1982) following a noteworthy 

instance of a successful biotechnological advancement [140].  

From the very beginning, it was always a great concern by using Bti to overcome the resistance 

that was established by Simulium and Aedes populations to organophosphates [140-144] and to 

protect the induction of invasive species, like Aedes albopictus, Aedes japonicus, and Aedes 

koreicus [145-149, 150-153]. For diminishing mosquito proliferation in environmentally restricted 

areas, Bt is regarded as a danger-free control agent [154-157]. In recent times, the employment of 
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Bt larvicides has been applied to restrict other species and also in conjunction with other control 

approaches. For example, Bt is not only used as an Anopheles control but also in conjunction with 

“Long Lasting Insecticide Treated Nets” (LLINS) and “Indoor Residual Spraying” (IRS) [158-

164]. The inventive application of Bt along with a unique way like in conjunction with lethal 

ovitrap to restrict Aedes larvae development [175-177] by using “Attractive Toxic Sugar Baits” 

(ATSB) or sugar patches to target adults [168-170] by the help of spatial spraying to range cryptic 

breeding sites [138, 171-173] 

Nowadays, Bt is one of the most successful formulations that have been applied all around the 

world in mosquito controlling like Brazil and Germany resulting in minimizing exceeding 90% of 

the mosquito population without having any detrimental effect on the environment [174]. Even 

though the employment of recombinant baculoviruses in insect cells for the expression of Cry 

proteins might be an alternative option for the ample amount of protein production to do functional 

or structural studies. 
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1.5 Current development for the expression Cry protein by using a different approach  

 

Bt has been extensively applied in the field of molecular biology and in the agricultural sector for 

a long period owing to its insecticidal proteins resulting in a valuable environment-friendly bio 

insecticide. The presence of δ-endotoxins, particularly Cry protein, attributes the insecticidal 

property to kill the mosquito larvae as an alternative to harmful insecticide and this chemical is 

responsible for numerous health issues and environmental problems and most remarkably Bt is 

very species-specific regarding the toxicity. The principal preference of applying Bt as a bio-

insecticide of its proven field effectiveness with a long span of time more than four decades without 

having any report of larval resistance to the insecticidal crystal [138, 175, 176]. So, we should 

consider the current status of Bt as a microbial insecticide along with the identification of the 

current problem to make it a more effective bio insecticide. Although Bt acts as an exemplary bio 

insecticide, there is some complication while storing and stability [177]. 

Filha et al., (2021) [176] reported it should be more focused on current findings on the mode of 

action, particularly on the synergistic action of the mechanism of the toxins. Toxin from bacteria 

like Cyt1Aa with Cry and Bin toxins with synergistic interaction and may lead new insights when 

it interacts with the midgut cells, can be accomplished in the subsequent time to confer some 

beneficial effect like broader spectra of action, or to diminish the reduce the chance of resistance 

selection and to develop the tenacity the persistence covered by field circumstances. In spite of, 

the outcome of synergistic action has some potential vibe, alternatively, the major hindrance to 

using of Bt crystals sensitive to abiotic (e.g., photolysis) and biotic factors (e.g., ample amount of 

organic matter) that interfere with mosquito habitats by shortening their residual impact [178-182]. 

In the contemporary study, researchers are now stepping ahead by the employment of varieties 

of Cry protein along with the synergistic action like (Cry and Cyt protein) and also with (Cry and 
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Vip3 proteins) besides the utilization of only Cry protein or recombinant Cry protein. Cortés et 

al.(2020) [180] reported restricting insect pests by utilizing several groups of Cry and Vip3 

proteins with insecticidal properties as well as vectors one and the other in prepared by sprays and 

in transgenic crops (the so-called Bt crops). However, to restrict the insect pest the application of 

Cry protein is remarkable, but the mode of action of Cry and Vip3 protein is still unclear.  

Bacillus thuringiensis serovar israelensis (Bti) is the most extensively used to control the 

mosquito specifically to restrict the insect vectors of human and animal diseases. Recently 

genomic study may be the useful tool to investigate the novel insecticidal toxin to boost up or 

enhancement Cry toxicity or Cry protein expression to develop the potential bio based 

mosquitocidal agent for killing the mosquito larvae or restrict the insect vectors of human and 

animal diseases except by the application of Cry protein or the synergism in between Cry and Cyt 

or Cry and Vip3, It is reported by Alves et al., (2020) [181] that the correlative study of new 

genomes of Bti driven out in the high integrity of nucleotide sequence indication of an essential  

outcome for evolutionary studies of this species and remarkable may devote for the development 

of current scenario or the establishment of an advanced way for the control bio-based that utilize 

the bacteria, Bt. But at the same time, to further investigate the result and to evaluate the potential 

differences at transcriptomic/proteomic levels during specific phases (e.g., middle vegetative, 

early sporulation, and late sporulation) of Bt.  

Another essential point must be focused on for the effective expression of Cry toxicity, 

particularly the domain II loop regions of Cry toxins for the interaction of receptor binding. On 

the other hand, except Cry toxin, Cyt toxins are also dipteran specific and might play a pivotal part 

in appearing the Cry toxicity by interaction with membrane lipids. Quintero et al., reported that for 

mosquitocidal activity along with partial hemolytic, there is evidence influential activity of the 
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hybrid Cyt1Aa-loop3 proteins was able to show toxicity against mosquitos by doing synergize of 

Cry11Aa [182]. Bt is the most extensively used biological tool for controlling or killing the 

mosquito larvae but there is no way to acknowledge some of the constraints owing to have the less 

residual activity of recent preparation covered by field conditions.[52]. Owing to: (i) declining to 

the ground of the water body; (ii) impregnation onto silt particles and organic matter; (iii) 

Converted into nontoxic when depletion by other organisms to0; and (iv) life less by sunlight.  

In order to conquer the limitations, the application of δ-endotoxin genes has already been 

investigated to proper expression in many ways either individually or in association with several 

Gram-positive and -negative species [183]. Till the most satisfactory outcomes were perceived by 

the gene expression encoding by the binary toxin of B. sphaericus in Bti [184]. However, to lines 

chosen for resistance to the binary toxin, the recombinant bacteria were extremely effective against 

the fourth instar larvae of Culex quinquefasciatus and Culex Tarsalis. Recombinant 

acrystalliferous Bti strain showed the effective toxicity against the fourth-instar larvae of Cx. 

quinquefasciatus that helps to develop the combo effect of B. sphaericus binary toxin along with 

Cyt1Aa and Cry11Ba from Bti and Bt subsp. jegathesan respectively [185] 

From the past two decades, there are lots of attempts have been applied to improve transgenic 

mosquito larvicidal cyanobacteria [186]. The most satisfactory outcomes were perceived 

when cry4Aa and cry11Aa alone or in combination with Cyt1Aa were expressed by the 

employment of dual and efficient promoters PpsbA and PA1 in the filamentous, nitrogen-fixing 

cyanobacterium Anabaena PCC 7120 [187]. For applying Bt with high performance, there is also 

some evidence of partially inactivate Bti toxicity when the Anabaena clone is able to express 

constitutively cry4Aa and cry11Aa with p20 by the irradiation of high doses of UV-B [93]. 
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From the overall discussion, it can be concluded that Bt is an outstanding bio-based insecticidal 

approach as an alternative to chemical insecticide where there is also some hindrance to proper 

utilization of Bt as an insecticide. So, addressing of problem can be the key factor to overcome all 

the limitations to establish the Bt as a potential bio-insecticide to more in depth research for 

efficient expression of Cry protein as well as Cry toxicity against the larvae of mosquito.  
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1.6 Action to address the problem 

 

To gain more satisfactory results from Bt, it is more essential to address the problem and 

accordingly after sorting out the more specific pathway like the efficient expression of Cry protein, 

stability of Cry protein or mechanism of action and so on should be the main focus according to 

the research moto. Though Bt as a potential bio insecticidal agent some limitations like storage, 

stability, inefficient expression of Cry protein particularly in wild type, degradation of Cry protein 

by UV radiation, excessive sunlight, or heavy rainfall might be the bottleneck to develop the Bt as 

an unique bio insecticide. Recently it is reported by Derua et al., (2018), the formulation not only 

will help to stabilize the bio pesticide but also to overcome other trouble like application and 

handling of the product, prevent from the effect of environment and also the effectivity microbes 

in the field [188] 

But for killing the mosquito larvae the approach should be very goal oriented where the 

approach should be very handy, efficient expression of Cry protein without any loss of production, 

without any hassle of purification, and most important alternative to chemical insecticide. So, the 

present review shortly describes the synopsis of Bt in conjunction with the first-ver approach of 

LEA (Late embryogenesis abundant) peptide co-expression to develop an effective bio-based 

mosquitocidal agent for the sustainable environment as well as mankind. So, in this study to 

improve the efficacy of microbial insecticides by Bt, this study aims to increase the expression of 

insecticidal proteins in Bt bacteria by LEA peptide co-expression method by the induction of IPTG 

(isopropyl β-D thiogalactopyranoside) and glucose and without glucose medium with continuous 

induction of lactose.  

https://ejbpc.springeropen.com/articles/10.1186/s41938-021-00440-3#ref-CR19
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Bt is one of the most widely used microorganisms, so from the very beginning till today, many 

researchers implemented a very useful method to enhance the Cry toxicity to establish such a 

wonderful mosquitocidal agent as an alternative method to chemical insecticide. LEA peptide co-

expression, we have been trying to increase recombinant protein expression in E. coli (Ikeno et al, 

2013) [189]. In this paper, it was reported that the effect of the increase varied depending on the 

type of protein. In this study, we challenge for the first time in the world how much the expression 

of Cry protein by Bt is increased by co-expression of LEA peptide. In addition, it has been reported 

that there are mutants of LEA peptides that have different effects in increasing expression (Pathak 

et al., 2017) [190]. In this study, we also determine which mutant peptides have an effect on Cry 

protein expression. For protein expression and purification, there are so many obstacles to reaching 

the goal. But in our proposed method, the LEA peptide co-expression system is very simple and 

handy to operate the system.  In this experiment, there is no obstacle to purifying the targeted 

protein and it is the major bottleneck in the field of protein purification. In the case of Bt it is hard 

to get an efficient amount of Cry protein from wild-type bacteria to compete with the price of 

chemical insecticide. LEA peptide co-expression system helps to the efficient expression of Cry 

protein by the induction of IPTG and lactose to lower down the production cost as a microbial 

insecticide. So, LEA peptide co-expression system is the first-ever attempt to enhance the Cry 

protein expression near about 6-fold to act as an alternative to chemical insecticide in the field of 

biological approached pesticide. It will remarkably be helpful to analyze the deeper concern on the 

expression of Cry protein associated with the application of LEA peptide co-expression system 

not only for Cry protein expression but also for another protein expression to input some good 

output in the field of molecular research.  
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1.6.1 Strategy and motivation of the study  

Proteins are one of the most important biological molecules for life. Choosing an appropriate 

protein expression system is the key to the success of recombinant protein expression. The 

expression and production of recombinant proteins by the employment of bacterial expression 

system always remains the preferred choice as it is a key technology in various fields of research 

and development. In the field of molecular research and development, co-expression system have 

developed into a leading scientific interest and focused particularly on desire and the efficiency of 

production of recombinant protein, and various host cells.  With the aim of achieving efficient 

production of such protein and using the small peptides for the territory of the medical field and 

diagnostic, health sector with a view to easy access to protein production, cost-benefit ratio, simple 

technology, and ecofriendly. Recombinant proteins provided important breakthroughs in 

biomedical biotechnology. Using not only in biomedical research but also in treatment, as drugs 

and biological science as well. For recombinant protein, high levels of production along with the 

simple technology that may facilitate the most comprehensive uses both in commercially and the 

research field. If a technique could be developed to eliminate disturbances in protein expression 

as well as more specific inherent to the process, the appropriate solution for the large-scale 

production of recombinant proteins might be conducted. Quality, quantity, and ease of application 

are some of the principal traits in the case of recombinant co-expression systems. The leading 

employment of co-expression system and the various fields of biological sciences especially in 

pharmacology, medical science, food industry, environmental science, drug delivery science, 

protein engineering, and the study of interaction biomolecules, immunology, agriculture biology, 

and molecular biology.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/recombinant-protein
https://www.sciencedirect.com/topics/medicine-and-dentistry/biomedical-research
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For the efficient expression and properties of targeted protein, production of protein, cost- 

benefit ratio, predetermined operation like crucial points should be considered very carefully. In 

addition to, for successful or efficient protein expression, still there is prevailing a lot of obstacles, 

particularly for extensive amount of protein, membrane protein, a nuclear protein, and some other 

proteins with massive modifications by post-translational process. Different systems have different 

features and applications that have been used for a long back and undoubtedly, the production of 

recombinant proteins in microbial systems has revolutionized biochemistry. Still, one of the 

prominent impediments in the field of protein biology is to yield a satisfactory amount of targeted 

protein or expression level at a low cost. Every researcher that embarks on a new project that will 

need a purified protein immediately thinks of how to obtain it in a recombinant form and which 

organism to use for efficient expression of protein like - bacteria, yeast, filamentous fungi, and 

unicellular algae or in human cells.  In the case of bacterial expression which strain and plasmid 

should be chosen. Should be the result of multiple combinations of replicons, promoters, and 

selection markers, multiple cloning sites, and fusion protein/fusion protein removal strategies? 

Which is the appropriate host or the combination for success for a recombinant co-expression 

system? What should be the best pathway for efficient expression of the targeted protein? Because 

from every perspective, the aim and objective of the research are different, and it is very 

challenging to stipulate any right or exact answer for any of these questions and which is the best 

strategy that must be worked out to achieve the targeted goal. So, the research project must be 

started somewhere, and efficient expression level must be followed by the pathway based on the 

efficacy, probabilities, and special precaution that allows the efficient level of protein expression.   

By considering the limitations in the research such as loss of activity during the production of 

the targeted protein, construction of plasmid, and interference in inefficient expression of the 
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protein, especially Cry protein expression should be acknowledged for the establishment of 

peptide-based co-expression system. Cry protein is synthesized by the gram-positive bacteria, Bt 

during their stationary phase. Naturally, the production of Cry protein is very low in amount and 

very expensive. Expression of cry gene is usually influenced by transcriptional regulation, cry gene 

copy number, the stability of cry gene in mRNA, and accumulation and crystallization of Cry 

protein. Subsequently, obtaining efficient expression of the protein is not an easy task and still, it 

is competitive with other protein-based commercial products. For efficient expression of Cry 

protein, different compositions of the medium, temperature, pH, C: N ratio, promoter, Cry toxin 

modulation are the most used technique that has become the potential pathway by virtue of the 

ease to manipulate, resilience to practice in various field of research and good biocompatibility. 

All these pathways enhance the expression of Cry protein but at the same time, it was time-

consuming and expensive as well. To compensate for all these difficulties, we should establish in 

such a technique that will be cost-effective, simple in technique as well as less time consuming for 

the efficient expression of the protein.  

The core purpose of the research is to investigate the efficient expression of Cry protein 

(Insecticidal protein) by using LEA peptide co-expression system by the employment of a different 

kind of LEA peptide on the basis of design and characterization. For efficient expression of 

insecticidal crystal protein, various factors are correlated and also involved. So, it is alluring to 

postulate that efficient expression of a given cry gene in the diverse environmental atmosphere, 

the growth medium of Bt, the gut environment of the insecticidal larvae like acidic, basic or neutral 

of its prospective target insects and to some extent one efficient expression system rather than 

other like sporulation dependent or sporulation independent. In the past, many studies have been 

made with the aim of developing efficient expression of Cry protein.  
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Systematic studies on the physiological and nutritional requirements of the organism, especially 

those needed to obtain a maximum yield of insecticidal crystal protein, are still limited. So, the 

typical methods which have already been applied belong to the most repeatability or lack of 

versatility. Even though, in the past, there was no evidence to work on Cry protein in conjugation 

LEA peptide co-expression system. Apart from this, LEA peptide co-expression system may open 

a new hope for Cry protein expression as the technique is very simple representing the protein co-

expressed with the repetitive sequence of 11 amino acids. Cry protein expression with LEA peptide 

post period of experiment it is very simple and easy to separate and purify the targeted protein as 

the co-expressed peptide is very small in size. Hope this research may play a key role in efficient 

expression of insecticidal Cry protein in Bt by virtue of alternative to the chemical insecticide for 

mosquito control being an ecofriendly environment.  

 

1.6.2 LEA peptide co-expression system 

In the field of protein expression, the most common and conventional approaches are frequently 

used to boost the quality and quantity of recombinant proteins, such as expression with a 

hydrophilic protein tag, use of multicopy plasmids, and enhancement of promoter activity. 

Undoubtedly, the production of recombinant proteins in microbial systems has revolutionized 

biochemistry.  Accordingly, for the extensive amount of heterologous protein production by using 

several categories of the expression plasmid, several orders of genetically engineered strains, as 

well as various cultivation approaches could be considered the most extensively used molecular 

approach.  It’s already reported by Ikeno et. al., (2013) [189], for an efficient protein expression 

system by co-expression of LEA peptides to enhance the expression of the recombinant protein 



33 
 

(Ikeno and Haruyama, 2013) [189]. Co-expression of subunits is a valid and immortal technique 

for the study of protein heterologous complexes.  

The selection of host cells is one of the major breakthroughs for protein synthesis machinery 

that resulted in the high yield of production valuable protein for executing the framework of the 

total process. E. coli is the most widely used host organism owing to have its auspicious traits. (i) 

The most exceptional rapid growth kinetics. Media including the glucose-salts resulted from the 

most favorable environmental ambiance to make it twice within 20 minutes [191]. Currently, the 

most frequently used expression plasmid resulting several combinations of replicons, promoters, 

selection markers, multiple cloning sites, and fusion protein/fusion protein removal strategies. The 

reason behind this, the list of most frequently used expression vectors is great in number, and it is 

hard to figure out or select a suitable one. So, to fulfil our individual desires, it is very essential to 

take the right decision very sincerely [192]. 

Previously, the design of LEA peptides sequences was executed for enhancing the expression 

of target protein through co-expression.  According to the trait of LEA peptide is hydrophilic in 

nature and based on 11-mer residues of group 3 LEA proteins. It’s already been investigated by 

Shinya Ikeno, 2013 that for cellular expression, Green Fluorescent Protein (GFP) is regarded as 

the targeted protein where the assessment of the expression is very straightforward to determine 

the fluorescence exclusively without obtaining it from the cell. it is noteworthy that GFP 

fluorescence based on the time dependent duration in association with co-expression including 

each variety of LEA peptide having at the interval of one and six recurrences of 11-amino acid 

units after addition of isopropyl β-D-1-thiogalactopyranoside (IPTG) resulted in the efficient 

expression of GFP fluorescence exclusively when the co-expression happened only in between11 

amino acid with LEA peptide however there is a tendency to reduce the fluorescence intensity  
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while co-expressing the peptide with longer length. Besides this, the relation between the intensity 

and the peptide is vice versa and converted into zero because of co-expression in the peptide having 

six recurrent 11-amino acids. SDS-PAGE is one of the most familiar practices applied to measure 

the expression level respectively with and without 11amino acids LEA peptide. The expression 

was efficiently enhanced when GFP is co-expressed with LEA peptide. Finally, the hypotheses 

admit our investigation that LEA peptides are responsible for the enhancement of transcription 

action or folding rates of the protein.  

By utilizing the knowledge of GFP co-expression system, we attempted to use the LEA peptide 

co-expression system that can be highly versatile and simple to execute. In this technique, we 

executed the ease system for the co-expression of protein with only a 13-amino acid peptide. The 

most difficulties we usually faced in the field of protein purification were exceptionally very handy 

and straightforward because the co-expressed peptide is minimal. Therefore, it was expected that 

the outcome of this application should have the appreciable blast not only in the field of bacterial 

protein expression but also in the field of molecular biology. In this system, our targeted Cry 

protein was increased exclusively by the employment of LEA peptide co-expression system and 

is the ever first expression of Cry protein by using this LEA peptide co-expression system.  

To resolve this problem, research has been directed towards the enhancement of Cry protein 

expression by the application of different kinds of LEA peptide that was designed from the original 

LEA-I: MDAKDGTKEKAGE has described in detail in chapter 2. According to the high advent 

of LEA peptide co-expression system, although the expression level was satisfactory it was not up 

to the mark in comparison to the commercial perspective. The 11-mer motif of G3LEA proteins 

with their high hydrophilicity and high glycine, glutamic acid, lysine, and threonine content at the 

C‐terminal portion was ideal for efficient expression of the target protein. Although the LEA 
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peptide co-expression system is enhancing the expression level how it is enhancing inside is still 

remains unclear.  
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1.7 Organization of present thesis 

 

This research investigates the way of Cry protein expression and Cry toxicity by the conjugation 

of LEA peptide co-expression system in spite of this Bt has the capability to synthesize the Cry 

protein but to boost up the expression of Cry protein demand the employment of LEA peptide co-

expression system. Through this research, we investigated the characterization of Bt. D142 for 

efficient expression of Cry protein including the most fundamental trait, spore-forming time, and 

Cry protein. This attempt had been directed towards the development of new technologies by the 

employment of (LEA) peptide co-expression system for efficient expression of Cry protein by the 

induction of IPTG and with glucose medium and lactose as an inducer as well. In the part of this 

paper, we took the consideration how to pursue it commercially to lower the production cost in 

comparison to the chemical insecticide that can make sure the alternative to chemical insecticide 

and eco-friendly environment for the better world. The structure of this paper consists of four 

chapters. Figure 1-4 shows a diagrammatic representation of the structure of this thesis. The 

structure and purpose of this paper are shown below.  

The first chapter characterized the introduction and background of the study. In the second 

chapter, we designed two forms of LEA peptide (LEA-II and LEA-K) based on the sequence of 

group-3 LEA protein, which consists of a repetitive sequence of 11 amino acids. After analyzing 

the result, Bt-LEA-II mediated co-expression system demonstrated the maximum expression of 

crystal protein owing to have 3-fold after induction of IPTG with concentration 0.5 mM IPTG at 

12th hour. The enhanced expression level of crystal protein was authenticated by bioassay, 

operating 4th instar larvae of Aedes albopictus. Although this unique approach has a great potential 

to produce -based insecticidal agents by the enhancement of crystal protein it has some limitations. 

Application of IPTG as an inducer in the commercial purpose of industrialization will have some 
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difficulties in operational management during the fermentation process and also economical 

viewpoint will be much overpriced. Then we move forward to the option which should be 

replacement of IPTG along with more advantageous.  

Thereafter, in the third chapter, we designed our experimental framework by utilizing the 

alternative to IPTG is lactose monohydrate inducer and glucose medium. So, for bacterial 

fermentation carbon sources can be the key factors to produce spore and crystal proteins as well 

and finally have a pivotal role in the expression of Cry protein. Without carbon or glucose is there 

any impact on spore formation, Cry protein expression, and finally for LEA peptide co-expression 

system. Bacteria would like to utilize only glucose as a priority and then move to lactose when 

glucose runs out. Since long back, lactose monohydrate has also adopting as an inducer by the trait 

of the utmost possible and common substitute of IPTG in the development of fermentation process 

for the recombinant protein expression. In this study, we would like to determine the outcome of 

lactose monohydrate as an alternative inducer to IPTG to check the optimal protein expression in 

Bt induced LEA peptide co-expression system where lactose serves either as a carbon source or 

inducer in opposition to, excessive IPTG has the tendency to become toxic for the cell or 

aggregation of the cell. So, we designed our experimental strategy in such where it will fulfill the 

requirement of targeted protein expression along with the consideration of low-cost effects in the 

industrial operation. In this study, for targeted protein expression we designed three forms of LEA 

peptide like Bt-LEA-I, Bt-LEA-E & Bt-LEA-K by following the same procedure in chapter 2. 

Then we analyzed the result with the help of SDS-PAGE and for final confirmation glucose and 

lactose detection in the future to investigate the targeted protein expression that was amplified by 

lactose monohydrate based on the composition of media, dosage concentration, addition timing, 

and amount of addition. Continuous addition by 0.1 mol/L (10 μL with each hour interval till 5 
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hours) and 50 μL at a time to obtain the best result. Continuous addition of 10 μL was more 

effective as the bacterial cell can use more efficiently for the cell growth and ultimately for the 

targeted protein expression. Targeted protein expression of lactose was compared to IPTG where 

the protein expressed in Bt. D142 synthesized crystal protein.  

The final chapter summarizes this paper and provides future perspectives on the future of 

insecticides based on the insecticidal proteins of Bt.  
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Figure 1-4 Schematic diagram of this Ph.D. thesis  



40 
 

1.8 Purpose of this study: 

1. To establish a new system or technologies by using a unique method of LEA peptide co-

expression system with Bt (Chapter 2) 

2. To check the expression level of Bt synthesized Cry protein where it can perform as an 

alternative to chemical insecticide by competing for the price. (Chapter 2) 

3. To demonstrate that lactose can also be an alternative inducer to IPTG for efficient 

expression of Cry protein. (Chapter 3) 

4. To evaluate the influences of culture conditions such as on different dosage concentration, 

time interval, and amount of inducer can be considered some key points to enhance the LEA 

peptide expression. (Chapter 3) 
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Enhanced insecticidal activity of Bacillus thuringiensis using a late 

embryogenesis abundant peptide co-expression system 
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2.1. Introduction  

 Employing living organisms, such as bacteria, viruses, and fungi, or natural products derived 

from these organisms, can be utilized as biological control agents as an alternative to chemical 

insecticides or pesticides [1]. Bacillus thuringiensis (Bt) is widely used as a biological control 

agent for pest control management and public health [2-4]. Insecticidal crystal proteins, derived 

from the sporulating stage of this gram-positive soil bacterium, mainly consist of Cry proteins, 

most of which are toxic to specific insects [5], and consequently Bt has been widely and 

successfully used as a biopesticide for more than 50 years in a new era of chemical-free insect 

control in agricultural systems [5, 6] Bt toxins, the most important insecticidal component in this 

microorganism, interact with protein receptors on the surface of insect midgut cells, leading to 

pore formation in the cell membrane and cell death [7]. The Bt crystal protein is being developed 

as an indispensable tool for the biological control or death of mosquito larvae [8]. This property 

has given rise not only to scientific inquiry but also commercial interest in Bt. For widespread field 

use, a large quantity of a spore-crystal preparation with high insecticidal potency is required. For 

insecticidal activity, spore and crystal formation are the key elements to produce a stable protein.  

For efficient expression of Cry protein, various factors are involved. To regulate the high level 

of crystal protein synthesis, the most crucial factors are transcriptional, post-transcriptional, and 

post-translational changes, promoter function, mRNA stability, co-expressed peptides, and 

assistance by accessory proteins [9-12]. Cry protein synthesis is also reported to be driven by 

strong sporulation-dependent promoters [13]. Apart from the optimization of fermentation 

medium, different genetic approaches have been applied to enhance the production of Cry proteins. 

Devidas et al., reported that B thuringiensis sv2 strain was highly effective against Aedes aegypti 

larva when conventional and non-conventional sources of carbon and nitrogen in pigeon pea and 
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soya bean flour, rather than Luria broth media, was employed in preparation 

[14]. Alternatively, Sansinenea et al. also reported that genetically improved natural Bt strains, 

particularly Bt recombination, offers a promising way to increase the efficacy and cost-

effectiveness of Bt-based bioinsecticide products to develop new biotechnological applications 

[15]. Although simple yet effective and efficient universal approaches for enhancing protein 

expression are still being investigated for applications in a wide range of research and development 

fields, there have been no reports on the efficient expression of Bt crystal proteins using the late 

embryogenesis abundant (LEA) peptide co-expression system. Therefore, this study aimed to 

utilize the LEA peptide co-expression system to achieve mass production of parasporal crystal 

inclusion that has the capacity to kill mosquito larvae in an eco-friendly manner.  

LEA proteins belong to a family of hydrophilic proteins [16, 17]. LEA proteins have been 

classified into seven different groups according to amino acid sequence homology and specific 

motifs [18]. Some LEA proteins have been shown to function as ion scavengers [19] molecular 

chaperones [20] or shields of macromolecules to avoid protein aggregation [21] and to restore 

proper folding to proteins subjected to dehydration [22], heat [23], or freeze-thaw stresses [24]. In 

our previous study, we found that co-expression of LEA peptide enhanced recombinant protein 

expression in Escherichia coli [25]. Furthermore, we developed a mutant LEA peptide by point 

mutation of a 13-mer LEA peptide that enhanced protein expression in E. coli [26]. Two LEA 

peptides (LEA-II and LEA-K) were especially effective in enhancing protein expression.  

In the current study, we focused on the production of crystal proteins using native Bt as a host. 

LEA peptides, LEA-II or LEA-K, were expressed in Bt transformants using a pHT01 vector that 

was introduced in each LEA peptide gene. The expression level and efficacy of crystal protein 
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killing of mosquito larvae with and without LEA peptide co-expression were compared. We used 

a new and simple technique to boost protein expression and execute our new approach.  
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2.2 Materials and Methods 

2.2.1Strains and expression vector 

E. coli NovaBlue strain was used for gene recombination. B. thuringiensis strain D142 was used 

as a host for expression of the insecticidal protein and LEA peptide. The pHT01 vector (MoBiTec), 

which is an intracellular Bacillus system expression plasmid capable of inducing protein 

expression with isopropyl-β-thiogalactopyranoside (IPTG), with LEA peptide incorporated, was 

used in this experiment. This plasmid vector is a shuttle vector that can be used in both E. coli and 

B. thuringiensis, with ampicillin and chloramphenicol resistance in E. coli and B. thuringiensis, 

respectively. 

 

2.2.2 Design of LEA peptide  

In this study, LEA peptides, LEA-II, and LEA-K created from amino acid sequences using the 

B. thuringiensis codon frequency table. The sequences of each LEA peptide are 

MDAKDGLKEKAGE and MDAKDKTKEKAKE, respectively. The following oligonucleotides 

were purchased as synthetic DNA from Eurofins (Luxembourg) (Table2-1).  

 

Table 2-1 DNA sequences for construction of each LEA gene 

Name    DNA sequence 

S-LEA-I 5’-GATCCATGGATGCAAAAGATGGAACAAAAGAAAAAGCAGGTGAATAAT-3’ 

AS-LEA-I 5’-CTAGATTATTCACCTGCTTTTTCTTTTGTTCCATCTTTTGCATCCATG-3’ 

S-LEA-K 5′-GATCCATGGATGCAAAAGATAAAACAAAAGAAAAAGCAAAAGAATAAT-3′ 

AS-LEA-K 5′-CTAGATTATTCTTTTGCTTTTTCTTTTGTTTTATCTTTTGCATCCATG-3′ 

 

2.2.3 Introduction of the LEA peptide gene into the pHT01 vector 
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The pHT01 vector was used to express the LEA peptides LEA-II and LEA-K. The restriction 

enzymes BamHI and XbaI (New England Biolabs) were used to cleave the pHT01 vector with a 

restriction enzyme reaction when placed at 37 °C for 3 hours. The LEA peptide DNAs (sense and 

antisense) were phosphorylated at 37 °C for 30 minutes using T4 kinase (New England Biolabs) 

and then slowly heated to 98 °C for 1 minute, then 50 °C for 30 seconds for hybridization. These 

were mixed with DNA ligase (DNA Ligation Kit Mighty Mix, Takara Bio) and ligated at 16°C to 

subclone the LEA peptide gene into the pHT01 vector. Thereafter, the E. coli NovaBlue strain was 

transformed and cultured overnight at 37 °C in LB medium. The plasmids were extracted from the 

expanded E. coli using a plasmid extraction kit (NucleoSpin® Plasmid EasyPure, Takara Bio). 

Finally, the samples were analyzed and confirmed by DNA sequencing. 

 

2.2.4 Construction of Bt-LEA transformants 

Construction of transformants expressing LEA peptide (Bt-LEA-II or Bt-LEA-K) was initiated 

with the following procedure. First, colonies of Bt were collected and pre-cultured in LB medium 

at 37 °C and 150 rpm. Five hundred microliters of the pre-culture solution and 500 μL of spore-

forming solution were added to 50 mL of the LB medium and cultured at 37 °C and 150 rpm until 

the optical density (OD) value reached 1.5 to 2.0. Thereafter, the cells were harvested by 

centrifugation and washed several times with sterilized distilled water. Five hundred microliters 

of 30 % w/v polyethylene glycol (PEG 6000) was added to suspend the cells. For electroporation, 

10 μL sterile distilled water, 500 ng pHT01-LEA vector, and 100 μL competent Bt were mixed. 

The mixture was transferred to an electroporation cuvette (0.2 cm, Bio-Rad) for electroporation 

(12.5 kV/cm, Gene Pulser Xcell: manufactured by Bio-Rad). After electroporation, the bacterial 

solution was mixed with Tryptic Soy Broth (TSB) and incubated at 37 °C and 150 rpm for 2 hours. 
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Thereafter, the cells were harvested by centrifugation (4,000 rpm × 5 min) and suspended in TSB 

medium. This suspension was cultured overnight at 37 °C on TSB (Cm+) plate medium to prepare 

a transformant. For further use, a glycerol stock of each Bt-LEA transformant was prepared after 

pre-culture. After transformation by electroporation, the colony was harvested and pre-cultured 

overnight at 27 °C and 150 rpm in TSB (Cm+) medium. Thereafter, 50 % glycerol (Wako) was 

mixed with sterilized distilled water and then with the pre-culture solution and dispensed in 500 

μL aliquots to prepare a glycerol stock. The prepared glycerol stock was stored at −80 °C.  

 

2.2.5 Cultivation and induction of LEA peptide by IPTG  

During the culture of each Bt-LEA transformant, expression levels, and timing of LEA peptides 

expression were controlled by changing the concentration and time of introducing IPTG as an 

expression inducer. During the incubation period, the WT (non-transformant) and Bt-LEA 

transformants were grown in baffled flasks containing TSB with an appropriate antibiotic (5 

μg/mL) and 100× spore-forming solution at 27 °C and 150 rpm for 48 hours. Based on incubation 

conditions, IPTG was added to reach final concentrations of 0.01 mmol/L, 0.1 mmol/L, 0.5 

mmol/L, and 1 mmol/L at 4 hours, 8 hours, 12 hours, 16 hours, and 24 hours after the start of 

incubation. After 48 hours incubation, large crystalized protein was harvested from the cell lysate 

solution.  By comparing the concentration and timing of IPTG, the optimum conditions for 

incubation for highly efficiently expression of the insecticidal protein were determined by sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and insecticidal bioassay.  
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2.2.6 5SDS-PAGE analysis  

The SDS-PAGE analysis was performed with 1 mL of the cultured solution after 48 hours of 

incubation. To adjust the number of bacteria in each sample, the OD at 600 nm was determined. 

To extract soluble protein, each culture was centrifuged at 12,000 rpm for 5 minutes. After 

centrifugation, supernatant fluid was discarded, and 200 µL sterilized distilled water was added to 

the bacterial pellet, followed by vortexing for 1 minute. The soluble sample solution was mixed 

with the same volume of 2× SDS-PAGE buffer (2× containing 125 mM Tris-HCl (pH 6.8), 4 % 

SDS, 20 % glycerol, 0.1 mg/mL of bromophenol blue, 10 % 2- sulfanylethanol, and 2-

mercaptoethanol). The mixture was heat-shocked at 95 °C for 5 minutes and then cooled on ice 

for 5 minutes. Finally, the prepared samples (5 µL each) and Protein Molecular Weight Marker 

Broad (Takara Bio) were loaded into the wells of a gradient polyacrylamide gel (gel concentration: 

5–20 %, ATTO) for 30 minutes at 10.5 mA/gel. After electrophoresis, the separated proteins were 

visualized by staining with Coomassie Brilliant Blue (EzStain Aqua, ATTO) for approximately 2 

hours and de-staining for approximately 1 hour. The results of SDS-PAGE were evaluated using 

ImageJ [27]. The marker was used as a reference, the average density of the non-transformant 

bands was considered control 1, and the relative value of bands of approximately 66.4 kDa was 

quantified. The 66.4 kDa protein was regarded as the insecticidal protein as Cry11Aa in 

comparison with the non-transformant band [28]. 

 

2.2.7 Evaluation of larvicidal activity against Aedes albopictus  

The susceptibility of the Aedes albopictus larvae to the Cry toxin was assessed in the presence of 

protein treated with the LEA peptide (LEA-II and LEA-K) and WT as a control. The evaluation 

were performed to determine the activity of the insecticidal protein by adding a diluted culture 
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solution to A. albopictus larvae and counting the number of dead insects after 24 hours. For this 

bioassay, we used the Bt-LEA (II, K) transformants as a diluted culture solution that was obtained 

by culturing the Bt-LEA transformant for 48 hours. Induction of each LEA peptide by IPTG was 

performed at 12 hour of incubation. The diluted solution was used as a tested solution and the 4th 

instar larvae of A. albopictus as an insect and wild type (Bt. D142) as a control. The experiment 

was executed by using 250 µL of sterilized distilled water and the same volume of the culture 

solution Bt-LEA (II, K) transformants were added to a microtube to prepare a 50 % (500,000 ppm) 

culture solution. This solution (10 μL) was collected and mixed with 990 μL of sterilized distilled 

water to prepare a 5,000 ppm solution as a test solution. Five A. albopictus larvae were added into 

each well of a 12-well microplate, followed by the 4 mL of laboratory tap water. For evaluation, 

three wells (total of 15 larvae) were used for each concentration of tested samples. 40 μL of diluted 

test solutions (3,000, 2,000, 1,000, and 500 ppm) was added to wells and the final concentration 

were (30, 20, 10, and 5 ppm). The bioassay was maintained under controlled conditions at 25°C 

and 75 % humidity for 48 hours. In each experiment, the tests were repeated three times on 

different days and the mean mortality rates were obtained in each experiment. Mortality data for 

each larvicidal concentration were used to determine the LC50 using the probit method [29].  
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2.3 Results and Discussion 

2.3.1 Construction, characterization, and determination of the function of the LEA peptide-

encoding gene in the Bt.D142 strain  

LEA-II and LEA-K peptides were constructed by point mutations in the LEA-I sequence (Table 

2-2) using the codon frequency table of Bt, to study the effect of the LEA peptide on the Cry 

protein of Bt.D142. Point mutation and size and structure of an amino acid is a substantial indicator 

of the function of the LEA peptide. N. Pathak et al found that point mutation can be beneficial for 

the enhancement of LEA peptide function and might help in the co-expression of the target protein 

in cells [26]. In the amino acid sequence of the 13-mer LEA peptide, threonine was substituted by 

leucine at amino acid position 7 in LEA-II, and glycine was substituted by lysine at amino acid 

positions 6 and 12 in LEA-K peptide.  

 

Table 2-2 Amino acid sequences of the mutated LEA peptides 

Peptides 1 2 3 4 5 6 7 8 9 10 11 12 13 
LEA-II M D A K D G L* K E K A G E 
LEA-K M D A K D K* T K E K A K* E 

 

*The highlighted bold letters indicate the point mutation in each LEA peptide.  

 

2.3.2 Cultivation of Bt-LEA transformants for Cry protein expression  

The introduction of genes into cells often affects the expression of endogenous proteins. 

Therefore, the expression and proliferation of Cry protein in the Bt-LEA transformants (Bt-LEA-

II and LEA-K) were evaluated under the same conditions as the non-transformants (WT, Bt. D142; 



75 
 

Fig. 2-1). After induction of IPTG (12 hours), the cell growth curves of the transformants and non-

transformants had similar patterns, although there was some change in cell growth. After 48 hours 

of incubation, cry protein expression in the Bt-LEA transformants were higher in comparison to 

WT non-transformants and did not inhibit by LEA peptide expression system.  

 

 

 

 

Figure 2-1 Growth curves showing time dependence of cell growth with the co-expression of each 

mutated LEA peptide before and after IPTG induction. 
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2.3.3 Enhanced expression of the Cry protein in the Bt-LEA transformant 

By employing the LEA peptide co-expression system, the expression level of the Bt Cry protein 

(Cry11Aa) was confirmed through the analysis of SDS-PAGE. The Bt-LEA transformant (LEA-

II), Bt-LEA transformant (LEA-K) and non-transformant (WT) showed the protein band in 66.4 

kDa position (Fig 2-2 A, B). The band intensity of the Bt-LEA transformants (LEA-II and LEA-

K) was more pronounced than the band intensity of the WT. To determine the highest expression 

of Cry protein, we varied IPTG concentrations and induction time (Table 2-3 and 2-4). Cry protein 

expression was induced with 0.01 mmol/L, 0.1 mmol/L, 0.5 mmol/L, and 1 mmol/L concentrations 

of IPTG for LEA-II and LEA-K. Induction timing of IPTG was examined 4, 8, 12, 16, and 24 

hours after initiation. Expression of Cry protein was the highest at a 0.5 mM concentration of IPTG 

after 12 hours in the LEA-II and LEA-K peptides. These results indicate that the expression level 

of Cry protein were attributed to co-expression of the LEA-II and LEA-K peptides.  
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Figure 2-2 SDS-PAGE analysis of insecticidal protein expression in transformant Bt by each IPTG 

induction time. Bt-LEA-II  (A) Lane M: marker; WT: B. thuringiensis.D142; induction time: 4 h, 

8 h, 12 h, 16 h and 24 h. Bt-LEA-K (B) Lane M: marker; WT: B. thuringiensis. D142; induction 

time: 4 h, 8 h, 12 h, 16 h and 24 h. 
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Table 2-3 Numerical analysis of insecticidal protein expression levels in Bt-LEA-II transformants 
using Image J. 

 

 

 

 

 

 

 
 
 
 
 
Table 2-4 Numerical analysis of insecticidal protein expression levels in Bt-LEA-K transformants 
using Image J. 
 

 

 

 

 

  

IPTG Conc. 
Induction Time 

4 hours 8 hours 12 hours 16 hours 24 hours 

0.01 mmol/L 0.89 2.22 1.33 1.66 1.56 

0.1 mmol/L 1.43 2.43 1.48 2.30 1.23 

0.5 mmol/L 1.69 0.89 2.98 2.03 2.00 

1.0 mmol/L 1.25 0.55 1.02 1.24 0.56 

IPTG Conc. 
Induction Time 

4 hours 8 hours 12 hours 16 hours 24 hours 

0.01 mmol/L 1.85 1.97 1.41 1.91 1.87 

0.1 mmol/L 1.92 1.82 1.92 1.69 1.73 

0.5 mmol/L 1.10 2.05 2.16 1.88 1.07 

1.0 mmol/L 0.76 1.56 1.34 1.18 1.59 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-expression-level
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-expression-level


79 
 

Induction time of LEA peptide is critical because the formation of spores and Cry protein 

expression begins at approximately 24 and 30 hours after the beginning of incubation. This is 

related to σ factors controlling the formation of spores and σ factors controlling protein expression. 

The σ factor that regulates expression of the protein is activated in the early stage of spore 

formation for 2 to 6 hours at the end of the logarithmic growth phase and during the middle to late 

stage of spore formation 5 hours after the logarithmic growth phase when the promoter starts 

transcription [30, 31]. Therefore, to increase Cry protein expression, the co-expression of LEA 

peptide within 24 hours after the start of incubation is considered effective.  In contrast, the highest 

concentration of IPTG (1 mmol/L) tended to suppress Cry protein expression. Therefore, the 

highest concentration (1 mmol/L) of IPTG might have toxic effects on cells, reducing Cry protein 

expression. The optimal concentration of IPTG may be system-specific [32], but relatively simple 

experiments can be executed to guide optimization of its concentration. The concentration of IPTG 

used to induce lac repressor-regulated promoters can dramatically influence expression [33]. The 

addition of IPTG is considered especially effective at 12 hours at a concentration of 0.5 mmol/L 

in this study. 

 

2.3.4 Bioassay for larvicidal activity  

To determine the LC50 value, bioassays were performed on A. albopictus larvae with each being 

a final concentration of 30, 20, 10, and 5 ppm of the sample, respectively. Analysis was based on 

the number of dead insects after 24 hours (Table 2-5, Fig.2-3). Relative insecticidal activity to the 

viable cells was 2.65 times higher for the Bt-LEA transformant than for non-transformant (WT). 

These results indicate that insecticidal activity was higher in the transformants than the non-

transformant because co-expression with LEA peptide enhanced the expression of the 
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transformants. Toxicity was the highest with 0.5 mM IPTG at 12 hours in LEA-II, as observed by 

the insecticidal bioassay. This indicates that, unlike in E. coli, basic amino acids in the peptide 

sequence suppress protein expression in Bt [26]  

 

Table 2-5 Bioassay evaluation of Bt-LEA transformants (LEA-II, LEA-K) 

LC50 was expressed as the mean (n = 3), Relative toxicity is calculated by LC50 value per number of bacteria as 
against insecticidal activity of WT.  
 
 

 
 Figure 2-3 Relative toxicity to mosquito larvae of Cry protein expressed by BT co-expressing LEA 
peptide  
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IPTG Conc. Viable bacteria count  
(CFU/ml) LC50 (ppm) Relative insecticidal 

activity 

WT 1.8×109 14.32 1 
LEA-II (0.01 mmol/L) 2.1×109 15.52 0.79 
LEA-II (0.1 mmol/L) 9.3×108 12.40 2.24 
LEA-II (0.5 mmol/L) 6.8×108 14.29 2.65 
LEA-K (0.01 mmol/L) 1.5×109 13.17 1.30 
LEA-K (0.1 mmol/L) 1.6×109 12.06 1.34 
LEA-K (0.5 mmol/L) 9.4×108 12.74 2.15 
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2.4 Conclusions 

  

A new, simple, and efficient Cry protein expression method was evaluated using LEA peptide 

co-expression. Cry protein expression was enhanced in Bt by LEA peptide co-expression 

compared to Bt without LEA peptide co-expression.  We hypothesized that the hydrophobicity of 

leucine and the positive charge of lysine in LEA peptide played a vital role in the efficient 

expression of the Cry protein. Stabilization of polar residues and, thus, interactions with the target 

protein is important for the efficient enhancement of Cry protein expression. LEA peptide may 

protect a protein from degradation by a protease or may have a molecular shielding effect. The 

molecular shield function is largely an intermolecular activity implemented by intrinsically 

disordered proteins specialist, IDPs, distinct from molecular chaperones, but with a role in 

proteostasis [34]. The innovative design of LEA peptides co-expressed with the Cry protein led to 

the desired result. We conclude that LEA peptide co-expression is a simple technique that allows 

a comparison of protein expression. 
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CHAPTER 3  

 

 

Lactose as a time-dependent promising inducer in response to the 

efficient expression of insecticidal crystal protein by late 

embryogenesis abundant peptide co-expression system in Bacillus 

thuringiensis 
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3.1 Introduction  

By utilization of Cry toxins from Bacillus thuringiensis (Bt) have been extensively applied in 

the field of agriculture to substitute the use of chemical insecticides for being controlled of insects. 

[1]. All around the world, mosquito particularly Aedes aegypti is considered one of the utmost 

dangerous deadly creatures that play a pivotal role as a vector for contributing harmful human 

diseases, like yellow fever, dengue, and chikungunya in most tropical areas [2]. Bt is utilized to 

restrict the defoliators and mosquitoes has resulted in a remarkable cutback as an alternative to 

chemical insecticides for the same purpose [3]. The main attraction of Bt to restrict mosquito and 

black fly populations with its high insecticidal activity, the lack of resistance and toxicity to non-

target organisms, and particularly the presence of insect resistant populations has resulted in 

tremendous employment as an alternative to chemical insecticides [4]. However, at present times 

major R&D has started to give priority to agricultural chemicals to grab more lucrative market. 

Besides this, Bio-insecticides have less attraction owing to have its less sustainability along with 

pretty penny resulted in less market acceptance in comparison to  the chemical compounds [5]. 

For the production of bio-based insecticide, it is essential to select the medium for the 

cultivation of bacterial strain particularly for Bt by considering the maximum yields of spore-

crystal complexes in association with the cost-benefit ratio. The study declared that a high 

concentration of glucose (50–90 g/L) sometimes may demonstrate the lower production of 

bacterial spores, crystal protein, and lower toxicity by cultivating the bacteria in wealthy media 

while evaluating against Spodoptera littoralis and Anagasta kuehniella larvae [6]. So, it’s the 

indication that excess glucose or carbon source might play a negative impact on the production of 

spore, Cry protein, and toxicity as well. The work of Monod J. is one the best admitted prototype 

that revealed the privileged carbon employment of the glucose-lactose diauxic shift in Escherichia 
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coli [7]. Consequently, some other studies also acknowledged that for many organisms glucose as 

a carbon source is the preferable selection [8].  So numerous glucose-responsive networks have 

already been established by bacteria.  But there is no authentic evidence or report that how is the 

effect of non-glucose media for Bt with LEA peptide co-expression system. However, it is reported 

by Ogura M., where they administered that the ywlE disruptant, there was the extensive reduction 

in glucose induction of sigX-lacZ expression and the absence of glucose in the mcsB disruptant, a 

marginal enhancement of basal expression [9]. 

When the amount of glucose is available, the genes that feel the necessity for the usage of 

secondary carbon sources are not expressed and in the presence of glucose, the genes required for 

the utilization of secondary carbon sources are not expressed and to limit the misuse of resources 

former enzymes are generally inactivated. This incidence is regarded as carbon catabolite 

repression [8,10]. But the acquirement of carbon catabolite regulation (CCR) is the solely distinct 

mechanism in varieties of bacteria.  If we consider enteric bacteria like E. coli, the employment of 

CCR is driven by the skipping of transcription activation of secondary catabolic genes in the 

existence of a favored substrate. Contrarily, in the case of Firmicutes, like Bacillus subtilis, for 

CCR, the transcription factor, catabolite control protein A (CcpA) is the leading regulator [10, 11]. 

In many bacterial species belong to 5-10 % of all genes, where CCR plays a vital role as a central 

regulatory [12-14]. Protein acetylation in E. coli and B. subtilis are induced by the addition of 

glucose culture medium [15, 16].  

After the acetylation of CshA, a DEAD-box helicase, from the proteomic study of B. 

subtilis revealed that CshA, a DEAD-box helicase [15, 17] resulted that CshA lysine acetylation 

[18] and CshA in accordance with RNA polymerase (RNAP) [19] were stimulated by glucose. The 

inter-relationship between acetylated CshA and RNAP help to augment its SigX affinity, 
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conveying to induce glucose in sigX  [18, 20, 21]. Besides, it was also noted the 

mcsB and clpC expression [22] is repressed by glucose and induces ywlE expression. Many of the 

enzymes are Arg-phosphorylated originates from the glycolytic and TCA cycle, recommending 

the McsB/YwlE system is responsible for cell growth belonging to medium including glucose [23-

27]. According to the observation of Masri, & Ariff that the effect of glucose feeding from the 

time being of fermentation resulted in enhancement of cell growth whereas sporulation rate [28]. 

So, for bacterial fermentation carbon sources can be the key factors for the production of spore 

and crystal proteins as well and finally have a pivotal role in the expression of Cry protein. So for 

Cry protein expression, any kind of carbon source is a key indicator and it may come either from 

the growth media or inducer. Glucose as a media or lactose as an inducer implies the important 

trait as it is related to the cost benefit ratio for commercial purposes. So as much as if we can 

optimize the concentration of inducer or reduce the media composition, it would lead to a 

promising option to use Bt as an alternative biopesticide to compete with chemical insecticide. 

Because bacteria have the preference to opt for glucose while depleting of glucose and moving 

forward to lactose [29].  

Repression of the synthesis of T7 RNA polymerase is assisted when there is the presence of 

glucose as the preliminary source of metabolism in the system of glucose/lactose. Lactose has the 

capability to drive the synthesis of T7 RNA polymerase by aiding the transcription of the target 

mRNA of the gene cloned in the plasmid vector due to the depleted status of glucose. Although 

chemical insecticides are low-cost in the rate by considering the detrimental effect of environment 

and future generation, the world is now moving to get some alternative to chemical, biological 

based, and effective as well.  As biological based products are a bit expensive, so it’s high time to 

adopt some technique that would be effective but will have the capability to fight with the over-
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priced of chemical insecticide. Undoubtedly, the development of recombinant proteins in the field 

of the microbial sector has transformed into a different benchmark of biochemistry [30]. For the 

protein expression, the inducing expression is the most preferable way where the targeted gene 

started to the transcript in its exponential phase of growth [31]. The most preferable inducers for 

microbial protein expression belong to the list of isopropyl β-D-thiogalactopyranoside (IPTG), 

lactose, galactose, or arabinose, or another variety of sugars or other molecules in the growth 

medium whose consumption is controlled by the presence of glucose [32]. Yet, lactose is one of 

the natural inducers of β-galactosidase gene, regarded as the most approved substitute for IPTG 

owing to its economical trait and non-toxic effect. On the other hand, lactose has also belonged to 

a carbon source, which is utilized by bacteria has the tendency to invariably change concentration 

in ongoing fermentation resulted in induction operation more troublesome and challenging to 

control. However, a few articles reported information regarding the application of lactose as an 

inducer for the expression of a foreign gene in high density fermentation of E. coli  [33-36].   

By attributing the most beneficial point of lactose as an economical compound in contrast to 

glucose and IPTG, a unique induction strategy sounds pretty appealing induced by lactose-only 

feed batch [37]. Permease (lacY) and β-galactosidase (lacZ), are considered the most functional 

genes for the induction of lactose and lacZ, by importing lactose converted it into allolactose is the 

original inducer of lac repressor. Usually, induction in the initial state of growth phase by the 

initiation of auto induction media is followed to normal growth rate before exhaustion of glucose 

by the effectiveness of glucose and during the period of induction, most of the cultural cells are 

already in a functional state. For the development of induction expression in E. coli diverse group 

of approaches have been established over the last several decades. Recently, IPTG is the most 

preferred approach for the induction of promoter expression. Although this system has the 
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following barriers: (i) Continuous monitoring for the induction of during the optimal cell density. 

Undoubtedly, the point of induction may differ from one recombinant protein to another resulted 

in challenging action to automate particularly in which makes the process difficult to automate, 

notably when numerous proteins are expressed side by side (e.g., for a screen); (ii) narrow range 

of technical issues (iii) From the commercial viewpoint, less appropriate (iv) Toxic characteristics 

(Particularly in case of human therapeutic protein production); and (v) Expensive in rate [38]. 

Normally, one point addition of IPTG is induced by the help of T7 system [39, 40]. Not only that 

but also some other bottleneck of IPTG including a high metabolic burden on the organism and 

formation of inclusion body [41-44].  

Another attractive criterion of using lactose by the auto induction is the most recently using 

approach where lactose is involved in the growth medium, and induction started after ingestion of 

full amount of available glucose [45]. For engineering products, lactose can be considered one of 

the practical prospects owing to have its economical backup and non-toxic trait. The inducing 

criteria of lactose differ markedly for various kinds of recombinant protein expression in 

comparison to IPTG where it is already declared by a large figure of experimental investigations 

for its maximum working efficiency [46]. Although lactose has appealing criteria, still there is no 

way to disagree with some of the limitations where special consideration should apply particularly 

on the induction parameters and timing [47]. To address this problem, the first ever approach of 

LEA peptide co-expression system by the induction of lactose can be a suitable option to enhance 

the Cry protein expression. This approach achieves the targeted protein expression by considering 

the low-cost ratio in industrial operation and also be the alternative option of the most commonly 

used IPTG. In the current study, we focused on the production of crystal proteins using native Bt 

https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-018-1016-6#ref-CR16
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as a host. LEA peptides, LEA-I, LEA-E, and LEA-K, were expressed in Bt transformants using a 

pHT01 vector that was introduced in each LEA peptide gene.  

In this chapter, our purpose is to enhance the Cry protein expression by the employment of Bt 

induced LEA peptide co-expression system to address the lactose as a promising inducer 

commercially by optimizing the culture condition, dosage concentration, timing, and also amount 

of dosage. For recombinant protein expression, E. coli is the topmost preferable host whereas an 

inducer IPTG also belongs to the same priority list. IPTG as an inducer, despite non-metabolizable 

and overpriced compound, could be taken over by the economical and natural lactose to induce 

Cry protein expression. In order to do this, we examined the expression of Cry protein expression 

by the employment of LEA peptide co-expression system using lactose as the inducer.  
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3.2 Materials and Methods 

 

3.2.1 Strains and expression vector 

To conduct this research, strains and particularly for the construction of expression vector we 

pursued the protocol that have been detailed in our chapter 2.  Just we changed the inducer lactose 

monohydrate instead of IPTG 

 

3.2.2 Design of LEA peptide  

In this research, for the construction of several kinds of LEA peptide such as LEA-I, LEA-K, and 

LEA-E by taking the advantages of Bt codon frequency table in accordance amino acid sequences. 

The design pattern of LEA peptide where the sequences of each LEA peptide are arranged in an 

order of MDAKDGTKEKAGE, MDAKDKTKEKAKE, and MDAKDETKEKAEE, subsequently.  

The synthetic DNAs were acquired from Eurofins (Luxembourg) by specifying the following 

oligonucleotide sequences (Table 3-1).  

 

Table 3-1 DNA sequences for construction of each LEA gene 

Name    DNA sequence 

S-LEA-II 5′-GATCCATGGATGCAAAAGATGGATTAAAAGAAAAAGCAGGTGAATAAT-3′ 

AS-LEA-II 5′-CTAGATTATTCACCTGCTTTTTCTTTTAATCCATCTTTTGCATCCATG-3′ 

S-LEA-K 5′-GATCCATGGATGCAAAAGATAAAACAAAAGAAAAAGCAAAAGAATAAT-3′ 

AS-LEA-K 5′-CTAGATTATTCTTTTGCTTTTTCTTTTGTTTTATCTTTTGCATCCATG-3′ 

S-LEA-E 5’-ATGGATGCAAAAGATGAAACAAAAGAAAAAGCAGAAGAATAAT-3 

S-LEA-E 5’-CGTCCCCGGGGCAGCCCGCCTAATGAGCGGGCTTTTTTCACGT-3 
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3.2.3 Introduction of the LEA peptide gene into the pHT01 vector 

For the insertion of LAE peptide gene into the pHT01 vector, we just followed the protocol that 

have been detailed in our previous chapter 2. Although we generated different kinds of LEA 

peptides, the vector and protocol were maintained in the same manner.  

 

3.2.4 Construction of Bt-LEA transformants 

In this research, the new introduction of the peptide was LEA-E that was generated by following 

the same instruction that has already been described in Chapter 2, and another two kinds of Bt-

LEA-I and Bt-LEA-K were utilized from the stock.  

Three different categories of Bt-LEA transformants such as Bt-LEA-I, Bt-LEA-E, and Bt-LEA-K 

were introduced as a host cell to conduct this research. The construction process of Bt-LEA-I and 

Bt-LEA-K have been detailed in our previous chapter 2. Whereas, the construction process of Bt-

LEA-E was strictly followed in accordance to our previous paper to maintain the equilibrium in 

order to other peptide.   

 

3.2.5 Cultivation and induction of LEA peptide by IPTG for cell growth and spore counting: 

In our first order of experiment, for checking the glucose activity we opted three varieties of 

groups such as wild type bacteria, empty vector pHT01, and only Bt-LEA-II (Bt-LEA-II showed 

higher expression).   First, we executed the experiment with a duration of 48 hours by culturing 

the TSB media in the presence and absence of glucose for each group of cultural media respectively. 

In the experimental protocol, we followed some of the instructions to maintain the equilibrium of 
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the experimental atmosphere like no antibiotic (chloramphenicol) was added in the case of wild 

type bacteria (Wt). The experiment was executed by using Wt and, Bt-LEA-II and pHT01  and Bt-

LEA transformants to grow in baffled flasks containing tryptic Soya broth (TSB) with an 

appropriate antibiotic (5 μg/mL) and 100 × spore-forming solutions by maintaining the 

temperature, rshaking and duration at 27 °C and 150 rpm for 48 hours respectively. Except for Wt, 

IPTG was added to BT-LEA-II and pHT01 at 12th hour to achieve the final concentration of 0.5 

mmol/L. After 48 hours of incubation, first, we harvested the sample by doing heat treatment (65 

ºC - 30 minutes) to dilute with 0.85 % NaCl and 0.05 % Tween-80. Thereafter, incubated in agar 

plate at 27 ºC and finally counting of spore after 16-18 hours. At the sample time, we also harvested 

the sample in each 4th hour interval till 48 hours to observe the cell growth curve.  

 

3.2.6 Cultivation and induction of LEA peptide by lactose 

The experimental condition was conducted by cultivating each of Bt-LEA transformants (Bt-

LEA-I, Bt-LEA-E, and Bt-LEA-K) where expression level and timing were manipulated by 

modifying the same distinct parameters like concentration, induction pattern and induction timing 

of lactose as an expression inducer. The entire cultivation process was regulated in baffled flasks 

containing Tryptic soya broth (TSB) supplemented with appropriate antibiotic (chloramphenicol, 

5 μg/mL) and 100 × spore-forming solution by maintaining the constant temperature and shaking 

at 27 °C and 150 respectively with a total duration of 48 hours. Antibiotic (chloramphenicol, 5 

μg/mL) was omitted to wild type (non-transformant). To determine the effect of lactose as an 

inducer the cultures were induced with the final concentrations of 0.0 mmol/L, 0.1 mmol/L, 0.2 

mmol/L, 0.5 mmol/L, and 0.1 mmol/L IPTG (for control) respectively for different periods of 

cultivation in accordance with the requirement of each experiment. The induction time was 
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attributed in two different slots like 11th, 12th, 13th, 14th, and 15th hour and 16th, 17th, 18th, 19th and 

20th hour to figure out the effectivity of induction point of time. Besides this, samples were 

harvested according to time interval after the induction for analysis. The bacterial cell 

concentration was quantified by measuring the optical density (OD) with the help of 

spectrophotometer (AS ONE –ASV11D) 0f A600 absorbance. The expression level of cry protein 

was quantified by the employment of sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE). After confirmation of expression level, the experimental outline was designed to 

compare induction pattern like intermittent induction (10 µL) or at a time induction (50 µL) at 11th, 

12th, 13th, 14th, and 15th hour for each type of LEA transformant. In this regard, except the induction 

pattern any other parameters were in constant. During this investigation, the samples were also 

harvested from 0 hour to 12th hour for each two hours interval and thereafter 24th, 30th, 36th, and 

48th hour respectively to observe the cell growth after induction of lactose. 

 After 48 hours of incubation, the large crystallized protein was harvested from the cell lysate 

solution.  By comparing the concentration and timing of lactose, the optimum conditions for 

incubation for highly efficient expression of the insecticidal protein were determined by SDS-

PAGE.  

 

3.2.7 SDS-PAGE analysis  

After 48th hour of incubation, for each investigation, the sample was collected after measuring 

the OD at 600 nm and the cells were harvested by centrifugation at 12,000 rpm for 5 minutes by 

taking 1 mL of culture solution. After centrifugation, the supernatant was removed, and the pellet 

was dissolved by adding 200 µL by the help of a vortex. To prepare the final sample, the solubilized 

sample was added to the reagents like 2× SDS-PAGE buffer (2× containing 125 mmol/L Tris-HCl 
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(pH 6.8), 4 % SDS, 20 % glycerol, 0.1 mg/mL of bromophenol blue, 10 % 2- sulfanylethanol, and 

2-mercaptoethanol) by flowing the heat-shock and ice incubation at 95 °C and 5 minutes 

consequently. Lastly, 5 µL of each processed sample and Protein Molecular Weight Marker Broad 

(Takara Bio) were loaded into the wells of a gradient polyacrylamide gel (gel concentration: 5–

20 %, ATTO) for 30 minutes at 10.5 mA/gel. The separated proteins were observed by staining 

with Coomassie Brilliant Blue (EzStain Aqua, ATTO) and de-staining by following the same 

duration 2 hours after electrophoresis. ImageJ was applied to evaluate the results of SDS-PAGE 

[48] where marker acts as a reference to quantify the average density of the non-transformant bands 

was considered to control 1, and the relative value of bands of approximately 66.4 kDa. The 66.4 

kDa protein was regarded as the insecticidal protein as Cry11Aa in comparison with the non-

transformant band [49]. 

 

3.2.8 Determination of glucose and lactose in the medium and cell   

We determined the glucose and lactose concentration in the medium and cell by using a glucose 

and lactose detection kit (Boehringer Mannheim/R-Biopharm). We detected the glucose and 

lactose concentration only in the sample of three categories of  Bt-LEA transformants (Bt-LEA-I, 

Bt-LEA-E, and Bt-LEA-K) with the parameters of without induction, 50 once at 11th hour and 

finally 10 µL intermittently from  11th, 12th, 13th, 14th, and 15th hour. To determine the glucose and 

lactose concentration in the medium and cell, the glucose and lactose detection kit were purchased 

from Boehringer Mannheim/R-Biopharm. The highest expression level was confirmed in case of 

Bt-LEA-E transformant with the concentration of 0.1 mmol/L (Table 3-3) by the analysis of SDS-

PAGE. Based on the expression level, only glucose and lactose concentration were detected in 

case of Bt-LEA-E transformant in accordance with intermittent induction, (10 µL) at a time 
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induction, (50 µL), only the Bt-LEA-E (without induction) and from the fresh media of TSB by 

considering induction time of 11th, 12th, 13th, 14th, and 15th hour.  
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3.3 Results and Discussion 

 

3.3.1 Construction, characterization, and determination of the function of the LEA peptide-

encoding gene in the Bt.D142 strain  

From the study of chapter 2, the Bt-LEA-K transformant had a small effect on increasing 

expression, unlike our previous studies using E. coli. Therefore, we designed LEA-E, which was 

substituted with acidic amino acid instead of basic ones (Table 3-2). By the employment of codon 

frequency table of Bt, Bt-LEA-E transformant was designed by adding point mutations to the LEA-

I sequence to scrutinize whether LEA peptide has any effect to enhance the expression of Cry 

protein of Bt. D142 or not. Point mutations, size, and structure of amino acids have a major input 

to the function of LEA peptide. From our previous study [50], it is already well established that 

point mutations play a vital role in the enhancement of the function of LEA peptides in association 

with the co-expression of target proteins in cells. In the amino acid sequence of the 13-mer LEA 

peptides, glycine was replaced with glutamic acid at amino acids 6 and 12 in the LEA-E peptide, 

and glycine was replaced with lysine at amino acids 6 and 12 in the LEA-K peptide. 

 

Table 3-2 Amino acid sequences of the mutated LEA peptides 

Peptides 1 2 3 4 5 6 7 8 9 10 11 12 13 

LEA-I M D A K D G T K E K A G E 

LEA-K M D A K D K* T K E K A K* E 

LEA-E M D A K D E T K E K A E E 

*The highlighted bold letters indicate the point mutation in each LEA peptide.  
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3.3.2 Cultivation of Bt-LEA transformants for Cry protein expression  

To execute this experiment, one of our major challenges were to introduce the genes into cells 

whether it has any influence or any prominent change to the expression of endogenous protein, 

particularly for the expression and proliferation of Cry protein. In this regard, the expression level 

of Cry protein in the Bt-LEA transformants (Bt-LEA-II) was figured out by providing the same 

conditions in the case of non-transformants, (WT, Bt. D142-Fig. 2-1) too. The results have already 

been described in our previous study [40], where the cell growth pattern of the transformants and 

non-transformants followed the equal patterns, however, a small change was observed.  

 

3.3.3 Cell growth and expression of the Cry protein in the Bt-LEA transformant with and 

without glucose  

Cell growth of the Bt-LEA transformant with and without glucose was shown in Fig.3-1. There 

was no significant difference in Cry protein expression after 48 hours in the presence or absence 

of glucose. This means, the LEA peptide co-expression system is functional even in the absence 

of glucose. For any kind of bacterial cell, the presence of carbon is a key indicator as they utilize 

it as a growth factor. But it is also reported that generally, bacterial growth, spore formation, and 

toxin production were much better during cultivation on lower glucose concentrations  [6]. So, for 

bacterial growth glucose as a media composition and how much it is necessary to bacterial cell 

growth or not. With glucose and without glucose has any direct effect on the expression of Cry 

protein or not. Glucose concentration has any effect on LEA peptide co-expression system or Cry 

toxicity. For the expression of Cry protein, there is a report to repress the cry4Aa gene by the 

glucose at the mRNA level in Bti [51] and repression of  cry4A transcription by the phosphorylated 

HPr-CcpA complex of Bti when particularly attach to a 15 bp cre sequence by overlapping the -
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35 element of the cry4A promoter [52]. So HPr-CcpA-mediated glucose catabolite repression is 

responsible for mediating the controlling synthesis of Cry protein in Bti. 

 When the glucose level is high, no cAMP is made. CAP cannot bind to the DNA without cAMP, 

so transcription occurs only at a low level. Even though the absence of glucose lac repressor also 

cannot activate. So, for LEA peptide co-expression system glucose has not any direct effect on 

bacterial cell growth as well as protein expression. The expression level of the Bt Cry protein 

(cry11Aa) was confirmed through the analysis of SDS-PAGE by employing the LEA peptide co-

expression system. The wild type bacteria, pHT01 and Bt-LEA-II in the presence or absence of 

glucose showed the protein band in 66.4 kDa position (Fig 3-2). After 24th hour both the presence 

and absence of glucose had less expression whereas 48 hours later the expression level was the 

same in the presence or absence of glucose. For Bacillus, it is a normal process to produce the 

bacterial spore and ultimate the production of crystal protein, but any factor can initiate more spore 

formation or early start of initiation. As glucose is the main carbon source for bacterial growth, so 

during their culture, the bacterial cell always tries to search the carbon source for a normal 

mechanism. But in the case of LEA peptide co-expression system with Bt, it is clearly an indication 

that the absence of glucose, bacteria leads to more spores in comparison to normal. Due to lack of 

carbon sources, the bacteria always try to cope with a normal environment and produce more 

spores to survive after fighting with the surrounding. So,  the absence of glucose in the media leads 

to a stressed condition to the bacterial for making excess cell growth and. more spore. In this 

investigation, we tried an overall was hypothesis as it is the first ever try of Cry protein expression 

with LEA peptide co-expression system with or without glucose.  
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Figure 3-1 Cell growth curve of each recombinant Bt on the basis of glucose and without glucose in 

culture media 

 

 

Figure 3-2 SDS-PAGE of Bt, pHT01 and Bt-LEA-II in absence or presence of glucose,  1;24h Bt-with 

glucose, 2; 24h Bt-w/o glucose, 3; 24h Bt-LEA=II with glucose, 4; 24h Bt-LEA=II w/o glucose, 5; 24h 

pHT01 with glucose, 6;24h pHT01 w/o glucose, 7; 48h Bt-with glucose, 8; 48h Bt-w/o glucose, 9; 48h 

Bt-LEA=II with glucose, 10; 48h Bt-LEA=II w/o glucose, 11; 48h pHT01 with glucose, 12=48h pHT01 

w/o glucose 
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3.3.4 Cell growth and expression of the Cry protein in the Bt-LEA transformant with 

lactose by intermittent and at a time induction.  

 

The cell growth was observed in the Bt-LEA transformant in comparison to intermittent (10 

µL) and at a time (50 µL) induction of lactose. No drastic change was observed in the case of three 

different categories of Bt-LEA transformants (Bt-LEA-I, Bt-LEA-E & Bt-LEA-K). However, 

among all the Bt-LEA transformants, the highest enhancement was observed in the case of Bt-

LEA-E transformants (Fig. 3-4) by the intermittent (10 µL) induction of lactose. In the LEA 

peptide co-expression system, the reason behind this enhancement might the action of LEA peptide 

either as a molecular chaperon or molecular shield effect on the cell. On the other hand, the nature 

and position of Bt-LEA-E transformant such as negatively charged (acidic amino acids), polarity, 

Figure 3-3 Spore counting analysis of each wild type, empty vector and mutated LEA 

peptide on the basis of time and the presence or absence of glucose after IPTG induction. 
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and hydrophilicity and also the position (6th and 12th position) could be regarded as key indicator 

for this efficient expression. In the LEA peptide co-expression, the size and position of amino acid 

that play a vital role in the co-expression system have been already reported by Pathak et al., [50]. 

Finally, for the enhancement of Bt-LEA-E transformant the most attractive considering point 

should be taken or meaningful is the intermittent induction of lactose.  

 

 

 

 

Figure 3-4 Cell growth curves of recombinant Bt which expressed each mutated LEA peptide 

showing on time dependence by intermittent (10 µL) and at a time (50 µL) induction of lactose.  

Induction time of intermittent (10 µL) was followed at 11th, 12th, 13th, 14th, and 15th hour, and at 

a time (50 µL) induction of lactose was 11th hour. 
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3.3.5 Enhanced expression of the Cry protein in the Bt-LEA transformant 

SDS-PAGE data was analyzed by ImageJ, which is the most commonly used method to check 

protein expression level where the expression level of the Bt Cry protein (cry11Aa) was confirmed 

in conjugate with LEA peptide co-expression system. The Bt-LEA transformant (LEA-I), Bt-LEA 

transformant (LEA-K), Bt-LEA transformant (LEA-E), and non-transformant (Wt) showed the 

protein band in the position of 66.4 kDa. The band intensity of the Bt-LEA transformants (LEA-I 

and LEA-K) was more pronounced than the band intensity of the Wt and IPTG. To determine the 

highest expression of Cry protein, we varied lactose concentrations and induction time from 11th 

hour to 15th (Table 3-3) hour and 16th hour to 20th hour (Table 3-4). Cry protein expression was 

induced with 0.0 mmol/L, 0.1 mmol/L, 0.2 mmol/L, 0.5 mmol/L lactose concentration and 0.1 

mmol/L concentrations of IPTG for LEA-I, LEA-E and LEA-K. Induction timing and 

concentration of lactose were considered to check the intensity of expression.  Expression of Cry 

protein was the highest at a 0.1 mmol/L concentration of lactose at the time interval during 11th 

hour to 15th hour in the case of LEA-E. It is more obvious that lactose was more effective than 

IPTG in LEA peptide co-expression system by determining the expression level particularly for 

0.1 mmol/L concentration both of lactose and IPTG in the case of Bt-LEA-E transformant. These 

results indicate that the expression level of Cry protein was attributed to the co-expression of the 

LEA-I, LEA-E, and LEA-K peptides by the LEA peptide co-expression system. For efficient 

expression of Cry protein, induction time was considered to be relevant for Bt. D142 as the 

logarithmic phase is completed about 10 hours after the initiation culture and finally the stationary 

phase. The continuous addition of lactose has an influence on Cry protein expression in this co-

expression system as the bacterial cell can utilize the expression system. Lactose, as an inducer 

was effective in comparison to IPTG for the enhancement on the expression of Helicobacter 
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pylori where the recombinant genes were able to express the target proteins, was reported by Yan 

et al., [51]. In this investigation, the dosages and inducing time were 0.8, 50 g/L and 4 hours for 

rHpa A; 0.8, 100 g/L and 4 hours for rLTKA63; 1.2, 100 g/L and 5 hours for both rUreB and rLTB, 

respectively [52].  

Whereas our first-ever approach was to utilize the induction time and induction pattern like 

intermittent induction (10 µL) and at a time induction (50 µL. Another approach is also initiated 

by Tian et al., that the induction of lactose for the optimization of fermentation resulted in 1,382 g 

of cell mass, representing 84 % enrichment in cell mass in comparison to the induction of IPTG 

induction [53]. 

 

Table 3-3 SDS-PAGE analysis of insecticidal protein expression in transformant Bt by 

lactose monohydrate and IPTG induction time at 11,12, 13, 14, and 15 hour-each hour 10µL 

 0.0 mmol/L 0.1 mmol/L 0.2 mmol/L 0.5 mmol/L 0.1 mmol/L (IPTG) 

Bt 
LEA 

-I 

LEA 

-E 

LEA 

-K 

LEA 

-I 

LEA 

-E 

LEA 

-K 

LEA 

-I 

LEA 

-E 

LEA-

K 

LEA 

-I 

LEA 

-E 

LEA 

-K 

LEA 

-I 

LEA 

-E 

LEA 

-K 

1.00 0.21 2.10 0.85 2.56 2.97 0.67 2.41 1.94 1.19 2.87 2.45 0.85 0.96 1.32 0.72 

 

Table 3-4 SDS-PAGE analysis of insecticidal protein expression in transformant Bt by 

lactose monohydrate and IPTG induction time at 16, 17, 18, 19, and 20 hour-each hour 

10µL  

 0.0 mmol/L 0.1 mmol/L 0.2 mmol/L 0.5 mmol/L 0.1 mmol/L (IPTG) 

Bt 
LEA 

-I 

LEA 

-E 

LEA 

-K 

LEA 

-I 

LEA 

-E 

LEA 

-K 

LEA 

-I 

LEA 

-E 

LEA-

K 

LEA 

-I 

LEA 

-E 

LEA 

-K 

LEA 

-I 

LEA 

-E 

LEA 

-K 

1.00  1.19 1.17 1.26 1.22 2.36 1.32 1.56 1.48 1.61 1.55 1.49 1.71 1.28 1.50 1.32 
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3.3.5 Optimal inducing concentrations and induction pattern of lactose 

In this investigation, Lactose with two different concentrations and induction patterns might be 

the indicator to determine the effective expression of Cry protein. In addition, only lactose is using 

either an inducer or not. So, in this investigation it is obvious to confer that the induction pattern 

of lactose (intermittent concentration, 10 µL) might be one of the crucial factor for enhancement 

of Cry protein expression in comparison to IPTG. This intermittent induction of lactose 

phenomenon was not formerly illustrated to the expression of protein in associate with LEA 

peptide co-expression system, particularly for Cry protein expression. So, this may be the 

hypothesis why intermittent induction (10 µL) is most fruitful in comparison to at a time induction 

(50 µL) as the bacterial cell can completely utilize it as glucose is getting depletion in accordance 

with time. Because the presence of glucose often prevents the use of secondary carbon sources 

[54]. 

The comparison of the data between Fig. 3-5 and Fig. 3-6 at the 11th hour, the concentration of 

glucose was lower than lactose. So, it may be another indication that according to time as the 

concentration of glucose is getting reduced, bacteria prefers to the second carbon source is obvious 

lactose and utilized as an inducer to enhance the expression of Cry protein. Another purpose of 

this experiment was to clarify which concentration and the pattern of induction like intermittent 

(10 µL) or at a time induction (50 µL) were more fruitful. From Fig. 3-5, we can easily determine 

that the presence of lactose concentration by intermittent induction (10 µL) was higher whereas, 

at a time induction of lactose concentration (50 µL) was lower at 16th hour. Consequently, if we 

observe Fig. 3-6, the concentration of glucose (10 µL) was lower than (50 µL) glucose at 16th hour. 

Even though if we observe Fig. 3-7, there was no presence of galactose at the 16th hour. So finally, 
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we can confer that intermittent induction of lactose (10 µL) might be a new technique for the 

enhancement of bacterial protein expression  

The lactose in associate with intermittent induction summarized in this study for the very first 

time to permit the expression of Cry protein by the employment of LEA peptide co-expression 

system. Lactose-induced culture was able to enhance the more expression in order to grab the 

position of the most commonly used inducer, IPTG. The efficacy of lactose was checked by 

intermittent addition to the media. This lactose induced-system was not only effective than IPTG 

but also presented a new innovative technique of intermittent induction in comparison to at a time 

induction. By the employment of intermittent induction, the bacterial cell becomes capable to 

properly utilization of lactose for their growth and lac operon system to enhance the expression of 

LEA peptide along with protein expression. Remarkably, it could be mentioned this new approach 

is pretty interesting. How do we say it’s interesting? The same amount of lactose by the intermittent 

induction (10 µL) from 11th hour to 15th hour when the round figure comes 50 µL but at a time 

induction the total amount is also 50 µL. But only the induction pattern (intermittent induction, 10 

µL) influenced the total beauty of this experiment by enhancing the expression of Cry protein 3 

fold. Finally, the comprehensive utilization of intermittent induction of lactose in near future may 

represent a new window to lead a very fruitful operation for efficient expression of the protein in 

comparison to IPTG.  
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Figure 3-5  Concentration of lactose in culture media incubated recombinant Bt which expressed mutated 

LEA-E peptide. Sample is showing on time dependence by intermittent (10 µL) and at a time (50 µL) 

induction by lactose. Induction time of intermittent (10 µL) was followed at 11th, 12th, 13th, 14th, and 15th 

hour, and at a time (50 µL) induction of lactose was 11th hour. 

 

Figure 3-6  Concentration of glucose in culture media incubated recombinant Bt which expressed 

mutated LEA-E peptide. Sample is showing on time dependence by intermittent (10 µL) and at a 

time (50 µL) induction by lactose. Induction time of intermittent (10 µL) was followed at 11th, 12th, 

13th, 14th, and 15th hour, and at a time (50 µL) induction of lactose was 11th hour. 

 



111 
 

 

 

 

 

 

 

  

Figure 3-7  Concentration of galactose in culture media incubated recombinant Bt which expressed 

mutated LEA-E peptide. Sample is showing on time dependence by intermittent (10 µL) and at a 

time (50 µL) induction using lactose. Induction time of intermittent (10 µL) was followed at 11th, 

12th, 13th, 14th, and 15th hour, and at a time (50 µL) induction of 
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3.4 Conclusion 

 

In the case of the presence or absence of glucose, there is no significant difference in the case 

of protein expression after 48 hours. So, it’s indicating that LEA peptide co-expression system is 

capable even though in absence of glucose. Also, clearly indicating that an excess amount of 

glucose can affect the LEA peptide co-expression system. On the other hand, it is also speculating 

that no glucose in the media, the lac repressor also does not work. So presence or absence of 

glucose does not have any direct effect to express the Cry protein expression but has a little effect 

during cell growth. During the cell growth, the absence of glucose, make the bacterial cell more 

stressed to produce more spore to regulate the normal cell cycle.  

On the other hand, here is the alternative inducer lactose was more effective in comparison to 

the most commonly used IPTG. The efficacy of lactose was checked by continuous addition to the 

media and to check the effect. Continuous addition was far better than at a time induction. By 

continuous addition, the bacterial cell can properly utilize for their growth and lac operon system 

to enhance the expression of LEA peptide, then Cry protein expression. Finally, I would like to 

mention this new approach is pretty interesting. How do we say it’s interesting? The same amount 

of lactose by the intermittent induction (10 µL) at 15th hour the round figure comes 50 µL but at a 

time induction (50 µL). But only the induction pattern (intermittent induction, 10 µL) influences 

the total beauty of this experiment. Finally, the comprehensive utilization of intermittent induction 

of lactose in near future may represent a new window to lead a very comfortable operation for 

efficient expression of the protein in comparison to IPTG.  
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4.1 Summary 

The production of recombinant proteins is the most desire attraction for any researchers as well 

as in the field of molecular biology as it has transformed into a new dimension. Undoubtedly, the 

expression system is the major pathway for recombinant protein or efficient expression of the 

protein.  Although Escherichia coli is one of the first preferences for expression, another host cell 

can also be utilized for the recombinant protein expression where the major bottleneck is associated 

with efficient expression of the protein. Most common problem for getting the efficient amount of 

protein, particularly selection of process, duration of time, and extremely considering point of the 

purification process. In this entire investigation, our approaches how to enhance the efficient 

expression of Cry protein from Bacillus thuringiensis by maintaining the quality and quantity 

without any tag expression system, without any interference of inclusion bodies, and presence of 

an unwanted protein that may obtain from the related organism. The purpose of this research is to 

establish a new system by the first ever interaction of late embryogenesis abundant (LEA) peptide 

co-expression with Bt synthesized Cry protein for efficient expression as a biological approach to 

compete with chemical insecticide as well as compensation of the price as an industrial purpose in 

a way of eco-friendly approach.  

In the first chapter, the current problems in combating mosquito-induced infections were 

pointed out and described the effectiveness of killing mosquito larvae with microbial insecticides 

by the utilization of Bt synthesized Cry protein. Thereafter, we described how worldwide people 

are suffering from dangerous deadly diseases like dengue created by the mosquito. So finally we 

described the current problems, presented our first-ever approach and objectives of this study, and 

explained the structure of this doctoral thesis.  
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In the second chapter, for efficient expression of crystal protein against the mosquito larvae, we 

introduced a very simple but unique technique, LEA peptide co-expression system based on the 

expression vector pHT01 with a strong σA-dependent promoter to enhance the expression of 

insecticidal crystal proteins in native Bt. The co-expression of LEA peptide with Cry protein 

determines exceptional influence for expression of Cry protein without any unexpected change in 

the expression. One of the most considering points is that insertion of LEA peptide gene in the Bt 

did not change in the cell growth or other activities. Consequently, we designed two forms of LEA 

peptides (LEA-II and LEA-K) based on the sequence of group-3 LEA protein, which consists of a 

repetitive sequence of 11 amino acids. LEA-II and LEA-K were designed from the original peptide 

LEA-I suggesting that there is a strong interaction between the expression pattern of targeted Cry 

protein and also the composition, position, and nature of the amino acid. In this study, the amino 

acid sequence of the 13-mer LEA peptide, threonine was substituted by leucine at amino acid 

position 7 in LEA-II, and glycine was substituted by lysine at amino acid positions 6 and 12 in 

LEA-K peptide. It’s our hypothesize that the hydrophobic nature of leucine along with the positive 

charge of lysine in LEA peptide might have an impact on the efficient expression of the Cry protein. 

Even though, stabilization of polar residues in association with interactions with the target protein 

is important for the efficient enhancement of Cry protein expression. LEA peptide may protect a 

protein from degradation by a protease or may have a molecular shielding effect. After analyzing 

the result, Bt-LEA-II mediated co-expression system demonstrated the maximum expression of 

crystal protein owing to have 3-fold after induction of isopropyl β-D-thiogalactopyranoside 

(IPTG) with concentration 0.5 mmol/L IPTG at 12th hour. In this study, it seems by utilizing of 

LEA peptide co-expression system the Cry protein expression was higher in comparison to wild-

type Bt. Even though our previous study indicated the targeted protein will express but how it will 
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enhance is still questionable. On the other hand, Cry protein expression level was satisfactory but 

from the commercial point of view, it was not up to the mark. Although this unique approach has 

a great potential to produce bio based insecticidal agents by the enhancement of crystal protein, 

still it has some limitations. Another considering point, induction of IPTG in the commercial 

purpose bit difficult to manipulate as well as economically not welcome. So, in our next step, the 

approach should be redesigned in such a way where we can get the maximum expression of Cry 

protein with an alternative inducer of IPTG.  

 

For the third chapter, the experiment was designed by the framework of utilizing the glucose 

and without glucose in the media and lactose monohydrate inducer as an alternative to IPTG. By 

using the LEA peptide co-expresion system. Considering the point of glucose, like presence or 

absence of glucose in the media have any effect on the protein expression and lactose can be an 

inexpensive and non-toxic inducer for efficient expression of Cry protein. In this study, we also 

utilized the same LEA peptide co-expression to enhance our targeted protein by gathering the 

knowledge from the previous chapter. We utilized wild type Bt, empty vector, pHT01, and BT-

LEA-II transformant. As glucose is the most preferable carbon source for bacterial growth, spore 

formation, and Cry protein production as well. But it is reported that excess glucose in the media 

can suppress the spore formation and also reduce toxicity.  

From the results, there was no significant difference in the case of protein expression after 48 

hours of incubation with presence or absence of glucose in the cultural media. So it’s indicating 

that LEA peptide co-expression system is capable to express protein even though in absence of 

glucose. This result is clearly indicating that an excess amount of glucose can affect the LEA 

peptide co-expression system. On the other hand, it is also speculating that the cultural media 
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without glucose, the lac repressor does not work. So, presence or absence of glucose does not have 

any direct effect to express the Cry expression but has a little effect during cell growth. During 

cell growth, the absence of glucose, make the bacterial cell more stressed to produce more spore 

to regulate the normal cell cycle. So, it might be the same as both empty vector and Bt-LEA-II 

transformant when no glucose in the media.  

LEA peptide co-expression system was effective to enhance the Cry protein expression by the 

induction of IPTG. So, by gathering the knowledge from the previous chapter, maybe it is possible 

to utilize lactose as an inducer to enhance the Cry protein expression in association with LEA 

peptide co-expression system. For this experiment, we designed three forms of LEA peptides 

(LEA-I, LEA-E, and LEA-K) like Chapter 2. The presence of lactose in the media either is working 

as an inducer or carbon source. If lactose works as an inducer, it will bind to the lac repressor and 

makes it let go to the operator. Then RNA polymerase can transcribe the operon. For more 

clarification, it is also essential to determine the presence of glucose and lactose. Because in the 

LEA peptide co-expression system, how is the effect of glucose or lactose can perform either as 

an inducer or not. Among three forms of LEA peptides, LEA-E was more effective to enhance Cry 

protein expression. In this study, the amino acid sequence of the 13-mer LEA peptides, glycine 

was replaced with glutamic acid at amino acids 6 and 12 in the LEA-E peptide, and glycine was 

replaced with lysine at amino acids 6 and 12 in the LEA-K peptide. LEA-I was the original peptide 

and it can make a correlation between the expression level of targeted protein and amino acid 

composition in LEA peptide sequence, which can be exploited to determine the expression level 

of genes. On the other hand, the nature of hydrophilic glutamic acid in association with negative 

charge might influence enhancing the Cry protein expression in case of Bt-LEA-E peptide. Not 

only have that, but also the induction pattern like intermittent induction of lactose (10 µL) was 
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also more fruitful to bacteria for utilizing expression of Cry protein. Because at the 11Th the amount 

of glucose already started to depleted status and can effectively utilize lactose as an inducer for the 

efficient expression of Cry protein.  

 

The overall work follows presented that how LEA peptide can enhance the Cry protein 

expression where the data indicating the nature, position, and structure of amino acid in the LEA 

peptide might have the influence to enhance the targeted protein expression through this co-

expression system. In association with, the particular role of IPTG and also the time of induction. 

In addition to IPTG, another alternative inducer of lactose and the pattern of induction have a 

pivotal role in the efficient expression of Cry protein. Finally, by the employment of intermittent 

induction of lactose induced LEA peptide co-expression method, Cry protein expression in Bt can 

be implemented economically and effectively, and is expected to develop into a practical 

technology.  
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4.2 Future prospect 

The core purpose of our study to enhance the expression of Cry protein by the employment of 

LEA peptide co-expression system based on the biological approach to compete with the chemical 

insecticide to kill the mosquito larvae. Based on the diverse kinds of LEA peptide with two 

different inducers were utilized in this entire resaerch for enhancement of Cry protein expression. 

We hypothesize that the LEA peptide can work as amolecular chaperone or has the molecular 

shielding effect on the efficient expression of targeted protein. Besides this, naure and position of 

amino acid have also the the influence for expression of targeted potein. But still there is some 

limitation in this investion that how LEA peptide is enhancing the expression of Cry protein in 

association with the expression of Cry peotein is not highly satisfactory. Although we know that 

it is hard to gain highest level of expression based on biological approach. So for gaining maximum 

level of expression, we should focus on othe Bt synthesized other protein like Cyt and VIP protein 

and how is the effect of this synergistic action of these proteins. Not only synergistic action, but 

also the study of molecular architecture of Cyt or VIP protein may reveal the way to enhance the 

expression level and insecticidal activation as well. To focus on the molecular analysis like 

mutation of Cry protein and recombinant host expression might be another approach for 

enhancement of Cry protein expression.  
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Appendix 

 

[i] Culture media and plate 

Tryptic Soya broth (TSB) liquid Media  

Reagent  Adding amount 

BD BactoTM Tryptone 17g/L 

BD BactoTM Soytone 3g/L 

D+Glucose (C6H12O6) 2.5g/L 

Potassium Dihydrogen Phosphate (KH2PO4 ) 2.5g/L  

Sodium Chloride (NaCl) 5g/L 

 

Dissolved 17gm Tryptone, 3 gm Soytone, and 2.5 gm Potassium Dihydrogen Phosphate and 5 gm 

sodium chloride in 950 mL deionized water. Adjusted the pH of the medium to 7.0 by adding 

1mol/L NaOH and finally made the total volume 1 litre. Thereafter, autoclave was done by 

maintaining 20 minutes at 15 psi. Allowed the medium to make it cool down at 55 oC and finally 

adding of the glucose 2.5 gm to the medium.  

 

100 × spore forming solution 

Reagent Adding amount 

Calcium chloride Dihydrate (CaCl2. 2H2O) 1.02 %/100 mL 

Manganese Chloride Tetrahydrate (MnCl2 4H2O) 0.1 %/100 mL 

Magnesium Chloride Hexahydrate (MgCl2. And  H2O) 2.03 %/100 mL 
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First 100 mL distilled water was taken and all the reagents weighed properly. Then all the reagents 

dissolved into the water and proper mixing by the help of stirrer. Finally filtered and preserved it 

at 4 oC.  

 

Nutrient Agar Plate 

Reagent Adding amount 

Tryptone  10 gm/L 

Sodium Chloride (NaCl) 5 gm/L 

Yeast Extract (YE) 5 gm/L 

Agar Powder 15 gm/L 

 

Dissolved 10 gm tryptone, 5 gm sodium chloride, 5 gm yeast extract and finally 15 gm agar powder 

to the 1 liter distilled water before autoclave. Thereafter, autoclave was done by maintaining 20 

minutes at 15 psi. Allowed the medium to make it cool down at 55 oC and poured the medial in 

the agar plate to make it solidified. And finally preserved it at 4 oC.  

 

Sterile saline  

Reagent Adding amount 

Sodium Chloride (NaCl) 0.85 % 

Tween-80 0.05 % 

DW 100 mL 
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100 ml distilled water was taken in a glass beaker and first added sodium chloride. After that 

tween-80 was added to solution and mixing properly by the help of stirrer. Finally filtered and 

preserved it in 4 oC.  

 

[ii] Larvicidal activity against Aedes albopictus   

The susceptibility of the Aedes albopictus larvae to the Cry toxin was assessed in the presence of 

protein treated with the Bt-LEA transformant and wild type (Wt) as a control. The 

evaluation was performed to determine the activity of the insecticidal protein by adding a diluted 

culture solution to Aedes albopictus larvae and counting the number of dead insects after 24 

hours. For this bioassay, a diluted culture solution that was obtained by culturing the Bt-LEA 

transformant for 48 hours. Induction of each LEA peptide by IPTG was performed at 12th hour of 

incubation. The diluted solution was used as a tested solution and the 4th instar 

larvae of A. albopictus as an insect and wild type (Bt. D142) as a control. The experiment was 

executed by using 250 µL of sterilized distilled water and the same volume of the culture 

solution Bt-LEA transformants were added to a microtube to prepare a 50 % (500,000 ppm) 

culture solution. This solution (10 μL) was collected and mixed with 990 μL of sterilized distilled 

water to prepare a 5,000 ppm solution as a test solution. Five A. albopictus larvae were added into 

each well of a 12-well microplate, followed by the 4 mL of laboratory tap water. For evaluation, 

three wells (total of 15 larvae) were used for each concentration of tested samples. 40 μL of diluted 

test solutions (3,000, 2,000, 1,000, and 500 ppm) was added to wells and the final concentration 

were (30, 20, 10, and 5 ppm). The bioassay was maintained under controlled conditions at 25°C 

and 75% humidity for 48 hours. In each experiment, the tests were repeated three times on 
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different days and the mean mortality rates were obtained in each experiment. Mortality data for 

each larvicidal concentration were used to determine the LC50 using the probit method by Bliss.   

 

[iii] Quantification of glucose and lactose 

We determined the glucose and lactose concentration in the medium and cell by using a glucose 

and lactose detection kit (Boehringer Mannheim/R-Biopharm). We checked the glucose 

concentration from the fresh media and all the samples as well. To execute this, we prepared two 

categories of samples like blank and D-glucose samples for checking glucose concentration from 

each sample. For blank, first solution III (1mL) and distilled water (2.250 mL) were taken and for 

D –glucose checking 500 µL sample, first solution III (1mL) and 1.750 mL distilled water added, 

and the absorbance were checked at 340 nm at both of blank and for sample. After that suspension 

III was added both in blank and sample solution and incubated at room temperature for 20 minutes 

and finally the absorbance was checked. Every time the absorbance was taken 3 to check the 

stability of the reaction and before and after addition of solution IV the absorbance was indicated 

by A1 and A2 consequently. For the detection of lactose and galactose, we prepared three distinct 

categories of the sample as blank, samples for lactose, and D-galactose. Like glucose detection, 

first, we checked the lactose and D-galactose concentration from fresh media and finally for all 

the samples. Here also for blank, the solution I (200 µL), solution II (50 µL), solution III (1 mL), 

and finally distilled water (2mL).  For lactose, the solution I (200 µL), solution II (50 µL), and 

sample (500 µL) were taken together and incubated at room temperature for 20 minutes. Thereafter, 

solution III and distilled water (2mL) were added finally. Accordingly, for D-galactose 

concentrations, except solution II, solution I (200 µL), sample (500 µL), solution III (1 mL), and 

lastly distilled water (1.55 mL) were added together. All the solutions were checked by using 
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spectrophotometry of 340 nm absorbance. Consequently, Solution IV was added to each sample 

and again incubated at room temperature for 20 minutes. Lastly again all the samples were checked 

by using the same absorbance. In this investigation, every time took absorbance three times and 

before and after adding solution IV the absorbance was determined by A1 and A2 respectively. 

 

Calculation of concentration     

For glucose concentration, if the absorbance A2 increases constantly, extrapolate to the 

absorbance to the time of the addition of 4 (HK/G6P-DH). Determination of the absorbance 

differences (A2- A1) for both, blanks and samples. Subtraction of the absorbance difference of the 

blank form the absorbance difference of the corresponding sample.  

∆A= (A2- A1) sample - (A2- A1) blank  

It follows ∆A D-glucose (from “D-glucose sample”) and  

∆A lactose+ D-glucose (from “lactose sample”).  

The difference of these values stands for ∆A lactose 

For lactose and galactose concentrations, if the absorbance A2 increases constantly, extrapolate to 

the absorbance to the time of the addition of 4 (β-galactose dehydrogenase). Determination of the 

absorbance differences (A2- A1) for both, blanks and samples. Subtraction of the absorbance 

difference of the blank form the absorbance difference of the corresponding sample. 

∆A= (A2- A1) sample - (A2- A1) blank  

It follows ∆A D-galactose (from “D-galactose sample”) and  

∆A lactose+ D-galactose (from “lactose sample”).  

The difference of these values stands for ∆A lactose 

According to the general equation for calculating the concentrations: 
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V=final volume (mL) 

v= sample volume (mL) 

MW= molecular weight of the substance to be assayed [g/mol] 

d= light path (cm) 

 ε= extinction co-efficient of NADPH at  

340 nm=6.3 [Ix mmol-1x cm] 

For glucose:if the sample has been diluted: 

 

 

For lactose: if the sample has been diluted 

 

 

 

 

 

 

 

 


