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Incautious use of chemical pesticides in the agricultural field has led to 

detriment of lands and decline soil fertility. It also poses human health risk 

and environmental degradation. Bacillus thuringiensis, a spore forming 

soil bacterium, predominantly produces insecticidal proteins, is a 

promising solution for sustainable pest management in agriculture. The 

present work aims to screen Vip genes in isolated stock samples of B. 

thuringiensis and to show the insecticidal effect of Vip 3 protein on Fall 

armyworm larva. Fifty B. thuringiensis isolates along with two commercial 

strains, B. thuriengiensis subsp. galleriae HD8 (BGSC 4G1) and B. 

thuriengiensis subsp. morrisoni HD12 (BGSC 4K1), were used for 

screening of vegetative insecticidal protein coding genes (Vip1, Vip2 and 

Vip3) by conventional PCR and sequencing. Gram staining was performed 

for bacterial morphology and only bipyramidal shaped protein crystals 

were visualized during Coomassie Brilliant Blue staining.  Among 50 

crystal-forming isolates, 90% strains were found to carry the Vip3 gene 

but none of the isolates were found to possess the Vip1 and Vip2 genes. 

However, Vip2 gene was detected in reference strains (BGSC 4G1 and 

BGSC 4K1). The pairwise comparisons and phylogenetic tree analysis of 

Vip3 genes from five Bt isolates showed 100% sequence similarities with 

worldwide distributed B. thuringiensis Vip3 gene. Ammonium sulfate 

precipitation was followed by partial purification of Vip3 protein. SDS-

PAGE analysis revealed the molecular weight of the Vip3 protein around 

90 KDa. From bioassay of Fall armyworm, lethal concentration (LC50) of 

Vip3 protein of reference sample BGSC 4G1 was 16.2607 ± 5.4239 μg/ml 

and isolate Bt Kasara showed 19.1268 ± 8.289 μg/ml in 7 days. Protein of 

BGSC 4G1 showed strong effectiveness (needed 17.63% less protein) as 

compared to Bt Kasara Vip3 protein. Therefore, Vip3 protein showed a 

potential biopesticidal effect and it may be utilized as a sustainable pest 

management approach.  
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Introduction 

The development of insect resistance to synthetic 

pesticides and their chemical hazards to the 

environment has led to the extensive interest in Bacillus 

thuringiensis (Bt) in pest-controlling technologies 

(Ibrahim et al., 2010; Watkins et al., 2012). B. 

thuringiensis (Bt) is a Gram-positive, motile, rod and 

spore-forming bacterium belonging to the family 

Bacillaceae widely known for bioinsecticides. B. 

thuringiensis was first discovered in 1901 by Shigetane 

Ishiwatari as a cause of sudden-collapse disease in 

silkworm larvae, later named by German scientist Ernst 

Berliner (Hannay & Fitz-James, 1955), reisolated from 

flour moth larvae in the state of Thuringia (Milner, 

1994).  

Many species of B. thuringiensis have shown broad-

spectrum activity against different orders of insects, 

including Lepidoptera, Coleoptera, Diptera, and 

Hemiptera, as well as some nematodes and mosquitoes 

(El-Gaied et al., 2020; Ma et al., 2023; Şahin et al., 

2018). Crystal (Cry or Cyt) protein (Bechtel & Bulla, 

1976; Labaw, 1964), also known as (σ-endotoxins) and 

vegetative insecticidal protein (Vip) (Yu et al., 1997) 

are two major proteins secreted by B. thuringiensis 

during their respective stationary and vegetative growth 

phases. The vegetative insecticidal protein has distinct 

genomic sequences and binding sites with Cry protein 

(Aswathi et al., 2024; Yan et al., 2020). The family of 

vegetative insecticidal protein is classified into four 

subfamilies, Vip1, Vip2, Vip3 and Vip4, within which 

a total of more than 100 types, based on the amino acid 

sequence homology (Gupta et al., 2021). Subfamily 

Vip1 and Vip2 toxin form a heterodimer and their 

combination exhibits activity within Coleoptera and 

Hemipteran insect orders, whereas Vip3 is effective 

against many species of Lepidoptera (Syed et al., 2020). 

Among the Vip family, Vip3 proteins are the most 

widely studied and present in greater parts than others. 

Vip3 is divided into three classes (Vip3A, Vip3B and 

Vip3C), and their classes are subdivided again into 10 

Vip3A (Vip3Aa to Vip3Aaj), three Vip3B (Vip3Ba, 

Vip3Bb, and Vip3Bc) and one Vip3Ca subclasses 

(Chakrabarty et al., 2020; Estruch et al., 1996; Gupta et 

al., 2021; Palma et al., 2012). Vip4, on the other hand, 

is the least characterized, and its pesticidal activity has 

been under research. The lethal effectiveness of Bt 

protein is based on the specificity of ligand-receptor 

binding (Wang & Cheung, 1994). The crystalline form 

of protein undergoes protease activation, following 

conformational changes, which drives pore formation 

and destruction of the larval midgut membrane (Bravo 

et al., 2007; Kumar et al., 1996). Normally, Vip3 protein 

(around 90 KDa) is in an inactive state. During 

activation, trypsin-like enzymes in the midgut of insect, 

cut the protoxin at 198 amino acid residues, releasing 

nearly 20 kDa N-terminal and 65 kDa C-terminal as 

minor and major fragments (Chakrabarty et al., 2020; 

Jiang et al., 2020; Núñez-Ramírez et al., 2020). The 

specific receptor present in the microvilli of epithelial 

cells can recognize the activated protein (Lee et al., 

2003). The membrane pore formation process is still 

unclear; the fibroblast growth factor receptor (Fgfr) 

mediated endocytosis probably the cell lethality has 

been reported (Jiang et al., 2018).  

The use of Bt protein, especially, cry protein is one of 

the sustainable approaches to developing a safer way of 

agricultural reform. The worldwide use of biopesticides 

has already been for a century (Nester et al., 2002), Bt 

protein is used as a major biopesticide (Kumar et al., 

2021), accounting for 90% of biopesticides from Bt 

protein of total biopesticides in the United States 

(Sanchis & Bourguet, 2008). Besides the broad action 

of Cry protein against insects, the development of insect 

resistance to Bt crystal protein (Tabashnik, 1994; Van 

Rie & Ferré, 2000) and against a group of commercial 

pesticides (Washim et al., 2024), the researcher has 

increasing interest in the vegetative insecticidal protein. 

Vip protein has a crucial role in resistance pest 

management since it harbors activity against a target 

group of insects, along with a group of insect-resistant 

pesticides and Bt crystal protein-resistant pests. 

In Nepal, the use of pesticides in agriculture has a long 

history and plays an important role in the commercial 

production of agricultural commodities. Vegetables are 

the major produce with nearly 90% use out of the 

national average of 396 gm of a.i/ha total pesticide use 

(Parajuli et al., 2021). Similarly, use of pesticides is 

increasing about 20% per year, with insecticides sharing 

the second highest imported pesticides, that is 33% 

(Ghimire & GC, 2018).  

However, due to the poor integrated pest management 

strategy, the haphazard use of chemical pesticides is 

increasing day by day.  Large amounts of pesticide 

residues have been reported, especially in plant-based 

food (Nyaupane, 2022), which directly affects human 

health and livelihood (Karki & Dangol, 2023). So, this 

situation redirects to an alternative search for 

sustainable agriculture practices. The application of Bt 

protein as a biopesticide in Nepal is lagging behind 

despite its worldwide use. One of the reason behind this 

is, the research and development of the biopesticides 

and its industrial production is  less prioritized by the 

government and concern bodies. However, small-scale 

research is conducted in different institutions and 

research academics. Bioassay and lethal dose 
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determination of different insects using chemical 

pesticides and biopesticides have been showed in the 

previous studies (Limbu et al., 2020; Sharma et al., 

2022). Till now, research on the bioassay of Fall 

armyworms using Vip protein in Nepal has not been 

conducted yet. The study of Vip3 protein isolated from 

a diverse altitude ranging from 75-5050 meters (Rana et 

al., 2002) is one of the works demonstrating the specific 

insecticidal effect of the protein. Approaching its very 

distinct features, here we try to figure out the screening, 

characterization, and sequencing of the Vip3 gene 

encoding a protein of B. thuringiensis and its bioassay. 

Extracted Vip3 protein may be utilized as a sustainable 

pest management approach, contributing to reduce 

environmental impact, and exploited as a safer 

alternative to chemical pesticides. 

Materials and Methods 

Bacillus thuringiensis isolates and growth conditions 

A total of 50, Bacillus thuringiensis lyophilized stock 

which were previously collected and biochemically 

characterized samples from six geographical regions of 

Nepal (Figure 1 and Figure 2) along with two references 

B. thuriengiensis subsp. galleriae HD8 and B. 

thuriengiensis subsp. morrisoni HD12 (BGSC 4G1 and 

4K1), kindly provided by Prof. Dr. Zeigler (Bacillus 

Genetic Stock Center, Columbus, Ohio, USA) were 

used for this study. All stocks were revived in T3 agar 

media (per liter: 3 g of tryptone, 2 g of tryptose, 1.5 g of 

yeast extract, 0.05 M sodium phosphate [pH 6.8], and 

0.005 g of MnCl; Travers et al., 1987). 

 

Figure 1: Map of Nepal showing six different geographical 

regions from where samples were collected. It covered an 
altitude from 70 to 5050 m asl. 

Gram staining and coomassie brilliant blue (CBB) 

staining  

Gram staining of Bt samples was performed thoroughly 

by smear preparation, CV-I complex formation using 

crystal violet and iodine, followed by decolorization 

with acetone and safranin as a counter stain.  Bt spore 

crystal was observed by the Coomassie Brilliant Blue 

staining (CBB) technique. For this, loopful colonies of 

Bt isolates were inoculated in 50 ml T3 broth media and 

incubated at 110 rpm in a 30°C shaking incubator for 5 

days.  After incubation, 5 μl spore crystal mixture was 

transferred onto a glass slide, then it was air dried and 

heat-fixed. The slides were flooded with 0.133% CBB  

stain in 50% acetic acid  CBB stain for 1 min, followed 

by rinsing with destaining solution (10% acetic acid, 

50% methanol, and water). The type of spore crystal 

was visualized under the microscope. 

 

Figure 2: Pie chart showing the total number of samples and 
their first name of sample code from the respective region (S1 
to S6) according to Figure 1. 

DNA extraction and PCR amplification of Vip gene 

The boiling method was used for DNA extraction of all 

samples (Abdelhai, 2016). Brielfly,  overnight cultures 

of B. thuringiensis were prepared in Luria Bertani (LB) 

broth, and it was centrifuged at 13,000 rpm for 5 min. 

Pellets were resuspended in sterile distilled water and 

left to boil (100 °C) for 10 min. The suspension was 

again centrifuged at 10000 rpm for 2 minutes and the 

collected supernatant was stored at 4 °C for further use.  

PCR amplification of the Vip gene from the selected 

Bacillus isolates was performed using three primer sets: 

Vip1, Vip2, and Vip3 consisting reference primer 

sequences, Vip1 forward-5’ 

TTATTAGATAAACAACAACAAGAATATCAATC

TATTMGNTGGATHGG 3’, Vip1 reverse-5’ 

GATCTATATCTCTAGCTGCTTTTTCATAATCTS

ARTANGGRTC 3’, Vip2 forward-5’ 

GATAAAGAAAAAGCAAAAGAATGGGRNAARR

A 3’, Vip2 reverse-5’ CCACACCATCTATATACAGT 
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AATATTTTCTGGDATNGG 3’ and Vip3 forward-5’ 

TGCCACTGGTATCAARGA 3’, Vip3 reverse-5’ 

TCCTCCTGTATGATCTACATATGCATTYTTRTT

RTT 3’ (Hernández-Rodríguez et al., 2009). The PCR 

reaction mixture was prepared in a final volume of 20 

μL consisting of 2X master mix, 10 pM/μl of primer 

concentration, and maintaining 100 ng of template. An 

Applied Biosystem PCR thermocycler is used to carry 

out PCR amplification. PCR condition set up for the Vip 

gene was initial denaturation of 95°C for 5 minutes, 

followed by 35 cycles of denaturation at 95°C  for 1 

minute, annealing at 51°C for 1 minute, extension at 

72°C for 1.5 minutes, and one cycle of final extension 

at 72°C for 10 minutes. Expected product sizes, 585 bp, 

845 bp, and 1621 bp for Vip1, Vip2 and Vip3 genes 

respectively were analyzed under 1.5% agarose gel 

electrophoresis. 

Sequencing of Vip3 gene 

Out of 50 samples, five strains from five geographical 

regions were taken for sequencing of the Vip3 genes. 

Sequencing was performed in a 3500xL Genetic 

Analyzer (Applied Biosystems) in the Molecular 

Biology Unit Laboratory of Nepal Academy of Science 

and Technology. Both obtained forward and reverse 

Sequences were aligned and edited using BioEdit. The 

sequence homology was determined by NCBI 

nucleotide BLAST. The phylogenetic tree was 

constructed using Mega 11 (Bootstrap 1000 repetition), 

the Neighbor-joining (NJ) method. 

Extraction and purification of protein 

Vegetative insecticidal protein was purified using a 

slightly modified method described by (Estruch et al., 

1996). Selected Bt strains were grown in Terrific broth 

media (12% tryptone, 2.4% yeast extract, 0.04% 

glycerol, 0.17 M KH2PO4, 0.72 M K2HPO4) for 16 hours 

with 30°C shaking incubation. After the day, the protein 

suspension was separated at 5000 g for 20 minutes. 

Ammonium sulfate (80% W/V saturation) was added to 

the supernatant at 4°C with continuous stirring 

(magnetic) for protein precipitation, and the precipitate 

was collected again through centrifugation at 5000g for 

15 min. After centrifugation, the pellets were 

resuspended in 1 ml of 100 mM Tris-HCl buffer (pH 

7.5). Dialysis against 20 mM pH 7.5 Tris-HCl buffer 

was followed at 4 °C overnight to remove especially the 

salts and small molecules. 

Analysis of Vip protein 

Partially purified proteins were separated based on their 

molecular weight by Sodium Dodecyl Sulphate 

Polyacrylamide Gel Electrophoresis (SDS-PAGE), 

Invitrogen Mini Gel Tank System. A separating gel 

(12%) and 5% stacking gel were used for 

Electrophoresis. Before loading, Protein samples were 

heated at 95 °C for 10min, and prepared in sample 

loading buffer containing 0.01% bromophenol blue. 

Electrophoresis was performed using 1X SDS-PAGE 

running buffer at 120 volts for 2 to 3 hours. After 

completion of electrophoresis, proteins were stained 

with 0.1% CBB, and a destaining solution was applied 

to remove the background stain. 

Preparation of protein standard and detection of 

extracted protein concentration 

The concentration of protein was determined by the 

Biuret method. A total of six stocks of concentration of 

BSA from 0.5 mg/ml to 10 mg/ml were taken for 

standard preparation. For the Biuret test, 25 μl of protein 

(partially purified protein for the test sample and BSA 

for standard) and 125 μl of Biuret reagent were mixed, 

and it was incubated for 30 min at room temperature in 

the dark conditions. Tris buffer with biuret reagent was 

taken for the blank. After incubation, absorbance was 

read at 540 nm. The concentration of test samples was 

calculated using a standard equation. 

Bioassay of insects 

Fall armyworm (FAW) eggs were collected from a 

laboratory of the Entomology Division, Nepal 

Agriculture Research Council (NARC), Khumaltar, 

Lalitpur. Eggs were reared for up to 3 days until the 

larvae reached their third instar phase by feeding on 

fresh leaves of maize. Third-instar larvae were used for 

the assay.  

The in vitro bioassay against FAW was performed by 

taking the reference from different sources (Estruch et 

al., 1996; Maheesha et al., 2022; Sharma et al., 2022). 

Different concentrations of protein were prepared: 10 

μg/ml, 25 μg/ml, 50 μg/ml, 75 μg/ml, and 100 μg/ml for 

activity against larvae.  

Fresh Maize leaves were dipped into 100 ml of a 

particular concentration of protein solution for 30 

seconds. Treated leaves were air-dried for a few minutes 

and placed into bioassay containers containing tissue at 

the bottom.  Larvae were allowed to feed on protein-

treated maize leaves.  For control larvae, protein 

untreated fresh leaves were feeded accordingly. This 

process was repeated up to 6-7 days at 24-hour intervals. 

Old leaves were removed daily, and freshly treated 

leaves were provided for feeding. Containers were kept 

well-labeled, provided with proper ventilation, and 
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maintained at 30 °C room temperature. Mortality was 

recorded after 6 days. 

Results and Discussion 

Staining of vegetative cells and crystal protein 

Gram staining of all 50 samples showed Gram-positive 

bacteria. Rod-shaped purple-coloured bacteria were 

observed under a 100X (immersion oil) microscope. 

Figure 3 shows the Gram staining and crystal staining 

of the Bacillus thuringiensis bacterium. All 50 isolates 

of B. thuringiensis form crystal protein during 

sporulation. Under microscopic observation, released 

crystals could be distinguished from spores since they 

stained purple and displayed a unique diamond shape, 

while spores remained white and elliptical in 

appearance (Figure 3). 

 

Figure 3: Gram staining and spore staining of Bacillus 
thuringiensis isolates. Rod shaped bacterium (A), Spore 
protein mixture (B) and Bypiramidal shaped crystal structure 

of Bt protein (C). 

PCR amplification of the vegetative insecticidal 

protein (VIP) gene 

A total of 45 samples, along with two reference strains 

4G1 and 4K1, showed the Vip3 gene positive among all 

52 (50 isolates and 2 references) samples tested, with 

the amplicon around 1621 bp (Figure 4). The Vip1 gene 

was amplified only in two commercial strains of BGSC 

4G1 and 4K1 around the product size of 585bp, but none 

of the Bt strains were found to carry the Vip2 gene. The 

occurrence of the Vip3 gene has been found in around 

90% of total samples. 

 

Figure 4: Screening of Vip genes. Lane 1; 100 bp Promega 
DNA ladder, Lane 2 and 3; 585 bp amplicon of vip1 gene, 
Lane 4 to lane 15 amplified PCR product of Vip3 gene size 

around 1621 bp. 

Construction of a phylogenetic tree of the Vip 3 

protein gene 

The Vip3 gene from five Bt strains (Bt Nep LA, Bt Lob 

10 LA, Bt A9 b LA, Bt Kasara, Bt Bir) showed a 100% 

match with Bt strains reported across various regions 

worldwide, including MZ191101.1 B. thuringiensis 

Vip3 gene India, CP001910.1 B. thuringiensis Vip3 

gene China, KY780302.1 B. thuringiensis Vip3 gene 

Pakistan, MH318013.2 B. thuringiensis Vip3 gene 

Turkey, DQ426899.1 B. thuringiensis Vip3 gene 

Thailand, as shown in Figure 5. 

 

Figure 5: Phylogenetic tree analysis based on Vip3 gene of 
five Bt strains (Bt Nep LA, Bt Lob 10 LA, Bt A9 b LA, Bt 
Kasara, Bt Bir) constructed using neighbor joining method of 
Mega 11 software with 1000 bootstrap values. 

Concentration and molecular weight determination 

of extracted protein 

The concentration of different proteins was calculated 

using a BSA standard curve from the Biuret test. The 
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concentration of six Bt isolates (Bt Nep LA, Bt Bag LA, 

Bt Lob 10 LA, Bt A9 b LA, Bt Kasara, Bt Bir) along 

with reference strain 4G1 (Table 1) were calculated 

using BSA as a standard (y = 0.0636x + 0.1116, with 

the correlation coefficient (R² = 0.9903). Among the six 

Bt isolates from six geographical regions, the highest 

concentration of Vip3 protein was found in the isolate 

of Bt Kasara, 9.566 mg/ml, with the lowest 

concentration 2.71 mg/ml from isolates Bt Lob 10 LA 

(Table 1). Isolate Bt Kasara was selected for the 

bioassay to compare activity with reference strain 4G1 

of 10.242 mg/ml protein concentration (Table 1). 

Table 1: Concentration of protein from different isolates and 
positive control. 

Sample Concentration 

(mg/ml) 

Bacterial 

type 

Geographical 

region 

Bt Nep LA 7.33 Isolate Nepalgunj 

Bt Bag LA 9.25 Isolate Pokhara, 

Kaski 

Bt Lob 10 

LA 

2.71 Isolate Lobuche, 

Solukhumbhu 

Bt A9 b LA 9.17 Isolate Khopasi, 

Kavrepanchok 

Bt Kasara 9.566  Isolate Kasara, 

Chitwan 

Bt Bir 3.11 Isolate Biratnagar 

4G1 10.242 Reference 

strain 

 

4K1 9.581 Reference 

strain 

 

 

Figure 6: SDS PAGE of BT Vip3 protein. Lane 1 to 3 : Vip 3 
protein of BT Bir, BT Kasara, and  BT reference strain 4G1 

respectiveyly. Lane 4; protein marker (Thermofisher 
Scientific prestained PAGE Ruler). 

In our result, the molecular weight of the Vip3 protein 

is found around 90 kDa, which is shown in Figure 6. 

Lanes 1 and 2 are the Vip3 protein band of isolates Bt 

Bir and Bt Kasara, and lane 3 is the band from the 

protein extract of the 4G1 reference strain. The size was 

compared with the protein marker (Thermofisher 

Scientific prestained PAGE Ruler. This preliminary 

protein could be useful for further characterization and 

bioassay of the Vip protein against different 

lepidopteran pests. 

Bioassay of Vip protein 

The lethal concentration (LC50) is the concentration of a 

compound that causes the death of 50% population of 

test animals. From probit analysis, the Lethal 

Concentration of Bt Kasara Vip3 protein was 

determined as 19.1268 μg/ml and 16.2607 μg/ml for 

BGSC 4G1 at 7 days (Table 2). Bt Kasara, with an 

average mortality 60% and 64% respectively (data not 

shown). The detailed study to determine the LC50 value 

of Vip3 protein from all isolates is underway. 

Table 2: Toxicity of Vip3 protein and LC50 determination. 

S.N. Bt Strain LC50 (μg/ml) 

1. Bt Kasara 19.1268±8.289 

2. BGSC 4G1  16.2607±5.4239 

Discussion 

In the present study, the majority of Bt strains were 

dominated (in all isolates we used in our study) by 

bipyramidal-shaped crystal protein. But the crystal 

protein shape may vary between the initially and most 

studied bipyramidal (Hannay & Fitz-James, 1955) to 

spherical, cuboidal, and rectangular shapes (Handayani 

et al., 2025). Among the three primers tested for 

screening of Vip genes, the presence of the Vip3 gene 

was found more prevalent than the Vip1 and Vip2 

genes. This denotes that the Vip3 gene has a high 

abundance among other genes. Although we have 

samples from different geographic regions, there is a 

huge difference (nil to 90%) in the distribution of 

Vip1/Vip2, and Vip3 genes. This frequency may vary 

due to the difference in environmental conditions of 

collected sources, like altitude elevation, texture and 

nutrition of the soil, aeration,  temperature, etc (X. Yu 

et al., 2011). Some research already showed that the 

frequency of the Vip3 gene is much higher, about 49.8% 

than Vip1 and Vip2 which was 10% (Hernández-

Rodríguez et al., 2009; R. Shingote et al., 2013). Also, 

the newly designed primer helps to provide the 

robustness of the primers to amplify and differentiate 

among different subclasses of the Vip family. Based on 

the sequences of the Vip3 region, we can assume a 

broad geographic distribution of Bt strains found in 

Nepal. Variation in Vip gene sequences leads to 

variation in amino acid sequences, which influences the 

level of toxicity in the Vip protein (Li et al., 2007). 
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Although the research on B. thuriengiensis has been 

reported in Nepal (Limbu et al., 2020; Parajuli et al., 

2015), the extensive and systematic analysis in 

distribution and diversity of Vip gene is not highly 

studied. So it might be the potential work to determine 

the sequence similarity in Vip genes present in Bt strains 

of Nepal. 

In this study, we use partially purified Vip3 protein for 

characterization and bioassay. The fully purified protein 

has a high concentration and higher binding affinity, so 

even at low concentration, it can be more effective 

against the target. The variation in protein profiling may 

depend on the diversity of the soil sample collection. As 

our results showed that the highest protein concentration 

was 9.566 mg/ml, which was the Bt strain from an 

altitude of 400 m asl. A similar range of proteins was 

extracted from the remaining isolates from 144 m asl to 

1414 m asl height (Table 1, Figure 1).  Similarly, the 

lower concentrations ranged from 2.71 mg/ml to 3.11 

mg/ml, which were geographic elevations from 70 and 

5050 m asl (Table 1, Figure 1).  

Protein profiling of various Bt isolates helps in studying 

the diversity of insecticidal proteins and their 

functionality. The vegetative insecticidal protein of Bt 

is secreted during the vegetative growth phase (Jiang et 

al., 2023). The Vip3 gene encodes a protein of around 

90 kDa (Chakrabarty et al., 2020) having 787 to 789 

amino acids (Syed et al., 2020). SDS-PAGE confirmed 

the presence of Vip3 protein in the Bt isolates, showing 

visible bands at ~ 90 kDa similar to the reference strain 

4G1 Figure 5. The Vip3 proteins can be cleaved into N-

terminal and C-terminal fragments of about 20 kDa and 

66 kDa, similar to the Vip3Aa type protein responsible 

for specificity and toxicity. The deletion of amino acids 

from the N-terminal enhances the toxicity of Vip3 

protein, and this can be achieved by the trypsinization 

of the protein (Jiang et al., 2023). This divergence in 

protein profile might be because of Bt strains from 

different geographic soil samples. As many researchers 

showed that protein profile is also dependent on the Bt 

strains of diverse geography (Baranek et al., 2023; 

Maheesha et al., 2022; Nair et al., 2018). 

Bioassay results revealed that Vip protein from isolate 

Bt Kasara showed a lethal concentration (LC50) of 

19.1268±8.289 μg/ml at 7 days, which was 17.63% 

greater concentration needed to affect fall armyworm 

larvae than that of the control strain 4G1. The lethal 

concentration of insecticidal protein depends on the 

percentage of mortality rate, the type of protein and 

purification methods we use, the stages of larval stage, 

the group of insect species, and the type of diet provided 

for the insect (Lone et al., 2016). A previous study 

demonstrated a large range of (0 to 100%) mortality rate 

on Plutella xylostella larvae at 25 μg/ml using a spore 

crystal mixture of different Bt isolates (Navya et al., 

2021). B. thuringiensis Bt294 Vip3A toxin’s LC50 

values of 187.1 ng/cm2 at 7 days against third instar 

larvae of Spodoptera exigua when they use artificial diet 

as a supplement (Nutaratat et al., 2023). Similarly, 

100% mortality was found using E. coli AB88 

(pCIB7104) cloned Vip3A protein treated in Agrotis 

ipsilon larvae, and while using neonates of fall 

armyworm (S. frugiperda) as a host, they also showed 

100% mortality at 140 ng per cm2, pCIB 7105 Vip3A 

clone protein concentration (Estruch et al., 1996). A 

very low (4 ng/cm2) Vip3A protein concentration 

needed for Fall armyworm gut paralysis and above 40 

ng/cm2 for larval death (Yu et al., 1997). These results 

suggest that if we use purified cloned Vip3 protein, they 

have high activity against the target at low concentration 

since it has a strong affinity to bind at specific sites. 

Although our isolates showed less activity compared to 

the reference, if we go through further characterization 

and purification processes, then we can figure out the 

lowest concentration of Vip3 protein needed for 

different lepidopteran insects. However, it is necessary 

for extensive research on biopesticides to protect against 

environmental detriment and the development of 

sustainable agricultural practices. 

Conclusion 

From this study, we concluded that Vip3 gene has 

abundantly present in the Bacillus thuriengiensis strains 

native to different geographical soil of Nepal. The 

partially purified Vip 3 protein is effective against one 

of the insects of lepideptera order. Our preliminary 

result above supports the development of reproducible 

and validated Vip protein which can be used as a 

sustainable biopesticides.  
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