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ABSTRACT 

Objectives: Entomotoxic microorganisms are becoming very effective as biocontrol agents in 

alternative to chemical formulations. This study aimed to evaluate isolation, characterization, and 

determination of the larvicidal activity of Bacillus thuringiensis against Culex and Aedes larvae.  

Methods: Bacteria were isolated from soil samples collected from major flour mills in Ilorin 

metropolis. The isolates were screened biochemically to obtain B. thuringiensis, which isolated were 

further subjected to molecular characterization. Larva toxicity was determined against Culex and Aedes 

larvae using standard procedure. Four densities of bacilli load were prepared using the McFarland 

turbidity standard 0.5, 1, 2, and 3, and the time range was 0-48 hours. 

Results: Five isolates were obtained and named BT1, BT2, BT3, BT4, and BT5. All the isolates were toxic 

to the larvae tested. Bacillus thuringiensis isolated appears to be more toxic to Aedes larva than Culex 

larva. The most effective isolate was BT5, with a more than 65 % mortality percentage. The percentage 

occurrence of Bacillus thuringiensis among the isolates is 62.5%. Crystal (Cry) 1 and 2 protein gene 

occurs in 100 and 80 % of the isolates, respectively. 

Conclusion: Formulations of B. thuringiensis from the isolates could serve as a form of biopesticide 

on mosquitoes and consequently control malaria and other mosquito-borne diseases of global health 

concern.  J Microbiol Infect Dis 2021; 11(4):224-232. 
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INTRODUCTION 

The menace of recurrent mosquito-borne 

diseases in epidemic proportions has become 

a major medical concern globally. However, 

the environmental challenge of chemical 

control of the vector is deleterious [1,2]. 

Hence, emphasis is recently shifted to eco-

friendly and economically viable means of 

curtailing the insect [2,3]. Therefore, it has 

become essential to develop environmentally 

friendly biological control against agents of 

vector-borne diseases all over the globe. 

Mosquito, especially Aedes and Culex 

species, transmit many crucial diseases such 

as malaria, filariasis, and encephalitis [2,4]. 

There have been several chemosynthetic 

pesticidal agents formulated and are in use. 

However, chemosynthetic pesticide 

applications have caused many health and 

environmental problems, including insect 

resistance and toxicity to humans, destruction 

of micro soil fauna and some beneficial 

insects, and accumulation in crops [5,4,6]. An 

alternative approach for mosquito control is the 

use of natural products from plants and 

microorganisms [2] 

Most synthetic chemical agents were reported 

to invariably get into rivers and other water 

bodies through floods and run-offs [4]. 

Subsequently, this leads to increased 

resistance and resurgence of pest and pest-

borne diseases [5,6]. Globally efforts have 
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been directed at controlling these problems 

through biopesticide alternatives [3]. Microbial 

insecticides are more relevant in pest 

management because they are strain-specific 

[2]. Mosquito control involves different means 

to mitigate mosquito growth and suppress the 

spread of mosquito-borne diseases [7]. The 

control can be achieved by controlling the 

mosquito larvae, adult, and or breeding habitat 

modification. The most efficient of these is 

larvae control [8,9]. According to a previous 

study [7], one safe agent for controlling 

anopheline larvae is Bacillus sphaericus. 

Bacillus thuringiensis is a known alternative to 

chemical compounds for vector control. This 

soil bacterium has been commonly used as a 

biopesticide for decades. Due to its high insect 

toxicity and specificity, it reportedly constitutes 

about 95 % of most commercial bio-

insecticides. It is also a safe and highly 

effective broad-spectrum control of human 

disease vectors and agriculture pests [2,4]. 

Bacillus thuringiensis (Bt) is a Gram-positive, 

rod-shaped, spore-forming, soil-dwelling 

bacterium commonly used as a biological 

pesticide. They grow at environmental 

temperature and are ubiquitous all over the 

globe [2,10]. They are also found in 

abundance in the gut of some butterfly larvae 

and grains and mill soil [10]. Bacillus 

thuringiensis is a known producer of toxic 

proteins with insecticidal action [2,4]. Although, 

not all strain possesses insecticidal potential 

[4]. Molecular studies showed that Bacillus 

thuringiensis carries a crystalline (Cry) protein 

inclusion known to be majorly responsible for 

its entomotoxicity. Besides the Cry toxins, 

Bacillus thuringiensis reportedly contains other 

virulence factors [2,10] such as β-exotoxins, a-

exotoxins, hemolysins, enterotoxins, 

chitinases, and phospholipases 

Using indigenous products from Bacillus spp. 

is highly desirable as it would build a local 

capability to produce biopesticide in 

developing countries. This would suppress 

dependency on imported products and activate 

local biopesticide production [7]. However, 

there is the need to identify novel and more 

active strains of the bacterium with insecticidal 

activity on pests of crops. However, there is an 

information gap on the prevalence of 

environmentally relevant B. thuringiensis in 

Kwara State and its potential to be used as a 

biopesticide. Therefore, studies on an 

indigenous isolate of B. thuringiensis are 

essential from public health and economic 

perspectives. Hence, this research aims to 

isolate, characterize, and determine the 

larvicidal activity of Bacillus thuringiensis from 

local flour mills in Ilorin, Kwara State. 

METHODS 

Soil samples were collected from six local flour 

mills at Ilorin, the west local government of 

Kwara State, Nigeria. The samples were 

collected by scraping off the soil surface with a 

sterile spatula and obtaining approximately 

200 g from a depth of about one inch below 

the surface. These samples were kept in 

sterile polythene bags and taken to the 

laboratory immediately for analysis. The 

temperature of the sites was taken with 

mercury in a glass thermometer, and the pH of 

the samples was taken in the laboratory with 

an electrode pH meter (PHF-3C). The 

moisture content of the samples was also 

taken. 

Isolation of Microorganisms from Soil 

Samples 

Isolation of Bacillus thuringiensis was carried 

out according to the method described by [11]. 

One Gram of soil sample was suspended in 9 

ml of sterile distilled water and mixed 

vigorously by vortexing. Ten-fold serial 

dilutions with sterile distilled water were done 

before plating on Nutrient Agar (NA). Bacillus 

thuringiensis-like colonies are usually cream-

colored, white, large, nearly circular with 

acceptable irregular margins, and maybe 

glossy, less glossy, or rough. They have the 

appearance of a fried egg on a plate [2,4] were 

selected and sub-cultured to get pure culture. 

It was maintained on slants at 4 0C for further 

use. 

Morphological and Biochemical 

characteristics 

Eight isolates were selected for further 

characterization based on colonial morphology 

using critical morphological/ physiological/ 

biochemical tests such as Gram’s reaction, 

catalase, oxidase, indole, citrate utilization, 

and starch hydrolysis were performed as 

described by [12,13].  

Screening for Sporulation in Isolates 

A sodium acetate selection test was carried 

out for all the eight organisms selected. A 

sample of each isolate was heat-shocked at 80 
0
C in a water bath for 10 mins to eliminate any 
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vegetative cells. The resultant spore mixture 

was cultured on T3 media (per liter: 3 g 

tryptone, 2 g tryptose, 1.5 g yeast extract, 0.05 

M sodium phosphate, 0.05 g magnesium 

chloride) made up with 0.06 M concentration of 

sodium acetate and incubated for 24 hours at 

30 
0
C to obtain single colonies. This medium 

also partially inhibits the growth cycle and 

sporulation of other Bacillus species. This test 

provides a preliminary assumption that the 

isolates were Bacillus thuringiensis, depending 

on the result obtained [14].  

Larva Toxicity Bioassays 

The toxicity of the five isolates that grew on T3 

media was carried out on larvae of Aedes and 

Culex mosquitoes. All strains of Bacillus 

thuringiensis isolated were maintained/ grown 

in sporulation medium/agar (per liter: 10 g of 

tryptone, 5 g of yeast extract, 5 g of sodium 

chloride, and 15 g of agar) for 48 hours at 30 
0
C. Four densities were prepared using the 

McFarland turbidity standard (Standards 

number 0.5, 1, 2, and 3) [23]. To prepare 0.5 

standard, 99.5 % BaCl was added to 0.5% 

H2SO4). Each standard was added to a 250 

ml conical flask with 100 ml of distilled water 

and 25 larvae as test organisms. The conical 

flask containing distilled water and the test 

organisms without Bacillus thuringiensis was 

used as the negative control. The test was 

done in triplicate. After a 48-hour of 

observation, the number of dead larvae was 

recorded. A mortality count of more than 50% 

of the larvae after 48 hours of observation was 

considered toxic [15]. 

The entomotoxic activity of each of the five 

isolates was evaluated after four (4) hours 

which is the minimum hour of observation. The 

mortality rate of the earliest hours of 

observation was considered to assess the 

severity of the toxicity. Comparison between 

toxicity to Culex and toxicity to Aedes larvae 

was also determined [15]. The mortality rate 

and the percentage occurrence of Bacillus 

thuringiensis among the isolates were 

calculated. The mean value and the standard 

error of mean were also calculated with P 

<0.01. 

Molecular Characterization 

All the five isolates used for larva toxicity 

bioassay were subjected to molecular 

characterization as follows: Overnight culture 

of entomotoxic isolates was prepared in 

nutrient broth. The broth culture was used for 

DNA extraction and PCR amplification as 

described by [16]. PCR amplification assay 

reagents were purchased from Bioline, 

Taunton, USA, and Invitrogen Corporation, 

USA. The sequencing results were generated 

from the ABI Prism 3130X1 Genetic 

automated sequencer (Applied Biosystems) 

and were carefully edited, filtered, and 

assembled for polymorphism detection using 

BioEdit software [16]. 

Phylogenetic Tree Reconstruction of Five 

Isolates Amplified and Sequenced With 16S 

RNA Marker 

Sequence similarity searches were compared 

with GeneBank databases using BLAST 

(Basic Local Alignment Search Tool). Multiple 

alignments were done using the ClustalW. 

Phylogenetic trees were constructed using the 

Maximum Likelihood Method [16]. 

Identification of Cry Protein Gene 

Nucleotide sequences of Cry genes available 

from GenBank were aligned using the 

Megalign program of the DNAStar software 

package. Two highly conserved regions 

among all crystal genes were selected, and 

two 20-mer 5'-degenerate primers were 

designed to match any known Cry genes. By 

use of a similar computer analysis or type 

primers (i.e., primers specific to a given type of 

crystal gene), were designed to match the 

hypervariable region of Cry 1 specifically, Cry 

2, Cry 3, Cry 4, Cry 7, Cry 9, and Cry 11 [17].  

Statistical Analysis 

Statistical analysis was carried out on the 

toxicity test result using Analysis of Variance to 

analyze the data. In contrast, SPSS was used 

to find the mean, and standard error mean 

(SEM) of the pH, temperature, and moisture 

content. 

RESULTS 

A total of eight bacteria consisting of both 

Gram-positive and Gram-negative bacilli 

selected based on colonial morphology and 

colors was biochemically characterized to four 

genera: Bacillus (5), Klebsiella (1), Salmonella 

(1), and Staphylococcus (1). The detail of the 

biochemical characteristics is presented in 

Table 1. Based on the biochemical 

characteristics, eight isolates were selected for 

further screening.  
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Sporulation and ability to grow on T3 agar 

to suspect Bacillus thuringiensis 

Five of the eight isolates that showed positive 

results by growing T3 media were used for 

further analysis and toxicity tests. 

Toxicity of Bacillus thuringiensis against 

Aedes and Culex Mosquito Larvae 

The result of the toxicity test is shown in 

Tables 2 and 3. Bacillus thuringiensis appears 

to be more toxic to Aedes larva than Culex 

larva. The number of dead larvae recorded 

after 4 hours (the minimum hour of 

observation) and after 48 hours are presented. 

According to the result, the most effective 

isolates against the tested larvae was the BT5, 

with a mortality percentage of more than 65 %. 

The percentage occurrence of Bacillus 

thuringiensis among the isolates is 62.5 %. 

Gel Electrophoresis Result 

The result of the gel electrophoresis is shown 

in Figure 1. It was photographed on UV 

Transilluminator light. Based on the 16S rRNA 

gene sequence, Bacillus sp. was identified as 

Bacillus thuringiensis. The DNA sequences 

were aligned, and a phylogenetic tree was 

constructed by the neighbor-joining method 

using MEGA5.01 (Fig. 2). Nucleotide 

sequence analysis of the isolates using the 

clustalW program revealed that the isolate 

showed homology with Bacillus thuringiensis. 

Isolates 2, 8, 3, 7, and 5 were identified as 

BT1, BT2, BT3, BT4, and BT5, respectively. 

PCR-Based Detection of Cry Genes in 

Bacillus thuringiensis Isolates 

Each set of the primers produced a PCR 

product with a unique molecular weight 

showing the presence of one or more crystal 

genes. Strains harboring crystal 1, 2, and 11 

genes were found at 100, 80, and 40% 

frequencies, respectively (Table 4). 

Frequencies of strains harboring Cry 3, 4 were 

60 % each. As a result, isolates containing Cry 

1 and 2 genes were the most abundant 

compared with isolates containing other Cry 

genes, and the least common Cry genes were 

Cry 7 and 9. In addition, it was observed that 

some of the isolates harbored two or more Cry 

genes.  

DISCUSSION 

The soil environment has been reported to be 

the wealthiest and most supporting habitat for 

microbes. Different microbes have been 

isolated from the soil, such as Salmonella 

spp., E. coli, Klebsiella spp., and Bacillus spp. 

[18]. The geographical distribution of Bacillus 

thuringiensis in soil habitats has been well 

documented [2,3,4,19]. In many countries, the 

bacterium existed naturally in soil 

environments, grains, natural grain silos, leaf 

litters, and stored product dust [21-22]. [23,24] 

reported that Bacillus thuringiensis is more 

abundant in stored product environments than 

other soil. This bacterium is a 

chemoheterotroph depending on organic 

carbon could be responsible for its association 

with grains, grain dust, and flour mills [10,24].  

Since discovering its potential and 

effectiveness as a biological control agent, 

Bacillus thuringiensis has been isolated in 

various parts of the world and from a wide 

variety of substrates such as maize, sorghum, 

and wheat [25-27]. In this study, Bacillus 

thuringiensis was isolated from local flour mill 

soil. This finding is in support of the claim by 

[10] that the bacterium can be found in flour 

mill soil. This observation could be due to the 

abundance of grain dust in the flour mill soil 

since soil properties could affect the 

abundance and distribution of Bacillus 

thuringiensis [11,20,28]. Bacillus thuringiensis 

to survive in several locations might be 

attributed to its spore production potential [2], 

which enables it to survive the adverse 

conditions of alternating wetness and dryness 

associated with the soil environment. Also, it is 

chemoheterotrophic and most likely carries 

amylolytic enzymes that could break down 

grain flour for their metabolism.  

The colonial, cellular, and biochemical 

characteristics of the Bacillus thuringiensis 

isolated were similar to the report of earlier 

authors [10,29]. In addition, recent reports on 

the frequency of Bacillus thuringiensis isolates 

from natural environments indicate a high 

probability of isolating a novel strain with 

insecticidal potential [23]. 

In this study, Bacillus thuringiensis isolated 

proves to be toxic to both Aedes and Culex 

larva but more toxic to Aedes larvae (Tables 4 

and 5). This result is also similar to the findings 

of [23] on the larvicidal action of Bacillus 

thuringiensis. However, the result was contrary 

to the work of [30]. Similar to the findings in 

this result is the report by [31] that Bacillus 

thuringiensis toxins showed higher toxicity to 
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Aedes larvae than Culex larvae. Bacillus 

thuringiensis has previously been used to 

control different kinds of insects, such as 

Simuliidae (black fly), moths, butterflies, 

mosquitoes, beetles, and sawflies. There have 

been reports of its larvicidal and insecticidal 

activities [31].  

Table 1. Biochemical Characteristics of Isolated Bacillus species. 

Isolates  Catalase Indole Starch hydrolysis Oxidase Citrate Probable organism 

1 + - - - - Salmonella sp. 

2 + - - - + Bacillus sp. 

3 + - + - - Bacillus sp. 

4 + - - - + Klebsiella sp. 

5 + - + - - Bacillus sp. 

6 - - - - + Staphylococcus sp. 

7 + - + - - Bacillus sp. 

8 + - - - + Bacillus sp. 

 

Table 2: Toxicity Test against Culex Larvae after 4 hours and 48 hours. 

Isolates 
3 hrs 48 hrs 

Percentage 

mortality (%) 

3 0.5 1 2 3  

BT1 0
 

0.00 ± 0.00
b
 1.00 ± 0.00

b
 2.00 ± 0.00

b
 3.00 ± 0.00

b
 12 

BT3 0
 

0.00 ± 0.00
b
 2.00 ± 0.00

b
 4.00 ± 0.01

b
 5.00± 0.03

b
 20 

BT5 4 5.00 ± 0.33
a
 8.00 ± 0.33

a
 13.00 ± 0.00

a
 17.00± 0.88

a
 68 

BT4 0 0.00 ± 0.00
b
 1.00 ± 0.00

b
 3.00 ± 0.00

b
 6.00± 0.04

b
 24 

BT2 1 1.00 ± 0.00
b
 2.00 ± 0.00

b
 3.00 ± 0.00

b
 4.00 ± 0.00

b
 16 

Control 0 0 0 0 1 4 

Values are presented as Mean ± SEM (n= 3) (P < 0.01). Values within the same column carrying different super scripts are 

statistically different from each other.  

Table 3. Toxicity Test against Aedes Larvae after 4 hours and 48 hours.  

Isolates  
4 hrs 48 hrs Percentage mortality (%) 

3 0.5 1 2 3  

BT1 0 0.00 ± 0.00
b
 1.00 ± 0.00

b
 1.00 ± 0.00

c
 3.00 ± 0.11

b
 12 

BT3 0 2.00 ± 0.33
b
 3.00 ± 0.33

b
 5.00 ± 0.11

b
 5.00 ± 0.00

b
 20 

BT5 3 8.00 ± 0.57
a
 13.00 ± 0.88

a
 14.00 ± 1.20

a
 18.00 ± 1.25

a
 72 

BT4 2 1.00 ± 0.00
b
 2.00 ± 0.01

b
 4.00 ± 0.11

b
 5.00 ± 0.00

b
 20 

BT2 0 0.00 ± 0.00
b
 0.00 ± 0.00

b
 1.00 ± 0.00

c
 4.00 ± 0.58

b
 16 

Control 0 0 0 0 0 0 

Values are presented as Mean ± SEM (n= 3) (P < 0.01). Values within the same column carrying different super scripts are 

statistically different from each other.    
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Figure 1: M= 1 kb DNA ladder and 1-5 (green colour) = DNA samples amplified with 16S RNA marker and 1-3 

(pink colour) were optimization parts of the PCR. 

Figure 2: Phylogenetic tree constructed by Neighbor-Joining method derived from analysis of the 16S rRNA gene 

sequences of the isolates and related sequences obtained from NCBI (BT1= Isolate 2, BT4=Isolate 7, 

BT2=Isolate 8, BT5=Isolate 5, BT3= Isolate 3) 
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Isolate BT5 was the most effective agent 

against the larvae. This was showed by the 

presence of Cry protein known to be peculiar 

to B. thuringiensis, as evidenced by the 

genetic analysis. 

Table 4: Occurrence of crystal genes among 

Bacillus thuringiensis isolates. 

Cry  
genes 

BT5 BT3 BT4 BT1 BT2 Occurrence 
(%) 

Cry1 + + + + + 100 

Cry2 + + + + - 80 

Cry3 + + + - - 60 

Cry4 + + + - - 60 

Cry7 - - + - - 20 

Cry9 - - - + - 20 

Cry11 + + + + + 100 

Molecular characterization confirms the 

isolates to be Bacillus thuringiensis strains. 

Furthermore, the nucleotide sequences 

obtained from the amplification products 

showed significantly more similarities to 

Bacillus thuringiensis than known 16S rDNA 

sequences in the NCB database. The PCR 

technique has been commonly used to identify 

crystal genes and predict the insecticidal 

activity of Bacillus thuringiensis strains 

[2,4,32]. The highest number and diversity of 

toxins were observed for the strains in BT5, 

BT3, BT4, BT1, BT2. This confirms that native 

strains showed a wide genetic diversity based 

on insecticidal gene contents, and each isolate 

contained different insecticidal genes [33]. 

Also, from the phylogenetic tree constructed 

(Figure 2), BT 4 and BT3 are more closely 

related. Therefore, there is a high probability of 

BT 4 and BT 3 being the same species but 

having different strains or exact origins. 

The Bacillus thuringiensis isolated possessed 

the desired band sizes that showed that this 

bacterium harbors crystal1 and 2 genes at 100 

and 80 % level of occurrence, respectively 

(Table 4). The crystal gene found naturally in 

Bacillus thuringiensis belongs to the crystal 1 

gene group [33].  

Wang et al. (2003) have reported that Cry 1 

genes were the most frequent in their 

collections. Similarly, in this study, isolates 

containing Cry 1gene were the most abundant 

group with a frequency of occurrence of 100%. 

Many studies have reported that Cry 1 and 2 

genes were most often present together 

[23,31,33]. Also, [33] discovered that strains 

containing Cry 1 type genes were found at the 

same frequency as strains harboring Cry 2 

genes. Cry 7 and 9 only occur in 20% of the 

isolates, indicating that Cry 7 and 9 genes are 

less abundant. Cry 3 and 4 genes occur in 

60%, while 11 was found in 40% of the 

isolates. This finding is similar to the reports of 

[25,31]. The presence of the Cry gene has 

contributed immensely to the insecticidal 

activity reported in this research [2,4]. 

Besides the Cry toxins, Bacillus thuringiensis 

contains other virulence factors [2,10] such as 

alpha and beta exotoxins, hemolysins, 

enterotoxins, chitinases, and phospholipases 

[33]. However, the concentration and activities 

of these substances vary, and the precise 

contribution of each is not discovered yet, 

hindering the determination of the real toxic 

spectrum of an isolate that produces more 

than one type of toxin [31]. 

There usually was a correlation between 

bioassay results and Cry gene profiles. 

However, some Cry gene-containing strains, 

primarily BT 1 and BT 2, exhibited low toxicity. 

However, the insecticidal activity of Bacillus 

thuringiensis is not always a function of the 

possession of the Cry gene. Some other 

virulent factors or structural genes, including 

spore interaction with Cry proteins, other 

soluble toxins, and the possible presence of 

undetected Cry proteins, may also play a 

significant role in their toxicity [33]. The target 

larvae were sensitive to the B. thuringiensis 

isolates. This may be due to various factors 

like genetics, amount of toxin ingested, degree 

of larval midgut damage, and finally, the mode 

of action of the toxin. A previous study 

reported that upon ingestion of the bacterium 

by the larvae, the toxins bind synergistically to 

specific receptors in larval midgut resulting in 

the formation of pores in the epithelial cell 

membrane leading to the inability to feed and 

subsequently the death of larvae [2].  

This study is limited to a laboratory trial since 

no field trial has been carried out. Its toxicity 

was also limited to Culex and Aedes larvae. 

Conclusion  

The five isolates identified as Bacillus 

thuringiensis demonstrated larvicidal activity 

against the mosquito larvae tested at various 

levels, with isolate BT5 being the most 

effective. In addition, the molecular analysis 

further buttresses the fact that the isolates 
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were Bacillus thuringiensis. Hence, the 

isolated Bacillus thuringiensis can be used as 

biopesticides or in the formulation of 

biopesticides to control Aedes and Culex 

mosquitoes instead of chemical pesticides that 

are harmful to humans and the environmental 

health. 
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