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Bacillus thuringiensis var. israelensis (Bti) is a gram-
positive, endospore-forming bacterium used worldwide 
as an environmentally compatible biopesticide for the 
control of mosquito borne diseases like malaria, filaria, 
dengue etc1-3.  An indigenous strain of Bti (VCRC B17) 
was isolated for the first time in India, in 1980 from a 
soil sample collected from a paddy field in Uzhavarkarai, 
Puducherry. The mosquito larvicidal activity of this strain 
was found to be equivalent to that of ONR 60, a strain 
advocated by the World Health Organization4. It is highly 
effective against the larval stages of several important 
mosquito vector species belonging to Culex, Anopheles 
and Aedes genera. The strain is passively associated with 
aquatic non-target organisms, agriculturally important 
insects like honey bees and silk worms, as well as mam-
mals5. The technology developed for the large-scale pro-
duction of Bti utilizes indigenous, locally available and 
agro-based raw materials6. An aqueous suspension (AS) 
formulation developed using the spore crystal complex 
(SCC) of this Bti has been extensively evaluated in a va-
riety of environmental conditions in India and found to 
be effective against vectors that transmit diseases such 
as malaria, filariasis, dengue, Zika, Japanese encephalitis 
and chikungunya. Being indigenous, this strain will thrive 
better climatic conditions of India.

The technology for the large-scale production of the 
AS formulation of Bti (VCRC B17) is patented (Indian 
Patent No. 192055) and licensed. In India, registration and 
commercialization of Bti products for use in public health 
programmes for the control of important vector mosqui-
toes, necessitates the determination of the quantity of in-
secticidal toxins [insecticidal crystal proteins (ICPs) in 
the case of Bti] present in the formulation. Hence, efforts 
were made to separate and quantify ICPs from the SCC of 
the larvicidal bacterium, Bti.

Stock culture of the bacterial strain, Bti (VCRC B17; 

MTCC 5596) stored in glycerol at –80°C was obtained 
from the microbial culture collection facility of the Vector 
Control Research Centre (VCRC), Puducherry, India and 
sub-cultured on nutrient agar plates at room temperature 
(28 ± 2°C).  Working slants were prepared on nutrient 
agar from the pure culture. The III instar larvae of Culex 
quinquefasciatus were used for bioassay, obtained from a 
laboratory colony maintained at the rearing and coloniza-
tion unit of the VCRC.

For the production of Bti, a loopful of culture from 
the nutrient agar slant was inoculated to 10 ml of NYSM 
broth7, supplemented with 0.5% glucose and 0.5% yeast 
extract in test tubes and shaken at 250 rpm for 12 h in a 
rotary shaker (New Brunswick Scientific, NJ) at 28 ± 2°C 
(first-stage seed). This first-stage seed was inoculated to 
fresh NYSM broth and incubated for 7 h (second-stage 
seed). The second stage seed was added to 12 numbers of 
5-litre Erlenmeyer flasks containing 1000 ml of the same 
medium at 5% concentration and incubated on shaker for 
72 h. The culture was centrifuged at 10,000 rpm for 25 
min at 4°C in a Hitachi Hispeed refrigerated centrifuge, 
GR22GIII (Hitachi Koki Co. Ltd., Japan) and pellet con-
taining Spore Crystal Complex (SCC) was separated. 

A total of 12 batches of Bti were produced and SCC 
obtained from six batches was lyophilised and used for 
bioassay. The SCC obtained from the remaining six batch-
es were used for crystal purification using the method of 
Sharpe et al8, with slight modification. Briefly, SCC ob-
tained from each batch was re-suspended in 100 ml of 
0.5% gelatin in a flat bottom flask and stirred by keeping 
the flask on a magnetic stirrer. The resulting stable foam 
containing spores was discarded and the stirring process 
was continued until the cessation of foam formation. The 
gelatin suspension was centrifuged at 10,000 rpm for 
15 min and the pellet was re-suspended in 20 ml of 1.5 
M sucrose. The suspension was stirred for 30 min and  
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subjected to zonal centrifugation using swing bucket 
rotor at 3000 rpm for 2 h. The supernatant containing 
crystals was washed with water, centrifuged at 10,000 rpm 
for 20 min, and the purified crystals (ICPs) so obtained 
were lyophilized. 

A total of 10 mg of ICPs was suspended in solubi-
lization buffer [50 mM NaHCO3, 10 mM dithiothrei-
tol (DTT),  pH 10] and left for 3 h at room temperature, 
and pH of the solubilisation buffer was brought back to 
neutral using 0.5M Tris-HCl (pH 6.8). The volume of 
solubilised crystal suspension was made up to 10 ml 
and subjected to centrifugation as mentioned earlier to 
remove debris. The solubilized ICP was used for bioas-
say. Further, the concentration of solubilized ICPs was 
determined by Bradford method9. The solubilised crystal 
preparations were subjected to polyacrylamide SDS gel 
electrophoresis. 

The samples of SCC, ICP and the solubilised ICP were 
tested against III instar larvae of Cx. quinquefasciatus, 
following standard protocols10. Stock solutions of SCC, 
and ICPs were prepared at the concentration of 1 mg/ml 
separately in distilled water while the solubilised ICP sus-
pension was used as such. The stock solution of SCC was 
further diluted 1/10 times and dosages of 10 to 120 µl 
were used for conducting bioassay. In the case of ICPs, the 
stock was diluted 1/100 times and the dosages used were 
10–80 µl. Diluted test samples were added to bioassay 
cups (150 ml capacity) containing 100 ml water and 25 
numbers of III instar larvae.  For each concentration, four 
replicates were set up with parallel and equal number of 
controls. The test cups were maintained at a temperature 
range of 25–28°C and at a photoperiod of 12 h light and 
12 h dark period (12L:12D). The mortality was scored at 
24 h post-treatment by counting the live larvae remaining 
in the test cups. The data were recorded, and experiments 
recording pupation >10% or larval mortality >20% in the 
controls, were repeated. In the case of allowed larval mor-
tality levels in the control, the treated mortality was cor-
rected according to Abbott’s11 formula. Bioassays were 
repeated for each concentration three times on different 
days, using freshly prepared stock solution and different 
batches of larvae. LC50 and LC90 values were calculated 
using SPSS 19.0 for windows (IBM Corp, USA). 

Figure 1a shows the colony morphology of VCRC 
17 on NYSM agar. Figure 1b is a stained culture of Bti 
showing spores and crystals and Fig. 1c is a stained smear 
of purified crystals of Bti. The average yield of SCC/l was 
775.17 ± 10.01 mg. The quantity of ICPs separated from 
SCC was 248.33 ± 22.95 mg/l. The purity of the ICPs was 
found to be 100% and scanning electron microscopy of 
the ICPs showed that VCRC B17 produced round crystals  

Fig. 1a: Culture of VCRC B17 strain. 

Fig. 1b: Spore stained smear showing cells and spores.

Fig. 1c: Coomassie blue stained crystals.
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Fig. 3: Effect of SCC, pure crystal and solubilised crystal of  
B. thuringiensis var. israelensis (VCRC B17) against III  
instar larvae of Cx. quinquefasciatus.

(Fig. 2). Several techniques have been reported for sepa-
rating ICPs from the SSC. The density gradient centrifuga-
tion using caesium chloride (CsCl) and sucrose have been 
used in previous studies12-13 followed by isopycnic den-
sity gradient centrifugation in renograffin, urograffin and  
sodium bromide14. Wang et al15 reported that, the yield of 
crystals was found to range between 10 and 30% of the 
SCC. But in the present study, the quantity of ICP pro-
duced by VCRC B17 strain ranged between 29 and 37.4% 
which is higher than the yields reported till date. 

The LC50 dosage of the SCC, ICPs and solubilised 
ICPs for III instar larval stage of Cx. quinquefasciatus was 
found to be 34, 1.1 and 600 ng/ml respectively (Fig. 3). 
The larvicidal activity of the ICPs was found to be almost 
30 times higher than that of the SCC. However, required 
LC50 dosage of solubilised crystals was 20 times higher 
than that of SCC and 650 times higher than that of crystals. 
The toxicity of crystals compares well with the reports of 
Thomas and Ellar16 and Yamamoto et al17, where in the 
LC50 against mosquito larvae was in the range of 0.2 to 5 
ng/ml. The solubilization of the parasporal crystals was 
found to reduce the toxicity of the crystal protein drasti-
cally and the reduction in the activity reported was 7000 
times for larvae of Ae. aegypti18. The reason for the reduc-
tion of larvicidal activity of solubilised ICPs is that the 
ICPs lose their configuration, i.e. crystal shape and size 
and they are no longer available for the mosquito larvae 
which are known to consume particulate materials filtered 
from the water column of the breeding sites19.  SDS-PAGE 
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Fig. 2: Scanning electron microscopy of spores (S) and crystals (C) 
of VCRC B17 strain.

Fig. 4: SDS-PAGE showing the protein profile of Bti (VCRC B17) 
strain. MWM—Molecular weight marker.

analysis of the solubilised crystal fraction showed pro-
teins with molecular weight ranging between 20 and 130 
kDa (Fig. 4). The proteins of MW 28 and 68 kDa were 
found in higher proportion, which is in line with the obser-
vations of Armstrong et al20. The other prominent proteins 
were doublets of size 32 and 34 kDa, 38 and 40 kDa, 94 
and 96 kDa; and a single band of size 130 kDa. The 68 
kDa protein in strains of Bti is reported to be associated 
with mosquitocidal activity, while the 28 kDa protein is 
reported to be associated with cytolytic activity and also 
plays a major role in delaying the development of resis-
tance by mosquitoes to Bti21.

In the present study, ICPs produced by the indigenous 
bacterium VCRC B17 was separated from the SCC and 
purified by combining gelatin floatation and zonal centrif-
ugation method. The ICPs constituted 37.4% of the SCC 
and exhibited larvicidal activity 34 and 600 times higher 
than that of SCC and solubilised toxin respectively. The 
proteins with MW 68 and 28 kDa which are reported to be 



 J Vector Borne Dis 54, June 2017190 

associated with mosquitocidal and cytolytic activity were 
found in higher proportion in these ICPs.

Conflict of interest
There is no conflict of interest among the authors in 

the publication of this article.
Ethical issues: This study does not involve ethical  

issues.

ACKNOWLEDGEMENTS

The authors thank Dr P. Jambulingam, Director, Vec-
tor Control Research Centre Puducherry for his valuable 
guidance and remarks for the study and Dr K. Balaraman 
for critically reviewing the manuscript. The technical as-
sistance rendered by Mrs. K. Vijayalakshmi is gratefully 
acknowledged. 

REFERENCES

1. Dambach P, Schleicher M, Stahl HC, Traoré I, Becker N, Kaiser 
A, et al. Routine implementation costs of larviciding with Bacil-
lus thuringiensis israelensis against malaria vectors in a district 
in rural Burkina Faso. Malar J 2016; 15: 380.

2. Tamilselvan S, Jambulingam P, Manoharan V, Shanmugasun-
daram R, Vivekanandan G, Manonmani AM. Fly ash based Ba-
cillus thuringiensis var. israelensis formulation for use against 
Culex quinquefasciatus, the vector of filariasis in natural eco-
systems. J Vector Borne Dis 2015; 52(3): 193–200. 

3. Setha T, Chantha N, Benjamin S, Socheat D. Bacterial larvi-
cide, Bacillus thuringiensis israelensis strain AM 65–52 water 
dispersible granule formulation impacts both dengue vector, 
Aedes aegypti (L.) population density and disease transmis-
sion in Cambodia. PLoS Negl Trop Dis 2016; 10(9): e0004973. 
doi:  10.1371/journal.pntd.0004973.

4. Balaraman K, Hoti SL, Manonmani LM. An indigenous virulent 
strain of Bacillus thuringiensis, highly pathogenic and specific 
to mosquitoes. Curr Sci 1981; 50: 199–200.

5. Sudharani S, Balaraman K. Effect of insecticidal crystal pro-
teins of Bacillus thuringiensis var. israelensis on the enzymes 
of rat intestinal brush border membrane vesicles. Indian J Med 
Res 1997; 35: 1191–3.

6. Prabakaran G, Balaraman K. Development of cost-effective me-
dium for the large scale production of Bacillus thuringiensis var. 
israelensis. Biol Cont 2006; 36(3): 288–92.

7. Yousten AA, De Barjac H, Hedrick J, Dumanoir VC, Myers P. 
Comparison between bacteriophage typing and serotyping for 
the differentiation of Bacillus sphaericus strains. Ann Microbiol 
(Pairs) 1980; 131(3): 297–8.

8. Sharpe ES, Herman A, Toolan SC. Separation of spores and 
parasporal crystals of Bacillus thuringiensis by flotation.  J In-
vert Pathol 1979; 34: 315–6.

9. Bradford MM. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle 
of protein-dye binding. Anal Biochem 1976; 72(1–2): 248–54.  

10. Revised common protocol for uniform evaluation of  
public health pesticides including biolarvicides for use in  
vector control 2014. New Delhi: Indian Council of Medical Re-
search 2014.

11. Abbott WS. A method for computing the effectiveness of an in-
secticide. J Econ Entomol 1925; 18: 265–7.

12. Vankova J. Study of the effect of Bacillus thuringiensis on in-
sects. Folia Biol 1957; 3: 175–81

13. The endotoxin of Bacillus thuringiensis III: A rapid method for 
separating parasporal bodies from spores. J Invert Pathol 1972; 
20: 139–40.

14. Sharpe ES, Nickerson KW, Bulla LA, Aronson JN. Separation 
of spores and parasporal crystals of Bacillus thuringiensis in 
gradients of certain X-ray contrasting agents. Appl Microbiol 
1975; 30(6): 1052–3.

15. Wang J, Mei H, Zheng C, Qian H, Cui C, Fu Y, et al. The meta-
bolic regulation of sporulation and parasporal crystal formation 
in Bacillus thuringiensis revealed by transcriptomics and pro-
teomics. Mol Cell Proteomics 2013; 12(5): 1363–76.

16. Thomas WE, Ellar DJ. Mechanism of action of Bacillus 
thuringiensis var. israelensis δ-endotoxin. FEBS Lett 1983; 
154(2): 362–8.

17. Yamamoto T, Lizuka T, Aronson JN. Mosquitocidal protein 
of Bacillus thuringiensis subsp. israelensis: Identification and 
partial isolation of the protein. Curr Microbiol 1983; 9(5): 
279–84.

18. Schnell DJ, Pfannenstiel MA, Nickerson KW. Bioassay of solu-
bilised Bacillus thuringiensis var. israelensis crystals by attach-
ment to latex beads. Science 1984; 223(4641): 1191–3.

19. Wallace JB. filter Feeding ecology of aquatic insects. Annu Rev 
Entomol 1980; 25: 103–32.

20. Armstrong JL, Rohrmann GE, Beaudreau G. Delta endotoxin 
of Bacillus thuringiensis subsp. israelensis. J Bacteriol 1985; 
161(1): 39–46.

21. Pérez C, Fernandez LE, Sun J, Folch JL, Gill SS, Soberón 
M, et al. Bacillus thuringiensis subsp. israelensis Cyt1Aa 
synergizes Cry11Aa toxin by functioning as a membrane- 
bound receptor. Proc Natl Acad Sci USA 2005; 102(51): 
18303–8.

Correspondence to: Dr A.M. Manonmani, Scientist 'G', Unit of Microbiology and Molecular Biology, ICMR-Vector Control Research Centre, 
Indira Nagar, Puducherry–605 006, India.

 E-mail: ammanonmani@yahoo.com

Received: 26 July 2016                Accepted in revised form: 15 April 2017


	J Vector Borne Dis 54, June 2017_25-07-17 79
	J Vector Borne Dis 54, June 2017_25-07-17 80
	J Vector Borne Dis 54, June 2017_25-07-17 81
	J Vector Borne Dis 54, June 2017_25-07-17 82



