
INTRODUCTION

Mosquitoes being vectors for various parasites play
an important role in the transmission of several life threat-
ening diseases like malaria, filariasis, dengue, yellow fe-
ver, encephalitis, etc. The two widely used microbial pes-
ticides are Bacillus thuringiensis and B. sphaericus
which serve as mosquito larvicidal agents for mosquito
control1–2. No bacterial control agent is known till date
for pupal and adult stages of mosquito. Efforts in this line
at our institute resulted in a strain of B. subtilis subsp.
subtilis (VCRC B471) whose metabolite(s) were found
to kill the larval, pupal and adult stages of mosquitoes3–4.
The mosquitocidal cyclic lipopeptides (CLPs) were able
to withstand environmental stresses such as high tempera-
ture, pH, etc. and proved safe to fishes and mammals5–7.
The CLP produced by B. subtilis (VCRC B471) has been
characterized as surfactin which is the most powerful
biosurfactant known to lower the surface tension of wa-
ter from 72 to 27 mN/m8.

Presently, a synthetic medium, nutrient yeast salt
medium (NYSM) is used for the production of CLPs. Pi-
lot scale production of metabolites for use against mos-
quitoes require cost-effective culture medium so that the

production cost is reduced. Glucose, sugar, soya and
ammonium nitrate are reported to enhance the produc-
tion of CLPs9–13. Hence, in the present study, varying
concentrations of these ingredients were tried for design-
ing a new culture medium for enhancing the production
of CLP by our indigenous isolate, VCRC B471.

MATERIAL & METHODS

Microorganism
The strain, B. subtilis subsp. subtilis (VCRC B471)

obtained from the culture collection of VCRC was main-
tained on NYSM [glucose 5 g, peptone 5 g, NaCl 5 g,
beef extract 3 g, yeast extract 5 g, MgCl2 203 mg, MnCl2
10 mg and CaCl2 103 mg (Himedia, India) per litre of
water] agar slants14.

Growth conditions
Tubes containing 10 ml of NYSM broth were inocu-

lated with a loopful of bacterial cells from a slant culture.
The tubes were incubated overnight on a rotary shaker
(New Brunswick Scientific Co. Inc., NJ, USA) at 28 ±
2°C and 250 rpm. The overnight culture was used to in-
oculate 50 ml of NYSM broth at 2% level and incubated
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again for a further period of 7 h to synchronize the growth.
From this young culture, 5% was added to flasks con-
taining 100 ml of different media combinations (men-
tioned under section, Media preparation) and incubated
for 72 h as mentioned above.

Media preparation
Selection of media components: Two carbon sources,

glucose and common sugar; and two nitrogen sources,
ammonium nitrate and soya were used for the study. Con-
centration of carbon source used was 1 and 2%, whereas
concentration of nitrogen source was different for ammo-
nium nitrate and soya. For ammonium nitrate, the concen-
tration used was 0.3 and 0.4% and for soya it was 2 and
4%. Using these concentrations of carbon and nitrogen
sources, 16 different combinations were designed and
production media were prepared (Table 1). All the media
were supplemented with 0.5% NaCl and micronutrients
(MgSO4–592 mg, KH2PO4–1.36 g, MnSO4–2 mg, FeSO4–
2 mg, CaCl2–1 mg) per litre of water (pH 7.0 ± 0.2)7,15.

Optimization of sugar soya medium (SSM): Based
on the results of the above experiment, sugar and soya
were selected for further optimization. Table 2 shows dif-
ferent concentrations of sugar and soya tried in the me-
dium. Micronutrients and salt concentrations were same
as used earlier. All the media were inoculated at 5% level
and the culture supernatant (CS) obtained from 72 h old
culture was tested for mosquito pupicidal and larvicidal
activity and the crude mosquitocidal metabolite (CMM)
also quantified.

Replacement of sodium chloride with common salt:
The medium which yielded the maximum CMM and

pupicidal activity was selected and NaCl was replaced
with common salt. CMM quantification and its pupicidal
activity were determined.

Bioassay
Bacterial cells were removed from the production

medium by centrifugation at 8000× g for 20 min at 4°C
in a Sorvall Evolution RC superspeed centrifuge (Kendro
Lab. Products, Asheville, NC, USA) using SLA-1500
rotor. The CS obtained from different sets of media was
used for bioassay following WHO standard protocol16.
To a 200 ml capacity, disposable wax-coated paper cups,
100 ml of chlorine-free tap water was added and 25 lar-
vae or freshly emerged pupae of An. stephensi were in-
troduced. Each experiment was performed using four rep-
licates per dose while having an equal number of controls.
All experiments were conducted at 28 ± 2°C, 80–90%
relative humidity and a photoperiod of 12 h light followed
by 12 h dark. Bioassay cups used for testing the pupicidal
activity were covered with mosquito net cloth to prevent
the escape of emerging adults, if any. The mortality of
the larvae and pupae was scored after 24 h and corrected
for control mortality by applying Abbott’s formula17. The
experiment was done thrice on different days. Data from
all the replicates were pooled for analysis.

Separation of the crude mosquitocidal metabolite and bio-
assay

The CMM was precipitated from the culture super-
natant obtained from various media using 6N HCl and
the precipitates were collected by centrifugation (8000
rpm for 25 min at 4°C)18. The CMM was re-suspended in
water, adjusted to pH 7.0, lyophilized (Freeze dryer

Table 1. Media combinations used for production
of mosquitocidal lipopeptide

S. No. of Media combinations
culture medium

1. 1% Glucose + 0.3% Ammonium nitrate
2. 2% Glucose + 0.3% Ammonium nitrate
3. 1% Glucose + 0.4% Ammonium nitrate
4. 2% Glucose + 0.4% Ammonium nitrate
5. 1% Sugar + 0.3% Ammonium nitrate
6. 2% Sugar + 0.3% Ammonium nitrate
7. 1% Sugar + 0.4% Ammonium nitrate
8. 2% Sugar + 0.4% Ammonium nitrate
9. 1% Glucose + 2% Soya

10. 2% Glucose + 2% Soya
11. 1% Glucose + 4% Soya
12. 2% Glucose + 4% Soya
13. 1% Sugar + 2% Soya
14. 2% Sugar + 2% Soya
15. 1% Sugar + 4% Soya
16. 2% Sugar + 4% Soya

Table 2. Optimization of sugar and soya concentrations
for sugar soya medium (SSM)

 S. No. of Sugar (%) Soya (%)
culture medium

SS1 1 4
SS2 2 4
SS3 4 4
SS4 6 4
SS5 8 4
SS6 1 6
SS7 2 6
SS8 4 6
SS9 6 6
SS10 8 6
SS11 1 8
SS12 2 8
SS13 4 8
SS14 6 8
SS15 8 8
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Modulyo Edwards, B.O.C. Ltd., Crawley, England) and
used for bioassay against the pupal stages of An. stephensi
as mentioned in the above paragraph.

Statistical analysis
Data obtained from the bioassay experiments were

pooled and the observed percentage mortality was cor-
rected by applying Abbott’s formula. LC50 and LC90 val-
ues were calculated from a log dosage-probit mortality
regression line using SPSS 19.0 for windows (IBM Corp;
USA) yielding a level of effectiveness at 50 and 90%
mortality and 95% confidence intervals. The LC50 values
obtained with different media were compared using 95%
confidence interval. LC50 values with non-overlapping
confidence interval were considered to be significant at
p <0.05.

RESULTS

Screening of media components
The CS of VCRC B471 grown in four sets of four

different culture media (listed in Table 1) containing glu-
cose + ammonium nitrate, sugar + ammonium nitrate,
glucose + soya and sugar + soya were bioassayed against
pupae of An. stephensi and the results are presented in
Table 3. Among the carbon sources used, sugar was found
to enhance the metabolite production as seen by the LC50
values. The CS from medium containing soya exhibited
higher pupicidal activity than the medium containing am-
monium nitrate. Increase in the carbon source from 1 to
2% in all sets of media enhanced the production of
pupicidal metabolite as evident from the LC50 dosage and
there was a significant difference (p <0.05) in the activity
in media containing 1 and 2% carbon source. Increasing
the soya concentration from 2 to 4% level and sugar from
1 to 2% level further increased the pupicidal activity with
p <0.05. Maximum pupicidal activity was exhibited by
the metabolites produced in the media containing 2%
sugar + 4% soya. The LC50 dose was 1.4 μl/ml which is
nearly equal to that obtained with the synthetic NYSM
(1.3 μl/ml) medium. Hence, sugar was selected as the
carbon source and soya as the nitrogen source and used
for further optimization experiments.

Optimization of sugar soya medium (SSM)
A total of 15 different media were used for optimizing

the concentration of soya and sugar in the production
medium (Table 2). When the pupicidal activity of the CS
obtained from different media were compared, highest
activity was observed with SS13 (LC50 dose 0.6 μl/ml)
followed by SS8 (LC50 dose 0.75 μl/ml) and SS7 (LC50

dose 0.85 μl/ml) (Fig. 1). When the larvicidal activity of
the metabolite from different media were compared, high-
est activity was observed with SS14 (LC50 dose 1.3 μl/ml)
followed by SS13 (LC50 dose 1.6 μl/ml) and SS9 (LC50
dose 1.8 μl/ml) (Fig. 1).

VCRC B471 was found to exhibit higher activity on
the pupal stages of mosquito rather than larval stages. As
our focus was designing a cost-effective medium for en-
hancing the pupicidal activity, the medium SS7 (sugar
2% and soya 6%) was selected. In this medium, the LC50
dose requirement for larval and pupal stages were 3.4 and
0.85 μl/ml as compared to 10.6 and 1.3 μl/ml required
with the metabolites produced in NYSM. And, the LC50

Table 3. Efficacy of CS of B. subtilis grown in different media
combinations against pupal stages of An. stephensi

S.No. of culture LC50 dose LCL UCL SE
medium

1. 4.45 4.3 4.6 0.14
2. 4 3.89 4.21 0.14
3. 4.22 4.08 4.37 0.11
4. 3.59 3.44 3.74 0.14
5. 4.12 3.79 4.45 0.09
6. 3.52 3.37 3.67 0.11
7. 3.8 3.5 4.1 0.09
8. 3 2.9 3.24 0.1
9. 3.77 3.69 3.86 0.18
10. 3.46 3.37 3.55 0.16
11. 2.27 2.19 2.36 0.12
12. 1.7 1.6 1.8 0.09
13. 3.28 3.1 3.37 0.16
14. 2.93 2.6 3.25 0.15
15. 1.96 1.65 2.27 0.1
16. 1.38 1.08 1.52 0.09

Values are given as μl/ml; LCL — Lower confidential level; UCL —
Upper confidential level; SE — Standard error.

Fig. 1: LC50 dosages and quantity of CMM produced in different
media combinations.
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dose required for inciting 50% mortality in the larval
stages of An. stephensi was found to be four times higher
than that required for the pupal stages of the same
species.

CMM production and bioassay
The CMM production in the 15 media combinations

are given in Fig. 1. The highest production of the CMM,
3 g/l was achieved with medium SS7. This was a two
fold increase when compared to the quantity of CMM
obtained in the synthetic NYSM medium. The LC50 dos-
age of the CMM obtained from the medium SS7 to the
pupae of An. stephensi (2.4 μg/ml) was comparable to
that obtained in NYSM.

Replacement of sodium chloride with common salt
The medium SS7 was taken up for this study wherein

NaCl was replaced with common salt. In this medium,
the CMM quantity was 3 g/l and its LC50 dosage for
pupae of An. stephensi was 2.3 μg/ml, which was compa-
rable to that obtained from the control medium (with
NaCl). The results indicated that the replacement of so-
dium chloride with common salt did not affect the
pupicidal activity and CMM quantity.

Cost analysis
The mosquitocidal CLP from the strain VCRC B471

is presently produced in a synthetic NYSM medium which
cost ` 36 per litre. The cost of the medium SS7 used in
the present study worked out to ` 6 per litre. Hence, the
cost of production of the mosquitocidal metabolite was
brought down six times when compared to NYSM.

DISCUSSION

Unlike in the case of B. thuringiensis var. israelensis
and B. sphaericus, where the spore crystal complex is
known to be larvicidal, the cyclic lipopeptides present in
the culture supernatant of B. subtilis have been reported
to be responsible for mosquito larvicidal property5. The
CLPs of our strain B. subtilis subsp. subtilis (VCRC B471)
was found to be effective both on the larval as well as
pupal stages of various species of mosquitoes3. However,
large scale production of the lipopeptide was hindered
due to low yields and high production costs19–20. Hence,
enhancing the lipopeptide production was attempted in
this study using previously reported low cost raw materi-
als. Initially, selection of carbon and nitrogen source was
done which made us to arrive at sugar and soya respec-
tively. As per USDA (United States Department of Agri-
culture) nutrient data base, soya contains 36.49% of pro-

teins (essential amino acids) and 30.16% of carbohydrates
(starch and sugar). Though, soya contained carbohydrates,
it was not found to be sufficient for lipopeptide produc-
tion (VCRC unpublished data). Also high level of carbon
source is known to play a vital role in increasing the pro-
duction of surfactin21. Therefore, addition of carbon
source to the soya was found to be essential. Among the
various carbon and nitrogen sources reported for enhanc-
ing the production of surfactin in B. subtilis, common
sugar and soya occupy top priority10–13. Hence, these in-
gredients were tried in the present study. Increasing the
sugar concentration to 4% level was found to enhance
the mosquitocidal activity. This is in agreement with the
findings of Cooper et al9 and Wei et al15 who found 4%
glucose in mineral salts medium to result in a good yield
of this compound. Trace elements and carbon levels are
known to play a crucial role in the production of
lipopeptides9, 22. Hence, trace elements known to increase
surfactin production were used to enhance the
mosquitocidal lipopeptide production.

The medium SS7 containing 2% sugar and 6% soya
yielded highest metabolite production (3 g/l) with an LC50
value of 0.85 μl/ml for the pupal stages. Though, the
medium SS13 (4% sugar and 8% soya) and SS8 (4% sugar
and 6% soya) showed higher pupicidal activity than the
medium SS7, the LC50 dosage was not found to be sig-
nificant. Moreover, CMM production in these two media
was also found to be low. Additionally, medium SS7 is
cost-effective when compared to media SS13 and SS8
respectively. Hence, medium SS7 was selected as the op-
timum medium for production of lipopeptides from B.
subtilis (VCRC B471). Our results corroborate with Gu
et al23 who have reported 2.2% sugar to be optimal for
lipopeptide production. Increasing the concentration of
sugar further did not enhance the metabolite production.
This may be due to the production of acidic compounds
in the medium with excess of carbon source which leads
to lowering of the pH followed by decrease in growth
and metabolite production24.

Further, studies are underway for designing appro-
priate formulations for use against the immature stages
of mosquitoes in operational programmes.

CONCLUSION

Optimization of media ingredients, sugar and soya
for the production of mosquitocidal lipopeptides by Ba-
cillus subtilis subsp. subtilis (VCRC B471) resulted in a
newly designed sugar soya medium (SSM). Replacement
of sodium chloride with cooking salt reduced the cost of
the medium. The medium SS7 containing sugar 2%, soya
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6%, cooking salt 0.5% and micronutrients not only en-
hanced the production of CLP but also lowered the cost
of the medium (` 6 per litre) by six times.
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