
INTRODUCTION

One of the most serious health issues targeting the
humans in the tropical and subtropical regions of the world
is the dengue – a mosquito borne viral disease. Dengue is
mainly transmitted by two vectors, namely Aedes aegypti
and Ae. albopictus infected with any one of the five sero-
types of dengue viruses (DENV 1, 2, 3, 4 and 5)1. Ac-
cording to the National Vector Borne Disease Control
Programme (NVBDCP) report published in 20152, the
incidence of dengue fever infection has been reported to
be around 33,320 cases in India including 2074 cases in
Tamil Nadu alone. Although, some chemical insecticides
such as malathion, synthetic pyrethroids and carbamates
have high mosquitocidal activity against Ae. aegypti, they
harm the non-target organisms in the environment and
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ABSTRACT

Background & objectives: Dengue fever is one of the serious health disease transmitted by Aedes spp mosquitoes.
The incidence of dengue has increased dramatically around the world in recent decades. Vector control is one of
the important strategies practiced for the control of dengue fever. The emergence of resistance among vectors
against the existing insecticides has raised new challenges. The aim of the present study was to identify the
larvicidal activity of extracellular toxins from Pseudomonas spp for the control of dengue vector, Aedes aegypti.

Methods: Bacterial isolates KUN1, KUN2, KUN3, KUN4, and KUBS were isolated from rhizosphere soil of the
agricultural fields in Coimbatore, Tamil Nadu. Lyophilized culture supernatant of KUN2 (24, 48, and 72 h culture)
and the solvent extracts from the diethyl ether, petroleum ether, chloroform and ethyl acetate were tested against
the IV instar larvae of Ae. aegypti.

Results: Morphological and biochemical characterization of KUN2 showed its resemblance to Pseudomonas spp.
Further, characterization by molecular methods confirmed it as Pseudomonas aeruginosa. Lyophilized culture
supernatant of KUN2 showed more toxicity towards the larvae of Ae. aegypti when grown in the modified medium.
Secondary metabolite from the petroleum ether extract was found more toxic to the Ae. aegypti larvae even at low
concentration (50 μg/ml). The supernatant of 48 h culture of KUN2 recorded 100% larvicidal activity when
compared to other isolates. Further, the rate of mortality was 100% at 24 h when treated with 100 μg/ml of
petroleum ether extract of KUN2.

Interpretation & conclusion: Among the isolates used for the control of Ae. aegypti, the isolate KUN2 showed
increased larvicidal activity when grown in the modified medium. The maximum larval mortality was observed in
the solvent extract of petroleum ether. The mortality of the larvae might be due to the effect of the toxic compound
present in the extract which would have entered the larvae through its cuticle damaging its whole system and
obstructing further development. Further, studies on the toxic compound responsible for the larvicidal activity
need to be carried out for effective dengue control.
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the vectors tends to develop resistance to the insecticides
used3. In order to tackle this environmental problem bio-
logical insecticides are used as an alternative for the de-
velopment of environmentally safe, biodegradable and
low cost larvicides for killing larvae of mosquitoes from
natural sources. Commercial formulations of bacterial
strains such as Bacillus thuringiensis (Bti) H-14 and B.
sphaericus (Bs) have been used for biological control of
mosquito larvae; however, this method requires weekly
application of bacteria4.

Moreover, the spore forming Bti formulation, sink
into the water and become less efficient in controlling the
larvae of mosquito species, which feeds on the water sur-
faces. B. sphaericus, on the other hand, shows a longer
duration for the larvicidal activity against mosquito lar-
vae. However, the spores of Bti are more potent than Bs,
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because Bti has a wider spectrum of activities against
Anopheles, Culex and few Aedes spp, while Bs is mainly
effective against Culex, and to a lesser extent against
Anopheles. Both the formulations used currently are
species-specific with lesser activity against Aedes spe-
cies5. Due to continuous applications of these
mosquitocidal formulations of bacteria, resistance against
these has developed in mosquitoes6. Another disadvan-
tage is the operational cost which is higher due to fre-
quent application4.

An important finding made by Vector Control Research
Centre, Puducherry is that the liquid formulation of P.
fluorescens metabolite was found to be lethal to larvae as
well as pupae of Musca domestica and mosquitoes, but safe
to mammals7–8. From the literature, it was observed that
various methods are used for dengue vector control but most
of them either develop resistance in mosquitoes or the cost
is more. Hence, considering these issues, there is a press-
ing need for dengue vector control. In this study, the toxic-
ity of exotoxin of the P. aeruginosa against IV instar lar-
vae of the dengue vector, Ae. aegypti is evaluated.

MATERIAL & METHODS

Isolation of Pseudomonas spp from soil
Rhizospheric soil adhering to the root hairs was col-

lected from the banana field in Nellurvayal, Coimbatore,
India for the isolation of Pseudomonas spp. The soil par-
ticles were gently teased out from the roots and cut into
small pieces, crushed with a sterile mortar and pestle.
About 1 g of soil was weighed and added into 100 ml of
sterile water and vortexed for 10–15 min. Serial dilution
of the soil suspension was carried out; 0.1 ml of 10-2,
10-3 and 10-4 dilutions were transferred to King’s B me-
dium9 and incubated at 30°C for 24 h. Total five fluores-
cent colonies observed under UV light at 365 nm were
selected and further cultured to establish pure isolates and
stored at 4°C9.

Mosquito culture
The eggs of Ae. aegypti were procured from

the Centre for Research in Medical Entomology, Madurai,
Tamil Nadu, India. The egg rafts of Ae. aegypti were
kept in tray containing tap water at laboratory conditions.
Appropriate amount of nutrient (sterilized yeast powder and
dog biscuit in 4:1 ratio) was added to enhance the growth
of larvae. The IV instar larvae were used in the study.

Identification of Pseudomonas spp
A total of five different fluorescent colonies were iso-

lated after serial dilution of soil samples and re-streaked

in King’s B medium. The isolates were represented as
(KUN1, KUN2, KUN3, KUN3, KUN4 and KUBS) based
on the location of the soil samples which was confirmed
by morphological (staining and motility) and cultural
(King’s B medium, Pseudomonas P agar) characterisation
methods. Biochemical characteristics (IMVIC test, triple
sugar iron test, nitrate reduction test, catalase test, oxi-
dase test, starch hydrolysis, casein hydrolysis, gelatin liq-
uefaction), and antibiotic sensitivity tests were also per-
formed10. The 16S rRNA sequencing was done for species
level identification of KUN2 strain.

Media optimization
P. aeruginosa KUN2 strain was cultured in four

different media, viz. nutrient broth (NB), glucose
peptone salt (GPS) (glucose 10 g/l, peptone 10 g/l, KH2PO4
1.36 g/l), King’s B (KB) medium (peptone 20 g/l, glycerol
15 ml/l, KH2PO4 1.5 g/l and MgSO4 1.5/l and modified me-
dium (glucose 10 g/l, peptone 10 g/l, KH2PO4 1.36 g/l,
MgSO4 1.36 g/l, at constant pH (7.2) and temperature (30
°C) for all the media. A loop full of slant culture was inocu-
lated into 5 ml of all four media and kept on a rotary shaker
at 120 rpm for 7 h. The culture was then transferred to 150
ml of glucose peptone salt (GPS) medium and the flask was
incubated on a rotary shaker at 30°C, 120 rpm for 72 h.
Aliquots of culture broth were separated every 24 h and the
cell mass was harvested by centrifugation at 10,000 rpm
for 15 min and the cell-free supernatant was lyophilized
(Labconco freeze dryer Kansas City, Missouri, United
States). The protein concentration of the formulation was
estimated by Lowry’s method8, 11.

Larvicidal activity of lyophilized culture supernatant of
KUN2

The formulation was prepared in the concentration
of 100 μg/ml and tested against IV instar larvae of Ae.
aegypti mosquito. The lyophilized exotoxins were diluted
in the concentration of 100 μg/ml with distilled water and
mixed in vortex mixture. These were transferred to dis-
posable cup containing 25 ml of chlorine free tap water
and 10 larvae were added into each bioassay cup. Bioas-
say cups containing chlorine free water mixed with 25%
glycerol served as control. Larval food containing yeast
and dog biscuit (1:4 by weight) was sterilized by auto-
claving at 121°C for 15 min and added in fine powder
form to the bioassay cups. The mortality rate of larvae
was scored after 24, 48 and 72 h from exposure and cor-
rected for control mortality, if any, using Abbott’s
formula7, 12:

Corrected percent
mortality rate

(No. of larvae dead

No. of larvae tested)
x 100   =
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Extraction of secondary metabolite
Culture supernatant of strain KUN2 (72 h culture)

was extracted with equal volume of the solvents such
as diethylether, petroleum ether, chloroform and
ethylacetate. The solvent fractions were evaporated to dry-
ness on a rotary evaporator at 60°C at 100 rpm and the
residue was dissolved in dimethyl sulfoxide (DMSO),
stored at 4°C for further analysis13.

Larvicidal activity of secondary metabolite against
Ae. aegypti

The extracts obtained from solvents such as diethyl
ether, petroleum ether, chloroform and ethyl acetate were
analysed in different concentration against IV instar lar-
vae of Ae. aegypti. Extracts with the concentration of 50,
100 and 150 μg/ml were added into the disposable cup
containing 20 ml of chlorine free tap water, mixed well
and 10 IV instar larvae of Ae. aegypti were added in the
bioassay cups. The four solvents without the extracts were
kept as control. The rate of mortality was calculated from
24 – 48 h duration14 and corrected for control mortality,
if any, using Abbott’s formula12.

Statistical analysis
Values are expressed as mean ± standard deviation

(SD). All the experiments were performed in triplicates.
Statistical analyses were performed with Graph Pad Prism
4 software, using one-way analysis of variance followed
by Tukey Kramer multiple comparison test15. The sig-
nificance was set at p < 0.05. The LC50 values were cal-
culated using probit analysis.

RESULTS

Isolation and characterization of Pseudomonas spp
In the present study (Fig. 1), five bacterial cultures

(KUN1, KUN2, KUN3, KUN4 and KUBS) which were
isolated using KB medium, showed bluish green fluores-
cence when observed at 365 nm in the UV light (Fig. 2a).
These fluorescent colonies were selected and further
cultured to establish pure cultures in the KB medium
(Fig. 2b). Morphological characteristics of the fluores-
cent colonies were yellowish white mucoid colonies with
smooth, regular margins and fruity odour. The pheno-
typic characterization of the isolate was observed to

Fig. 1: Graphical abstract of the research work.
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be highly motile, small rod shaped and stained for gram
negative. It grew at the temperatures ranging from 4 to
45°C but maximum growth was recorded at 30°C. The
bacterial isolates showed positive results for catalase,
oxidase, citrate, triple sugar iron (TSI), nitrate reduction,
gelatin hydrolysis, casein hydrolysis and negative results
for indole, methyl red and voges-proskauer (MR-VP) and
starch hydrolysis tests. Thus, through biochemical char-
acterization it was confirmed that the strain identified was
Pseudomonas (Table 1). Among the five bacterial iso-
lates, the strain KUN2 showed bluish green colonies when
grown in Pseudomonas P agar (specific for P. aeruginosa)
(Fig. 3a) and was found highly sensitive to antibiotic,
carbenecillin (Fig. 3b). Hence, it was identified as the
strain P. aeruginosa. Further, it was also confirmed by
16S rRNA sequencing analysis16 (Fig. 4). The 16S rRNA
sequence of KUN2 has been deposited with NCBI (Ac-
cession number KR025536.1).

Figs. 2(a–b):(a) Pseudomonas aeruginosa strain KUN2 showing
fluorescence in UV light at 365 nm; and (b) Pure culture
of P. aeruginosa strain showing fluorescence in UV light
at 365 nm.

Figs. 3(a–b):(a) Pseudomonas aeruginosa KUN2 showing bluish
green colonies in the Pseudomonas P agar; and (b) Figure
showing that the P. aeruginosa KUN2 is sensitive to
carbenicillin.

Fig. 4: Phylogenic tree of KUN2 strain—Phylogenetic location of Pseudomonas aeruginosa KUN2 based on 16S rRNA sequences. The
phylogenetic tree was constructed based on the percent difference in the genetic relationships between the allied strains. The length of
each pair of branches represents the distance between sequence pairs, while the units at the bottom of the tree indicate the number of
substitution events.

Table 1. The biochemical characteristics of the Pseudomonas spp

S.No. Name of KUN1 KUN2 KUN3 KUN4 KUBS
biochemical test

1. Catalase + + + + +
2. Oxidase + + + + +
3. Citrate + + + + +
4. TSI + + + + +
5. Nitrate reduction + + + + +
6. Gelatin hydrolysis + + + + +
7. Casein hydrolysis + + + + +
8. Indole – – – – –
9. MR – – – – –
10. VP – – – – –
11. Starch hydrolysis – – – – –

(+) Positive; (–) Negative.
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Media optimization
The protein concentrations in the culture supernatant

of the P. aeruginosa (KUN2) grown in NB, KB, GPS and
modified medium were recorded for every 24, 48 and 72 h.
In, 24 h culture supernatant of KUN2 the protein concen-
tration was 8.5 mg/ml in KB, 2.84 mg/ml in GPS, 3.07 mg/
ml in modified medium and 1.5 mg/ml in NB. In, 48 h
culture supernatant, concentration was 9.6 mg/ml in KB,
3.12 mg/ml in GPS, 6.81 mg/ml in modified medium and
1.11 mg/ml in NB. In 72 h culture filtrate, the concentra-
tion was 2.5 mg/ml in KB, 5.2 mg/ml in GPS, 3.9 mg/ml in
modified medium and 1.84 mg in NB medium. High con-
centration of protein was observed in the 48h culture su-
pernatant of KB and modified medium (Fig. 5).

Larvicidal activity of lyophilized culture supernatant
Larvicidal activity of the lyophilized formulation of

extracellular toxins against Ae. aegypti was recorded for
24, 48 and 72 h exposure. Among the four medium (KB,
GPS, modified medium and NB) exotoxin of 48 h and 72
h culture from the modified medium showed 93% mor-
tality immediately after 24 h of treatment and 100% mor-
tality in the 48 h and 72 h of exposure. In the GPS me-
dium, the exotoxin showed 100% mortality in the 24 h,
48 and 72 h culture only after 72 h of treatment. Whereas,
the KB and NB medium recorded the mortality rate of 56
and 36% respectively even after 72 h of treatment (Fig.
6). Modified medium exhibited significant (p < 0.01) lar-
vicidal activity when compared to other media.

Larvicidal activity of secondary metabolite against Aedes
aegypti

Secondary metabolites were extracted from the 72 h
old culture supernatant of the KUN2 isolate with differ-
ent solvents such as diethyl ether, petroleum ether, chlo-
roform and ethyl acetate. Larvicidal activity of the sec-
ondary metabolite against the IV instar larvae of Ae.
aegypti was recorded for 24 and 48 h exposure. In 24 h
duration mortality percentages of the solvents at differ-
ent concentrations per ml were as follows; diethylether
extract showed 3.3% mortality at 50 μg, 20% at 100 μg
and 23.3% at 150 μg concentration while petroleum ether
extract showed 73.3% at 50 μg, 100% at 100 μg and 100%
at 150 μg. Mortality rate of chloroform extract was 20%
at 50 μg, 27% at 100 μg and 33.3% at 150 μg concentra-
tion. Whereas, in the ethylacetate extract, the mortality
rate was 17% at 50 μg, 23.3% at 100 μg and 27% at 150
μg concentration (Fig. 7).

In 48 h duration, larvicidal activity of the diethyl ether
extract was 3.3% at 50 μg, 20% at 100 and 23.3% at 150
μg concentration. Petroleum ether extract showed 97%

larval mortality at 50 μg, 100% at 100 μg and 150 μg
concentration. Chloroform extract showed 23.3% mor-
tality at 50 μg, 33.3% at 100 μg and 47% at 150 μg con-
centration while the mortality rate of the ethyl acetate
extract was 33.3% at 50 μg, 40% at 100 μg and 43.3% at
150 μg concentration (Fig. 7). Among the four solvents,
petroleum ether extract showed significant (p < 0.01)
100% mortality against the Ae. aegypti larvae at 100 μg

Fig. 5: Optimization of media to enhance the production of the
exotoxin in the strain KUN2 and the concentration of protein
in each medium.

Fig. 6: Mortality percentage of the lyophilised formulation of exotoxin
of Pseudomonas aeruginosa strain KUN2 from the all four
medium. Significance was measured at p < 0.01 for modified
medium vs other medium.

Fig. 7: Larvicidal activity of secondary metabolite extracted from the
different solvent against Aedes aegypti at different
concentration (μg) for 24 and 48 h duration. Significance was
measured at p < 0.01 for petroleum ether vs other solvents.



 J Vector Borne Dis 53, June 2016110

and 150 μg concentration for 24 h duration. The LC50
values were recorded as 47 μg/ml for petroleum ether,
158 μg/ml for chloroform, 199 μg/ml for diethyl ether,
170 μg/ml for ethyl acetate extract.

DISCUSSION

In the present study, KUN1, KUN2, KUN3, KUN4,
and KUBS bacterial strains were isolated from, India the
rhizosphere soil of banana fields from Coimbatore. Mor-
phological characterization of the isolates showed that
all were gram negative, rod shaped and highly motile.
Further, the biochemical screening showed positive re-
sults in catalase, nitrate reduction, gelatin hydrolysis,
oxidase, casein hydrolysis and negative result in MRVP
and IMVIC test10. This affirmed the earlier report of Rekha
et al16, and it was evident from the results, that all the
isolates belong to Pseudomonas spp. Among the isolates,
KUN2 showed high fluorescence pigment production in
KB medium (Fig. 2b), and bluish green colony formation
when cultured in Pseudomonas P agar medium (Fig. 3a).
This result was similar to the finding of King et al17. The
high fluorescence pigmentation produced by KUN2 may
be due to the production of pyocyanin and pyorubin, spe-
cific to P. aeruginosa and it was further confirmed by
16S rRNA sequencing. The phylogenetic tree analysis of
16S rRNA sequence confirmed that KUN2 was a P.
aeruginosa strain. KUN2 strain produced high fluores-
cence pigmentation and was virulent as it showed maxi-
mum mortality rate when compared to other isolates. So,
this strain was selected for further experiments. The bac-
terial isolate KUN2 was cultured in various media such
as NB, KB, GPS and modified medium.

This study was performed to identify the optimal con-
dition for the maximal production of exotoxins in the
culture supernatant. The protein concentration was re-
corded high in the 48 h culture supernatant of the KB
medium (9.6 mg/ml) and modified medium (6.81 mg/ml),
whereas in the nutrient broth and the GPS medium pro-
tein concentration was high in the 72 h culture filtrate
with a value of 1.8 mg/ml and 5.2 mg/ml respectively.
The larvicidal activity (mortality) against Ae. aegypti was
100% in the 48 h culture supernatant of modified me-
dium, when compared to the results of KB medium (56%).
As evident from the results, culture supernatant of modi-
fied medium showed better activity when compared to
the culture supernatant of KB medium. The difference
might be due to the exotoxins produced by P. aeruginosa
strain KUN2.

From the study it was understood that this may be
due to the nutrients in the media which played an impor-

tant role in the production of exotoxin in the culture su-
pernatant of the modified medium. Battu et al18 have also
reported that the increase in the level of exotoxin was
higher in the KB medium when compared with the King’s
A, NB and NB with glucose media. They proved the ef-
fect of exotoxin against fungal pathogen and observed
maximum zone of inhibition. Prabakaran et al8 reported
that the larvicidal formulations of extra cellular superna-
tant (GPS medium) of P. fluorescens showed maximum
larvicidal activity against Ae. aegypti larvae when com-
pared to the larvae of Anopheles stephensi and Culex
quinquefasciatus. From the present study, it was interest-
ing to note that the culture supernatant of KUN2, cul-
tured in the modified medium showed better larvicidal
activity when compared to the previous studies.

Identification of the toxic compound from the cul-
ture supernatant of KUN2 was done using diethyl ether,
petroleum ether, chloroform and ethylacetate solvent ex-
traction. Larvicidal activity against Ae. aegypti was car-
ried out with the 72 h culture supernatant extract from
the above solvents and mortality rate was observed from
24 to 48 h of exposure. Among the four solvents, petro-
leum ether extract of P. aeruginosa strain KUN2 showed
100% mortality against the Ae. aegypti larvae in the 24 h
of exposure at 100 and 150 μg concentration. Petroleum
ether extract was more toxic to the Ae. aegypti even at
low concentration (50 μg – 73%). The result of our study
was appreciable as 100 μg/ml of petroleum ether extract
recorded 100% mortality of Ae. aegypti at 24 h exposure
however, this result deviated with the earlier studies on
the solvent extracts of petroleum ether, chloroform and
aqueous extracts obtained from Acalypha indica, Aerva
lanta, Boerhaavia diffusa, Commelina benghalensis,
Gomphrena sp, Datura stramonium, Euphorpia hirta,
Cynodon, Lantana camara and Tridax procumbens. It was
reported that the larvicidal activity was higher in petro-
leum extracts of the above plant with a higher concentra-
tion of 1000 μg/ml at 48 h of exposure14. This mortality
might be due to the absorbance of the toxic compounds
through the cuticle of the larvae, as further development
of the larvae was not observed19–20. The maximum
mortality rate in the solvent extract may be due to the
production of toxic compounds from KUN2 isolate. Our
result proved to be one of the best suitable biopesticide
for the control of Ae. aegypti and in containment of
dengue fever.

Based on the results it appears that metabolites might
have higher larvicidal activity when compared to the pro-
teins. The exotoxins of microbial origin, including
Pseudomonas species, have been known to be toxic to
the larvae of mosquitoes as well as lepidopterans. Though,
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they showed lethal effect against mosquito larvae, they
were more pronounced on pupal stages8, 20. Further, stud-
ies on the formulations of the petroleum ether extract will
pave the way for control of Ae. aegypti, which has devel-
oped resistance to DDT and synthetic pyrethroids reported
recently in Delhi and Kerala21.

CONCLUSION

In summary, five Pseudomonas spp (KUN1, KUN2,
KUN3, KUN4 and KUBS) isolated from the rhizosphere
soil were characterized and identified as Pseudomonas
spp. Among the five strains KUN2 was identified as P.
aeruginosa by observing blue green colonies in the Pseudo
P agar, which was confirmed by 16S rRNA sequencing.
Lyophilized culture supernatant of KUN2 showed more
toxicity to the larvae of Ae. aegypti when grown in the
modified medium. Secondary metabolite from the petro-
leum ether extract was observed to be more toxic to the
Ae. aegypti larvae, even at low concentration (50 μg/ml).
Further, identification of the toxic compound responsible
for the larvicidal activity should be analyzed.
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