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1. Introduction

   Mosquito-borne diseases including yellow fever, dengue fever 

and chikungunya and Zika virus are transmitted by Aedes aegypti, 

the malaria parasite carried by the vector belonging to the genus 

Anopheles[1,2]. Mosquitoes transmit diseases to more than 700 

million people each year and are responsible for 655 000 deaths 

every year for malaria alone from World Health Organization (WHO) 

report of 2013[3]. Anopheles stephensi and Anopheles culicifacies 

(An. culicifacies) are the two primary malarial vectors in India[4]. At 

the moment, bendiocarb (carbamate), malathion (organophosphate), 

and deltamethrin, cyfluthrin, α-cypermethrin and lambda-

cyhalothrin (synthetic pyrethroids) are the most commonly used as 

insecticides for vector control in the public health for indoor residual 

spray and insecticides treated bed nets[5]. Susceptibility status 

of vectors from several districts in India was carried out in 2009 

using WHO treated papers of dichloro-diphenyl-trichloroethane, 

deltamethrin and malathion according to standard WHO protocol[6]. 

An. culicifacies was found to have developed tolerance against all 

evaluated insecticides[7]. Malaria control mostly in India relies on 

the use of malathion and pyrethroids. The evolution of insecticides 

tolerance among vectors is jeopardising the efficacy of the current 
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tools. New innovative and eco-friendly compounds to supplement 

the existing tool are priority at the moment.

   There are molecules reported from plant extracts which are found 

to compromise the strength, vitality and physiology of the insect 

pests. Bioresmethrin, styryl-lactones and acetogenins are among 

the insecticides known to affect both growth and developmental 

hormone and are grouped as insect growth regulators[8]. Chalcone 

oxides have been found to be the inhibitors of the juvenile hormone 

hydrolysis by supressing Manduca sexta tissue to reduce the 

production of epoxide hydrolase[9]. 

   The objective of the current study was to isolate and characterize 

dipropyl-, S-propyl ester from Exiguobacterium mexicanum (MSSRF-

S9) (E. mexicanum) and evaluate its insecticidal property against 

larvae of malaria vector, An. culicifacies and dengue vector, Aedes 

albopictus (Ae. albopictus).

2. Materials and methods

2.1. Bacteria and mosquito culture

   E. mexicanum (Gen Bank Ac No: KF471138) bacterium with 

insecticidal activity was obtained from entomology laboratory of 

M.S. Swaminathan Research Foundation, India. The larvicidal 

action of the bacterial culture filtrate against the mosquito larvae 

was confirmed in preliminary screening studies. The eggs of An. 

culicifacies and Ae. albopictus were collected from different habitats 

(Kallar River and stagnant water). These eggs were brought to the 

molecular entomology laboratory and transferred to enamel trays 

(18 cm ××13 cm × 4 cm) containing 500 mL of distilled water for 

hatching. The mosquito larvae were allowed to feed with pedigree 

dog biscuits and yeast at 3:1 ratio. In insectary, larvae were reared 

at a temperature of (27 ± 2)°°C and relative humidity of 75%–85% 

in a room having a photophase of 14:10 (light/dark). Pupae were 

collected from the culture trays and transferred to plastic containers 

(12 cm×× 12 cm) containing 500 mL of water. The plastic jars were 

kept in a 90 cm×× 90 cm × 90 cm mosquito cage for adult emergence. 

A 10% sugar solution was provided for a period of 3 days before 

blood feeding. 

2.2. Preparation of the crude extract 

   After 48 h, culture filtrate of E. mexicanum was prepared and 

separated with the hexane, chloroform, acetone, methanol and ethyl 

acetate in the ratio of 1:1 (v/v) followed by shaking for 30 min in a 

separating funnel. The extraction was repeated thrice and the fractions 

were pooled and evaporated under vacuum using a rotary evaporator 

(Buchi Type, Switzerland). The crude extracts thus obtained were 

evaluated for the larvicidal activity with different concentrations 

viz., 150, 300, 450, 600, 750 mg/L. Ethyl acetate was selected for 

identifying compound based on the highest mosquito larvicidal 

activity. 

2.3. Purification of active compound 

   The concentrated crude extract was mixed with chloroform-silica gel 

slurry and loaded onto a silica gel 60–120 mesh (E-Merck, Darmstadt, 

Germany) column, packed in ethyl acetate: chloroform: acetic acid 

(5:4:1) as the solvent system (the dimension of the column was 450 mm 
× 30 mm). A total of 100 tubes of 10 mL of the fractions were collected 

and analyzed by thin layer chromatography (TLC). Fractions showing 

similar spots with same Rf values were pooled and concentrated by a 

SpeedVac under low pressure with evaporating temperature of 40 °C. 

2.4. TLC profile of the secondary metabolites 

   TLC of the solvent extract was performed on a pre-coated silica 

gel TLC plate grade (60.20 × 20.0.5 mm, Merck) with ethyl acetate: 

chloroform: acetic acid (5:4:1) as the solvent system. Ethyl acetate 

extract was spotted on the silica plate using a capillary tube and pointed 

in the TLC chamber containing the solvent and was appropriated to 

operate for about 15 cm. The chromatogram was developed in closed 

tanks, in which the air had been saturated with eluent vapor by wetting 

a filter paper lining. The chromatogram was visualized under UV light 

(365 nm). 

2.5. Characterization of the metabolite 

   The purified fractions were subjected to high performance liquid 

chromatography (on the Bondapak column with a flow rate 1.5 mL/

min and pressure up to 300 psi) using acetonitrile (9:1) as elutant to 

obtain the pure sample. The eluted single fraction was evaporated to 

dryness and subjected to Fourier transform infra-red (FTIR). Infrared 

spectral data were measured using Perkin-Elmer 1600 series FTIR 

spectrometer (Nujol, KBr disks). To determine the molecular weight, 

the samples were subjected to electrospray ionization quadrupole 

mass spectrometry with Finnigan LCQ MS detector. Source 

conditions were set (voltage 5 kV: nitrogen sheath gas pressure of 

60 psi: heated capillary temperature 200°°C: full scan 50 to 2 000 

m/z). 13C-nuclear magnetic resonance (NMR) and 1H-NMR spectra 

were recorded on a Bruker 300 MHz instrument using tetra methyl 

silane as the internal standard. Optical density was estimated using 

UV spectrometry (Shimadzu). Using the spectral data of FTIR, 

electrospray ionization quadrupole mass spectrometry, 1H-NMR, 13C-

NMR and UV spectrum, the structure of the active principles was 

determined. 

2.6. Larvicidal bioassay 

   The larvicidal activity was evaluated using the methodology 

recommended by WHO[10]. A total of 25 third-instar larvae were 

transferred to a paper cup, containing 200 mL of water. The 

appropriate volume of dilution was added to 200 mL water in the 

cups to obtain the desired target dosage, starting with the lowest 

concentration (150 to 750 mg/L). Four replicates were set up for 

each concentration, and an equal number of controls was set up 

simultaneously using tap water. To this, 1 mL of ethanol was added. 

The control mortalities were corrected by using Abbott’s formula[11].

Corrected mortality = 伊 100

Observed mortality in treatment – 
Observed mortality in control

100 – Control mortality

Percentage mortality = 伊 100
Number of dead larvae

Number of larvae / introduced
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2.7. Statistical analysis

   The LC50 and LC90 were calculated from toxicity data by using 

probit analysis[12]. The average larval mortality data were subjected 

to probit analysis for calculating LC50 and LC90, and other statistics at 

a 95% upper fiducial limit (UFL) and lower fiducial limit (LFL), and 

Chi-square values were calculated using SPSS 16.0 version (USA). 

Results at P < 0.05 were considered to be statistically significant. 

3. Results

3.1. Purified compound with insecticidal activity

   Based on the polyphasic chemical characterization, the 

chemical structure of dipropyl-, S-propyl ester was derived. 

The retention time value of the compound was 3.0 at a single 

peak in high performance liquid chromatography and the 

UV spectrometer reading for the compound 4 was 231 nm. 

FTIR values of compound 4 showed the following clear peaks 

between the range of 1 700–1 750 which implied the presence of 

carbamic acid, ester and carbonyl (C = O) stretch [1 050–1 200 

confirmed the presence of dithiocarbamic group with (C = S) 

stretch, 1 600–1 680 denoting (C – N) stretch, peaked between 

2 800–3 000 range depicting alkane (C – H) stretch, 1 350–1 480 

gave alkane (C – H) bending and the H1NMR (200 MHz CDCl3) 

spectrum of 0.9–1.5 depicted the presence of H in propyl group]. 

The C13 NMR spectrum shown a peak at range between 170–185 

confirmed the presence of C in acid and ester (C = O), 10–15 

confirmed C in propyl (R CH3) group and 16–25 indicated the 

presence of C in alkane (R2 CH3) and the molecular mass was 

estimated at 203 m/z by mass spectroscopy (Figure 1) which 

confirmed the composition C10H21NOS for dipropyl-, S-propyl 

ester. 

   Dipropyl-, S-propyl ester extracted and purified thus exhibited 

dose dependent larvicidal activity against the mosquito An. 

culicifacies and Ae. albopictus. Different concentrations of the 

E. mexicanum solvent extracts at 150, 300, 450, 600, 750 mg/L 

were tested against both mosquito species. Hexane, chloroform, 

acetone, methanol and ethyl acetate solvents were evaluated, 

however, the highest larval mortality was observed in the ethyl 

acetate extract in both the mosquito vectors. Ae. albopictus was 

found sensitive to the following orderly LC50 values of 448.95, 

412.18, 376.95, 332.51 and 290.45 mg/L and LC90 values of 

928.37, 858.90, 808.77, 716.77 and 640.58 mg/L. The An. 

culicifacies had LC50 values of 421.33, 384.26, 341.16, 306.82 

and 260.83 mg/L and LC90 values of 911.42, 831.29, 754.90, 

669.38 and 574.01 mg/L respectively. Among different solvent 

extracts of E. mexicanum bacterial culture filtrate, the highest 

larvicidal activity against An. culicifacies was observed in ethyl 

acetate extract with mortality ranging between 34.30% ± 0.66% 

at 150 mg/L to 96.30% ± 0.69% at 750 mg/L (Table 1) for which 

the LC50 and LC90 doses were estimated as 260.83 mg/L and 

574.01 mg/L (Table 2). Also in case of Ae. albopictus, the ethyl 

acetate extract showed higher mortality ranging from 40.20% ± 

0.18% at 150 mg/L to 99.70% ± 0.50% at 750 mg/L for which the 

LC50 and LC90 doses were calculated as 290.45 mg/L and 640.58 mg/

L (Table 3). The purified compound tested against An. culicifacies 

showed the range of mortality between 41.80% ± 1.70% and 98.50% 

± 1.52% and for Ae. albopictus, the mortality range was between 

37.30% ± 1.37% and 89.30% ± 0.62% (Table 4). The relative 

efficacy of compound dipropyl-, S-propyl ester against both the 

mosquito vectors was drawn and found prominent to contain both 

the vectors LC50 value of 127.73 mg/L (LFL-UFL values of 11.20–

182.13 mg/L) and LC90 value of 337.98 mg/L (LFL-UFL values of 

270.18–534.05 mg/L) for An. culicifacies [Y = –0.779 + 0.006x, x2 = 

7.973 (df = 4), P < 0.05], and LC50 value of 155.94 mg/L (LFL-UFL 
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Figure 1. Mass spectroscopy peaks of dipropyl-, S-propyl ester.
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values of 123.78–181.31 mg/L) and LC90 value of 422.12 mg/L (LFL-

UFL values of 375.86–494.02 mg/L) for Ae. albopictus [Y = –0.751 

+ 0.005x, x2 = 2.577 (df = 4), P < 0.05] respectively. 
Table 1 
Percentage of mortality effects of E. mexicanum extract in different 
concentrations and different solvents against fourth instars larvae of An. 
culicifacies and Ae. albopictus.

Solvents Concentrations (mg/L) An. culicifacies  Ae. albopictus

Hexane Control   0.00 ± 0.00   0.00 ± 0.00

150 22.50 ± 1.63 24.70 ± 1.19

300 31.20 ± 1.69 35.40 ± 1.23

450 52.70 ± 0.88 54.90 ± 0.55

600 65.10 ± 1.24 67.30 ± 1.11

750 78.50 ± 1.41 80.60 ± 1.30

Chloroform Control   0.00 ± 0.00   0.00 ± 0.00

150 23.90 ± 1.24 26.20 ± 1.10

300 34.60 ± 0.18 38.30 ± 0.25

450 56.00 ± 1.63 59.00 ± 1.36

600 70.00 ± 0.85 72.00 ± 0.28

750 83.60 ± 0.57 85.90 ± 0.70

Acetone Control   0.00 ± 0.00   0.00 ± 0.00

150 26.70 ± 0.90 30.80 ± 0.49

300 37.20 ± 1.21 40.30 ± 1.18

450 60.50 ± 1.30 63.50 ± 1.36

600 75.00 ± 0.18 79.10 ± 0.52

750 86.30 ± 1.96 90.40 ± 1.10

Methanol Control   0.00 ± 0.00   0.00 ± 0.00

150 30.60 ± 1.52 33.80 ± 1.20

300 40.00 ± 0.45 43.50 ± 0.33

450 66.30 ± 0.39 67.60 ± 0.48

600 81.70 ± 1.88 85.10 ± 1.32

750 92.30 ± 1.14 95.80 ± 1.23

Ethyl acetate Control   0.00 ± 0.00   0.00 ± 0.00

150 34.30 ± 0.66 40.20 ± 0.18

300 47.50 ± 1.22 47.90 ± 1.31

450 69.00 ± 1.30 74.60 ± 1.36

600 88.60 ± 0.13 92.80 ± 0.17

750 96.30 ± 0.69 99.70 ± 0.50

All values were expressed as mean ± SD of five replicates.

Table 2 
LC50 and LC90 values, regression equation and Chi-square analysis of 
larvicidal activity against Ae. albopictus.

Solvents LC50  
(LFL-UFL) (mg/L)

LC90  
(LFL-UFL) (mg/L)

Regression 
equation

x2 (df = 4)

Hexane 448.95 
(400.80–509.02)

928.37 
   (798.35–1 160.12)

Y = –1.200 
+ 0.003x 

0.872*

Chloroform 412.18 
(368.75–453.20)

858.90
(778.94–974.75)

Y = –1.182 
+ 0.003x 

0.556*

Acetone 376.95 
(332.53–416.99)

808.77
(736.02–912.69)

Y = –1.119 
+ 0.003x  

0.903*

Methanol 332.51 
(289.48–369.93)

716.77
(657.70–798.07)

Y = –1.109 
+ 0.003x  

1.996*

Ethyl acetate 290.45 
(247.37–326.81)

640.58 
(589.61–709.34)

Y = –1.063 
+ 0.004x  

2.185*

*: P < 0.05.

Table 3 
LC50 and LC90 values, regression equation and Chi-square analysis of 
larvicidal activity against An. culicifacies.

Solvents LC50

(LFL-UFL) (mg/L)
LC90

(LFL-UFL) (mg/L)
Regression 
equation

x2 (df = 4)

Hexane 421.33 
(374.42–465.99)

911.42
  (818.48–1 050.99)

Y = –1.102 
+ 0.003x

0.401*

Chloroform 384.26 
(338.88–425.39)

831.29
(754.00–943.17)

Y = –1.102 
+ 0.003x

0.456*

Acetone 341.16
(295.60–380.66)

754.90
(689.08–847.57)

Y = –1.057 
+ 0.003x

1.405*

Methanol 306.82
(263.95–343.43)

669.38
(615.52–742.59)

Y = –1.085 
+ 0.004x

3.009*

Ethyl acetate 260.83
(110.34–348.10)

574.01 
(470.99–814.74)

Y = –1.067 
+ 0.004x

8.202*

*: P < 0.05.

Table 4 
Percentage of mortality effects of compound 4 (dipropyl-, S-propylester) in 
concentrations against fourth instars larvae of An. culicifacies and Ae. albopictus.

Species Concentrations (mg/L)   Mortality (%)
An. culicifacies Control   0.00 ± 0.00

  75 41.80 ± 1.70
150 53.40 ± 1.80
225 69.70 ± 0.77
300 79.80 ± 1.29
375 98.50 ± 1.52

Ae. albopictus Control   0.00 ± 0.00
  75 37.30 ± 1.37
150 48.60 ± 0.55
225 60.50 ± 1.49
300 71.70 ± 0.83
375 89.30 ± 0.62

All values were expressed as mean ± SD of five replicates. 

4. Discussion

   The findings of current study revealed that S-propyl ester is 
an effective mosquitocidal molecule with potential mosquito 
population intervention property. Other mosquitocidal compounds 
were reported with mosquitocidal property against Culex pipiens 
larvae such as dihydrocitronellyl acetate, linalyl acetate, citronellyl 
acetate, neryl acetate, geranyl acetate, dihydrocitronellal, 
ci tronellol ,  dihydrolinalyl acetate,  ci tronell ic acid and 
tetrahydrolinalyl[13]. Also the crude extract of Solanum nigram 
leaves showed significant larvicidal activity against An. culcifacies, 
Culex quinquefasciatus and Aedes aegypti at a dose equivalent 
to the LC90, ranging from 0.18% to 0.21%[14]. Besides the crude 
extracts, the compound styryl-pyrone, goniothalamin, was found 
to be effective natural plant based insecticide against Spodoptera 
exigua[15]. 
   The present investigation proved dipropyl-, S-propyl ester 
extracted from bacteria to have potential larvicidal activity. The 
biological activity of the experimental bacterial metabolites of 
different solvent extracts is varied, which may be ascribable to the 
presence of various active compounds produced by the bacteria. 
These active compounds may have collectively or independently 
influenced or contributed to produce larvicidal effects against An. 
culicifacies (Table 1). 
   Secondary metabolite produced by bacteria for their insecticidal 
activity was not much explored and only a few studies were 
taken up in the recent past, with detailed the analysis of liquid 
cultures of the entomopathogenic bacteria and the bacteria are 
in fact very important secondary metabolite producers that can 
produce several structurally diverse compounds[16,17]. Therefore, 
entomopathogenic bacteria can be considered as a novel origin 
of potential insecticides which have been studied only recently. 
Other entomopathogenic bacteria also have been identified which 
have not been analyzed for secondary metabolites and/or genes 
encoding the corresponding biosynthesis genes, but are members 
of well known secondary metabolite producing genera[18]. 
Examples are Serratia entomophila (S. entomophila) and Erwinia 
carotovora[19]. Whereas, the entomopathogenic activity of Erwinia 
carotovora has been shown only under laboratory conditions, and 
S. entomophila has been isolated from the New Zealand grass grub 
and Costelytra zealandica in the field. S. entomophila causes the 
so-called amber disease in Costelytra zealandica, a major pasture 
pest in New Zealand[20]. Photorhabdus produced a small-molecule 
antibiotic (E)-1, 3-dihydroxy-2-(isopropyl) -5-(2 phenylethenyl) 
benzene (ST) that acted as an inhibitor of phenoloxidase in 
the insect host Manduca sexta as found by Eleftherianos and 
others[21]. 
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   Insecticidal compounds produced by bacteria are less 
described in the literature and mostly represent small molecules 
like benzylideneacetone, iodine, phenethylamines and indole 
derivatives, and also more complex compounds like the 
Xenorhabdus and xenorxides and xenocoumacin[22-25]. Despite 
the fact that, few compounds with insecticidal activity were 
reported from entomopathogenic bacteria, several of them were 
structurally unique e.g. zwittermicin from Bacillus thuringiensis, 
isopropylstilbene from Photorhabdus luminescence, which 
were complementary sources of natural products compared 
to much more well established natural product producers like 
Streptomycetes. Toxin complex has been demonstrated in insect 
pathogens, including the closely related Xenorhabdus and the free 
living S. entomophila[26,27]. In the present results, the purified 
compound tested against An. culicifacies showed the range of 
mortality between 41.8% and 98.5% and for Ae. albopictus, the 
range of mortality was between 37.3% and 89.3%. The comparative 
efficacy of compound dipropyl-, S-propyl ester against both the 
mosquito vectors was drawn and found prominent to control both 
the vectors, An. culicifacies and Ae albopictus.
   The outcomes of the present study showed that the bacterial 
compound dipropyl- ,  S-propyl ester  isolated exhibited 
good insect icidal  act ivi ty against  An. cul ici facies  and                               
Ae. albopictus. The possible utilization of these naturally available 
microbes for effective control of insect pest is recommended from 
this study. The insecticidal compound that was identified from the 
bacterium E. mexicanum could be used against An. culicifacies and 
Ae. albopictus by subjecting them to further biosafety evaluation. 
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