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Abstract. Control of mosquitoes is the most important aspect of public health, as mosquitoes
transmit many human diseases, including the fatal infection, Japanese encephalitis. This
paper addresses the isolation of new mosquitocidal bacteria from soil samples in the Union
Territory of Pondicherry, India, where, no clinical cases of vector borne infections have been
reported. Bacterial isolates from soil samples were screened for potential mosquitocidal
strains and bioassays against mosquito vectors (Culex quinquefasciatus, Anopheles stephensi

and Aedes aegypti) were carried out. Genomic DNA of potential mosquitocidal isolates was
amplified and species identification was carried out using BLASTn program (NCBI).
Phylogenetic analysis of 16S rRNA sequences of mosquitocidal bacteria revealed seven
potential isolates. SDS-PAGE results have shown that there was considerable difference in
the protein profiles. Numerical analysis revealed 4 distinct groups at similarity level 25%. The
relationship between VBDs and prevalence of soil mosquitocidal bacteria in the study sites
has elicited considerable interest in the diversity of mosquitocidal bacteria and their application
for mosquito borne diseases control.

INTRODUCTION

Insect vectors are recognized as organisms
causing diseases of public health importance
in both developing and developed countries.
Although mosquito borne diseases viz:
filariasis, malaria, yellow fever, West Nile,
and Japanese encephalitis have declined in
many parts of the world, dengue infection
continue to be a major public health problem
in tropical countries. Chikungunya pandemic
that spread to many parts of the world during
the last decade affected the quality of life of
the infected individuals. In the early days,
chemical pesticides were widely used in
vector control programme. Since usage of
chemical pesticides for long time and
development of insecticidal resistance in
insect vectors are environmental concern, it
is important to search and discover biological
agents for control of mosquito vectors. Usage

of bacterial agents in mosquito control started
from discovery of Bacillus sphaericus (Bs)
1593 (Singer, 1974) and a highly toxic strain
of Bacillus thuringiensis serovar
israelensis (Bti) in 1977 (Goldberg, 1977;
Mwangangi et al., 2011). These bacterial
agents produce sporulation and crystalline-
endotoxin, specific to Coleopteran and
Dipteran organisms (Ellar et al., 1985; Hofte
& Whitley, 1989; Gleave et al., 1992; Poopathi
et al., 2002; Rodriguez et al., 2003; Poopathi
& Tyagi, 2006; Raghavendra et al., 2011). A
large number of strains from these species
have been isolated hitherto.

Extensive research on screening of
mosquitocidal bacteria resulted in isolation
of over 300 B. sphaericus strains. Among
them, 17 strains are highly toxic to mosquito
larvae (de Barjac, 1990). Bacillus sphaericus

strain 2297 from Sri Lanka (Wickremeshighe,
1980), 1593M from Indonesia (de Barjac &
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Sutherland, 1990; Singer, 1990), 2362 from
Nigeria (Weiser, 1984), and C3-41 from China
(Liu et al., 1989) were studied extensively
and are now available commercially as
mosquito larvicides.

In addition to existing isolates, only B.

sphaericus, B. thuringiensis, Brevibacillus

laterosporus, Streptomyces and Clostridium

bifermentans are known to be mosquitocidal
(Thiery et al., 1992; Orlova et al., 1998;
Federici et al., 2006; Park et al., 2007; Patil
et al., 2013; Thenmozhi et al., 2013). The
B. thuringiensis subsp. israelensis is the
most potent and effective, and produces 4
major mosquitocidal toxins of Cry4A, Cry4B,
Cry11A and Cyt1A in a parasporal body
(Federici et al., 2006; Park et al., 2006;
Frankenhuyzen, 2009; Singh & Prakash, 2009;
Wirth et al., 2011; Poopathi & Archina, 2012).
On the other hand, putative toxins from C.

bifermentans include a doublet of 66-68kDa
and two other small proteins of 16 and 18kDa
(Nicolas et al., 1993). Larvicidal effect of
B. sphaericus is mainly due to two kinds of
toxins (crystal (Cry) and mosquitocidal (Mtx)
toxins), which differ in composition and time
of synthesis (Baumann et al., 1991). Among
these two toxins, crystal toxin is the main
toxic factor in the highly larvicidal strains.
The crystal toxin is made up of two
polypeptides with molecular weight of about
51 and 42 kDa (Charles et al., 1997; Dias et

al., 1999; Poopathi & Abidha, 2009). Different
methods have been used for typing bacterial
species as follows: Serotyping, analysis of
cellular fatty acid content, native-PAGE, and
small-subunit ribosomal RNA sequencing
and genome analysis (Ash et al., 1991; Berber
& Cokmus, 2001).

All these years, field studies were
carried out to know the efficacy of these
strains against the vectors. As most of the
bacteria are from the soil or aquatic
environment, it is imperative to address the
relationship between their presence in the
environment and vector borne diseases. In
the present study, an attempt has been made
to investigate the diversity of mosquitocidal
bacteria isolated from natural soil and its
relationship with endemicity of mosquito
borne diseases in the study sites (rural
villages) around union territory of

Pondicherry, India. In addition, it was
envisaged to study the phylogenetic
relationship of these new isolates. The
outcome of the study is likely to expound a
different approach on the correlation of
mosquitocidal bacteria and vector borne
disease control and an insight into
evolutionary relationships with known
Bacilli.

MATERIALS AND METHODS

Study sites and soil sample collection

An open cross sectional study was carried
out in two groups of villages in the Union
Territory of Pondicherry (11º59’N and
79°50’E). Group 1 included three villages,
Poraiyur, Koodappakkam and Pilliyar-
kuppam in which there were no reported
cases of VBDs and group 2 included another
three villages, Suthukeny, Santhaipudu-
kuppam and Lingareddipallayam in which
VBDs were reported (Figure 1). A quantum
of soil samples (1-2 gms) from 10 different
locations from each village were collected
in vials containing 30% sterile glycerol. To
obtain samples with minimal effect of
external factors, samples were collected
about 2-3 cm below the surface of habitat.
The samples were transported to the
laboratory for further analysis.

Bacterial strain isolation

The number of soil samples collected from
different study sites was pasteurized at 80ºC
for 15 minutes (Poopathi et al., 2014) and
after serial dilutions (10-6), 100µl of aliquot
was poured into plates of Luria-Bertani agar
(peptone, yeast extract, NaCl and Agar
2:1:2:2, pH 7.8). The plates were incubated at
30ºC for 24 hrs and different morphological
colonies were selected. They were sub-
cultured and finally maintained as 30%
glycerol stock until further use.

Bacterial sample preparation

The bacterial colonies isolated were
inoculated into 500 ml conical flask
containing 50 ml of LB broth and incubated
for 72 hours in orbital shaker. As soon as the
cultures were completely sporulated, the
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biomass containing the spore/crystal toxin
complex were recovered by centrifugation
(10,000g/30 min/4ºC) using refrigerated high-
speed centrifuge (Kendro, USA) (Poopathi
et al., 2014), freeze dried (Edwards Freeze
Dryer, E2M5, England) and preserved at
-20ºC for further analysis.

Bioassays

Culex quinquefasciatus, Anopheles

stephensi and Aedes aegypti mosquito larval
species used in the present study were
obtained from the mosquito colony
maintained in the insectary of the rearing and
colonization section (R&C), Vector Control
Research Centre (ICMR), Pondicherry, India.
The bioassay procedure followed was
essentially that recommended by the World
Health Organization (WHO, 1985). Bioassays
were conducted in 300 ml disposable wax
quoted paper cups. A stock solution was
prepared from the new isolates (5mg/l0ml
water), and serial dilutions were made
(0.02 to 2mg/l). Twenty five early 3rd instar
larvae from each mosquito species were
introduced separately into each of the test

concentrations. The bioassays were
conducted at room temperature (28ºC) and
larval mortality was assessed. If the mortality
in control larvae was between 5 and 20%,
Abbott’s formula was used to correct the
mortality (Abbott, 1925). The moribund
larvae were counted as dead.

Amplification of 16S rRNA gene

Total genomic DNA from isolates showing
mosquitocidal activity was extracted
using GenEluteTM Bacterial Genomic DNA
Kit (SIGMA-ALDRICH) and quality/quantity
were determined by agarose gel electro-
phoresis, followed by Ethidium Bromide
(EtBr) staining (0.5µg/ml). The genomic
DNA was subjected to PCR amplification
of the 16S rDNA using forward (8F) and
reverse (1942R) primers respectively (5'-
AGAGTTTGATCCTGGCTCAG-3' and 5'-
GGTTACCTTGTTACGACTT-3'). The poly-
merase chain reaction was carried out using
the following program: 95ºC for 5 minutes
followed by 35 cycles of 94ºC for 1 minute,
50ºC for 45 seconds and 72ºC for 1 minute,
final extension was carried out at 72ºC for 5

Figure 1. Map showing the study sites at Pondicherry where soil
samples were collected for microbial characterization
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minutes (Poopathi et al., 2014). The amplified
product was confirmed by agarose gel
electrophoresis, followed by Ethidium
Bromide staining.

Sequencing of 16s rRNA and bacterial

identification

PCR product of 16S rDNA was purified using
Qiaquick PCR purification kit (QIAGEN,
USA). Sequencing reactions were carried out
in both directions using same forward and
reverse primers used for amplification of 16S
rDNA region with BigDye Version 3.1 kit
(Applied Bio-systems) on an ABI-PRISM 3730
DNA Sequencer (Applied Bio-systems).
Ambiguous sequences from the base called
sequences were corrected with Chromas
(Version 2.01) and the sequences were
assembled with Bio-Edit (Version 7.0.9.0).
The sequence of potential isolate for species
identification was made using the BLASTn
program (NCBI) and the nucleotide sequence
has been submitted to GenBank for reference
(Table 1).

SDS-PAGE (Sodium Dodecyl Sulphate-

Poly Acrylamide Gel Electrophoresis)

Electrophoretic separation of protein was
carried out using small and larger vertical
slab gel unit (GENEI, India) (Laemmli,
1970). The resolving gel consisted of 10%
acrylamide (30:0.8 acrylamide: Bis), 0.38M
Tris (pH 8.8), 0.1% Sodium dodecyl sulphate
(SDS), 0.1% Ammonium per sulphate
(APS), and 0.07% N,N,N’,N’- tetra ethylene
dimethylene diamine (TEMED). The
concentrations of the stacking gel was 0.4%
acrylamide (30: 0.8, acrylamide: bis), 0.13M
Tris (pH 6.8), 0.1% SDS, 0.05% APS and 0.7%
TEMED. The running buffer consisted of
0.25M Tris (pH 8.3), 0.19M glycine and 0.4%
SDS.

A total of 15 µg protein equivalent
samples from potential bacterial isolates
were estimated (Bradford, 1976), incubated
with an equal volume of sample loading buffer
(0.125 M Tris-Buffer (pH 6.8), 4% SDS, 20%
glycerol, 10% β – mercaptoethanol), boiled
(10 min) and finally loaded on the wells of
the gel and subjected to electrophoresis (volt:
200V). The gel was stained in Coomassie
Brilliant Blue R-250 (0.13% CBB, 50%

methanol and 10% glacial acetic acid)
overnight and de-stained (methanol: glacial
acetic acid: water, 12:7:81%). The protein
bands were visualized, photographed and
analyzed in a Gel Doc system (SYNGENE,
U.K).

Data analysis

The software package ‘ASSAY’ was used
for dosage mortality regression analysis.
Phylogenetic analysis of the 16S rRNA
sequences of the selected mosquitocidal
bacteria was performed with Mega5 and
the evolutionary history was inferred using
the UPGMA method (Sneath, 1989). The
evolutionary distances in the units of the
number of base substitutions per site were
computed using the Maximum Composite
Likelihood method (Tamura et al., 2007) and
finally, the evolutionary analyses were
conducted in MEGA5 (Tamura et al., 2007).
For protein profile analysis, gels were
scanned using gel documentation system
(Gel Doc. SYNGENE and analyzed with
GeneTools software data analysis). Each
band was recognized by its length, width and
intensity. Accordingly, relative amount of
each band quantity was measured and
scored. Each band was scored as present (1)
or absent (0), and pair-wise comparisons
between isolates were used to calculate the
Jaccard’s coefficient of genetic similarity
matrix. Hierarchical cluster analysis to
produce a dendrogram was performed using
un-weighted pair-group method with
arithmetical (UPGMA).

RESULTS

Identification of mosquitocidal bacteria

from natural soils

Screening of bacterial colonies from soil
samples collected from all experimental sites
from group 1 villages where there were no
reported cases of VBDs revealed the
occurrence of seven potential bacterial
isolates (Table 1). These isolates had been
identified as new and their respective 16s
rDNA sequences had been submitted to
NCBI. The isolates had also been submitted
to “Microbial Collection Stock Centre” of
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Vector Control Research Centre (VCRC),
Pondicherry (India) for coding and
institutional reference.

Bioassays (larval toxicity assays) were
carried out with lyophilized powders of new
isolates (B. thuringiensis and B. sphaericus)
cultured from LB media. Three larval species
(Cx. quinquefasciatus, An. stephensi and Ae.

aegypti) reared in the laboratory were used
for bioassays. The sub-lethal concentration
to obtain 50 and 90 percent mortality of
mosquito larvae (LC50 and LC90) are shown in
Table 2. As shown in the results, the isolates
of B. thuringiensis (JQ289046 to JQ289048)
and B. sphaericus (JQ289050) showed
toxicity against all three mosquito species,
whereas the other strains of B. thuringiensis

(JQ289049, JQ289052) showed toxicity
against only two mosquito species (Cx.

quinquefasciatus and An. stephensi). The
strain, B. thuringiensis (JQ289051) showed
toxicity against only one mosquito species
(Cx. quinquefasciatus). Among the seven
isolates, the most promising isolates were
B. thuringiensis JQ289048 and JQ289046.

Figure 2 shows PCR products of 1.5kb
(1500bp) from all the selected isolates.
Further, the isolates were identified to species
level with BLASTn analysis. Homology
search against non- redundant nucleotide
database identified all isolates VCRC-B583,
B588, B589, B593, B594 and B595 as B.

thuringiensis and VCRC-B596 as
Lysinibacillus sphaericus.

The homology of 16S rDNA gene
sequences of new Bacillus isolates
investigated in the present study were
compared with 16S rDNA gene sequences of

closely related Bacillus strains from Genbank
database and a rectangular phylogenetic
tree based on topological algorithm was
assessed. The result revealed that presence
of similar mosquitocidal B. thuringiensis

strains from all three study sites from group
2 (Figure 3). Analysis of phylogenetic tree
with branch length 0.035 revealed three
distinct groups. Phylogeny resulted in
identification of a distinct isolate of B.

thuringiensis were observed in the study site,
Santhaipudukuppam (Bt: JQ289046) with
most potential placed as group II in the
phylogeny. Bacterial isolate from other study
site, Lingareddipalayam (Bs: JQ289050) was
observed among separate group of genus
Lysinibacillus, with more identity to B.

sphaericus. Further observation of the
phylogeny revealed B. thuringiensis similar
to B. thuringiensis serovar israelensis and
other serovars were present naturally in soils
of all three villages (JQ289047 to JQ289049
and JQ289051, JQ289052) as group I. The
sequence alignment of 16S rDNA gene
(JQ289047 to JQ289049 and JQ289051,
JQ289052) showed the maximum homology
with B.t. serovar asturiensis, B.t. serovar
finitimus, B.t. serovar sotto, B.t. serovar
kurstaki, B.t. serovar fukuokaensis and
B.t. serovar israelensis and B.t. navarrensis

respectively. Thus, sequencing of 16S rDNA
gene helped in rapid identification of B.t.

at sub-species level. Mosquitocidal
Lysinibacillus sphaericus isolate from
Lingareddipalayam in the phylogeny
revealed a distinct group among different
Lysinibacillus and it was observed to be
more similar to L. sphaericus 16S rRNA

Table 1. Novel mosquitocidal bacteria isolated from study villages where, vector borne disease (VBD)
prevalence was not reported by the State Health Authorities, Govt. of Pondicherry

Sl. No Study villages Potential isolates Bacterial strains NCBI-Accession No

1. Suthukeny VCRC-B588 B.thuringiensis JQ289052
VCRC-B589 B.thuringiensis JQ289051

2. Santhai Pudukuppam VCRC-B583 B.thuringiensis JQ289047
VCRC-B593 B.thuringiensis JQ289046
VCRC-B594 B.thuringiensis JQ289048

3. Lingareddipallayam VCRC-B595 B.thuringiensis JQ289049
VCRC-B596 Lysinibacillus sphaericus JQ289050
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Bacterial strains

B. thuringiensis

(JQ289047)

B. thuringiensis

(JQ289048)

B. thuringiensis

(JQ289046)

B. sphaericus

(JQ289050)

B. thuringiensis

(JQ289052)

B. thuringiensis

(JQ289049)

B. thuringiensis

(JQ289051)

Mosquito
species

Cq
An

Aed

Cq
An

Aed

Cq
An

Aed

Cq
An

Aed

Cq
An

Cq
An

Cq

Intercept

6.73
6.70
6.58

7.80
7.62
6.67

7.53
6.83
6.77

6.62
6.57
6.57

6.87
6.75

6.79
6.51

6.80

Slope ± SE

0.82 ± 0.07
0.83 ± 0.07
0.77 ± 0.07

0.81 ± 0.07
0.81 ± 0.07
0.82 ± 0.07

0.77 ± 0.07
0.82 ± 0.07
0.82 ± 0.07

0.66 ± 0.08
0.77 ± 0.07
0.80 ± 0.07

0.87 ± 0.069
0.82 ± 0.07

0.73 ± 0.08
0.75 ± 0.07

0.77 ± 0.07

LC50 (Mg/l)
(LCL-UCL)

0.120(0.10-0.14)
0.12(00.11-0.14)
0.128(0.11-0.14)

0.031(0.02-0.036)
0.04(0.03-0.046)
0.110(0.10-0.13)

0.037(0.032-0.043)
0.108(0.09-0.12)
0.11(0.10-0.13)

0.085(0.072-0.101)
0.13(0.113-0.152)
0.14(0.122-0.162)

0.11(0.10-0.13)
0.12(0.104-0.139)

0.08(0.07-0.10)
0.134(0.11-0.15)

0.096(0.082-0.11)

LC90 (Mg/l)
(LCL-UCL)

0.57(0.45-0.74)
0.60(0.48-0.75)

0.673(0.52-0.85)

0.15(0.11-0.19)
0.19(0.15-0.24)
0.54(0.43-0.69)

0.19(0.15-0.25)
0.51(0.40-0.64)
0.54(0.43-0.69)

0.596(0.45-0.78)
0.68(0.53-0.87)

0.68(0.546-0.870)

0.505(0.40-0.63)
0.566(0.44-0.72)

0.5(0.38-0.65)
0.72(0.56-0.93)

0.50(0.39-0.65)

x2df

7.24
10.07
6.84

2.01
12.68
3.30

3.65
3.02
2.40

7.82
5.92
5.85

1.46
6.92

4.03
6.29

9.73

Table 2. Toxicity of newly isolated potential mosquitocidal bacteria against major mosquito vectors

Cq: Culex quinquefasciatus; An: Anopheles stephensi; Aed: Aedes aegypti; LCL: Lower confidential limit; UCL: Upper confidential limit

Figure 2. Amplified 16S rRNA genes from selected mosquitocidal bacterial isolate
Lanes: M = Ladder (1kb); 1 to 6 = Bt: (JQ289046 to JQ289049, JQ289051, JQ289052), 7 = Bs: (JQ289050)
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sequences (HM125962, JF31237 and
JN700203).

In order to describe the relationship
between the newly isolated mosquitocidal
strains and the known ones, protein profiling
of the sporulated cultures were performed
with SDS-PAGE analysis. Figure 4 shows the
whole-cell protein profiles of mosquitocidal
bacterial strains. The results depicted that
there were considerable differences among
the protein profile pattern at the regions of
20-200 kDa. The above protein profile was
analyzed and a dendrogram produced after

numerical analysis of the whole-cell protein
profiles using the Pearson product-moment
correlation coefficient and un-weighted pair
group method with arithmetic averages
algorithm (UPGMA) as shown in Figure 5.
Numerical analysis revealed clearly four
distinct groups at a similarity level of 25%
in the dendrogram. Bacillus thuringiensis

isolates from Lingareddipalayam (JQ289049)
and Sandhaipudukuppam (JQ289048) in
Group I was similar to B. thuringiensis

serovar israelensis. Bacillus thruinginensis

from Suthukennai (JQ289051, JQ289052) and

Figure 3. Dendrogram showing the relatedness of 16S rDNA between novel mosquitocidal bacterial
isolates (NCBI-Acc. No: JQ289046 - JQ289052) and selected reference isolates derived from
Genbank database
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Figure 5. Dendrogram showing relatedness of protein profile of seven potential mosquitocidal
isolates (NCBI Acc No: JQ289046-JQ289052) with reference strain of Bacillus thuringiensis

serovar israelensis H14

Figure 4. Protein profiles of Potential mosquitocidal strains
M–Protein marker; 1–Bs (JQ289050); 2 to 7–Bt (JQ289046-JQ289049, JQ289051, JQ289052
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Sandthaipudukuppam (JQ289046, JQ289047)
form a distinct group II and IV respectively,
which were distinct from the standard Bti

stain; whereas, the identified L. sphaericus

from the soil of Lingareddipalayam
(JQ289050) was noticed as a separate
group III.

DISCUSSION

Mosquito species Cx. quinquefasciatus,
An. stephensi and Ae. aegypti are the major
vectors for the spread of the most common
VBDs viz. filariasis, malaria, dengue affecting
the communities of lower socio-economic
groups in tropical countries. Since, the true
burden of these are not known, it poses a
major public health challenge in disease
endemic countries. Biological control
techniques aimed at suppressing mosquito
populations or reducing their capacity to
transmit disease may be a useful addition to
traditional vector control strategies,
especially if resistance to chemical
insecticides in mosquito populations
continues to rise (Ranson et al., 2009).
Bacillus sphaericus (Bs) and B.

thuringiensis serovar israelensis (Bti) are
the aerobic, mesophilic, spore-forming and
gram-positive bacteria, commonly isolated
from soil samples. Most of the strains are
pathogenic to mosquito larvae and have been
widely used as bio-control agents for disease
transmitting mosquitoes (Foschino et al.,
2004). The larvicidal activity of Bs and Bti

mainly originates from the crystal toxins (Bs:
42, 51 kDa; Bti: 27, 67, 127, 135 kDa), which
are produced during sporulation (Wassim et

al., 2011). In the application of the above
mentioned Bacillus species for insect
biological control, only limited efforts have
been directed towards identifying genetically
diverse strains that have novel toxic activities
towards insect pests (Raffel et al., 1996).
Since there is always a demand for selecting
the most promising and most potential
bacterial strains for producing biological
insecticides, genetically diverse collections
of strains from different environmental
sources are advocated. In addition to that, the

formulation of these organisms might have
potential medicinal and agricultural
applications. In the present study, the
genotypic analysis of Bacillus species (B.

cereus, B. thuringiensis, B. thuringiensis

kurstaki, B. thuringiensis israelensis, and
B. sphaericus) was carried out to identify
similarities and differences that exist
between the newly isolated and previously
reported strains. Further, on the relationship
between the existence of mosquitocidal
bacteria and the prevalence of vector borne
diseases (VBD) in the rural villages around
Pondicherry (India) was also studied. The
result depicted that similar mosquitocidal
B. thuringiensis (Bt) strains from all three
sites (Group 2) and phylogenetic analysis
revealed the distinct groups. The sequence
alignment of 16S rDNA gene from Bt

showed the maximum homology with
other Bt strains (B.t. asturiensis, B.t.

finitimus, B.t. sotto, B.t. kurstaki, B.t.

fukuokaensis and B.t. israelensis and B.t.

navarrensis). The isolate of L. sphaericus

from Lingareddipalayam also revealed a
distinct group and showed homology with
strains of Lysinibacillus.

It is known that prokaryotic
microorganisms are widespread in all
environments, establishing diverse
interactions with many eukaryotic taxa,
including insects. These associations may
be symbiotic, pathogenic and vectoring
(Sanchez-Chontreras & Vlisidou, 2008).
Majority of the isolates with mosquitocidal
property reported in the present study were
identified as B. thuringiensis, a ubiquitous
soil micro-organism, but it can also be found
in other environmental niches, including
phylloplane and the insect host intestinal
system, rarely causing natural epizootic
episodes (Munk et al., 1998; Jensen et al.,
2003). Occurrence of mosquitocidal strains
of B.t. from different continents  (except, the
America and Australia)  from sources such
as soils/sediments, plants (rhizoplane of
aquatic plants, phylloplanes, etc.), insects
(mosquito larvae, stem borer, etc.), animal
feces (wild mammals, zoo-animals and
deer) and water were identified (Bukhari
& Shakoori, 2010). These strains were
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identified as toxic to mosquito larvae
after selective bioassays and they are
advantageous over chemical compounds
with similar properties (Lambert & Peferoen,
1992; Monnerat et al., 2005). Strains of B.

thuringiensis were also isolated from the
phylloplane of deciduous and conifer trees
using shaken-flask, leaf-lift and leaf-scrub
techniques (Smith & Couch, 1991). Thus, the
occurrence of mosquitocidal bacteria has
diversified habitats other than soils.

Bacterial diversity of larvae and adult
midgut microflora were identified from 16S
rRNA gene library (Bhatnagar & Bhatnagar,
2005) and with similar approach, using
16S rRNA sequences of the selected
mosquitocidal bacterial agents, wide Bt

serotypes were identified. Recent study on
six different serovars of B. thuringiensis

with mosquitocidal property was identified
as serotypes B.t. tolworthi, B.t. alhakam,

B.t. thompsoni, B.t. konkukian, and B.t.

fukuokaensis (Bukhari & Shakoori, 2010).
Electrophoretic separation of protein can be
efficiently used to confer the genomic inter-
relationship from 16S rRNA sequence of
bacteria. The protein profiles of both whole-
cell and extra-cellular proteins help to
distinguish most of bacterial genera at
species level (Elliott & Facklam, 1993;
Sacilik et al., 1998; Berber et al., 2003).
Species of Proteus, B. sphaericus and
Streptomyces were differentiated at sub-
species level with analysis of whole cell
proteins using SDS-PAGE (Cokmus &
Yousten, 1987; Attalan et al., 2000). The
electrophoretic profiles of the strains B.

thuringiensis showed bands of 130 kDa
similar to those found in strains pathogenic
against lepidopteran species (Dias et al.,
1999). Combination of SDS-PAGE and
computerized analysis of protein profiles
is an effective approach to investigate the
taxonomic relationships among many
bacterial species (Kersters, 1985; Coatas,
1992). In the present study, in addition to
phylogenetic relationship with 16S rRNA
sequence, we have confirmed the variations
among the protein profiling at the regions of
20-200 kDa. Thus, the newly isolated
mosquitocidal bacteria from soil samples of

negatively reported VBD sites have unique
contribution in understanding the diversity
of mosquitocidal bacteria with disease
incidence. Similar comparative analysis on
microbial communities associated with
mosquito habitats and community
organization was reported recently
(Ponnusamy et al., 2008).

The results from this study also imply
that occurrence of multiple mosquitocidal
bacteria, such as, B. thuringiensis L.

sphaericus from soils of human dwellings
play a considerable role on the prevalence
of vector borne diseases. It is postulated from
the isolation of many species of soil
bacterium with mosquitocidal property from
villages of non occurrence of vector-borne
diseases. This was confirmed with other
group of study sites where high incidence of
diseases with no report of mosquitocidal
bacterial agent The micro-environment of the
soil is a dynamic process and it depends on
the agriculture practices and the chemical
pollution from the industries. The ecological
survey on the distribution pattern of
soil bacterium in the natural habitat was
recently studied which suggested that the
modernization of agricultural practices is
one of the factors for the significant variations
in their mosquitocidal properties(Surendran
& Vennison, 2011).  Hence, this study is vital
to comprehend the feature of surveillance of
vectors of mosquitoes in the disease prone
areas as well as microbial isolation on the
study sites.

In conclusion, the results revealed the
interrelationship among the occurrence of
mosquitocidal microflora with vector borne
disease incidence. 16S rRNA sequencing and
phylogenetic analysis of newly isolated
bacteria shows their relationship with other
bacterial agents. Single dimensional SDS-
PAGE for numerical analysis of protein
patterns of identified bacterial spores
provides useful information towards
clarifying relationship within identified
mosquitocidal bacterial agents. We conclude
that 16S rRNA sequence and numerical
analysis of SDS-PAGE of spore proteins
are exceptionally useful in taxonomic
assessment in studying Bacillus species.
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Further experiments on the vector biology,
surveillance and vector competence are
essential features which provide additional
data to understand the interrelationship
between mosquitocidal bacteria and vector
borne diseases.

Acknowledgements. To Dr. P. Jambulingam,
The Director, VCRC, Pondicherry-605006,
India for permission, Department of
Biotechnology (DBT), New Delhi (Project ID:
BT/PR13776/PID/06/527/2010), for funding,
and to Smt. R. Sundarammal, Sr. Library
Information Officer, VCRC, Pondicherry for
updating scientific information.

REFERENCES

Abbott, W.S. (1925). A method of computing
the effectiveness of an insecticide.
Journal of Economic Entomology 18:
265-267.

Ash, C., Farrow, J.A.E., Wallbanks, S. &
Collins, M.D. (1991). Phylogenetic
heterogeneity of the genus Bacillus

revealed by comparative analysis of
small- subunit-ribosomal RNA
sequences. Letters in Applied Micro-

biology 13: 202-206.
Attalan, E., Manfio, G.P., Ward, A.C.,

Kroppestedt, R.M. & Goodfellow, M.
(2000). Biosystematic studies on novel
Streptomycetes from soil. Antonie Van

Leeuwenhoek 77: 337-353.
Baumann, P., Clark, M.A., Baumann, L. &

Broadwell, A.H. (1991). Bacillus

sphaericus as a mosquito pathogen:
properties of the organism and its toxins.
Microbiology and Molecular Biology

Review 55: 425-436.
Berber, I.C. & Cokmus, C. (2001).

Characterization of Bacillus sphaericus

strains by Native-PAGE. Bulletin Pure

Applied Science 20: 17-21.
Berber, I., Cokmus, C. & Atalan, E. (2003).

Characterization of Staphylococcus

species by SDS-PAGE of Whole-Cell and
Extracellular Proteins. Microbiology 72:
42-47.

Bhatnagar, A. & Bhatnagar, M. (2005).
Microbial diversity in desert eco-
systems. Current Science 89: 91-100.

Bradford, M.M. (1976). A rapid and sensitive
method for the quantification of micro-
gram quantities of protein utilizing the
principle of protein-dye binding. Anal

Biochemistry 72: 248-254.
Bukhari, D.A. & Shakoori, A.R. (2010).

Isolation and molecular characterization
of cry4 harbouring Bacillus thuringiensis

isolates from Pakistan and mosquitocidal
activity of their spores and total proteins.
Pakistan Journal of Zoology 42: 1-15.

Charles, J.F., Silva-Filha, M.H., Nielsen-
LeRoux, C., Humphreys, M. & Berry, C.
(1997). Binding of the 51 and 42 kDa
individual components from the Bacillus

sphaericus crystal toxin on mosquito
larval midgut membranes from Culex

and Anopheles sp. (Diptera: Culicidae).
FEMS Microbiology 63: 3254-3260.

Cokmus, C. & Yousten, A.A. (1987).
Characterization of Bacillus sphaericus

strains by SDS-PAGE. Journal of

Invertebrate Pathology 64: 267-268.
Costas, M. (1992). Classification,

identification and typing of bacteria by
the analysis of their one-dimensional
polyacrylamide gel electrophoretic
protein patterns. In: Chrambach, A., Dunn,
N.J., Radola, B.J. (Edit). Advance Electro-

phoresis 5: 351-408.
de Barjac, H. (1990). Classification of

Bacillus sphaericus strains and
comparative toxicity to mosquito larvae.
In: de Barjac, H., Sutherland, D.J. (ed)
Bacterial control of mosquitoes and
blackflies: Biochemistry, genetics and
application of Bacillus thuringiensis

israelensis. Rutgers University Press,

New Brunswick, NJ, 228-236.
de Barjac, H. & Sutherland, D.J. (ed) (1990).

Bacterial control of mosquitoes and
blackflies (Part 1), Rutgers University

Press New Brunswick, NJ 3-217.
Dias, S.C., Sagardoy, M.A., Silva, S.F. & Dias,

J.M.C.S. (1999). Characterization and
phatogenic evaluation of Bt and B.

sphaericus isolates from Argentinean
soils. Bio Control 44: 59-71.



95

Ellar, D.J., Thomas, W.E., Knowles, B.H., Ward,
E.S., Todd, J., Drobniewski, F.A., Lewis,
J., et al. (1985). The biochemistry,
genetics and mode of action of Bacillus

thuringiensis S-endotoxins. In: Hoch,
J.A., Setlow, J. (ed) Molecular Biology of
Microbial Differentiation. Washington
DC: American Society of Microbiology

30-240.
Elliott, J.A. & Facklam, R.R. (1993).

Identification of Leuconostoc spp. by
analysis of soluble whole-cell protein
patterns. Journal of Clinical Micro-

biology 31: 1030-1033.
Federici, B.A., Park, H.W. & Sakano, Y. (2006).

Insecticidal protein crystals of Bacillus

thurigiensis. In: Shively JM (Ed)
Inclusions in Prokaryotes. Springer-

verlag Berlin Heidelberg, Germany, 195-
236.

Foschino, R., Gallina, S., Andrighetto, C.,
Rosetti, L. & Galli, A. (2004). Comparison
of cultural methods for the identification
and molecular investigation of yeast
from sourdoughs for Italian sweet backed
product. FEMS Yeast Research 4: 609-
618.

Frankenhuyzen, V. (2009). Insecticidal
activity of Bacillus thuringiensis crystal
proteins. Journal of Invertebrate

Pathology 101: 1-16.
Gleave, A.P., Hedges, R.J., Broadwell, A.H.

& Wigley, P.J. (1992). Cloning and
nucleotide sequence of an insecticidal
crystal protein from Bacillus

thuringiensis DSIR732 active against
three species of leafroller (Lepidoptera:
Tortricidae). New Zealand Journal of

Crop and Horticultural Science 20: 27-
36.

Goldberg, L.J. & Margalit, J. (1977). A
bacterial spore demonstrating rapid
larvicidal activity against Anopheles

sergentii, Uranotaenia unguiculata,

Culex univitatus, Aedes aegypti and
Culex pipiens. Mosquito News 37: 355-
358.

Hofte, H. & Whitley, H.R. (1989). Insecticidal
crystal proteins of Bacillus thuringiensis.

Microbiology Review 53: 242-255.

Jensen, G.B., Hansen, B.M., Eilenberg, J. &
Mahillon, J. (2003). The hidden lifestyles
of Bacillus cereus and relatives.
Environmental Microbiology 5: 631-640.

Kersters, K. (1985). Numerical methods in the
classification of bacteria by protein
electrophoresis. In: Goodfellow M, Jones
D, Priest FG (Ed) Computer Assisted
Bacterial Systematics. Academic Press,

London, 337-368.
Laemmli, U.K. (1970). Cleavage of structural

proteins during the assembly of the head
of bacteriophage T4. Nature 227: 680-
685.

Lambert, B. & Peferoen, M. (1992).
Insecticidal promise of Bacillus

thuringiensis. Bio Science 42: 112-122.
Liu, E.Y., Zhang, Y.M., Cai, C.J. & Chen, Z.S.

(1989). Development of Bacillus

sphaericus C3-41 mosquito larvicidal
formulation. Chinese Journal of

Epidemiology 10: 7-10.
Monnerat, R.G., Dias, D.G.S., Silva, S.F.,

Martins, E.S., Berry, C., Falcao, R.,
Gomes, C.M.M., Praca, L.B. & Soares,
C.M.S (2005). Screening of Bacillus

thuringiensis strains effective against
mosquitoes. Pesquisa Agropecuaria

Brasileira 40: 103-106.
Munk, H.B., Hyldebrink, D.P., Jorgen, E. &

Christian, P.J. (1998). Molecular and
phenotypic characterization of Bacillus

thuringiensis isolated from leaves
and insects. Journal of Invertebrate

Pathology 71: 106-114.
Mwangangi, J.M., Kahindi, S.C., Kibe,  L.W.,

Nzovu, J.G., Luethy, P., Githure, J.I. &
Mbogo, C.M. (2011). Wide-scale
application of Bti/Bs biolarvicide in
different aquatic habitat types in urban
and peri-urban Malindi, Kenya.
Parasitology Research 108: 1355-1363.

Nicolas, L., Nielsen-LeRoux, C., Charles, J.F.
& Delecluse, A. (1993). Respective role
of the 42 and 51 kDa component of
the Bacillus sphaericus toxin over
expressed in Bacillus thuringiensis.
FEMS Microbiology Letters 106: 275-
280.



96

Orlova, M.V., Smirnova, T.A., Ganushkina,
L.A., Yacubovich, V.Y. & Arizbekyan, R.R.
(1998). Insecticidal activity of Bacillus

laterosporus. Applied Environmental

and Microbiology 64: 272-275.
Park, H.W., Federici, B.A. & SakanoInclusion,

Y. (2006). Proteins from other insecticidal
bacteria. In: Shively, J.M. (Edit),
Inclusions in prokaryotes. Springer-

Verlag Berlin Heidelberg, Germany, 321-
330.

Park, H.W., Mangum, C.M., Zhong, H. & Hayes,
S.R. (2007). Isolation of Bacillus

sphaericus with improved efficacy
against Culex quinquefasciatus.
Journal of American Mosquito Control

Association 2: 478-480.
Patil, C.D., Borase, H.P., Salunke, B.K. & Patil,

S.V. (2013). Alteration in Bacillus

thuringiensis toxicity by curing gut flora:
novel approach for mosquito resistance
management. Parasitology Research

112: 3283-3288.
Ponnusamy, L., Xu, N., Stav, G., Wesson, D.M.,

Schal, C. & Apperson, C.S. (2008).
Diversity of bacterial communities in
container habitats of mosquitoes.
Microbial Ecology 56: 593-603. doi:
10.1007/s00248-008-9379-6. Epub 2008.

Poopathi, S. & Abidha, S. (2009). Cost-
effective medium for the production of
bio-pesticides in mosquito control.
Journal of  Economic Entomology 102:
1423-1430.

Poopathi, S. & Archana, B. (2012). A novel
cost-effective medium for the production
of Bacillus thuringiensis subsp.
israelensis for mosquito control. Tropical

Biomedicine 29: 81-91.
Poopathi, S. & Tyagi, B.K. (2006). The

Challenge of Mosquito Control
strategies: from Primordial to Molecular
Approaches. Biotechnology and

Molecular Biology Review 1: 1-15.
Poopathi, S., Nielsen-LeRoux, C. & Charles,

J.F. (2002). Alternative methods for
preservation of mosquito larvae to
study binding mechanism of Bacillus

sphaericus toxin. Journal of Inverte-

brate Pathology 79: 132-134.

Poopathi, S., Mani, C., Thirugnana-
sambantham, K., Praba, L., Niyaz, A. &
Balagangadharan, K. (2014). Identifi-
cation and characterization of a novel
marine Bacillus cereus for mosquito
control. Parasitology Research DOI
10.1007/s00436-013-3658-y.

Raffel, S.J., Stabb, E.V., Milner, J.L. &
Handelsman, J.O. (1996). Genotypic and
phenotypic analysis of zwittermicin A-
producing strains of Bacillus cereus.

Microbiology 142: 3425-3436.
Raghavendra, K., Barik, T.K., Niranjan, B.P.,

Sharma, P. & Dash, A.P. (2011). Malaria
vector control: from past to future.
Parasitology Research 108: 757-779.

Ranson, H., Abdallah, H., Badolo, A.,
Guelbeogo, W., Kerah-Hinzoumbe, C.,
et al. (2009). Insecticide resistance in
Anopheles gambiae: data from the first
year of a multi-country study highlight
the extent of the problem. Journal of

Malaria 8: 299.
Rodriguez, B., Sánchez, J., Peña, G., Cláudia,

A. et al. (2003). Activity against Different
Mosquito Species from Latin America
with Insecticidal Activity against
Different Mosquito Species, Applied

Environmental Microbiology 69: 5269.
Sacilik, S.C., Osmanagaoglu, O., Berber, I. &

Cokmus, C. (1998). A new method for
characterization of gram positive Cocci

by SDS-PAGE of extracellular proteins.
8th Inter Symp Gen Indust Microorg,

Jerusalem, Israel, 65.
Sanchez-Contreras, M. & Vlisidou, I. (2008).

The diversity of insect-bacteria
interactions and its applications for
disease control. Biotechnology and

Genetic Engineering Reviews 25: 203-
244.

Singer, S. (1974). Entomogenous Bacilli

against mosquito larvae. Developments

Industrial Microbiology 15:187-194.
Singer, S. (1990). Introduction to the study

of Bacillus sphaericus as a mosquito
control agent. In: de Barjac, H. &
Sutherland, D.J. (edit), Bacterial Control
of Mosquitoes and Blackflies, New Jersey

Rutgers University Press, 221-227.



97

Singh, G. & Prakash, S. (2009). Efficacy of
Bacillus sphaericus against larvae of
malaria and filarial vectors: an analysis
of early resistance detection. Para-

sitology Research 104: 763-766.
Smith, K. & Couch, R. (1991). What is a

disaster? An ecological symbolic
approach to resolving the definitional
debate. International Journal of Mass

Emergencies Disasters 9: 355-366.
Sneath, P.H.A. (1989). Analysis and

interpretation of sequence data for
bacterial systematics: The view of
numerical taxonomist. System of

Applied Microbiology 12: 15-13.
Surendran, A. & John Vennison, S. (2011)

Occurrence and distribution of
mosquitocidal Bacillus sphaericus in
Soil. Academic Journal of Entomology

4: 17-22.
Tamura, K., Dudley, J., Nei, M. & Kumar, S.

(2007). MEGA4: Molecular evolutionary
genetics Analysis (MEGA) software
version 4.0. Molecular Biology and

Evolution 24: 1596-1599.
Thenmozhi, M., Gopal, J.V., Kannabiran, K.,

Rajakumar, G., Velayutham, K. &
Rahuman, A.A. (2013). Eco-friendly
approach using marine actinobacteria
and its compounds to control ticks and
mosquitoes. Parasitology Research 112:
719-729.

Thiery, I., Hamon, S., Gaven, B. & de Barjac,
H. (1992). Host range of Clostridium

bifermentans serovar Malaysia, a
mosquitocidal anaerobic bacterium.
Journal of American Mosquito Control

Association 8: 272-277.
Wassim, N.M., Soliman, B.A., Hassanain, M.A.,

Lotfy, N.M., Kadria, N., Mageed, A. &
Khalil, S.M. (2011). Genetic variability
among susceptible, resistant and hybrid
Culex pipens (Diptera: Culicidae) strain
to Bacillus sphaericus. Global Vector 6:
126-130.

Weiser, J. (1984). A mosquito-virulent
Bacillus sphaericus in adult Simullium

damnosum from northern Nigeria.
Zentralbl Mikrobiology 139: 57-60.

WHO. (1985). Informal consultation on the
development of Bacillus sphaericus

as a microbial larvicide. TDR/BVC/
sphaericus/85.3/ WHO/VBC/1-24.

Wickremesinghe, R.S.B. & Mendis, C.L.
(1980). Bacillus sphaericus spore from
Sri Lanka demonstrating rapid larvicidal
activity on Culex quinquefasciatus.
Mosquito News 40: 387-389.

Wirth, M.C., Delécluse, A. & Walton, W.E.
(2011). Cyt1Ab1 and Cyt2Ba1 from
Bacillus thuringiensissubsp. medellin

and B. thuringiensis subsp. israelensis

Synergize Bacillus sphaericus against
Aedes aegypti and Resistant Culex

quinquefasciatus (Diptera: Culicidae).
Applied Environmental and Micro-

biology 67: 3280-3284.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Albertus-ExtraBold
    /Albertus-Medium
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /CambriaMath
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond-Antiqua
    /Garamond-Halbfett
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /HGGothicE
    /HGPGothicE
    /HGPSoeiKakugothicUB
    /HGSGothicE
    /HGSoeiKakugothicUB
    /HGSSoeiKakugothicUB
    /MicrosoftSansSerif
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [1728.000 5184.000]
>> setpagedevice


