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Abstract: A major challenge for achieving successful mosquito control is overcoming insecticide resistance.
Bacillus sphaericus is one of the effective biolarvicides to control Culex species and the monitoring of larval
susceptibility is essential to avoid resistance development. Mosquito larvicidal activity of B. sphaericus was
assessed by isolating them from ecologically different soil habitats in and around Devakottai of Tamil Nadu in
South India. The isolated organisms were confirmed as Bacillus sphaericus based on biochemical
characterization and microscopic observations. The larvicidal activity of B. sphaericus isolates was tested
against the larvae of Culex quinquefasciatus by using the standard cup bioassay. The isolates of B. sphaericus
showed a significant level of variation in their larvicidal activity. 16s rRNA typing analysis was also carried out
for highly toxic selected mosquito larvicidal isolate of Bacillus sphaericus to confirm its species identification.
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INTRODUCTION israelensis in that it appears to persist in the environment

In the past two decades, the reduction of insect provide long lasting control [8, 9].
vector populations, particularly mosquitoes, by biological In this context, the present work is designed to
means has been an important research focus. In this way, isolate and identify various isolates of B. sphaericus from
serious ecological problems created by chemical different  soil  habitats  in  and  around Devakottai of
insecticides, such as environmental pollution, evolution Tamil Nadu in South India. It also aims to assess the toxic
of resistant mosquitoes and black flies; destruction of effect of Bacillus sphaericus against the mosquito larvae
beneficial insects and natural predators has been of Culex quinquefasciatus providing data for further
eliminated [1, 2]. The larvicidal effects of Bacillus species research on the development of bacterial agents having
on various mosquito types are known. Among them, potential for mosquito control with wide spectrum of
Bacillus sphaericus and Bacillus thuringiensis biological activity.
demonstrate very high toxicity towards mosquito larvae
[3-6]. MATERIALS AND METHODS

The broader host range and success of Bacillus
thuringiensis var. israelensis has prevented the Culex quinquefasciatus Say (Diptera: Culicidae) is a
development of B. sphaericus as a microbial agent of main vector for bancraftian filariasis and it is also a
mosquitoes [7]. Although B. sphaericus has a narrow nuisance mosquito elsewhere. It is predominantly found
spectrum, it has some disadvantages such as increased in the tropics and temperate regions. It is abundant
duration of larvicidal activity against certain species of throughout the year in Devakottai and therefore, this
mosquitoes and recycling ability within mosquito mosquito was selected for the present study.
cadavers under certain conditions. The laboratory Soil samples were collected from 100 different sites in
resistance in mosquitoes has been demonstrated to some and around Devakottai for the isolation of B. sphaericus
isolates of Bacillus thuringiensis. Increasing attention The sites were selected based on soil habitat such as
has been devoted to search for alternative mosquito sewage   bed,   river   bed, pond   bed,   agricultural   land
active Bacillus strains, Bacillus thuringiensis or B. and  forest.  The  isolated  organisms  were  identified  as
sphaericus has the advantage over B. thuringiensis var. B. sphaericus based on spore staining, their growth on

longer than B. thuringiensis var. israelensis and thus can
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selective media and their response to various biochemical
tests  [10]. The isolates obtained from the  present  study
were serially numbered with the prefix sbs i.e., Soil
Bacillus sphaericus B. sphaericus index was calculated as
the number of samples with Bacillus sphaericus divided
by the number of samples examined.

Susceptibility of C. quinquefasciatus against B.
sphaericus was analyzed through bioassays [11, 12]. In
primary  screening,  the  entire  B. sphaericus isolates
were tested against the lab reared early second instar of
C. quinquefasciatus. Ten larvae were transferred in to
each enamel cup (7 X 9 cm) with 50ml. of sterile tap water.
Larval  mortality  was  scored  24 hrs after treatment and
at the same time the growth of the isolates was measured
by counting the colony forming units (CFU/ml). Those Fig. 1: Evaluation of larvicidal activity of Bacillus
isolates that caused mortality were kept for further sphaericus isolates against the filariasis mosquito,
evaluation. Culex quinquefasciatus

For  the  evaluation  of  the  toxicity,  the isolates of
B. sphaericus which exhibited significant level of biochemical tests. Of the hundred soil samples tested,
larvicidal activity in the preliminary bioassay were twenty  nine  B.  sphaericus  isolates  were obtained
selected and grown under shaker culture conditions and (Table 1). Among that twenty nine isolates, only eighteen
growth was measured as CFU/ml as described above. isolates (62 %) exhibited toxic effect against the laboratory
Then,  the  laboratory  bioassay for the selected isolates reared second instar larvae of C. quinquefasciatus in the
of  Bacillus sphaericus was conducted against I, II, III preliminary bioassay. Among the eighteen mosquitocidal
and IV instar larvae of lab reared C. quinquefasciatus. B. sphaericus isolates, three of them exhibited high
Probit analysis was applied to find out the LC value. As toxicity (more than 70 %); seven of them exhibited50

a confirmation, 16s rRNA typing analysis was done for moderate  toxicity  (more  than 40% and less than 70%)
selected isolate of B. sphaericus which gave the highest and  eight  of  them  exhibited  low   level   of  toxicity
larval mortality in all occasions of the bioassays. (Less than 40 %). These isolates showed significant

RESULTS AND DISCUSSION (Fig. 1). This  variation  was confirmed by the evaluation

From the present study Bacillus sphaericus isolates quinquefasciatus (data not shown). When the virulent
were obtained from different habitats such as sewage isolates were tested against the various instars of larvae;
bed, river bed, pond bed, agricultural land and forest in the level of toxicity also varied depending upon the
and around Devakottai of Tamil Nadu in S.India. The immature stages of mosquito larvae.
upper crust of soil in mosquito breeding habitats was From  the study,  it  was noted that two isolates
chosen as a source of pathogenic Bacilli. This choice (sbs4 and sbs7) exhibited 100 % toxicity against the larvae
was influenced by the fact that Bacillus spores are known of C. quinquefasciatus (Fig. 2). 16s rRNA study was done
to settle rapidly in water bodies. The isolates obtained for  the  selected isolate (sbs4) to confirm their status as
from soil samples were identified as B. sphaericus using B. sphaericus (Fig. 3) {NCBI Genbank accession No:
spore staining, antibiotic selective media (Nutrient agar 234124}, which is used for further transconjugational
containing choramphenicol and streptomycin) and several studies.

variation in their toxicity against Culex quinquefasciatus

of toxicity against I, II, III and IV instar larvae of C.

Table 1: Distribution of Bacillus sphaericus in different soil habitats at Devakottai of Tamilnadu in S. India

Source (Soil Habitat) No. of soil samples examined No. of samples with Bacillus sphaericus Bacillus sphaericus index

Sewage bed 20 07 0.35
Pond bed 20 04 0.20
River bed 20 03 0.15
Agricultural land 20 03 0.15
Forest 20 02 0.10
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Fig. 2: Variation in the larvicidal activity of Bacillus sphaericus isolates against the filariasis mosquito Culex
quinquefasciatus

Fig. 3: Large  unrooted  phylogenetic  tree  showing  the  partial  sequence  of  16S  ribosomal  RNA  of  the  isolated
B. sphaericus stain. It correlates higher similarity with the partial sequence of 16S ribosomal RNA of the other
B. sphaericus 5511-1 and PLC-5 strains
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The results presented in this paper clearly composition and time of synthesis. The crystal toxins are
demonstrates that B. sphaericus are widely distributed in
different soil habitats of Devakottai, especially in the
mosquito breeding sites. The abundance of B. sphaericus
in sewage bed soil (Bs index 0.35) is higher than that in
other soil habitats such as river bed, pond bed,
agricultural land and forest with Bs index of 0.15, 0.20, 0.15
and 0.10 respectively. The higher abundance of Bacillus
sphaericus in sewage bed soil samples may be due to the
nature of soil which causes recycling of this bacterium.

Twenty nine (34.5 %) isolates of B. sphaericus
obtained from hundred soil samples were nonpathogenic
to the most predominant mosquito C. quinquefasciatus
found in Devakottai. More prevalence of mosquito-
pathogenic B. sphaericus isolates were expected from
agricultural  land  soil  samples  because  in  the  previous
reports, people considered agricultural land soils as one
of the major breeding places of this bacterium. But in the
present study, we obtained only three mosquitolarvicidal
B. sphaericus isolates (namely sbs15, sbs 16 and sbs17)
from the twenty tested agricultural land soil samples. This
may be due the influence of modern day agricultural
practices. Furthermore, the isolates of mosquitocidal
B.sphaericus obtained in our study showed significant
levels of variation in their toxicity towards the notorious
dipterian mosquito larvae C. quinquefasciatus.

Soil  p rovides most of the complex abiotic factors
that govern the density of the microbial populations and
B. sphaericus can not survive without its spores survival.
Again, the distribution of B. sphaericus in soil mainly
depends on the ecological factors that affect the viability
and recycling of B. sphaericus spores either by the
growth through the depletion of nutrients present in the
environment or by reintroduction of B. sphaericus
infections [13]. Recent ecological surveys on the
distribution of this bacterium have shown that soil is the
natural habitat of B. sphaericus.

B. sphaericus is an aerobic, rod-shaped,
endosporeforming  gram   positive   soil  bacterium.
Several strains of B. sphaericus have been isolated and
identified from different sources all over the world.
Bacillus sphaericus has been used to control Culex
pipiens and  C.  quinquefasciatus  mosquito larvae and
in some areas it is also used to control Anopheles spp.
This organism has several advantages, including low
environmental  toxicity  due  to  the  high   specificity  of
B. sphaericus toxins, high levels of efficacy and
environmental persistence and the ability to overcome
resistance developed against conventional insecticides
used  w orldwide. There are two kinds of insecticidal
toxins  (crystals    and    Mtx    toxins),    which    differ   in

the main toxic factors in highly larvicidal strains. It
contains two polypeptides of molecular weights 51 and42
kDa (BinB and BinA), which are located on the
chromosome in the strains of B. sphaericus. In addition to
the binary toxin, another mosquitocidal protein with
molecular protein and weight of 100 kDa, appears to be
synthesized in low-toxicity strains as well as in some of
the highly toxic strains. This polypeptide is expressed
during the vegetative phase and is not homologous with
the 51 and 42 kDa proteins. The binary toxin of Bs strains
is generally very toxic to Anopheles and Culex species,
but not very effective against most of the Aedes species.
However, susceptibility appears to depend on the
stability of bacterial strains, appropriate methodology, etc.
Since these bacteria are safe for animals and the
environment and causes no health risk to humans, several
formulations in the form of wettable powder (WP), water
dispersable concentrate (WDC), emulsifiable concentrate
(EC), flowable concentrate (FC), granules (G) and dust (D)
have been produced to control many species of
mosquitoes. These products have been tested extensively
in  USA,  France,  Brazil,  Zaire,  India  and Bangladesh
[14, 15].

Crystal toxins from Bs are ingested by mosquito
larvae and after solubilization and proteolytic cleavage,
the activated toxin interacts with the midgut epithelium
leading to the death of larvae. In mosquito larvae, the
sequence of events follows in the manner given below; (i)
ingestion of spore/crystal toxin (ii) toxin solobilization in
the  midgut  (iii)  activation of the protoxin by protease
into active toxin, that is, 42 and 52 kDa of Bs to 39 and 43
kDa proteins (iv) binding of active toxin to specific
receptors present in the midgut brush border membrane
and (v) putative internalization of toxin and cell lysis. In
the course of sporulation, B. sphaericus produces an
inclusion body which is toxic to a variety of mosquito
larvae. The larvicide of B. sphaericus is unique which
consists of two proteins of 51 and 42 kDa, both of which
are  required  for toxicity to mosquito larvae. There is a
low level of sequence similarity between these two
proteins,  which  differ in their sequences from all the
other known insecticidal proteins of B. thuringiensis.
Within the midgut, the 51 and 42 kDa proteins are
processed  to  proteins of 43 and 39 kDa, respectively.
The conversion of the 42 kDa protein to a 39 kDa protein
results in a major increase in toxicity, in that the
significance of processing the 51 kDa protein is not
known.  In  contrast  to  the mosquito larvae’ result, the
39- kDa protein is, alone, toxic for mosquito-derived tissue
culture-grown  cells  and this toxicity is not affected by
the 51 kDa protein or its derivative, which is the 43 kDa
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protein. Comparisons of mosquito larvae from species to thuringiensis var. israelensis in that it appears to persist
species differ in their susceptibility to the B. sphaericus in the environment longer than B. thuringiensis var.
toxin. It indicates that the probable difference resides in israelensis and thus can provide long lasting control.
the nature of the target sites of the epithelial midgut cells These characteristics make B. sphaericus a potential
and not in the uptake or processing of the toxin [16-18]. candidate for the control of mosquitoes [27-30].

By combining the genes from a variety of organisms, In conclusion, additional research should provide
B. sphaericus should ultimately be possible to design valuable information with regard to the field and
`smart' bacteria that will seek out and kill larvae of specific performance  of  the new B. sphaericus isolate (sbs4).
vector mosquitoes. In the past two decades, the reduction With the help of recombinant DNA technology, it is
of  insect  vector  populations,  particularly mosquitoes, possible for us to improve the toxicity of the new isolate
by biological means has been an important research of the present study in wide spectrum. Because the
focus.  In this way, serious ecological problems created larvicidal activity and the spectrum of activity are
by chemical insecticides, such as environmental pollution, remarkably higher in recombinant strains when compared
evolution of resistant mosquitoes and black flies; with some of the natural isolates. Moreover, cloning and
destruction  of beneficial insects and natural predators the toxin genes will enhance the toxicity of the isolates
has been eliminated. It is difficult to control the adult effectively. At present, we are looking forward to produce
mosquitoes which flies and transmit diseases, whereas it most virulent strain with wide spectrum of activity from
is  easy in the larval stages. Adulticiding is a last resort our naturally isolated Bacillus sphaericus through
for mosquito control, when source reduction and recombinant DNA technology.
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