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ABSTRACT

Objective: To isolate, characterize and evaluate toxicity of Bacillus sphaericus
(B. sphaericus) from beach area of Lombok Island.
Methods: Soil was collected from determined locations and suspended in sterile phys-
iological saline water. After heat shock was applied, suspension was spread on NYSM
agar medium. Colonies grown were then observed and isolated. Colony, cell morphology,
and biochemical/physiological characteristics were tested and compared to B. sphaericus
2362 as standard. Initial toxicity testing was done against three species of mosquito larvae
(Culex quinquefasciatus, Anopheles aconitus and Aedes aegypti) and isolates that showed
more than 50% larvae killing will be assayed to obtain LC50 and LC90 values within 48 h.
PCR technique were conducted to obtain 16s rDNA amplicon for sequencing and to
detect toxin-expressing genes (using multiplex PCR).
Results: Twenty isolates of B. sphaericus have been collected from 20 determined
locations and their characteristics were in agreement with standard B. sphaericus charac-
teristics. Bioassay testing showed that four isolates (namely isolate MNT, SLG, TJL2 and
PLG) were mildly toxic against all larvae. The rests were either low toxic or non-toxic at all.
Phylogenetic analysis showed that all four isolates were clustered with other known mildly
and highly toxic strains. The multiplex PCR result showed four toxic isolates owned 1–2
bands from Bin toxin genes and three bands fromMtx toxin genes, whereas 16 isolates with
low to non-toxic characteristics showed only three bands from Mtx toxin genes.
Conclusions: Four toxic isolates of B. sphaericus were isolated from beach area of
Lombok Island. They showed mild toxicity against larvae of three mosquito species.
1. Introduction

Lombok Island is one of the popular tourism destinations in
Indonesia after Bali. In Lombok Island, some mosquito-borne
diseases are still becoming health problems. The most popular
mosquitoes are Anopheles and Aedes. Anopheles is known as the
vector of malaria, whereas Aedes is the vector of dengue hem-
orrhagic fever. In Lombok Island there are 6400 people infected
by malaria, while 760 people are reported suffering from dengue
hemorrhagic fever, respectively [1]. Other mosquito genus,
Culex is known for spreading filariasis and Japan encephalitis
virus. Diseases spread by Culex is less common in this island [2].
In many countries mosquito control relies on chemical pesti-
cides. Although showing high efficacy, the usage of chemical
pesticides in long termwill result in malicious effect on human and
environment. There are many health problems related to pesticides,
from abdominal pain, dizziness, headaches, nausea, vomiting, as
well as skin and eye problems to cancer and developmental defect
as well [3]. Side effects on environment are ranging from non-target
organism killing (non-harmless insects, birds, amphibians and
fishes) to increasing resistance to mosquito [4]. To prevent
unwanted effects of chemical pesticides, biological-agent-based
pesticides (biopesticide) should be used as an alternative. This
includes microorganisms or natural products [5].
s, Mataram University, Jalan Majapahit No. 62,
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One popular biocontrol agent is Bacillus sphaericus
(B. sphaericus) (besides Bacillus thuringiensis that was previ-
ously popular). This rod-formed Gram positive bacteria that has
terminal bulging endospore shows high toxicity againstCulex and
Anopheles, while it shows the lowest susceptibility against Aedes.
The bacteria has been used extensively in some countries. Many
strains and their potentials have been studied as well [6]. However,
little is known about B. sphaericus isolated from Lombok Island
and its potential against Culex, Anopheles and Aedes larvae.

Development of local strain-based biopesticide/bacterial agent is
very important to suppress cost from importing from foreign coun-
tries and also to promote local industry capability. Some researchers
have developed medium formulation and production system to
propagate potential bacterial agent using local and low-cost ingre-
dient [7]. This capability will enable biopesticide production on
community and low industrial level, without sacrificing
effectiveness of the bacterial agent in controlling mosquito larvae.

In this study, we collected B. sphaericus from 20 locations
near beach area around Lombok Island. We also evaluated
toxicity of isolated B. sphaericus against Culex, Anopheles and
Culex larvae. Toxin gene detection was also performed to sup-
port the toxicity attribute of isolated B. sphaericus.

2. Materials and methods

2.1. Bacterial isolation and characterization

Twenty locations near beach area around Lombok Island
were determined for soil collection. Locations were chosen
based on closeness to village (Kampung) and predictive mos-
quito breeding habitat (small ditch, river opening, etc.). The
sampling locations are presented in Figure 1.

Five hundred grams of soil from those areas were collected
compositely and stored at sterile screw capped container. The
isolation procedure was done as follows. Suspension was made
from 25 g of soil with 225 mL sterile physiological salt solution.
Then it was heated at 80 �C for 30 min and diluted into 10−1–10−5

dilutions. The dilution was then spread on NYSM agar (nutrient
agar with 0.5 g/L yeast extract, 0.2 g/L MgCl2, 0.01 g/L MnCl2,
and 0.1 g/L CaCl2). Antibiotic was also added to the medium
(streptomycin, 100 mg/mL) to selectively inhibit other bacteria [8].

Characterization of the bacteria was donemorphologically and
biochemically/physiologically. Morphological characteristics
observed were colony morphology, cell structure, Gram staining
and endospore form and position. Biochemical/physiological
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Figure 1. Sampling locations around Lombok Island, Indonesia.
characteristics tested were catalase, starch hydrolysis, nitrate
reduction, sugar utilization, indole, H2S, urease, oxidase, casein
hydrolysis and aerobicity. Sensitivity against antibiotics (mainly
streptomycin and chloramphenicol) were tested as well [9].

2.2. Bioassay

2.2.1. Larva preparation
Culex quinquefasciatus (Cx. quinquefasciatus), Anopheles

aconitus (An. aconitus) andAedes aegypti (Ae. aegypti) larvaewere
obtained from rearing facility at Institute for Vector and Reservoir
Control Research and Development (IVRCRD), Salatiga, Central
Java, Indonesia. All eggs were hatched and reared in untreated
water (well water) intensively for 6–8 days to reach 3rd instar stage.

2.2.2. Liquid culture preparation
A loop of single colony from chosen isolate(s) and

B. sphaericus 2362 as standard were taken and inoculated on
100 mL NYSM liquid medium supplemented with 0.2 g/L
MgCl2, 0.01 g/L MnCl2 and 0.1 g/L CaCl2 [8]. The cultures were
incubated at 30 �C, shaken at 170 r/min for 72 h.

2.2.3. Initial toxicity testing
This testing was based on procedures mentioned by Dulmage

et al. [10]. Cx. quinquefasciatus, An. aconitus and Ae. aegypti
larvae were prepared in containers (20 larvae per container in
three replications) filled with well water (untreated water) and
mixed with bacterial culture (B. sphaericus isolates) reached
10% (v/v) in 200 mL total volume. Larvae death was
observed in 48 h after application. Average larvae death was
calculate for each B. sphaericus isolates tested.

2.2.4. Bioassay
Third instar larvae ofCx. quinquefasciatus, An. aconitus and Ae.

aegypti were prepared in 63 containers (21 containers for each spe-
cies). Each container was filled with 200 mL untreated water mixed
with liquid culture of isolated B. sphaericus (in 7 dilutions with 10-
fold different concentrations in 3 replications) [10]. This procedure
was done for every isolate that showed more than 50% larvae
killing in initial toxicity testing. Dead larvae observation from each
dilution was made at 48 h after application. Probit analysis was
made from the observation and lethal values (LC50 and LC90 on
48 h observation) were calculated with 0.05 of significance level
using Minitab statistical software version 16 for Windows.

2.3. Phylogenetic analysis and toxin gene detection

2.3.1. DNA extraction
The method was described by Ausubel et al. [11] with slight

modification. A full loop of B. sphaericus isolates from solid
NYSM agar was added into 560 mL of TE buffer (pH 7.6). Ten
microliters of lysozyme (concentration of 30 mg/mL) was
added and the mixture was then incubated at 37 �C for 1 h.
Thirty microliters of 10% SDS and 10 mL of 20 mg/mL
Proteinase K were added. The mixture was then incubated at
37 �C for 1 h. One hundred microliters of 5% NaCl and 80 mL
of cetyl trimethyl ammonium bromide (concentration of 10% in
NaCl) were then added to the mixture and incubated at 65 �C
for 1 h. Extraction with phenol: chloroform (1:1 v/v) was done
and the mixture was stirred at 10000 r/min for 5 min. Upper
phase was collected and mixed with 2× volume of absolute
ethanol. After being incubated at −20 �C overnight, the mixture



Table 2

Culture characteristics of the isolated B. sphaericus.

Characteristics Isolated Standard

Form Round Round
Margin Entire Entire
Surface Flat and smooth Flat and smooth
Color White-cream Opaque (grown on

nutrient agar)
Form Rod Rod
Gram reaction + V
Size (L × W) 3.0–5.0 mm ×

0.5–0.75 mm
1.5–5.0 mm ×
0.6–1.0 mm

Endospore + +
Endospore position Terminal Terminal/subterminal
Bulging endosporangium + +
Catalase + +
Starch hydrolysis − −

Acid production from
sugar

− −

Nitrate reduction − −

Indole − −
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was then stirred at 12000 r/min for 20 min and supernatant was
carefully discarded. Pellet obtained was washed with 75%
ethanol. After being stirred at 12000 r/min for 30 min, DNA
pellet was dissolved with 50 mL of TE buffer (pH 7.6).

2.3.2. Phylogenetic analysis
Genomic DNA of isolated B. sphaericus was amplified using

16s rDNA primers (namely 27f and 1492r). The sequence of 27f
primer was 50-AGA GTT TGA TCM TGG CTC AG-30 and the
sequence of 1492r primer was 50-GGT TAC CTT GTT ACG
ACT T-30 [12]. The amplification parameter was as follows. Pre-
denaturation was at 94 �C for 5 min, denaturation was at 94 �C
for 20 s, primer annealing was at 52 �C for 30 s, and elongation
was at 72 �C for 90 min. Cycle number was 35 cycles and post-
elongation was at 72 �C for 5 min. Amplicon resulted was then
sequenced and contigs were developed from the sequences using
BioEdit Program for Windows. Contig alignment and tree
construction were performed using MEGA V5 for Windows [13].

2.3.3. Toxin gene identification
The existence of toxin genes owned by B. sphaericus was

detected with multiplex PCR applying bin and mtx gene primer
pairs [14] presented in Table 1. Amplification parameter was as
follows. Pre-denaturation was at 94 �C for 5 min, followed by
denaturation at 94 �C for 30 s, primer annealing at 45 �C for 30 s
and elongation at 72 �C for 60 s. The cycle were 35 cycles with
final elongation at 72 �C for 5 min. Amplicon was analyzed
using agarose gel electrophoresis in 2% gel.
Table 1

Sequence of primers used in multiplex toxin detection PCR.

Sequences Target Size (bp)

F: 50-TTG CCA ATA TTG AGT GTG C-30 binA 200
R: 50-TGC CTT CAC TTC CAG AAA AC-30

F: 50-TAG TGT GAA TTC TCT AGC C-30 binB 100
R: 50-CAC TCA GTT AGG AGA AAG A-30

F: 50-TGT GTC TTC TAC TGG AGA T-30 mtx1 300
R: 50-ACT GTT TAT GCT TCA CCT A-30

F: 50-CTC CCT ATT GCT CGT ACT CT-30 mtx2 850
R: 50-TTT CGG TTT CCC AGT TAT C-30

F: 50-TAC GAA ATG ATA CCG ATA G-30 mtx3 400
R: 50-GAT ACC CAC TTA AGT CCT C-30

H2S − −

Urease + V
Oxidase + +
Casein + +
Aerobicity Aerobe Aerobe
Sensitivity to streptomycin Resistant Resistant
Sensitivity to
chloramphenicol

Sensitive V

+: Positive; −: Negative; V: Variable.

Table 3

Isolates of B. sphaericus from many location/origin with their toxicity

against 3 species of mosquitoes.

Isolate code Origin Initial toxicity against (%)

Culex Anopheles Aedes

AMP West Lombok 0.00 0.00 0.00
MNT West Lombok 100.00 72.00 36.70
SDK West Lombok 0.00 0.00 0.00
3. Results

3.1. Bacterial isolation and characterization

From all sampling locations, 20 isolates of B. sphaericus were
isolated. The characteristics ofB. sphaericus isolated are presented
Figure 2. Colony and cell morphology.
A: Colony on NYSM agar 72 h later; B: Gram staining of isolated
B. sphaericus (1000×).
in Figure 2. Detail characterization (colony, cell and biochemical/
physiological) of theB. sphaericus isolates is presented in Table 2.

All characteristics of isolated B. sphaericus have showed
similarity to those mentioned in Bargey's Manual of Determi-
native Bacteriology [9], except for some characteristics that were
varied. All isolates were collected from area that was unexposed
directly and indirectly by sea water (in form of salt dam/pool or
rip-tide). Sampling points were sand/soil covered/shaded by
foliage and rich in organic matters.
BTL West Lombok 0.00 0.00 0.00
MLB West Lombok 0.00 0.00 0.00
SRE North Lombok 0.00 0.00 0.00
GDG North Lombok 0.00 0.00 0.00
SLG North Lombok 100.00 100.00 60.00
LCR North Lombok 0.00 0.00 0.00
OBL North Lombok 0.00 0.00 0.00
BGK South Lombok 0.00 0.00 0.00
LBP South Lombok 0.00 0.00 0.00
PLG South Lombok 0.00 0.00 0.00
SKT South Lombok 100.00 100.00 50.00
LBR South Lombok 0.00 0.00 0.00
LBL East Lombok 0.00 0.00 0.00
LBH East Lombok 0.00 0.00 0.00
TJL1 East Lombok 20.00 8.33 0.00
JRW East Lombok 20.00 8.33 0.00
TJL2 East Lombok 100.00 100.00 31.70
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3.2. Toxicity of isolated B. sphaericus

Table 3 presents toxicity testing results of isolated
B. sphaericus [in 10−1 final whole culture (FWC) dilution]
against 3 species of mosquitoes.

From 20 locations sampled, there were 4 locations gave
isolates that were toxic against 3 kinds of mosquitoes' larvae.
Others showed very low to none toxicity. The values of LC50

and LC90 of the isolates from the four locations in 48 h obser-
vation are presented in Table 4.

Both toxic and low toxic isolates showed similar pattern,
Culex was the most susceptible to all isolates and Anopheles was
Table 4

LC values of isolated B. sphaericus in 48 h.

Isolates Concentration
unit

Culex

LC50 LC90

MNT Cell/mL 3.70 × 105 6.40 × 105

FWC dilution 8.71 × 10−4 1.50 × 10−3

SKT Cell/mL 1.13 × 105 4.08 × 105

FWC dilution 3.50 × 10−4 1.27 × 10−3

TJL2 Cell/mL 1.03 × 105 3.79 × 105

FWC dilution 3.17 × 10−4 1.16 × 10−3

SLG Cell/mL 9.41 × 105 3.32 × 106

FWC dilution 2.71 × 10−3 9.56 × 10−3

88

95

98

99

94

    0.04                       0.03                       0.02                        0.01                    

Figure 3. Neighbor-joining cladogram of isolated B. sphaericus (marked with
square symbol) and non-toxic B. sphaericus (marked with hollow square symb
the second after Culex. Toxic isolates and low toxic isolates only
killed Aedes larvae in small percentages. Compared to 3 other
isolates, isolate SLG was the most toxic isolates. This was fol-
lowed by isolate TJL2, SKT and MNT, respectively.

3.3. Phylogenetic analysis and toxin gene detection

Phylogenetic tree where isolated B. sphaericus and some
strains of known B. sphaericus as comparison is presented in
Figure 3. Isolates PLG and MNT were in the same cluster
with some known highly and mildly toxic strains of
B. sphaericus. Isolates TJL2 and SLG were close to each
Anopheles Aedes

LC50 LC90 LC50 LC90

1.76 × 107 4.57 × 107 4.45 × 107 8.04 × 107

2.54 × 10−2 6.57 × 10−2 6.40 × 10−2 1.16 × 10−1

2.85 × 105 1.52 × 106 1.78 × 107 3.18 × 107

8.84 × 10−4 4.71 × 10−3 5.51 × 10−2 9.88 × 10−2

8.94 × 104 3.75 × 105 1.72 × 107 3.32 × 107

2.74 × 10−4 1.15 × 10−3 5.29 × 10−2 1.02 × 10−1

2.39 × 105 5.11 × 105 2.08 × 107 4.14 × 107

6.88 × 10−4 1.47 × 10−3 6.01 × 10−2 1.19 × 10−1

Isolate TJL2

Isolate SLG

Isolate MNT

Isolate SKT

B. sphaericus strain 2317-2 | gb DQ286297.1

B. sphaericus strain NRS1184 | gb DQ286321.1

B. sphaericus strain SSII-1 | gb DQ286360.1

B. sphaericus strain SSII-1 | gb DQ286320.1

B. sphaericus strain D35 | gb DQ923491.1

0

95

B. sphaericus strain KellenQ | gb DQ286318.1

B. sphaericus strain IAB769 | gb DQ286314.1

B. sphaericus strain C3-41 | gb NR074883

B. sphaericus strain IAB59 | gb DQ286312.1

B. sphaericus strain D45 | gb DQ923492.1

B. sphaericus strain IAB763 | gb CR626927.1

B. sphaericus strain 2362 | gb DQ286298.1

B. sphaericus strain 2173 | gb DQ286295.1

B. sphaericus strain IAB881 | gb DQ286317.1

B. sphaericus strain Dak614 | gb DQ286311.1

B. sphaericus strain 106 | gb DQ350815.1

B. sphaericus strain CIP5125 | gb DQ286310.1

Lysinibacillus sphaericus strain YH4 | gb KM873374.1

B. sphaericus strain LFB-Fiocruz711 | gb DQ286319.1

B. sphaericus strain ATCC 14577 | gb DQ286299.1

B. sphaericus strain AU3 | gb EF032669.1

Bacillus thuringiensis | gb AB271742.1

  0.00

B. sphaericus strain DSM 396 NTCC 9602 | gb AJ311894.1

Lysinibacillus sphaericus strain BCH883 | gb KM983005.1

Lysinibacillus sphaericus strain PVR-YHB-3-2 | gb KP986953.1

dot symbol) with known strains of toxic B. sphaericus (marked with solid
ol) and with B. thuringiensis as outgroup species.
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other, but not in the same cluster with first two isolates.
Grouping B. sphaericus using 16s rRNA approach only
showed strain closeness by 16s rRNA sequence similarity,
but it cannot group their toxicity.

Toxin gene detection PCR result is presented in Figure 4.
The existence of binary toxin components (represented by
100 bp for binB and 200 bp for binA PCR product) can be
related to the high anti-larval effect of B. sphaericus strain
(shown by B. sphaericus 2362, SLG, TJL2 and PLG). Both
Bin components showed higher anti-larval effect compared to
single component (showed by isolate MNT). Mosquitocidal
toxin (represented by 300 bp for mtx1, 400 bp for mtx3 and
850 bp for mtx2) showed very low anti-larval effect (or none at
all).
bp

1 000
900
800
700
600
500
400
300

200

100

mtx2

mtx3
mtx1

binA

binB

 1    2   3    4   5   6   7   8  9  10 11 12  13 14 15 16 17 18 19 20 21

Figure 4. Toxin genes (bin and mtx) multiplex amplification result in 2%
agarose gel.
Lane 1: B. sphaericus 2362; Lane 2: Isolate AMP; Lane 3: Isolate MNT;
Lane 4: Isolate SDK; Lane 5: Isolate BTL; Lane 6: Isolate MLB; Lane 7:
Isolate SRE; Lane 8: Isolate GDG; Lane 9: SLG; Lane 10: Isolate LCR;
Lane 11: Isolate OBL; Lane 12: Isolate BGK; Lane 13: Isolate LBP; Lane
14: Isolate PLG; Lane 15: Isolate SKT; Lane 16: Isolate LBR; Lane 17:
Isolate LBL; Lane 18: Isolate LBH; Lane 19: Isolate TJL1; Lane 20: Isolate
JRW; Lane 21: Isolate TJL2.
4. Discussion

This report was the first report of B. sphaericus isolated from
Lombok Island, Indonesia. The most-frequently used strain of
B. sphaericus that has been applied in some countries is
B. sphaericus 2362 that was firstly isolated in Nigeria. This
strain was isolated from black fly [15]. This strain becomes one
standard for comparison with newly isolated B. sphaericus
from many countries.

Since providing all nutrients and growing factors for bacteria
that live in it, soil becomes a potential habitat for B. sphaericus.
However, this study showed that area that was rich in organic
matters did not always become habitat for toxic B. sphaericus.
From all locations that were explored, toxic isolates of
B. sphaericus were obtained only from 4 locations. Other iso-
lates from the rest 16 locations were low toxic on no toxic at all.
This demonstrated that soil rich in organic matters was not the
key factor to obtain toxic B. sphaericus. Any chances
that enable bacteria contact with mosquito larvae should be
considered to gain toxicity. That was described in some reports
in the discovery of Bacillus thuringiensis and B. sphaericus
[16,17].

It was mentioned by de-Barjac [18], that toxicity of
B. sphaericus can be categorized into 3 classes. The highest
toxicity showed LC50 value of 10−6–10−8 (based on final
whole concentration/FWC dilution). The examples of high
toxicity strains are B. sphaericus strain 2362, 1593 and LB24.
While mild toxicity showed LC50 value of 10−4–10−5 of FWC
dilution. The examples of strains having this toxicity are
B. sphaericus strain SSII-1, ISPC5 and LB29. The lowest
value is ranging from 10−2 to 10−3 (of FWC dilution), and
B. sphaericus strain K and strain Q are low toxic strains
discovered in the United States. All those LC values were
against Culex larvae. If compared to that category, B. sphaericus
isolated from Lombok Island can be grouped into lowly to
mildly toxic isolates.

Larvae death occurred within some hours after B. sphaericus
endospores have been ingested by a larval. After ingested,
protease released in the midgut will process the endospores
into toxins subunit components. Toxin related to sporulated
B. sphaericus is binary toxin. The binary toxin will be broken
into two components, namely BinA (51 kDa) and BinB
(42 kDa). This toxin will make interaction with specific receptor
along Culex and Anopheles midgut. However, in Aedes midgut,
there are no interaction between toxin and toxin receptor. Hence,
binary toxin will give the highest anti-larvicidal activity only
against Culex and Anopheles. On the other hand, Aedes showed
the least susceptibility against B. sphaericus [19].

Besides binary toxin, B. sphaericus also synthesizes non-
sporulation related toxin, called mosquitocidal toxin (Mtx
toxin). The toxin is produced when the bacteria is on vegetative
life stage. This toxin comprises of Mtx1 (100 kDa), Mtx2
(32 kDa) and Mtx3 (36 kDa) subunits [20,21]. In contrast with
binary toxin, mosquitocidal toxin does not interact with
receptor inside larvae midgut and only give low anti-
larvicidal effect to B. sphaericus [22]. The low toxicity of
mosquitocidal toxin was caused by proteolytic degradation
on Mtx toxin [23]. When intact, Mtx toxin (mainly Mtx1
subunit) shows ability to kill larvae better than binary toxin
[24]. This was shown that when mtx genes were cloned into
protease-free non-toxic B. sphaericus strain, mtx1 gene
expression in protease-free B. sphaericus could kill mosquito
larvae as good as B. sphaericus strain harboring Bin toxin
protein and naturally toxic B. sphaericus strain [25].
B. sphaericus toxins activities will cause collapse of larvae
nervous and muscle system. In turn, this will make the larvae
loss their ability to move along water surface and undergo
asphyxia by drowning [26].

Grouping B. sphaericus using 16s rRNA could not cluster
this species based on strain toxicity, so other approaches should
be made. Grouping using flagella agglutination by de-Barjac
et al. [27] has clustered B. sphaericus in serotype H1A;
H2; H5; H5A, 5B; H2 and H5. This grouping clustered
B. sphaericus toxicity very well. Other approach using phage
typing [28], resulted in four phagetypes groups, which was able
to cluster B. sphaericus based on their toxicity as well.
This phylogenetic analysis, besides showing closeness of these
toxic B. sphaericus isolates to other known B. sphaericus
strains, also supports identification of the bacteria, since there
are some species show similar characteristics to B. sphaericus.
The other technique, such as multiplex PCR which we used in
this study, was able to detect toxin-expressing genes (binary
and mosquitocidal toxins).

Multiplex PCR is variant of PCR technique applyingmore than
one primer pairs to amplify more than one locus/positions
simultaneously [29]. In this study, multiplex PCR succeeded to
detect the existence of Bin and Mtx toxins altogether. This
supports toxicity testing and bioassay results. Mild to high
toxicity effect of B. sphaericus can be expected if two PCR
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products present (100 and 200 bp). PCR products of 100 bp and
200 bp are related to existence of binB and binA genes,
respectively. These genes express binary toxin in non-vegetative
stage of B. sphaericus that are most active in killing mosquito
larvae.Other PCRproducts, 300, 400 and 850 bpwhich are related
to mtx1, mtx3 and mtx2 genes, showed very little effect of killing
mosquito larvae (or none at all). If all PCR products exist alto-
gether, high toxicity effect can be expected.

Many strains of B. sphaericus (either toxic or not toxic) have
been studied and collected in some countries, but local strain is
still promising for local-ingredient-based biopesticide candi-
dates. Along with more toxic B. sphaericus strain search, growth
and production medium formulation should be explored as well.

Twenty B. sphaericus isolates from beach areas around
Lombok Island have been isolated and 4 isolates showed low
to mild toxicity against 3 species of mosquito larvae. The rest
16 isolates have showed either very low toxicity or non-toxicity
at all.
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