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ABSTRACT

Keywords Bacillus thuringiensis provides effective alternatives to broad-spectrum larvicides

_ in many situations with little or no environmental impacts. The advantages of
Biocontrol; microbial control agents’ usage are numerous. These include safety for humans and
Dengue other non-target organisms, reduction of pesticide residues in the aguatic
Haemorrhagic  gnyironment, increased activity of most other natural enemies and increased
Fever; biodiversity in aquatic ecosystem. The toxins of Bacillus thuringiensis affect
Natural structure of ephitel and intestine tissue of Aedes aegypti larvae. This phenomenon
Enemy; indicates that indigenous Bacillus thuringiensis from East Java isolates have its
Toxicity. potential to become bio control of Aedes aegypti larvae.

I ntroduction

because of its close association with

humans in

Mosquitoes are insect vectors responsible

for the transmission of many diseases.
Mosquitoes cause more human sufferings
than any other organism; over one million
people worldwide die from mosquito-
borne diseases every year. Mosquito borne
diseases include malaria, filariasis, yellow
fever, chikungunya and dengue fever
cause extensive morbidity and mortality
and are a major economic burden within
disease-endemic  countries  (Boutayeb,
2006; Poopathi and Abidha, 2010;
Nareshkumar et al., 2012). Aedes aegypty
(L.) isthe main dengue vector worldwide

tropical and sub-tropical
urbanized areas (Jansen and Beebe, 2010;
Cox et a., 2007). The Aedes aegypti
mosquito, the principal vector for DHF,
which is considered the most pressing
vector-borne viral disease in the world, is
particularly — susceptible to climate
variability and climatic change. These
mosquitoes are well adapted to urban
environment and successfully breed in
containers where water is alowed to
accumulated, such as discarded can,
bottles, plastic containers and tires. The
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presence and abundance of Aedes aegypti
is vita to the transmission of DHF.
Changes in mean climatic conditions and
climate variability aso can affect human
health via indirect pathways, particularly
in the changing of biologica and
ecological processes that influence
infectious disease transmission and food
yields (Barrett et al., 1998). As in the
study conducted by Zulfaidah and
Nakagoshi (2013) aso mentioned that
environmental conditions strongly control
the geographic distribution and abundance
of Aedes aegypti. The result of this study
indicated that the climatic variability is
clearly associated with the dengue
incidence rate. The maximum air
temperature, humidity, rainfall and light
duration have played an important role in
the transmisson of DHF in Nganjuk
district, East Java, Indonesia. Based on
statistical analysis in this study, it showed
that humidity and rainfall have positive
correlation with DHF incidence, on the
contrary a decreased value of maximum
air temperature and light duration would
have impact on increased IR. Another
regression anaysis resulted that IR of
DHF was affected by the maximum air
temperature, minimum air temperature and
rainfall in the rainy season; however in the
dry season, the IR was affected by wind
velocity and rainfall.

Dengue haemorrhagic fever is one of the
serious arbovira diseases in the tropica
America, Asia, and Africa. DHF has been
the most significant vector borne disease
with increasing distribution and incidence
of cases in the recent decades. An
estimated 2.5 billion people in the world
are at risk of dengue haemorrhagic fever,
of which 1.3 billion people live in South
East Asian Countries (Sankari et a.,
2012). The incidences of Dengue
Hemorrhagic Fever have been increasing
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in the last five years both in rural and
urban areas of the world. The incidence of
dengue has grown dramatically in recent
decades. WHO currently estimates there
may be 50 million dengue infections
worldwide every year. An estimated
500,000 people with severe dengue require
hospitalization each year; a large
proportion of them are children. About
2.5% of those affected die. The disease is
now endemic in more than 100 countries
in Africa, the Americas, the Eastern
Mediterranean, South-east Asia and the
Western Pacific regions. Southeast Asia
and the Western Pacific are the most
seriously affected (WHO, 2010).

Indonesia as one of the countries in the
tropics is very susceptible to diseases
spread by the Aedes aegypti mosquito
(Suci et al., 2010). DHF outbreaks have
occurred in Indonesia since 1986; the first
case was in Surabaya city. In 2010, there
were more than 26,059 reported DHF
cases in East Java (Provincial Hedth
Office, 2011). In the past 50 years, the
incidence of dengue has increased 30-fold
with a widespread geographic area well
into the new state or from urban to rural
(WHO, 2009). According to Basic Health
Research 2007, in Indonesia dengue cases
that were diagnosed by health officers and
the existence of symptoms stated by
respondents showed the prevalence of
0.6% (range: 0.3 %o - 2.5%) within a
period of 12 months (Maang City Health
Office (2008). In addition, the prevalence
in East Javais only 0.24%; but monitoring
is still needed, considering that East Java
is one of the densely populated provinces
in Indonesia (Badan Pusat Statistik, 2012).
According to the Basic Health Research
2007 of East Java Province, the prevalence
of dengue and prevalence of the dengue
fever symptoms in rural areas is smaller
than in urban areas (0.23% vs. 0.27%).
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Recently, uncontrolled use of chemical
insecticides has resulted in irreparable
damage to environment. Continuous use of
chemical insecticides has led to the
emergence and spread of resistance in
vectors of human diseases and agricultural
pest (Georghiou, 1990; El-Kersh et 4.,
2012). A major aternative to chemical
control is biological control, which is a
crucial part of integrated pest management
(Aramideh et a., 2010; El-kersh et 4.,
2012). Interestingly, Bacillus
thuringiensis is an important insect
pathogen that is highly toxic to mosquito
larvae and related dipterans (Poopathi, S.
and Abidha, S 2010; Zulfaidah, et al.
2013). Bacillus thuringiensis is a Gram-
positive, facultative anaerobe and spore
forming saprophyte soil bacterium that
was first isolated from diseased larvae of
Bombyx mori (an economically important
insect, being a primary producer of silk,
called the silkworm) in Japan (Ishiwata,
1901, Baig and Samina, 2010). The
toxicity is attributed to 5-endotoxin, which
is made of proteins that are produced and
assembled when the bacteria sporulate
(Sanahuja et a., 2011, Haggag and
Yousef, 2010). Bacillus thuringiensis
during the sporulation produces one or
more proteinaceous parasporal crystals
(Cry), recognized as delta-endotoxin. This
crystal protein under alkaline condition of
midgut of insects, gets solubilized, and
then activated by intrinsic protease into an
active toxin that selectively binds specific
receptor in the cell membrane, leading to
pore formation and consequent insect
death (Soberon et al., 2000; Eswarapriya
et a., 2010; El-kersh et al., 2012). In
Indonesia, some insecticides use active
microbial B. thuringiensis imported from
the countries such as Begium
(Bactospeine), the United States (mop)
and Switzerland (Thuricide). The original
B. thuringiensis exploration efforts in
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Indonesia were carried out because the B.
thuringiensis crystal protein had an arrow
host spectrum. Therefore, the ideal effort
for controlling Indonesian mosquitoes
would be using B. thuringiensis isolated
from Indonesia (Zulfaidah et al., 2013).

The purpose of this review paper is to
introduce the potential of Bacillus
thuringiensis isolate indigenous from East
Java as a natural agents of mosqguito
(Aedes aegypti) and to summarize the
current status and developmental trends of
biological control based on the published
reports. Parts of the texts, tables and
figures in this study were directly copied
from previousdy published papers and
reports.

Concepts of biological control agents

Global use of insecticides for mosquito
vector control in recent decades has
caused environmental pollution of agueous
ecosystem and resulted in insecticide
resistance in many mosquito species. The
last decade has witnessed and increased
interest in biological control agents.
Biological means to control vectors, based
on entomopathogenic bacteria has been
studied for more than 20 years. More
number of biological control agents was
screened for their efficacy, mammalian
safety and environmental impact. Many
organisms have been investigated as
potential agents for vector mosquito
control, including viruses, fungi, bacteria,
protozoa, nematodes, invertebrate
predators and fish. Only a few spore
forming bacteria, copepods and fish have
reached operational use and are
undergoing extensive field trials. The
discovery of bacteria like B. thuringiensis
serovar israelensis deBarjac, which are
highly toxic to dipteran larvae have
opened up the possibility of its use as
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potential  biolarvicides in  mosquito
eradication programs in the over the world
(Poopathi and Tyagi, 2002; Poopathi et al.,
2002). The larvicidal substances of these
preparations are based on endotoxin
proteins accumulated as parasporal
crystals produced by the bacteria cells
during the sporulation growth phase.
These biological preparations have some
important advantages over conventiona
insecticides in mosquito  control
operations, besides being safe to non-
target organism including human beings.
Also, it is harmless to the environment
(Prabakaran and Balaraman, 2006). The B.
thuringiensis serovar israelensis has been
used operationally for the control of
mosquitoes for over two decades and its
formulations are highly effective against
Anopheles, Aedes and Culex mosguitoes
(Mahmood, 1998; Poopathi and Abidha,
2010).

The potential of Bacillusthuringiensis
isolated indigenously from East Java as
a natural agents of Aedes aegypti

Research using B. thuringiensis var.
israelensis is often done to control
mosquitoes, either the formulation of B.
thuringiensis as commercial products or
culturing soil bacteriaisolates. However B.
thuringiensis isolate indigenous from East
Java rarely used as a natural enemy. The
previous study (Zulfaidah et a., 2010)
showed that the efficacy of B.
thuringiensis Madura isolates higher than
B. thuringiensis var. israelensis for killing
mosquito larvae. The ANOVA results
showed that this experiment has
significantly different for stage of
mosquito larvae and dilution factors in the
toxicity test of B. thuringiensis isolated
from Madura Island against Aedes aegypti
larvae, as well as the interaction between
the dilution and stadia larvae aso have

different influences. The results of the
study showed that the higher density of the
bacteria (before dilution) would cause high
mortality of mosquito larvae because the
amount of protein crystals formed aso
increased. These results were indicated
that the density of bacteria depended on
the dilution, which increasing the dilution
of bacteria could reduce the density of
bacteria.

Mosquitoes are insect vectors responsible
for the transmission of many diseases.
Mosquitoes cause more human sufferings
than any other organism; over one million
people worldwide die from mosquito-
borne diseases every year. Mosquito borne
diseases include malaria, filariasis, yellow
fever, chikungunya and dengue fever
cause extensive morbidity and mortality
and are a magjor economic burden within
disease-endemic  countries (Boutayeb,
2006; Poopathi and Abidha, 2010;
Nareshkumar et al., 2012). Aedes aegypty
(L.) is the main dengue vector worldwide
because of its close association with
humans in tropical and sub-tropical
urbanized areas (Jansen and Beebe, 2010;
Cox et da., 2007). The Aedes aegypti
mosquito, the principal vector for DHF,
which is considered the most pressing
vector-borne viral disease in the world, is
particularly  susceptible to climate
variability and climatic change. These
mosquitoes are well adapted to urban
environment and successfully breed in
containers where water is alowed to
accumulated, such as discarded can,
bottles, plastic containers and tires. The
presence and abundance of Aedes aegypti
is vital to the transmission of DHF.
Changes in mean climatic conditions and
climate variability also can affect human
health via indirect pathways, particularly
in the changing of biological and
ecological processes that influence
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infectious disease transmission and food
yields (Barrett et al., 1998). As in the
study conducted by Zulfadah and
Nakagoshi (2013) also mentioned that
environmental conditions strongly control
the geographic distribution and abundance
of Aedes aegypti. The result of this study
indicated that the climatic variability is
clearly associated with the dengue
incidence rate. The maximum air
temperature, humidity, rainfall and light
duration have played an important role in
the transmission of DHF in Nganjuk
district, East Java, Indonesia. Based on
statistical analysis in this study, it showed
that humidity and rainfall have positive
correlation with DHF incidence, on the
contrary a decreased value of maximum
air temperature and light duration would
have impact on increased IR. Another
regression analysis resulted that IR of
DHF was affected by the maximum air
temperature, minimum air temperature and
rainfall in the rainy season; however in the
dry season, the IR was affected by wind
velocity and rainfall.

Dengue haemorrhagic fever is one of the
serious arboviral diseases in the tropical
America, Asia, and Africa. DHF has been
the most significant vector borne disease
with increasing distribution and incidence
of cases in the recent decades. An
estimated 2.5 billion people in the world
are at risk of dengue haemorrhagic fever,
of which 1.3 billion people live in South
East Asian Countries (Sankari et a.,
2012). The incidences of Dengue
Hemorrhagic Fever have been increasing
in the last five years both in rura and
urban areas of the world. The incidence of
dengue has grown dramatically in recent
decades. WHO currently estimates there
may be 50 million dengue infections
worldwide every year. An estimated
500,000 people with severe dengue require
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hospitalization each year; a large
proportion of them are children. About
2.5% of those affected die. The disease is
now endemic in more than 100 countries
in Africa, the Americas, the Eastern
Mediterranean, South-east Asia and the
Western Pacific regions. Southeast Asia
and the Western Pacific are the most
serioudly affected (WHO, 2010).

Indonesia as one of the countries in the
tropics is very susceptible to diseases
spread by the Aedes aegypti mosguito
(Suci et al., 2010). DHF outbreaks have
occurred in Indonesia since 1986; the first
case was in Surabaya city. In 2010, there
were more than 26,059 reported DHF
cases in East Java (Provincial Health
Office, 2011). In the past 50 years, the
incidence of dengue has increased 30-fold
with a widespread geographic area well
into the new state or from urban to rural
(WHO, 2009). According to Basic Health
Research 2007, in Indonesia dengue cases
that were diagnosed by health officers and
the existence of symptoms stated by
respondents showed the prevalence of
0.6% (range: 0.3 %o - 2.5%) within a
period of 12 months (Maang City Health
Office (2008). In addition, the prevalence
in East Javais only 0.24%; but monitoring
is still needed, considering that East Java
is one of the densely populated provinces
in Indonesia (Badan Pusat Statistik, 2012).
According to the Basic Health Research
2007 of East Java Province, the prevalence
of dengue and prevalence of the dengue
fever symptoms in rura areas is smaller
than in urban areas (0.23% vs. 0.27%).

Recently, uncontrolled use of chemical
insecticides has resulted in irreparable
damage to environment. Continuous use of
chemical insecticides has led to the
emergence and spread of resistance in
vectors of human diseases and agricultural
pest (Georghiou, 1990; El-Kersh et a.,
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2012). A mgor dternative to chemical
control is biological control, which is a
crucia part of integrated pest management
(Aramideh et al., 2010; El-kersh et a.,
2012). Interestingly, Bacillus
thuringiensis is an important insect
pathogen that is highly toxic to mosquito
larvae and related dipterans (Poopathi, S.
and Abidha, S 2010; Zulfaidah, et al.
2013). Bacillus thuringiensis is a Gram-
positive, facultative anaerobe and spore
forming saprophyte soil bacterium that
was first isolated from diseased larvae of
Bombyx mori (an economically important
insect, being a primary producer of silk,
called the silkworm) in Japan (Ishiwata,
1901; Baig and Samina, 2010). The
toxicity is attributed to 6-endotoxin, which
is made of proteins that are produced and
assembled when the bacteria sporulate
(Sanahuja et a., 2011, Haggag and
Yousef, 2010). Bacillus thuringiensis
during the sporulation produces one or
more proteinaceous parasporal crystals
(Cry), recognized as delta-endotoxin. This
crystal protein under alkaline condition of
midgut of insects, gets solubilized, and
then activated by intrinsic protease into an
active toxin that selectively binds specific
receptor in the cell membrane, leading to
pore formation and consequent insect
death (Soberon et al., 2000; Eswarapriya
et a., 2010; El-kersh et al., 2012). In
Indonesia, some insecticides use active
microbial B. thuringiensis imported from
the countries such as Belgium
(Bactospeine), the United States (mop)
and Switzerland (Thuricide). The original
B. thuringiensis exploration efforts in
Indonesia were carried out because the B.
thuringiensis crystal protein had an arrow
host spectrum. Therefore, the ideal effort
for controlling Indonesian mosquitoes
would be using B. thuringiensis isolated
from Indonesia (Zulfaidah et a., 2013).
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The purpose of this review paper is to
introduce the potential of Bacillus
thuringiensis isolate indigenous from East
Java as a natura agents of mosquito
(Aedes aegypti) and to summarize the
current status and developmental trends of
biological control based on the published
reports. Parts of the texts, tables and
figures in this study were directly copied
from previously published papers and
reports.

Concepts of biological control agents

Global use of insecticides for mosquito
vector control in recent decades has
caused environmental pollution of agueous
ecosystem and resulted in insecticide
resistance in many mosquito species. The
last decade has witnessed and increased
interest in biological control agents.
Biological means to control vectors, based
on entomopathogenic bacteria has been
studied for more than 20 years. More
number of biological control agents was
screened for their efficacy, mammalian
safety and environmental impact. Many
organisms have been investigated as
potential agents for vector mosquito
control, including viruses, fungi, bacteria,
protozoa, nematodes, Invertebrate
predators and fish. Only a few spore
forming bacteria, copepods and fish have
reached operational use and are
undergoing extensive field trials. The
discovery of bacteria like B. thuringiensis
serovar israelensis deBarjac, which are
highly toxic to dipteran larvae have
opened up the possibility of its use as
potential  biolarvicides in  mosquito
eradication programs in the over the world
(Poopathi and Tyagi, 2002; Poopathi et al.,
2002). The larvicidal substances of these
preparations are based on endotoxin
proteins accumulated as parasporal
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crystals produced by the bacteria cells
during the sporulation growth phase.
These biological preparations have some
important advantages over conventiona
insecticides in mosquito  control
operations, besides being safe to non-
target organism including human beings.
Also, it is harmless to the environment
(Prabakaran and Balaraman, 2006). The B.
thuringiensis serovar israelensis has been
used operationally for the control of
mosquitoes for over two decades and its
formulations are highly effective against
Anopheles, Aedes and Culex mosquitoes
(Mahmood, 1998; Poopathi and Abidha,
2010).

The potential of Bacillus thuringiensis
isolated indigenously from East Java as
a natural agents of Aedes aegypti

Research using B. thuringiensis var.
israelensis is often done to control
mosquitoes, either the formulation of B.
thuringiensis as commercial products or
culturing soil bacteriaisolates. However B.
thuringiensis isolate indigenous from East
Java rarely used as a natural enemy. The
previous study (Zulfaidah et a., 2010)
showed that the efficacy of B.
thuringiensis Madura isolates higher than
B. thuringiensis var. israelensis for killing
mosquito larvae. The ANOVA results
showed that this experiment has
significantly different for stage of
mosquito larvae and dilution factors in the
toxicity test of B. thuringiensis isolated
from Madura Island against Aedes aegypti
larvae, as well as the interaction between
the dilution and stadia larvae aso have
different influences. The results of the
study showed that the higher density of the
bacteria (before dilution) would cause high
mortality of mosquito larvae because the
amount of protein crystals formed also
increased. These results were indicated

185

that the density of bacteria depended on
the dilution, which increasing the dilution
of bacteria could reduce the density of
bacteria.

The honesty testing results showed that the
Bacillus thuringiensis isolated from
Madura was able to kill 50% of each instar
mosquito larvae which were tested within
24 hours. L Cso.24 hours Values for each instar
were relatively similar, athough for the
first instars was a smallest compared to the
older age. This was because the first instar
was more sensitive to the crystal toxin
produced by Bacillus thuringiensis than
the second instar Aedes aegypti larvae,
third and fourth instar larvae.

The same thing also happened in the study
conducted by Zulfaidah et a., (2013),
using indigenous Bacillus thuringiensis
isolates from Malang city and Madiun
city, East Java on the third instar Aedes
aegypti larvae (Lidwina et a., 2013).
Based on phenotypic characteristics and
literature searches, it was found that
indigenous Bacillus thuringiensis isolated
from Malang had similar characteristics to
the Bacillus thuringiensis subspecies
aizawai. Based on the percentage of spore
prevdence in Bacillus thuringiensis
isolates at 48 hours, it was known that if
bacterial spore prevalence was increasing,
the amount of toxin produced was also
growing. Asthe number of bacterial toxins
increases, one may expect the bacteria to
be more effective at killing mosquito
larvae. There are differences in spore
prevalence, which is associated with
individual characteristics of the spore-
forming isolates. Bacillus thuringiensis
has two  developmental phases:
germination and sporulation (Manonmani
et a., 2011). During sporulation,
parasporal crystals are released by
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Table.l ANOVA of toxicity test of Bacillus thuringiensisisolated from Madura
on Aedes aegypti larvae

Sour ce DF SS MS F P
Instar larvae (L) 3 1807.40 602.46 13.56 0.00
Dilution (D) 6 222271.90 3711.90 83.50 0.00
L*D 18 9651.80 536.21 12.07 0.00
Error 57 2488.80 44.44
Total 84 41511.10

Table.2 The cell density of Bacillus thuringiensis isolated from Madura (cell/ml)
in each dilution series

Dilution The cell density of bacteria in each dilution (cell/ml)
series 10° 10" 10 10° 10 10°

Average | 1.51x10° | 9x 10° 1.27x10° | 6.17x 10° | 4x 10° 5x 10°

Table.3 Honesty test results on interaction between dilution series of Bacillus thuringiensis
isolated from Madura and the mortality percentage of Aedes aegypti larvae
(for each instar larvae)

Dilution series Per centage of larvae mortality on
First instar Second instar Third instar Fourth instar
10° 88.89 d 64.44 c 26.67 b 11.11 ab
107 222 a 0.00 a 222 a 444 ab
10° 222 a 222 a 444 a 0.00 a
10° 0.00 a 0.00 a 222 a 0.00 a
10" 6.67 ab 0.00 a 0.00 a 0.00 a
10° 222 a 0.00 a 222 a 0.00 a

The same letters after the number denote no significant difference
(significant at the 0.05 level).

Table.4 Honesty testing results for each instar Aedes aegypti larvae based on LC50-24 hours

Instar N | Subset for o = 0.05
1 3 807654942
2 3 1.24 x 10%°2
3 3 3.94x 10°2
4 2 2.66 x 1082

The same letters after the number denote no significant difference of LC50-24 hours
(significant at the 0.05 level).
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autolysis. These crystals are toxic and will
damage the mosquito larval digestive tract,
thus causing larval mortality.

The early stationary phase is marked by
vegetative cell death, followed by toxin
accumulation, because the cells metabolise
the available nutrients, resulting in nutrient
shortage and competition. The bacteria
will then synthesise secondary metabolites
that are used to maintain life. In Bacillus
thuringiensis, this stationary phase is
associated with spore and toxin formation.
Toxins from Bacillus thuringiensis cells
are formed after the cells have formed
endospores (Muniady et a., 2011).

The study by Zulfaidah et a., (2013)
showed that this experiment also
conducted toxicity tests using various
dilutions of the bacterial suspension (1.0,
1:1,1:3, 1.5, 1:7, 1:10, 1:15, and 1:20) and
exposure times (24, 48, and 72h). The
toxin effectiveness of the Bacillus
thuringiensis isolates was determined. The
bacteria form spores and paraspord
crystals during the stationary phase, which
is a nutritionally deficient state; at that
time, the parasporal crystals will be toxic
and can kill the Aedes aegypti larvae
(Renganatan et al., 2011). The mosquito
third instar larvae are selected because at
this stage, the larvae have a complete
anatomical structure and the body is
divided into three parts (head, thoracic,
abdomen); therefore, damage to the larvae
can be easily observed within each section.
A previous study demonstrated the
numbers of intestinal epithelia cells and
peritrophic cells increase in accordance
within creasing larval toxin resistance
(Poopathi, 2010).

Based on the study conducted by
Zulfaidah et al., (2013) it was indicated
that the statistical analysis of the L Cs test
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(lethal concentration) have a significant
effect (p<0.05) among the tested isolates.
The three isolates that are indigenous to
Malang City (PWR4-32, SWJ 4-4b, SWJ
5-1) killed Aedes aegypti larvae. Among
those, the PWR4-32 isolates were the most
effective, as 22.79 x 10’celsml were
required to kill fifty percent of the Aedes
aegypti larvae within 72 hs. The 72-hs
exposure time was more effective than the
24-hs and 48-hs exposure times. Once the
bacterial toxin enters the mosquito larvae
digestive tract, the increased time alows
the toxin to accumulate, and the toxin’s (o-
endotoxin) effects increase in accordance
with exposure. The toxin binds to
receptors located on the epithelial midgut
cell wall’s apical microvillus membrane.
After the toxin binds to its receptor, there
Is a change in the toxin’s conformation,
allowing toxin insertion into the
membrane.  Electrophysiologica  and
biochemical evidence suggest that the
toxins generate pores in the cdll
membrane, which disturbs the osmotic
balance; consequently, the cells swell and
lyses. The gut becomes paralysed, and the
mosquito stops feeding. Most mosquito
larvae generally show reduced activity
after two hours and die within six hours of
toxin injection (Poopathi et al., 2002
Poopathi, 2010). Mosquito larvae
mortality is also influenced by factors such
as bacterial concentration, larval age and
the bacterial strain used (Ramirez-Suero et
a., 2011; Poopathi and Tyagi, 2006).

A negative relationship can be observed
between the exposure time and the LCs
for the Bacillus thuringiensis indigenously
from Malang City and the reference
Bacillus thuringiensis. This means that
with a longer exposure time, the LCs
vaue will decrease and the larva
mortality level will increase (Arivoli and
Tennyson, 2011; Valadez-Lira et al.,
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2011). All of the tested and reference
isolates had the highest percentages for
larval mortality at the highest cell density
and the longest exposure time because the
toxins were released by the bacteria and
accumulated in the Aedes aegypti larvae’s
digestive tract. Increased mortality was
also observed for the mosquito larvae.
These combined conditions resulted in a
higher mosquito larvae mortality rate.
Some researchers also stated that among
mosquitoes, different preparations of
Bacillus thuringiensis israelensis have
shown different levels of toxicity to host
gpecies. Others factors influencing the
susceptibility of mosquito larvato Bacillus
thuringiensis israelensis. For example; the
effect of given dosage of toxin could
produce different results depending on
weather the lethal dose is administered all
at once or in same doses over a long
period (Aly et a., 1988; Ramirez-Lepe
and Montserrat, 2012).

The current status and developmental
trends of biological control using
Bacillusthuringiensis

Over the past decades, the trend has been
towards abatement in the use of chemical
insecticides, progressively replaced by
emerging environment-friendly pesticides
such as bacterio-insecticides, strongly
recommended by the World Health
Organization (WHO, 1976). Bacillus
thuringiensis is one of the most famed
spore forming bacterium, which was first
isolated in 1901 in Japan by Shigetane
Ishiwata as the cause of the sudden
(“sotto”) death disease of silkworms,
larvae of the silkworm moth, Bombyx mori
(Federici et al., 2010). After Ishiwata’s
discovery, Ernst Berliner, the German
bacteriologist, unaware of Ishiwata’s
publication, described a similar bacterium
as cause of disease in larvae of the flour
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moth, Ephestia kuhniella. The species
name “thuringiensis” is derived from
Thuringia, the German state where the
diseased flour moth larvae were found. It
was later isolated from Mediterranean
flour moths and named Bacillus
thuringiensis in 1911. It was not until
1958 than Bacillus thuringiensis was used
commercialy in the United States
(Jenkins, 1992; Poopathi and Abidha,
2010). Federici et a., (2010) argues that
Bacillus thuringiensis is a species of
bacteria that has insecticidal properties
affecting a selective range of insect orders.
There are at |east 34 subspecies of Bacillus
thuringiensis (also called serotype or
varieties) and probably over 800 strain
isolates By 1989, Bacillus thuringiensis
products had captured 90-95 per cent of
the biopesticide market.  Bacillus
thuringiensis products available in the
United States are comprised of one of five
varieties of B. thuringiensis, Bacillus
thuringiensis var. kurstaki and var.
morrisoni which cause disease in moth and
butterfly caterpillars; Bacillus
thuringiensis var.israelensis which causes
disease in mosquito and blackfly larvae;
Bacillus thuringiensis var. aizawai which
causes disease in wax moth catterpillars;
and Bacillus thuringiensis var. tenebrionis,
also called var. san diego, which causes
disesase in beetle larvae. Other strains of
Bacillus  thuringiensis have  been
discovered that exhibit pesticidal activity
against nematodes, mites, flatworms and
protozoa (Feitelson, et al., 1992).

Two general groups of insecticidal crystal
proteins made this wide variety of
subspecies have been identified by Cyt
(cytolysins) and Cry (crysta deta
endotoxins). Hofte and Whiteley (1989),
reviewed systematic nomenclature and
classified the crystal proteinsin five maor
groups according to their insecticidal and
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molecular relationship (Cry I, Cry II, Cry
11, Cry IV and Cry V, Cyt). As new
strains are discovered, a need for a new
nomenclature arose. According to new
nomenclature which is used today, roman
numerals have been exchanged with the
Arabic numerals and the strains are named
on the basis of their evolutionary
divergence. Additionally, beneath the
capital letters which were present at the
first nomenclature as well, small letters
have been brought indicating the minor
amino acid differences like the capitd
letters denoted for the major differences. It
is also noted that most Bt strains produce
more than one type of crystal protein that
act in combination. Hastowo et a., (1992)
have been set up severa screening
programs that aim to isolate new strains
producing novel mosquitocidal crysta
proteins that could replace or be used in
combination with Bacillus thuringiensis
subsp. israelensis. Bacillus thuringiensis
subsp. entomocidus INA288 has been
isolated from Indonesia soil, and it
produces large cuboidal crystals. Although
known mosquitocidal cry genes, such as
cry2A, cry4dA, cry4B and cry cryllA, were
not detected by PCR, this strain showed a
toxicity comparable to that of Bacillus
thuringiensis subsp. israelensis against
second-instar Aedes aegypti. This result
indicated the presence of a novel
mosquitocidal cry gene(s). When the
structural and sequential similarities are
considered, conserved amino acid
sequences drew attention among most of
the Cry toxins. According to these
similarities and insecticidal activities, the
properties of the Cry proteins differ and
the members of the same group share a
number of common features. The types of
crystal proteins and the insect orders to
which they are active were showed in table
6.

189

Bacillus thuringiensis crystds are
composed of four major polypeptides with
molecular weights of 125, 135, 68 and 28
kDa, now referred to as Cry IVA, Cry
IVB, Cry IVD and CytA, respectively. De
Maagd et al. (2003) stated that insecticidal
crysta toxins (Cry) are pore-forming
toxins (PFT) produced by this bacterium
as crystalline inclusions during the
gporulation phase of growth. Crysta
development during sporulation  of
Bacillus thuringiensis strains has been
studied extensively. These crystals are
predominantly comprised of one or more
crysta (Cry) and Cytolytic (Cyt) toxins.
Cyt proteins are paraspora inclusion
protein  from Bacillus thuringiensis
exhibits hemolytic activity. For example
Bacillus thuringiensis subsp. israelensis
produces  four protein/polypeptides
ranging from 135-27kDa referred to as
CrylVA, CrylVB, CrylVD and CytA
(Lakxmy et al., 2011). These genes,
encoding this Cry toxin, are located on 72
kDa resident plasmid and they have been
cloned and expressed in various hosts.
Chromosomal Cry genes have also been
reported in some Bacillus thuringiensis
strains and the role, structure and
molecular organization of genes coding for
the parasporal delta endotoxin of Bacillus
thuringiensis biochemical mechanisms of

insects’ resistance to Bacillus
thuringiensis indicates that altered
proteolysis processing of Bacillus

thuringiensis crystal proteins involved in
one case of resistance in mosquitoes. The
presence of 1S240 elements responsible for
mosquitocidal action was investigated in
sixty-nine Bacillus thuringiensis strains. A
PCR-based approach for detection of Cry
genes in Bacillus thuringiensis has been
reported. Since the toxins of this bacterium
are highly potent for mosquito control,
evaluation of the activity of Bacillus
thuringiensis  preparations is currently
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Table.5 Analysis of spore prevalence in Bacillus thuringiensis isolates at 48 hours

I solate Prevalence of spores (%)
PWR4-31 9.28 + 11.49 (a)
PWR4-32 52.44 + 40.09 (a)
SWH-2b 0.82+ 0.55 (a)
SW¥-4b 23.59+ 9.91 (a)
SWH-4k 4.34 £ 21.38 (a)

SWJX-1 34.46 + 12.28 (Q)

_ 10.02 + 36.96 (a)
Reference Bacillus
thuringiensis

The same | etters after the numbers denote no significant difference (a = 0.05).

Table.6 The Cry protein groups and the orders they are pathogenic for

No. | The Cry protein groups The ordersfor

1. | Cryl, Cry9, Cryl5 L epidopteran larvicidal

2. | Cry3, Cry7, Cry8, Cry14, Cry34, Coleopteran larvicidal
Cry35, Cry36, Cry38

3. | Cry4, Cry10, Cry11, Cry16 (Cry17), Dipteran larvicidal
Cry19, Cry20, Cry24, Cry25, Cry27,
Cry29, Cry30, Cry39, Cry40

4, | Cry2 L epidopteran and Dipteran

larvicidal
5. | Cry5, Cry6, Cryl12, Cry13, Cry21 Nematicidal
6. | Cry22 Active on Hymenopteran

carried out by bioassay with atarget insect
and compared to a defined standard
(Poopathi and Abidha, 2010). Federici et
a., (2010) argued that Bacillus
thuringiensis produces a variety of
insecticidal proteins produced during
vegetative growth and sporulation that
determines its activity for insect species
belonging to different orders, with the
most important of these being the Cry
protein active against Lepidoptera and
Coleopteran pest and a combination of Cry
and Cyt proteins for mosguitoes and
blackflies. After intoxication by these
proteins, spores typically germinate and
invade larvae, contributing to insect
mortality. Whereas strains wild type
isolates have been commercialized and are
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now used worldwide, the use of
recombinant DNA technique, genetic
engineering, has been used over the past
decade to recombine the proteins of
different Bacillus thuringiensis strains
with those of Bacillus sphaericus to
generate recombinant larvicides as much
as ten-fold more toxic than the parental
strains.

M ode of action

Bacillus thuringiensis israelensis products
contain the spores and parasporal crystals
of Bacillus thuringiensis var. israelensis
H-14 serotype that must be ingested by the
larval stage of the mosquito to cause
mortality. This multi-step toxicity process
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Figure.1l Aedes aegypti larvae

|'-|l6-

Note: A. The first instar larvae before toxicity test; B. The first instar larvae after toxicity
test; C. The second instar larvae before toxicity test; D. The second instar larvae after toxicity
test; E. The third instar larvae before toxicity test; F. The third instar larvae after toxicity test;
G. The fourth instar larvae before toxicity test; H. The fourth instar larvae after toxicity test;
1. Digestive tract.
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Figure.2 Crossed section of the fourth instar Aedes aegypti larvae
(E. Ephitel; P. Peritrophic membrane)

includes ingestion of the Cry protein by a
susceptible insect, solubilization, and
procesing from a protoxin to an activated
toxin core in the insect digestive fluid.
The toxin core travels across the
peritrophic matrix and binds to specific
receptors called cadherins on the brush
border membrane of the gut cells. Toxin
binding to cadherin proteins results in
activation of an oncotic cell death pathway
and/or formation of toxin oligomers that

bind to GPl-anchored proteins and
concentrate on regions of the cell
membrane caled lipid rafts.

Accumulation of toxin oligomersresultsin
toxin insertion in the membrane, pore
formation, osmotic cell shock, and
ultimately insect death (Poopathi and
Abidha, 2010). Cyt genes are active
against dipteran and coleopteran pests, and
additionally have shown an action against
hemipterans (trus bugs) and dictyopterans
(roaches and termites). Cyt, unlike Cry
toxins, do not recognize specific binding
sites. Bacillus thuringiensis directly causes
mortality in insects and isolates of the
toxin from different strains follow similar
mode of action. After delta-endotoxin
crystals are ingested, they are dissolved in
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the insect midgut, liberating protoxins of
which they ae made. These are
proteolytically processed into fragments,
one of which binds to cells of the midgut
epithelium. The activated protein disrupts
the osmotic balance of these cells by
forming pores in the cell membrane
causing the cell to lyse. The gut becomes
paralyzed and the insect stop feeding; and
as aresult, most insect will die within few
hours of ingestion. In order to identify the
biological pathways that were activity
after toxin ingestion, Cancino-Rezno et al.
(2012) mapped the differential expressed
protein to canonical signaling pathways
found in the Kyoto Encyclopedia of Genes
and Genomes (KEGG). The KEGG
analysis showed the immune system
NOD-like receptor pathway since the heat
shock protein HSP90 participates in this
pathway. In addition some protein of the
pathways of glycolysis, citrate cycle and
fatty acid metabolism pathways were also
activated by CryllAa treatment,
suggesting activation of carbohydrate and
lipid metabolism after toxin intoxication.
The binding affinity of these toxin
fragments is often directly related to the
toxicity, though binding does not assure
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toxicity (Whalon and McGaughey, 1998).
Bacillus thuringiensis var. israelensis
treated mosquito larvae generally cease
feeding within 1 hour, and then it shows
reduced activity by two hours, extreme
sluggishness by four hours and general
paralysis by six hours after ingestion
(Glare and Maureen, 1998).

Effect of Bacillus thuringiensis on no
target organisms

Bacillus thuringiensis has no direct effect
on aquatic organisms other than
mosquitoes, blackflies, lacewing, aphid,
crustacea and chironomids. Other aguatic
organisms, such as shrimps, mites and
oysters are generally unaffected (Eder and
Iris, 2010). This large safety margin of
preparations of Bacillus thuringiensis for
non-target organisms indicated that their
suitability for mosquito control programs
in areas where protection of the natura
ecosystem is important. Field applications
have often been monitored for effects on
non-target organisms but no significant
non-target effects have been reported
(Ramirez-Lepe and Montserrat, 2012).

Environmental fate

Bacillus thuringiensis is a biological pest
control agent. A living bacteria that occurs
naturally in many soils. Martin and
Travers (1989) argued that Bacillus
thuringiensis was isolated from 70 % of
soil samples taken from around the world,
and was most abundant in samples taken
in Asia. More than half of these isolates
were undescribed varieties of Bacillus
thuringiensis. Essentially no unexpected
toxicities from Bacillus thuringiensis
sprays have been recorded (lcoz et al.
2008) probably  because  Bacillus
thuringiensis does not survive or grow
well in soil (Petra and Casida, 1985) and
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its spores are rapidly inactivated by UV
radiation (Griego and Spence, 1978).
Consequently, there is probably little
production of toxins in soil (Vettori, et d.,
2003) and the persistence of introduced
toxins is a function primarily of the: (1)
amount added; (2) rate of consumption
and inactivation by insect larvae; (3) rate
of degradation by microorganisms; and (4)
rate of abiotic inactivation Bacillus
thuringiensis has also been isolated from
insect bodies, tree leaves and aguatic
environments. It has even been recovered
from paper (Vaisanen, et al., 1991).

Bacillus thuringiensis generally persist
only a short time in soil. The half-life of
the insecticidal activity (the time in which
half of the insecticidal activity is lost) of
the crystal is about 9 days (West and
Burges, 1985). However, small amount
can be quite persistent. In one experiment,
Bacillus thuringiensis spore numbers
declined by one order of magnitude after 2
weeks, but then remained constant for 8
months following application (Petra and
Casida, 1985). Bacillus thuringiensis does
not appear to move readily in soil. In one
study, two varieties of Bacillus
thuringiensis were applied in adjacent
plots, but did not become cross
contaminated, indicating that Bacillus
thuringiensis does not move laterally in
soil (Drobniewski, 1994). Other studies
found that Bacillus thuringiensis was not
recovered past a depth of 6 centimeters
after irrigation and that movement beyond
the application plot was less than 10 yards
(Akiba, 1991).

The indigenous Bacillus thuringiensis East
Java isolates is very promising in killing
Aedes aegypti larvae especially for the
first to third instar within time duration
from 24 to 72 hours. A negative
relationship can be observed between the
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exposure time and the LCsy for the
indigenous Bacillus thuringiensis East
Java isolates and Bacillus thuringiensis
var. israelensis. It means that with alonger
exposure time, the LCsy vaue will
decrease and the larval mortality level will
increase. All Bacillus thuringiensis
isolates had the highest percentages for
larval mortality at the highest cell density
and the longest exposure time because the
toxins were released by the bacteria and
accumulated in the Aedes aegypti larvae’s
digestive tract. Bacillus thuringiensisis an
effective alternative to broad spectrum
larvicides in many situations with little or
no environmental impact.
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