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Abstract: Problem statement: Mosquito is a very common vector of several troptiseases such as
malaria, filariasis, dengue and chikungunydl todate, many xenobiotics have been used tdrobn
mosquito population and protect people from mosqgodrn diseases but increasing rate of resistance
against these xenobiotics is a major concern irdibease control management. In contrast, extensive
use of these xenobiotic may lead to cause oputicmisease like cancer. Therefore, biological oaint
can thus be an effective and environmental frieragiproach, which can be used as an alternative to
minimize the mosquito population. Fungi and fungesived products are highly toxic to mosquitoes,
yet have low toxicity to nontarget organismispergillus niger is a cosmopolitan fungus which is
primarily isolated from soil and decomposing plardterials Approach: In the present investigation,
this fungus was cultured on Czapek Dox Broth (CHmB)extracellular metabolites production. The
niger was maintained at 25°C under 75 + 5% humidity ferdays. The extracellular metabolites were
filtered through Whatman no.-1 filter papers. Theification of crude metabolites was done with
different ratio of ethanol and metabolites (ethamoktabolites = 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 28

and 1:9, respectively) using column chromatograptilyfractions were applied for larvicidal efficacy
against the larvae dfulex quinquefasciatus, Anopheles stephensi and Aedes aegypti. The larvicidal
efficacy was performed at six-log concentrations44, 48 and 72hResults: The mortalities values
were obtained by probit analysis. One potentiabratas selected for efficacy study among all ratios
The 2:8 ratio was found effective against the langf Cx. quinquefasciatus and An. stephensi.
Whereas, a 4:6 ratio was found effective against ldrvae ofAe. aegypti. The larvae ofCx.
quinguefasciatus were found highly susceptible to the purified metiabs of A. niger than the larvae

of An. stephensi andAe. aegypti. Conclusion: The metabolites oA. niger may be environmental safer
and a biocontrol agents for mosquitoes populatiortropical countries where these vectors are
significant.
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INTRODUCTION five hundred million people per year and kills more
than one million WHO, 2011.

The mosquito is a common insect found around  Culex mosquitoes are painful and persistent biters
the world. There are about three thousand fiveand are responsible for filariasis. These mosqsitre
hundred species of mosquitoes. Mosquitoes are theery common in Indian sub-continent. Lymphatic
major vector of diseasednopheles species are the Filariasis, commonly known as elephantiasis, is a
most important species as they are capable veator f painful and profoundly disfiguring disease. Theedise
malaria parasites. Approximately half of the wasld' is caused by three species of nematode thread-like
population is at risk of malaria, particularly tleos worms known asMuchereria Bancrofti, Brugia malayi
living in lower-income countries. It infects morean  and Brugia timori. An estimated one hundred twenty
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million people in tropical and subtropical areastlvd  (Priyankaet al., 2001; Priyanka and Prakash, 2003;
world are infected with lymphatic filariasis; ofeke, Verma and Prakash, 2010; Soni and Prakash, 2010),
almost twenty five million men have genital diseaseFusarium (Prakashet al., 2010) have been screened as
(most commonly hydrocele) and almost fifteen millio a potential larvicides successfulky. niger, fungus has
mostly women, have lymphoedema or elephantiasis afiow been tested as a biocontrol agenAmfstephensi,
the leg. Approximately 66% of those at risk of tfen  Cx. quinquefasciatus and Ae. aegypti. This fungus was
live in the WHO South-East Asia Region and 33% ingrown on Czapek Dox Agar (CDA). The present
the African Region WHO, 2010. communication describes the larvicidal effect of
Aedes mosquitoes on the other hand are alsoextracellular metabolites oA niger after purification
painful and persistent bitersAedes aegypti is by column chromatography against all instarsAof
responsible for spreading Dengue and Chikungunyasephensi, Cx. quinquefasciatus and Ae. aegypti. This
Dengue is prevalent throughout the tropics anttan be another way to avoid resistance problem

that around 2.5 billion people are at risk of demngu

Infections have dramatically increased in recent MATERIALSAND METHODS
decades due to increased urbanization, trade awelltr

No effective drug or vaccine is available so fanlyO Fungal strain: The fungal strain ofA. niger (MTCC

solution is to prevent the disease-carrying mosquit 2587) was obtained from Microbial Type Culture
from breeding and biting humans. Dengue is the mostollection and Gene Bank, Institute of Microbial
important mosquito spread viral disease and a majofechnology, Chandigarh, India. This strain was
international public health concern. It is a seffiting  routinely maintained in our laboratory on CzapekxDo

disease found in tropical and sub-tropical regionsagar (CDA) medium at 25°C (Fig. 1).
around the world, predominantly in urban and semi-

urban areas. DF/DHF is caused by dengue virus whicpyeparation of broth and culture of A. niger:

belongs to genus Flavivirus, family Flaviviridaedan A modified culture broth of was prepared for the
includes serotypes 1-4 (Den-1, Den-2, Den-3 and-Denmajintanance oA. niger. A. niger was grown on Czapek
4) WHO, 2010. Mosquito control is a vital public- pox Broth (CDB). Five 250 ml conical flask, each
health practice throughout the world and especially containing 100 ml CDB (Sucrose 30 g, Sodium nitBate
the tropics. These diseases can be controlled by pipotassium phosphate 1 g, Magnesium sulph@ O.
targeting the causative parasites and pathogeris. It g potassium chloride 0.05 g, Ferrous sulphate @ &1d
easier to control vectors than parasites. The of®mi pejonized water 1000 m 1) were autoclaved at 20 psi
control was one of the most widely used conventionasor 20 min. The broth was supplemented with &9
methods for mosquito control since chemical pe#isi |, -1 chloramphenicol as a bacteriostatic aganhiger

are relatively inexpensive and usually producecqonies grown on the CDA plates were transfered t
immediate control. It is known that larvicide playital o -h flask using the inoculation needle. The cénica

role in controlling mosquitoes in their breedindesi  gasks inoculated withh. niger were incubated 25°C for
Two insecticidal bacteria have been used as lalegci 15 days (Fig. 2).

to control larvae of nuisance and vector mosquiioes

many countri_esBaciII_us thuringienesis sp. Israelensis 1 qintenance of mosquito larvae in laboratory:
and B. sphaericus (Wirth et al., 2010). Unfortunately,  yosquito larvae were collected from various lodedit
the development of resistance against these ch&mican ey ging urban, rural and semi-urban regions ofag
in various mosquito populations has also been teflor 570 1N 78°05'E), India and reared in deionized

It is now essential to control mosquito population,, oiar containing glucose and yeast power. The édon
so that people can be protected from mosquito borgs an. stephensi, Cx. quinquefasciatus and Ae. aegypti
diseases. Therefore, biological control can thusabe \yere maintained in the laboratory at a temperatire
effective and environmental friendly approach, whic >5°c with a relative humidity of 75+5% and 14h
can be used as an alternative to minimize the misqu photoperiod. The larvae ofAn. stephensi, Cx.
population. Fungi and fungus-derived products argyinquefasciatus and Ae. aegypti were maintained in

highly toxic to mosquitoes, yet have low toxicity t separate enamel containers as per the standarddneth
nontarget  organisms. Extracellular ~ secondary

metabolites from many fungi have been screened forsolation and purification of extracelular

larvicidal activity against mosquitoes. The secaopda metabolites: Cell free culture filtrates of\. niger were

metabolites of entomopathogenic furi@irysosporium  obtained by filtering the broth through successive
16



Am. J. Microbiology 2 (1): 15-20, 2011

Whatman-1filter papers after incubation period.After that different test concentrations of the
Thereafter, the metabolites were purified by columnmetabolites in 100mL deionized were prepared in
chromatography. In the experiment, the sample wag50-ml beakers. Bioassays were conducted
prepared by 4ml sample in 1 mL solventseparately for each instar at six different logttes
(ethanol/deionized water) and was chromatograpimed oconcentrations (1.30, 1.60, 1.78, 1.90, 2.00 af@ 2.
a silica gel (100-200 mesh size). Elution were doneppm) of purified metabolites. To test the larvidida
with various ratios of ethanol and metabolitesactivity of extracellular purified metabolites, 20
(ethanol/metabolites-9:1, 8:2, 7:3, 6:4, 5.5, 86, 2:8 larvae of each stage were separately exposed to
and 1:9, respectively) and purified it thrice. Thérml ~ 100m L™ of test concentration. Similarly, the control
fractions were collected from all ratios. was run to test the natural mortality, except
concentrations of culture medium used instead ef th
Larvicidal investigation of purified metabolites: To  fungal filtrates (Koch and Pasture). Thereafter, we
investigate larvicidal activity of filtered metalites could further examine the mortality which was
through Whatman-1 filter paper and purified throughdetermined after 24, 48 and 72h of the treatméat, t
column chromatography were applied with differentexperiment time. No food was offered to the larvae
ratios of ethanol and metabolites. These purifiedduring the experiments. Experiments were replicated
fractional ratios were assessed against first, rebco thrice to validate the results.
third and fourth instars ofAn. stephensi, Cx.

quinquefasciatus and Ae. aegypti. Among all ratios the  pata management and statistically analysis: The data
4:6 ratio was found effective against the larvaehef o the efficacy were subjected to the probit arislys
aegypti, 2:8 ratio was effective against the. stephens  The control mortality was corrected by Abbott's
and Cx. quinquefasciatus larvae. formula. The relationship between probit and log

] _ o o ) concentrations were established as probit equatiods
Bioassays: Larvicidal activity of metabolites 0fA.  propit regression lines were drown for each of dhrv
niger againstAn. stephensi, Cx. quinquefasciatus and ¢ ge.

Ae. aegypti was assessed by using the standard method.ta
All mosquito larvae of An. stephensi, Cx
quinquefasciatus and Ae. aegypti were separated and
placed in a container with microbe free deionizeater.

RESULTS

The findings were significant that while increasin
filtration, metabolites could effectively controdrival
populations of mosquito. The efficacies were obsérv
after column chromatography purification.

A. niger metabolites against mosquito larvae: The
purified metabolites were applied against the ailél
instars ofAn. stephensi, Cx. quinquefasciatus and Ae.
aegypti for bioefficacy test. The larvae ofx.
quinquefasciatus were found most effective against
Fig. 1: The culture ofA. niger maintained on Czapek the A. niger (2:8 ratio) metabolites than thén.
dox agar (CDA) medium at 25°C Sephenst and Ae. Aegypti. The degree of

susceptibility of mosquito larvae against theniger
metabolites were in the order 6k. Quinquefasciatus

> An. Stephensi > Ae. Aegypti.

A. niger (2:8 ratio) metabolites against the Cx.
Quinquefasciatus larvae: All larval instars of Cx.
Quinquefasciatus have shown mortality foA. niger
metabolites. The first, second and third instavdarof
Cx. Quinquefasciatus have shown 100% mortality for
the An. Niger metabolites. Whereas, the third and fourth
Fig. 2: The culture ofA. niger maintained on Czapek instar larvae were found less susceptible to the
Dox Broth (CDB) medium at 25°C metabolites. The L& 60 ppm, LG, 154.88 ppm and
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LCgy 363.07 ppm were observed for the third instar

larvae of Cx. Quinquefasciatus with their probit
equations and confidential limits after 72h (Takle

For third instar larvae L& 40 ppm, LC90 158.48
and LC99 371.53 ppm were observed. Whereas, for
fourth instar larvae Lg 80 ppm, LG, 186.20 and

The probit regression lines drown for each of larva| co9 457.08 ppm were observed with their probit
stage ofCx. Quinquefasciatus (Fig. 3). In control group  equations and confidential limits after 72h (TaB)e
no mortality could be observed. The observed LCrhe probit regression lines drown for each of larva

values have shown the degree of susceptibilityiogél
metabolites amongst the four larval stages QX

Quinquefasciatus in order of first instar > second instar

> third instar > fourth instar.

A. niger (2:8 ratio) metabolites against the An.
Stephensi larvae: The metabolites ofA. niger were
found effective against the larvae &rfi. Sephensi. The
first instar larvae were found more susceptiblehe
metabolites than the other instars. Thesd 20 ppm,

LCyo 123.02 ppm and L 257.03 ppm were observed

for first instar larvae ofAn. Stephensi. In second instar

stage ofAn. Sephensi (Fig. 4). In control group no
mortality could be observed. The observed LC values
have shown the degree of susceptibility of fungal
metabolites amongst the four larval stages Aot
Sephensi in order of first instar > second instar > third
instar > fourth instar.

A. niger (4:6 ratio) metabolites against the Ae.
Aegypti larvae: The metabolites ofA niger were
effective against the all instars 8&. Aegypti larvae.
The LGy 40 ppm, LC90 138.03 ppm and §316.22

m values were calculated for thetfiinstars.
larvae LGy 40 ppm, LG, 123.02 ppm and Lg281.83 PP
ppm were recorded.
6

Table 1: Probit equations and susceptibility®f Quinquefasciatus = 55 .

larvae against extracellular metabolites (2:8ofiiger with =

95% Confidential Limits (CL) after 72h after column g 5

chromatography 2
Instars  Probit equation  Lgppm) LGyo(ppm) LGCyo (ppm) o454
F“—St *% *% *% *%
Second ** ki *x *x 4 ‘
Thlrd *k *k *% *k ’
Fourth Y =0.09+2.86x 60 144.54 338.84 1 = S 2 2

(58.86-61.14) (143.31-145.77) (337.5-340.18)

(** 100% mortality was observed)

Log concentrations (ppm)

Table 2: Probit equations and susceptibilityAsf. Stephens larvae Fig. S'RelatlonSh.lp betweer_1 pro_b|t of kill an(_j lOQ
against extracellular metabolites (2:8)Afniger with 95% concentrations ofA. niger filtrate metabolites
Confidential Limits (CL) after 72h after column (2:8 ratio) showing probit regression lines in
chromatography larvae ofCx. Quinquefasciatus after 72h in the

Instars _Probit equation l&(ppm)  LGo(ppm)  LGs (PPm) laboratory after column chromatography

First  Y=0.09+3x 20 123.02 257.03

(18.86 -21.14)  (121.82-124.22) (255.75-258.31)

Second Y=0.09+2.95x 40 123.02 281.83 65 - .

(38.86-41.14) (121.82-124.22) (280.55-283.11) o 4 Firstinstar M Second instar Third instar Fourth instar

Third  Y=0.09+2.81x 601 158.48 371.53 . @

(58.86-61.14)  (157.25-159.71) (370.15-372.91) Z 55

Fourth Y=0.09+2.72x 80 186.20 457.08 .
(78.83-81.17)  (184.95-187.45) (455.67-458.49 £ 3 <

4

Table 3: Probit equations and susceptibility Aé. Aegypti larvae 35 4

against extracellular metabolites (4:6) Af niger with 95% | _ _
Confidential Limits (CL) after 72h after column : ) ‘
chromatography 1 1.2 14 L6 18 2 2.2
Instars  Probit equation lg(ppm)  LGoo(ppm) LG (PPM) Log cancontrations (ppru)
First Y=0.10+2.89x 40 138.03 316.22
(38.86-41.14) (136.83-139.23) (314.91-317.53)
Second  Y=0.07+3.21x 20 100 181.97 Fig. 4: Relationship between probit of kill and log
(18.86-21.14) (98.8-101.2)  (180.77-183.17) . . . -
Third  Y=0.09+2.82x 60 154.88 363.07 concentrations ofA. niger filtrate metabolites
(58.86-61.14) (153.65-156.11) (361.73-364.41) (2:8 ratio) showing probit regression lines in
Fourth  Y=0.11+2.74x 80 177.82 426.57 larvae of An. Sephens after 72h in the

(78.83-81.17)

(176.57-179.07) (425.16-427.98)
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7#] First instar @ Second instar A Third instar Fourth instar and derivatives againsﬁx. Plplens has shown 100%
mortality. These studies were based on plant extrac
against mosquito larvae.

A number of entomopathogenic fungi have been so
far used effectively to control mosquito vector tioe last
few decades. The efficacy dfletarhizum anisopolie
ICIPE-30 andBeauveria bassiana 193-825 (IMI 391510)

4 (2 x 1010 conidia m-2) applied on mud panels
1 12 14 16 18 5 22 (simulating walls of traditional Tanzanian housddack
cotton cloth and polyester netting was evaluateainsg
adult Anopheles gambiae (Mnyone et al., 2010). They
) ) ] ) ) concluded that both fungal isolates reduced maosquit
Fig. 5: Relationship between probit of kill and log gyrival on immediate exposure up to 28 d after
concentrations ofA. niger filtrate metabolites  gppjication. A study with the spores 6f lobatum also
(4:6 ratio) showing probit regression lines in ghows 100% mortality to each instar larvae Adf.
larvae ofAe. Aegypti after 72h in the laboratory gephens. However, in these studies, the spores of
after column chromatography fungus were used but not the metabolites, wheltems t

. present investigation is based on metabolites ef th
For second instars LC50 20 ppm, ds@00 ppm and  fynqgus.

LC99 181.97 ppm values were calculated. In third The roll of fungi Beauveria bassiana (Ba'samo)
instars LGo 60 ppm, LG 154.88 ppm and L& 363.07  metabolites for controlling malaria and filarial in
ppm were recorded. Whereas, for fourth instargI80  tropical countries have been evaluated (Singh and
ppm, LGy 177.82 and L&, 426.57 ppm were observed Prakash, 2010). They observed that these metabolite
with their probit equations and confidential liméafter were found to be more effective ofn. Sephens
72h (Table 3). The probit regression lines drown fo comparativelyCx. Quinquefasciatus larvae. Further, the
each of larval stage dfe. Aegypti (Fig. 5). In control  pathogenicity of Fusarium oxysporum against the
group no mortality could be observed. The obsetv@d larvae ofCulex quinquefasciatus (Say) andAnopheles
values have shown the degree of susceptibilityo§al ~ stephens (Liston) in laboratory have been tested
metabolites amongst the four larval stages Aef  (Prakashet al., 2010). They could observe that the
Aegypti in order of first instar < second instar > third €xtracellular metabolites of. oxysporum in Czapek

Probit of kill
A
N

Log concentrations (ppm)

instar > fourth instar. Dox broth were most effective against the first and
fourth instars ofAn. Sephensi. The third and fourth
DISCUSSION instars of Cx. Quinquefasciatus were more effective

than first and second instars. The results of tiesgnt

Unlike other mosquito control agents, the study showed that the extracellular metabolites-of
entomopathogenic fungi are unique because fung ha\ﬁwri?orugf‘ were less effective agawe}?n. Stephers but
the ability to directly infect the host insect by Nghly effective againstC. quinquefasciatus larvae.

penetrating into the cuticle and do not need teshdy This may be due to the size 6tlex which enhanced

the insect to cause disease. There are preferentig]ore surfa_ce area. In these experiments the mmm
were applied directly to all instars after filtiaxti

advant_ages when we use fungi as biocontrol agent fc{hrough Whatman no-1 paper. While in our study, we
mosquitoesV. lecanii has so far not been tested andhave filtered the metabolites through the column

this is the primary report on it as mosquito laiclec chromatography. Again, the efficacy of
The fungi have very narrow range and considerablesy yeosporium “tropicum metabolites is effective
progress has been made in recent years in devefipmeygainst mixed population of adult mosquitGulex

of environmentally benign spores and myceliumbasegyuinquefasciatus, Anopheles stephensi and Aedes
biocontrol agent for the mosquito population. Funga aegypti) after purification with flash chromatography
biocontrol agents have reduced inputs of harmfuhave been observed (Verma and Prakash, 2010). The
synthetic chemical pesticide in agriculture, hadtieral  above experiment was aimed against the adult
and forest system. The effect of three citrus sg=eand  mosquitoes, while in our experiment the metabolites
enantiomers ofa- and B-pipiens were also studied after purification with column chromatography were
against third instar larvae @x. Pipiens. They studied applied against the instars @Xx. Quinguefasciatus
that the activity of naturally occurring naphthoopmes  andAe. Aegypti larvae only.
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The culture filtrates of five different soil fungiz.,
Aspergillus flavus, Aspergillus parasiticus, Penicillium
falicum, Fusarium vasinfectum and Trichoderma viride
were tested for the larvicidal activity againstdhinstar
larvae of mosquito vectdZulex quinquefasciatus. They

have found that among the five different fungi, the

culture filtrates ofA. flavus was found to be more toxic
than the other four species of fungi agairGt
Quinquefasciatus. Pathogenicity of the fungusA.
clavatus, isolated from the locust, Oedaleus
senegalensis, against larvae of the mosquitde.
Aegypti, An. Gambiae and Cx. Quinguefasciatus have
been recorded (Sewtal., 2009). They have found that
the conidia of thé\. clavatus were effective against the
larvae of Ae. Aegypti, Cx. Quinquefasciatus and An.
Astephensi. These studies were based on the use
conidia against the mosquito larvae

chromatographic technique against the mosquit@a&arv
The use of metabolites is safer than the conidia.

CONCLUSION

In comparison with the results mentioned above, it

instead of
metabolites. On the other hand, in our study weehav
used the metabolites after purification through the
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