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ABSTRACT

Vector borne diseases are serious problems inceebpnd subtropical regions. Mosquito
borne diseases are diseases caused by virusestidactd parasitic organisms transmitted by
mosquito vectors. The indiscriminate use of chellyicgynthesized pesticides in controlling
mosquitoes causes major environmental problemslirkgrthe better bipesticide compounds are
challenging work in the world. The chitinolytic hada Bacillus licheniformis (SSCL10) was
isolated from shrimp shell waste dump site soiliemment. The partially purified chitinase
enzyme was tested agaisides aegypti mosquito larvae (lll instar). Based on the motyadif
Aedes aegypti mosquito larvae (lll instay)it was confirmed that the larvicidal activity of
chitinase enzyme. There was 100% of mortality r@edrin 500ul/ml of partially purified
chitinase enzyme within 14 hours. It is evidenttthi@ chitinolytic Bacillus licheniformis
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(SSCL10) was potential for controlling mosquito mediseases through controlling of mosquito

larvae effectively for human welfare.
Key words: chitinase enzymeedes aegypti, Vectors, mortality etc.
INTRODUCTION

The most common dreadful diseases associated wabguitoes are malaria, yellow
fever, filariasis, schistosomiasis, japanese eradph (Das and Ansari,2003) and the worst
means, dengue hemorrhagic fever was causededgs aegypti (Udonsi, 1986). Filariasis is
carried by the mosquit@ulex quinquefasciatus, which is a pantropical pest and urban vector of
Wuchereria bancrofti (Samuelet al., 2007). Aedes aegypti is a vector for transmitting several
tropical fevers. Its native place is Africa but ndws found in tropical and subtropical regiors. |
occurs in insects as a major component of the leuand of the peritrophic membrane, a

protective sleeve lining the gut of many insecteafider and Koga 1986).

The Ae. aegypti populations were controlled mostly based on th@iegtion of chemical
insecticides. However, the overuse of compoundk asdDT, malathion, and temephos has led
to the development of insecticide resistar(@campoet al., 2011). Another issue to be
considered is the negative ecological effect ofs¢hensecticides (Liret al., 2017). Hence,
biological control can be a more specific and safernative in maintaining low levels of
mosquitoes populations and as such reducing thedeince of vector-borne diseases
(WHO,20009).

Several research works is going on to find the hswarce for controlling thée. aegypti
larvae. El-Khawaghet al. (2011) did research to control larva Gtlex sp through culture
filtrates of actinomycetes as the bioinsecticiderse Dhanasekaraet al. (2010) tried to control
the Anopheles mosquitoes through culture filtrates of actinomgeseas the larvicidal activity
Janaki (2016) reported that mosqui#ovicidal activity of Sreptomyces cacaoi subsp.cacaoi-
M20 culture filtrate againshe.aegypti due to the isolate M20 was chitinase positive and i

inhibits the growth and kills the mosquito larvéeetively.
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Chitinase is an enzyme used by insects to degtaglettuctural polysaccharide chitin
during the molting process (Zhaegal., 2002).The largest chitinase activity among baathas
been observed ir8treptomycetes, Serratia, Vibrio and Bacillus. Chitinase enzyme is very
important in the biological control of insects (Rega and Leschine, 2001). Chitin is a major
component of the cuticle, the peritrophic membrame also functions as sleeve lining the gut
of many insects. Hydrolysis of chitin to disaccdas and larger oligomeric saccharides usually
takes place extra-cellular by the action of chiées In this paper deals with the chitinase
enzyme produced . licheniformis and also showed excellent larvicidal activity agafedes
aegypti mosquito. There is a lack of published informateith regard to the use dacillus

licheniformis as biocontrol agents for mosquito larvae.

MATERIALS AND METHODS
Collection of Soil Sample:

The chitin extracted from shrimp shell wastes aaibb#l in the previous paper, was used
in the experiments. All other chemicals used ingkperiment were of analytical gradgacillus
licheniformis (SSCL10), chitinolytic bacterial strain isolatedrir shrimp shell dumping soil was

used for the studies.
Mass production and purification of chitinase enzyre:

The strainBacillus licheniformis (SSCL10), selected due to its highest activityorati
chitin hydrolysis, was studied for optimal conditsofor enzyme production. The bacterial isolate
B. licheniformis (SSCL10) strain was grown in 100 ml of minimal nuga (0.1% KHPOy;
0.05% MgSQ.7H,O; 50 mM sodium phosphate buffer, pH 7.0) and eh{ghrimp shell
extracted chitin), as a major carbon source fotirdse production, was added to the liquid
medium at 20 g/l. In addition, incubation temperat(37”C) and pH 7 were maintained for
enzyme production in a 250 ml Erlenmeyer flask. To#ure was grown with agitation (180
rpm) and samples were taken every day (upto 7 dayshecking reducing sugar and chitinase
activity (Mejia Saulest al., 2006).
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Partial Purification of Chitinase Enzyme by Dialyss:

The culture supernatant fluid was subjected toipitation with ammonium sulphate to
80% saturation and stirred for 2 h. Then the prtadg was allowed to stand overnight and then
collected by centrifugation at 10,000 rpm &C4for 30 min. The precipitated pellets were
dissolved in phosphate buffer, centrifuged andyded against the same buffer to partially

purify chitinase enzyme (Kavikarungtal., 2011).
Measurement of Enzyme Activity:

Chitinase activity was measured with colloidal ichés the substrate. 0.5 ml of partially
purified enzyme was added to 1.0 ml of reactiontunxwith 1.5% colloidal chitin in phosphate
buffer (50 mM, pH 7.0). The mixture was incubaté@Z&C for 15 minutes. After centrifugation,
the amount of reducing sugars produced in the sapmmt was determined by the
Dinitrosalicylic acid method (Miller, 1972) using-&tetyl glucosamine as a reference compound
(Imoto and Yagishita, 1971). One unit of chitinas#ivity was defined as the amount of the

enzyme that produceduinol of reducing sugar per minute (Mathaal., 2011).
Aedes aegypti larvae maintainance:

The mosquitocidal activity was tested with larvdeAedes aegypti mosquito in the
laboratory. Egg cards oRedes aegypti were collected from ICMR Institute in Madurai,

Tamilnadu, India and kept under controlled condiiat temperature of 27 + 2°C.

The larvae ofAedes aegypti were collected in a plastic bucket that had frestter
without chlorine, kept outside the window of laktorg for one week without disturbing it.
Larvae ofAedes were collected examined under the microscopetfomiorphological features

and they were concluded to belong to larvadenles aegypti.
Bioassay of crude chitinase enzyme against the la® of Aedes aegypti:

Five sterile cups containing each with 50 ml ofisized tap water without any chlorine
were taken and different concentrations of chignaszyme of 24, 75ul, 12511, 250ul and

500ul was added and 10 larvae Aédes aegypti were transferred to each cup. Cups were kept
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under controlled conditions. The number dead larwasze counted and % mortality was
calculated after 24hours (Sundarapandtaal., 2002, ElI-Khawaghet al., 2011). Distilled water
was used as negative controls. Each experimentpedermed in duplicate. The larvae were

observed daily until pupation. The following forrawas used
Larval mortality % =Y / X x 100
where X = number of tested larvae
and Y = number of dead larvae
Larvicidal bioassay ofB. licheniformis against the larvae ofAedes aegypti:

The larvicidal bioassay was done by slightly maifimethod of El-Khawagkt al.
(2011). Seven sterile cups containing each witmb0f sterilized tap water without any chlorine
were taken. Dilutions oB. licheniformis cultures ranging from (1to 5 ml/g)OD value of 600
were well mixed with the melted diet at abouf®@nd applied into separate cups .10 larvae of
Aedes aegypti were transferred to each cup and a plastic coesr weed to confine the larvae.
Cups were kept under controlled conditions. The emlive larvae were counted and %
mortality was calculated after 24hours .Distilleéiter was used as negative controls. Each
experiment was performed in duplicate. The larvarewobserved daily until pupation. The

following formula was used.
Larval mortality % =Y / X x 100
where X = number of tested larvae

and Y = number of dead larvae
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RESULTS

The ability of extracellular chitinase enzyme proiilon by the bacterial isolatacillus
licheniformis (SSCL10) was carried out by the minimal medium watirimp shell extracted
chitin as a substrate. The first day showed negligibleuasrnof chitinase production (0.2U/ml).
After that, gradual enhancement of chitinase enzpnoeluction was observed (Fig.1). TH¥ 2
day of fermentation showed 1.5 U/ml, followed bg 2i/ml on the 3 day, 2.8U/ml on the's
day and 2.2 U/ml on the6day respectively. The™day produced the maximum amount of
chitinase enzyme of 3.1 U/ml. After that, chitinaseyme production slightly decreased to 1.8
U/ml on the ¥ day.
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Fig. 1: Production of chitinase enzyme byBacillus licheniformis (SSCL10) containing

shrimp shell extracted chitin

After first day of incubation, the reducing sugancentration had gradually decreased.
The chitinolyticBacillus licheniformis (SSCL10) had slowly degraded the shrimp shellagxéd
chitin for chitinase enzyme production. TH¥ day of fermentation showed 15.3% of reducing
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sugar, followed by 14% on thé&'glay, 10% on the'4day, 7.2% on the"5day, 5.9% and 4% on
the 8" day and 7 day of fermentation respectively (Fig.2).
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Fig.2 : Reducing sugar analysis on chitinase enzymproduction by using Bacillus
licheniformis (SSCL10)

The maximum chitinase production (3.1 U/ml) wasesbed on the 4 day with pH 7
and temperature of 3Z. The reducing sugar concentration had also gtyddecreased after a
day of incubation. The reducing sugar concentrati@s indirectly proportional to the chitin
utilization. Most of the chitin had been utilized the 7 day, which was indicated by the fact
that reducing sugar concentration had greatly red(d%) because chitin was a substrate for

chitinase enzyme production.

The toxicity of various concentrations of chitinaseyme from culture supernatant®f
licheniformis was assayed towartledes aegypti larvae. It was found that 5001 of chitinase
enzyme exhibited the elimination of all larvae at&posure of 10 hours. No larvicidal activity

occurred in cup treated with portions ofu25of chitinase enzyme after exposure for 14 hours.
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The activity of chitinase enzyme of the highestaamiration was 2.5U/ml (5001). Chitinase
enzyme fronBacillus licheniformis showed greater larvicidal activity against 3rdansarvae of
the mosquito speciefedes aegypti. Table 1 shows larvicidal activity of chitinase gme of B.
licheniformis against larvae ofedes aegypti after exposure for 14 hours. It infers that claise
produced byB. licheniformis might play a role in the activity dhedes aegypti larvicidal. The
mosquitoes have chitinous covering in their body gsotective layer and they need chitin for

completing its metamorphosis. Without chitin, taevhe cannot form pupa.
Table 1
Larvicidal Activity of the Chitinase Enzyme of B. Licheniformis

against Larvae ofAedes aegypti

Concentratior] 9 of larval mortality ofAedes aegypti with after exposure of 14 hours.
of chitinase
enzyme 2h 4h 6h 8h 10h 12 14 Contrpl

250l 0 0 0 0 0

75 0 20 50 50 0

125 0 20 40 60 60 70 80 0

250 0 40 60 80 90 100 100 0

500 0 50 70 90 100 100 100 0

The isolate Bacillus licheniformis SSCL10 was actively degrading the chitin of
larval covering due to its chitinase activity. TRelicheniformis SSCL10 was larvicidal activity
against the larvae oPedes showed excellent larval mortality with dilution d&ml/g B.
licheniformis mixed with larval feedBut 1ml/g culture mixed feed showed very poor &hrv
mortality, but 4ml/g showed moderate larval motya{iTable 2). Compare to chitinase enzyme,

culture mixed feed showed less larvicidal activity.
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Table 2

Larvicidal Activity of B. Licheniformis Culture against Larvae of Aedes aegypti

Dilution of 8. % of larval mortality ofAedes aegypti (observation of 14 hours
licheniformis
mixed with | control
larval feed 2h 4h 6h 8h 10h 12h 14h
(ml/g)
1 0 0 0 0
2 0 0 0 20
3 0 0 0 0 0 20 20 30
4 0 0 0 30 60 70 80 90
5 0 10 30 50 70 100 100 100

Therefore, the use of this chitinase enzyme feérficheniformis for larvicidal property
offers a safer alternative method against synthetiemical insecticides. Some polluted
environment chitinase enzyme did not exhibit su@alarvicidal activity because catalytic
activity of enzyme was very sensitive. Other methaere need to protect the enzyme for using
larvicidal such as immobilization, lyophillisatiogtc. To avoid this problenB. licheniformis
culture directly sprayed on environment becausewds a spore-forming, aerobic,
entomopathogenic bacterium.

DISCUSSION

Insects of dipteran species such @dex spp., Anopheles spp., andAedes spp. are
responsible for the transmissionrény infectious disease agents. Mosquito contrtiieatarval
stage is an effectivpractice for controlling the mosquito born diseaféanditaet al.,2009).
Synthesis of chitin is very essential for insectgét full development and cuticle formation for
their protection. Some of the insects act as vector spreading harmful diseases on

environment where they are surviving, such typénsécts can be controlled with the help of
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chitin lysing enzyme secreted by other organismasdhe not harmful. Janaki(2016) reported that
the isolate M20&treptomyces cacaoi subsp.cacaoi synthesis such enzyme extracellularly, the
compound from the isolate M20 was subjected forquits larvicidal activity.

Chitin, an insoluble polymer of N-acetyl-D-glucosam (GICNAc), is an important
component of insect exoskeletons, crustacean shalls fungal cell walls. Chitinases, and
chitobiase, play important physiological and ecalagroles in chitin metabolism (Flach al.,
1992;Felse and Panda, 1999). Many microbial spewieduce chitinase and digest chitin as a
carbon and energy source.

Enzyme technology is an interdisciplinary field amkzymes are routinely used in many
environment friendly industrial sectors. Chitinaaegroup of enzymes, is capable of degrading
chitin directly to low molecular weight product (g et al., 2005). Many bacteria and fungi
produce extracellular chitinolytic enzymes, knows chitinases, able to convert chitin into
compounds that can be of industrial interest, nyaidtacetyl-D-glucosamine. There is an
increasing interest in the use of chitinases fer ¢bntrol of moulds, insects, nematodes and

production of different chitin oligomers (Mejia Seset al., 2006).

The present study revealed that the chitinase eezynmduced byacillus licheniformis
(SSCL10) from shrimp shell chitin acts as an extcgllenzyme inducer and carbon source.
Krishnaveni and Ragunathan (2014) have reportedBiloaectria CBNR BKRR is an efficient
fungus which produces highly active chitinase wigeown in statistically optimized medium
containing crab shell, fish scales and shrimp shadl substrates. The great majority of these
organisms are able to effectively breakdown chatal use it as a source of carbon and energy
and to synthesize chitinases during this processili&ov and Kucheryavykh, 2004). It is
believed that chitinases are induced enzymes, whidins that the expression of encoding genes
is induced by a specific factor or factors. Thipression is regulated by the repressor/inducer
system. Zhonget al.(2015) reported that bacteria in particular candpoe high levels of
chitinolytic enzymes. Similarly, in the present wdacillus licheniformis produced excellent

amount of chitinase enzyme.
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Poopathi and Abidha (2010) reported that the toxiof various concentrations from
culture supernatant of the studied strain was asstywardCulex pipiens larvae. It was found
that 50Qof culture supernatant cause 100% mortality aBeh while 5@l did not cause
mortality, where activity of the chitinase enzynfdh®e highest culture supernatant concentration
was 3.5U/ml. In the present work, also exhibiteat thOQuof culture supernatant cause 100%
mortality after 10 h while 5d did not cause mortality, where activity of thatstase enzyme of
the highest culture supernatant concentration wagJ/ehl. Meanwhile, chitinase could
potentially be used as a larvicidal agent Il indeavae ofAe. Aegypti. . The World Health
Organization suggests that instar three is thegrsfage to evaluate the larvicidal effect of a
new substance (WHO ,2005).

Studies by Wiwatet al.(2000) had indicated that the toxicity d.thuringiensis ssp.
kurstaki HD-1(G) for diamondback moth larvae was increasdmkrwin combination with its
supernatant. Expression of a chitinase gehidC, from Bacillus thuringiensis in B. sphaericus
2297 using the binary toxin promoter yielded a rebmant strain that was 4,297-fold more
toxic than strain 2297 against resist@ulex quinquefasciatus. These results show that this
chitinase can synergize the toxicity of the bin&yin against mosquitoes and thus may be
useful in managing mosquito resistanceBtsphaericus(Cai et al., 2007). Enzymatic cleavage
occurs randomly at internal locations over therentngth of the chitin microfibril, leading to
the impairment of the insect midgut (Kramer and &o0d986; Krameret al., 1997).
Hypothetically, chitinase causes perforations i@ ¢ut peritrophic membrane, which facilitate
entry of the pathogens into the haemocoel of sudtegnsects (Brandét al., 1978). Charles
and Nielsen-Le Roux (1996) reported tigacillus sphaericus has been successfully used for
mosquito control in the last decade because it av@gam-positive, spore-forming, aerobic,
entomopathogenic bacterium. Its activity againsgjgb mosquito larvae is mainly due to the
crystal toxin, commonly referred to as the binaryin, as it consists of equimolar amounts of

two proteins of 51 and 42kDa

In the present studyBacillus licheniformis was used in the control dfe. Aegypti.
Bacillus licheniformis persistence and recycling is possible becausts athility to grow under
polluted environments because of its spore formagity. Same work supported that
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sphaericus was a bacterium widely used in the controlAef aegypti and other culicids (Savini
and Fazii 2016)Meanwhile, the vegetative cells bf sphaericus can persist and recycle in the
environment and its persistence and recycling ssible because of its ability to grow under
polluted environments and UV light resistance. llse, bacteria go through a cycle where
vegetative cells germinate from a dormant sp@ther advantages df. sphaericus include
humans and reductions of pesticide residues iretiveonment. Likewise, further studies have
developed an easy way of industrial productiorBa€illus licheniformis which is a concern
when a formulation is accepted for a large treatm@mumber of reports are available on the
cloning of chitinases either to increase biocongésfficiency ofBacillus thuringiensis to prepare
highly active chitinase preparation or to producansgenic plants for increased resistance
against insects (Dahiy al., 2006).

CONCLUSION

These are the some of the reasons for isolatingidivel chitinolytic bacteria from the
shrimp shell waste dumpsite soil environment asdchitinase enzyme to control the vector
borne diseases with the help of their bioinseaticisroperties. Chitinase could enhance
chitinolytic process in the presence of mosquittvda and might be used to improve the
mosquito larvicidal activity oB. licheniformis.
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