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ABSTRACT 

Vector borne diseases are serious problems in tropical and subtropical regions. Mosquito 

borne diseases are diseases caused by viruses, bacteria and parasitic organisms transmitted by 

mosquito vectors. The indiscriminate use of chemically synthesized pesticides in controlling 

mosquitoes causes major environmental problems. Finding the better bipesticide compounds are 

challenging work in the world. The chitinolytic bacteria Bacillus licheniformis (SSCL10) was 

isolated from shrimp shell waste dump site soil environment. The partially purified chitinase 

enzyme was tested against Aedes aegypti mosquito larvae (III instar). Based on the mortality of 

Aedes aegypti mosquito larvae (III instar), it was confirmed that the larvicidal activity of 

chitinase enzyme. There was 100% of mortality recorded in 500µl/ml of partially purified 

chitinase enzyme within 14 hours. It is evident that the chitinolytic Bacillus licheniformis 
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(SSCL10) was potential for controlling mosquito borne diseases through controlling of mosquito 

larvae effectively for human welfare. 

Key words: chitinase enzyme, Aedes aegypti, Vectors, mortality etc. 

INTRODUCTION 

The most common dreadful diseases associated with mosquitoes are malaria, yellow 

fever, filariasis, schistosomiasis, japanese encephalitis (Das and Ansari,2003) and the worst 

means, dengue hemorrhagic fever was caused by Aedes aegypti (Udonsi, 1986). Filariasis is 

carried by the mosquito Culex quinquefasciatus, which is a pantropical pest and urban vector of 

Wuchereria bancrofti (Samuel et al., 2007). Aedes aegypti is a vector for transmitting several 

tropical fevers. Its native place is Africa but now it is found in tropical and subtropical regions. It 

occurs in insects as a major component of the cuticle and of the peritrophic membrane, a 

protective sleeve lining the gut of many insects (Kramer and Koga 1986). 

The Ae. aegypti populations were controlled mostly based on the application of chemical 

insecticides. However, the overuse of compounds such as DDT, malathion, and temephos has led 

to the development of insecticide resistance (Ocampo et al., 2011). Another issue to be 

considered is the negative ecological effect of these insecticides (Lin et al., 2017). Hence, 

biological control can be a more specific and safer alternative in maintaining low levels of  

mosquitoes populations and as such reducing the incidence of vector-borne diseases 

(WHO,2009). 

Several research works is going on to find the novel source for controlling the Ae. aegypti 

larvae. El-Khawagh et al. (2011) did research to control larva of Culex sp through culture 

filtrates of actinomycetes as the bioinsecticide source. Dhanasekaran et al. (2010) tried to control 

the Anopheles mosquitoes through culture filtrates of actinomycetes as the larvicidal activity. 

Janaki (2016) reported that mosquito larvicidal activity of Streptomyces cacaoi subsp. cacaoi-

M20 culture filtrate against Ae.aegypti due to the isolate M20 was chitinase positive and it 

inhibits the growth and kills the mosquito larva effectively.  
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Chitinase is an enzyme used by insects to degrade the structural polysaccharide chitin 

during the molting process (Zhang et al., 2002).The largest chitinase activity among bacteria has 

been observed in Streptomycetes, Serratia, Vibrio and Bacillus. Chitinase enzyme is very 

important in the biological control of insects (Reguera and Leschine, 2001). Chitin is a major 

component of the cuticle, the peritrophic membrane, and also functions as sleeve lining the gut 

of many insects. Hydrolysis of chitin to disaccharides and larger oligomeric saccharides usually 

takes place extra-cellular by the action of chitinases. In this paper deals with the chitinase 

enzyme produced by B. licheniformis and also showed excellent larvicidal activity against Aedes 

aegypti mosquito. There is a lack of published information with regard to the use of Bacillus 

licheniformis as biocontrol agents for mosquito larvae. 
 

MATERIALS AND METHODS 

Collection of Soil Sample: 

The chitin extracted from shrimp shell wastes as detailed in the previous paper, was used 

in the experiments. All other chemicals used in the experiment were of analytical grade. Bacillus 

licheniformis (SSCL10), chitinolytic bacterial strain isolated from shrimp shell dumping soil was 

used for the studies. 

Mass production and purification of chitinase enzyme: 

The strain Bacillus licheniformis (SSCL10), selected due to its highest activity ratio of 

chitin hydrolysis, was studied for optimal conditions for enzyme production. The bacterial isolate 

B. licheniformis (SSCL10) strain was grown in 100 ml of minimal medium (0.1% KH2PO4; 

0.05% MgSO4.7H2O; 50 mM sodium phosphate buffer, pH 7.0) and chitin (shrimp shell  

extracted chitin), as a major carbon source for chitinase production, was added to the liquid 

medium at 20 g/l. In addition, incubation temperature (37oC) and pH 7 were maintained for 

enzyme production in a 250 ml Erlenmeyer flask. The culture was grown with agitation (180 

rpm) and samples were taken every day (upto 7 days) for checking reducing sugar and chitinase 

activity (Mejia Saules et al., 2006). 
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Partial Purification of Chitinase Enzyme by Dialysis: 

The culture supernatant fluid was subjected to precipitation with ammonium sulphate to 

80% saturation and stirred for 2 h. Then the precipitate was allowed to stand overnight and then 

collected by centrifugation at 10,000 rpm at 4oC for 30 min. The precipitated pellets were 

dissolved in phosphate buffer, centrifuged and dialyzed against the same buffer to partially 

purify chitinase enzyme (Kavikarunya et al., 2011). 

Measurement of Enzyme Activity: 

Chitinase activity was measured with colloidal chitin as the substrate. 0.5 ml of partially 

purified enzyme was added to 1.0 ml of reaction mixture with 1.5% colloidal chitin in phosphate 

buffer (50 mM, pH 7.0). The mixture was incubated at 37oC for 15 minutes. After centrifugation, 

the amount of reducing sugars produced in the supernatant was determined by the 

Dinitrosalicylic acid method (Miller, 1972) using N-acetyl glucosamine as a reference compound 

(Imoto and Yagishita, 1971). One unit of chitinase activity was defined as the amount of the 

enzyme that produced 1 μmol of reducing sugar per minute (Mathur et al., 2011). 

Aedes aegypti larvae maintainance: 

The mosquitocidal activity was tested with larvae of Aedes aegypti mosquito in the 

laboratory. Egg cards of Aedes aegypti were collected from ICMR Institute in Madurai, 

Tamilnadu, India and kept under controlled conditions at temperature of 27 ± 2°C. 

The larvae of Aedes aegypti were collected in a plastic bucket that had fresh water 

without chlorine, kept outside the window of laboratory for one week without disturbing it. 

Larvae of Aedes were collected examined under the microscope for its morphological features 

and they were concluded to belong to larvae of Aedes aegypti.  

Bioassay of crude chitinase enzyme against the larvae of Aedes aegypti: 

Five sterile cups containing each with 50 ml of sterilized tap water without any chlorine 

were taken and different concentrations of chitinase enzyme of 25μl, 75μl, 125μl, 250μl and 

500μl was added and 10 larvae of Aedes aegypti were transferred to each cup. Cups were kept 
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under controlled conditions. The number dead larvae were counted and % mortality was 

calculated after 24hours (Sundarapandian et al., 2002, El-Khawagh, et al., 2011). Distilled water 

was used as negative controls. Each experiment was performed in duplicate. The larvae were 

observed daily until pupation. The following formula was used 

Larval mortality % = Y / X × 100 

where X = number of tested larvae 

 and Y = number of dead larvae 

Larvicidal bioassay of B. licheniformis against the larvae of Aedes aegypti: 

The larvicidal bioassay was done by slightly modified method of El-Khawagh et al. 

(2011). Seven sterile cups containing each with 50 ml of sterilized tap water without any chlorine 

were taken. Dilutions of B. licheniformis cultures ranging from (1to 5 ml/g)OD value of 600 

were well mixed with the melted diet at about 500C and applied into separate cups .10 larvae of 

Aedes aegypti were transferred to each cup and a plastic cover was used to confine the larvae. 

Cups were kept under controlled conditions. The number live larvae were counted and % 

mortality was calculated after 24hours .Distilled water was used as negative controls. Each 

experiment was performed in duplicate. The larvae were observed daily until pupation. The 

following formula was used. 

Larval mortality % = Y / X × 100 

where X = number of tested larvae 

   and Y = number of dead larvae 

  



VOLUME: 1 

ISSUE: 1 

ISSN: xxxx-xxxx 

Jul - Sep 2018 

RESULTS 

The ability of extracellular chitinase enzyme production by the bacterial isolate Bacillus 

licheniformis (SSCL10) was carried out by the minimal medium with shrimp shell extracted 

chitin as a substrate. The first day showed negligible amount of chitinase production (0.2U/ml). 

After that, gradual enhancement of chitinase enzyme production was observed (Fig.1). The 2nd 

day of fermentation showed 1.5 U/ml, followed by 2.1 U/ml on the 3rd day, 2.8U/ml on the 5th 

day and 2.2 U/ml on the 6th day respectively. The 4th day produced the maximum amount of 

chitinase enzyme of 3.1 U/ml. After that, chitinase enzyme production slightly decreased to 1.8 

U/ml on the 7th day.  

 

 

Fig. 1: Production of chitinase enzyme by Bacillus licheniformis (SSCL10) containing 

shrimp shell extracted chitin  

After first day of incubation, the reducing sugar concentration had gradually decreased. 

The chitinolytic Bacillus licheniformis (SSCL10) had slowly degraded the shrimp shell extracted 

chitin for chitinase enzyme production. The 2nd day of fermentation showed 15.3% of reducing 
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sugar, followed by 14% on the 3rd day, 10% on the 4th day,  7.2% on the 5th day, 5.9% and 4% on 

the 6th day and 7th day of fermentation respectively (Fig.2). 

 

Fig.2 : Reducing sugar analysis on chitinase enzyme production by using Bacillus 

licheniformis (SSCL10) 

The maximum chitinase production (3.1 U/ml) was observed on the 4th day with pH 7 

and temperature of 37oC. The reducing sugar concentration had also gradually decreased after a 

day of incubation. The reducing sugar concentration was indirectly proportional to the chitin 

utilization. Most of the chitin had been utilized on the 7th day, which was indicated by the fact 

that reducing sugar concentration had greatly reduced (4%) because chitin was a substrate for 

chitinase enzyme production.  

The toxicity of various concentrations of chitinase enzyme from culture supernatant of B. 

licheniformis was assayed toward Aedes aegypti larvae. It was found that 500 μ1 of chitinase 

enzyme exhibited the elimination of all larvae after exposure of 10 hours. No larvicidal activity 

occurred in cup treated with portions of 25μ1 of chitinase enzyme after exposure for 14 hours. 
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The activity of chitinase enzyme of the highest concentration was 2.5U/ml (500 μ1). Chitinase 

enzyme from Bacillus licheniformis showed greater larvicidal activity against 3rd instar larvae of 

the mosquito species Aedes aegypti. Table 1 shows larvicidal activity of chitinase enzyme of B. 

licheniformis against larvae of Aedes aegypti after exposure for 14 hours. It infers that chitinase 

produced by B. licheniformis might play a role in the activity of Aedes aegypti larvicidal. The 

mosquitoes have chitinous covering in their body as a protective layer and they need chitin for 

completing its metamorphosis. Without chitin, the larvae cannot form pupa.  

Table 1 

Larvicidal Activity of the Chitinase Enzyme of B. Licheniformis  

against Larvae of Aedes aegypti 

Concentration 

of chitinase 

enzyme 

% of larval mortality of Aedes aegypti with after exposure of 14 hours. 

2h 4h 6h 8h 10h 12 14 Control 

25µl 0 0 0 0 0 0 0 0 

75 0 0 0 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. The B. licheniformis SSCL10 was larvicidal activity 

against the larvae of Aedes showed excellent larval mortality with dilution of 5ml/g B. 

licheniformis mixed with larval feed. But 1ml/g culture mixed feed showed very poor larval 

mortality, but 4ml/g showed moderate larval mortality (Table 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 B. 

licheniformis 

mixed with 

larval feed 

(ml/g) 

control 

% of larval mortality of Aedes aegypti (observation of 14 hours) 

2h 4h 6h 8h 10h 12h 14h 

1 0 0 0 0 0 0 0 0 

2 0 0 0 0 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 from B. licheniformis for larvicidal property 

offers a safer alternative method against synthetic chemical insecticides. Some polluted 

environment chitinase enzyme did not exhibit suitable larvicidal activity because catalytic 

activity of enzyme was very sensitive. Other methods were need to protect the enzyme for using 

larvicidal such as immobilization, lyophillisation etc. To avoid this problem, B. licheniformis 

culture directly sprayed on environment because it was a spore-forming,  aerobic, 

entomopathogenic bacterium. 

 

DISCUSSION 

Insects of dipteran species such as Culex spp., Anopheles spp., and Aedes spp. are 

responsible for the transmission of many infectious disease agents. Mosquito control at the larval 

stage is an effective practice for controlling the mosquito born diseases (Nandita et al.,2009). 

Synthesis of chitin is very essential for insects to get full development and cuticle formation for 

their protection. Some of the insects act as vectors for spreading harmful diseases on 

environment where they are surviving, such type of insects can be controlled with the help of 
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chitin lysing enzyme secreted by other organisms that are not harmful. Janaki(2016) reported that 

the isolate M20-Streptomyces cacaoi subsp. cacaoi synthesis such enzyme extracellularly, the 

compound from the isolate M20 was subjected for mosquito larvicidal activity. 

Chitin, an insoluble polymer of N-acetyl-D-glucosamine (GlcNAc), is an important 

component of insect exoskeletons, crustacean shells and fungal cell walls. Chitinases, and 

chitobiase, play important physiological and ecological roles in chitin metabolism (Flach et al., 

1992;Felse and Panda, 1999). Many microbial species produce chitinase and digest chitin as a 

carbon and energy source. 

Enzyme technology is an interdisciplinary field and enzymes are routinely used in many 

environment friendly industrial sectors. Chitinase, a group of enzymes, is capable of degrading 

chitin directly to low molecular weight product (Yong et al., 2005). Many bacteria and fungi 

produce extracellular chitinolytic enzymes, known as chitinases, able to convert chitin into 

compounds that can be of industrial interest, mainly N-acetyl-D-glucosamine. There is an 

increasing interest in the use of chitinases for the control of moulds, insects, nematodes and 

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

The present study revealed that the chitinase enzyme produced by Bacillus licheniformis 

(SSCL10) from shrimp shell chitin acts as an excellent enzyme inducer and carbon source. 

Krishnaveni and Ragunathan (2014) have reported that Bionectria CBNR BKRR is an efficient 

fungus which produces highly active chitinase when grown in statistically optimized medium 

containing crab shell, fish scales and shrimp shells as substrates. The great majority of these 

organisms are able to effectively breakdown chitin and use it as a source of carbon and energy 

and to synthesize chitinases during this process (Shubakov and Kucheryavykh, 2004). It is 

believed that chitinases are induced enzymes, which means that the expression of encoding genes 

is induced by a specific factor or factors. This expression is regulated by the repressor/inducer 

system. Zhong et al.(2015) reported that bacteria in particular can produce high levels of 

chitinolytic enzymes. Similarly, in the present work Bacillus licheniformis produced excellent 

amount of chitinase enzyme.  
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Poopathi and Abidha (2010) reported that the toxicity of various concentrations from 

culture supernatant of the studied strain was assayed toward Culex pipiens larvae. It was found 

that 500μlof culture supernatant cause 100% mortality after 3 h while 50μl did not cause 

mortality, where activity of the chitinase enzyme of the highest culture supernatant concentration 

was 3.5U/ml. In the present work, also exhibited that 500μlof culture supernatant cause 100% 

mortality after 10 h while 50μl did not cause mortality, where activity of the chitinase enzyme of 

the highest culture supernatant concentration was 2.5U/ml. Meanwhile, chitinase could 

potentially be used as a larvicidal agent III instar larvae of Ae. Aegypti. . The World Health 

Organization suggests that instar three is the proper stage to evaluate the larvicidal effect of a 

new substance (WHO ,2005).   

Studies by Wiwat et al.(2000) had indicated that the toxicity of B.thuringiensis ssp. 

kurstaki HD-1(G) for diamondback moth larvae was increased when in combination with its 

supernatant. Expression of a chitinase gene, chiAC, from Bacillus thuringiensis in B. sphaericus 

2297 using the binary toxin promoter yielded a recombinant strain that was 4,297-fold more 

toxic than strain 2297 against resistant Culex quinquefasciatus. These results show that this 

chitinase can synergize the toxicity of the binary toxin against mosquitoes and thus may be 

useful in managing mosquito resistance to B. sphaericus(Cai et al., 2007). Enzymatic cleavage 

occurs randomly at internal locations over the entire length of the chitin microfibril, leading to 

the impairment of the insect midgut (Kramer and Koga 1986; Kramer et al.,1997). 

Hypothetically, chitinase causes perforations in the gut peritrophic membrane, which facilitate 

entry of the pathogens into the haemocoel of susceptible insects (Brandt et al., 1978). Charles 

and Nielsen-Le Roux (1996) reported that Bacillus sphaericus has been successfully used for 

mosquito control in the last decade because it was a gram-positive, spore-forming, aerobic, 

entomopathogenic bacterium. Its activity against target mosquito larvae is mainly due to the 

crystal toxin, commonly referred to as the binary toxin, as it consists of equimolar amounts of 

two proteins of 51 and 42kDa 

In the present study, Bacillus licheniformis was used in the control of Ae. Aegypti. 

Bacillus licheniformis persistence and recycling is possible because of its ability to grow under 

polluted environments because of its spore forming ability. Same work supported that L. 
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sphaericus was a bacterium widely used in the control of Ae. aegypti and other culicids (Savini 

and Fazii 2016). Meanwhile, the vegetative cells of L. sphaericus can persist and recycle in the 

environment and its persistence and recycling is possible because of its ability to grow under 

polluted environments and UV light resistance. Likewise, bacteria go through a cycle where 

vegetative cells germinate from a dormant spore. Other advantages of L. sphaericus include 

humans and reductions of pesticide residues in the environment. Likewise, further studies have 

developed an easy way of industrial production of Bacillus licheniformis which is a concern 

when a formulation is accepted for a large treatment. A number of reports are available on the 

cloning of chitinases either to increase biocontrol efficiency of Bacillus thuringiensis to prepare 

highly active chitinase preparation or to produce transgenic plants for increased resistance 

against insects (Dahiya et al., 2006).  

CONCLUSION 

These are the some of the reasons for isolating the novel chitinolytic bacteria from the 

shrimp shell waste dumpsite soil environment and its chitinase enzyme to control the vector 

borne diseases with the help of their bioinsecticide properties. Chitinase could enhance 

chitinolytic process in the presence of mosquito larvae and might be used to improve the 

mosquito larvicidal activity of B. licheniformis. 
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