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1. INTRODUCTION 

Next to cellulose, chitin is the most abundant biopolymer on the planet (Saima 

et al., 2013). The chitin backbone in crustacean and insect exoskeletons is made up of 

repeating units of N-acetyl D-glucosamine residues (Franca et al., 2011). Chitin is also 

present in fungi and yeast cell walls, as well as parasitic nematode micro filarial sheaths. 

Chitin is found as α & β crystalline chitin forms as well as colloidal chitin. Chitin can 

be degraded by chitin producing microorganisms as one would imagine (Lenardon et 

al., 2010). As a result, chitin degradation is a critical step in the natural recycling of 

chitin as nutrients.  

Chitinases (EC 3.2.1.14) are enzymes that degrade chitin’s glycosidic bonds. A 

wide number of microorganisms produces chitinase enzyme which plays an important 

role and have a broad range of applications (Akeed et al., 2020). Chitinolytic bacteria 

produces a number of chitinolytic enzymes that convert chitin into carbon and nitrogen 

sources, which, in combination with other metabolites, help the plants to grow. In recent 

times, the Chitinase (chi) enzyme produced by Bacillus thuringiensis received a great 

deal of attention due to its potential applications not only in insect control but also as 

antibacterial and fungicidal specialist (Azizoglu, 2019; Casados-Vazquez et al., 2018; 

Jouzani et al., 2017). 

Bacillus thuringiensis (Bt) is a gram positive rod shaped aerobic spore forming 

soil bacterium that produces crystalline insecticidal proteins in the sporulating cell 

cytoplasm. Inside the cytoplasm of the sporulating cell, they ordinarily contain 

insecticidal proteins (Jain et al., 2017). Bacillus thuringiensis causes parasporal crystals 

in susceptible insects and is used as a biological pest control agent, all over the world. 

(Hofte and Whiteley, 1989). The first application of Bacilus thuringiensis Chitinases 

(Bt Chi) was demonstrated in 1970s when it was realized that the enzymes secreted by 

Bt can hydrolyzed chitin (Chigalelchik et al., 1976).  

 Chitinase have wide range of use in medicine and agriculture including the 

manufacture of antifungal substances and the management of plant pathogens. 

(Bhattacharya et al., 2007; Reyes-Ramirez et al., 2004). Wherever chitin is present in 

the host, Chitinase play an important role in bacterial pathogenesis (Busby et al., 2012). 

Chitinase is also utilized for the identification of intrusive contagious diseases (Vega et 

al., 2012).  



Chitinase can also be used to produce biofertilizers out of chitinous waste (Sakai 

et al., 1998). Single cell protein (SCP) can be made in aquacultures using bacteria and 

yeast that produce chitinases. Chitinase can also be used as a bio pesticide against a 

variety of fungi and insect (Melchers et al., 2000). The Chitinases are broadly present 

in Bacillus thuringiensis strains and plays a key role in increasing the insecticidal 

activities. Hence, the present investigation was made to screen chitinolytic strains and 

isolate chitinase gene from among the Bt isolate collections. 

The present investigation was carried out with the following objectives. 

1. Screening of chitinase producing Bacillus thuringiensis strains. 

2. PCR based screening of chitinase gene from Bacillus thuringiensis strains. 

3. Molecular characterization of chitinase producing Bacillus thuringiensis 

strains. 

 



2. REVIEW OF LITERATURE 

The review of literature related to the present investigation is presented below 

under the following headings and subheadings: 

2.1 Chitin:  

After cellulose, chitin is the second most abundant biopolymer on the earth. 

Chitin along with its derivatives has vast economic significance in medical sciences, 

agricultural sciences, and foundation industries i.e. chemical reactivity and biological 

activities (Al-Sagheer et al., 2009). Chitin extracted from the crustacean shell wastes 

has variability in the fat binding capacities (Eijsink et al., 2003). It is naturally present 

in three different polymorphic forms i.e., α (parallel chain structure), β (antiparallel 

structure) & γ chitins (combination of parallel and antiparallel structure) (Rudall et al., 

1963).  

 The process of chitin catabolism occurs with the help of Chitinase enzyme and 

process takes 2 steps for catabolism. Firstly, Chitin is converted into chitin 

oligosaccharides by Chitinase and secondly, it is further cleaved into N-

acetylglucosamine by Chitobiases (Suginta et al., 2000). The occurrence of exo and 

endochitinase genes was assessed by PCR amplification via gene-specific primers. 

Different types of Chitinases enzymes are produced by different microorganisms such 

as actinomycetes, fungi, bacteria and some higher plants for various purposes 

depending on their own usage and physiology (Pichyangkura et al., 2002).  

Bacillus thuringiensis producing Cry and Vip proteins acts on the larvae of the 

insects and is exploited worldwide for the biological pest management (Hofte and 

Whiteley, 1989). Under optimum conditions, Bt also produces many biologically active 

molecules such as bacteriocins and hydrolytic enzymes i.e. Chitinase. Bt produces 

small quantities of chitinases, sometimes difficult to detect with traditional methods 

using chitin as carbon and nitrogen sources (i.e. halo formation) (Jain et al., 2017).  

2.2 Chitinases: 

Chitinases are produced by different microorganisms which generally present a 

wide multiplicity of enzymes that are mainly extracellular. Chitinases are made up of a 

catalytic domain, carbohydrate binding modules (one or more), and other modules viz. 



fibronectin type III domain (This domain hydrolyze the β-(14)-glycosidic linkages in 

chitin) (Mehmood et al., 2010). However, some chitinases only have one catalytic 

domain. On the basis of amino acid sequence similarity, Chitinases are divided into 

GH18 and GH19 families (CAZy database: http://www.cazy.org) (Lombard et al., 

2014). Some chitinases, especially in combination with [3-1,3 glucanases, inhibit 

fungal growth in-vitro substantiating the idea that these enzymes play an important role 

in plant defense against pathogens, Chitinases also releases elicitors from fungal cell 

walls (Fritig et al.,1998; Boller,1988). 

Plant chitinases have been divided into several classes based on amino acid 

sequence. In the classification system of glycosyl hydrolases, all chitinases are grouped 

into two families. Class I, II, IV and V chitinases form the family 19 that is only known 

in plants. Family 18 includes all fungal, animal and bacterial chitinases as well as plant 

chitinases of classes III and VI. The hydrolytic action of glycosyl hydrolases can take 

place with either retention or inversion of the anomeric configuration (Ohno et al., 

1996).  

Microbial chitinases fascinated the consideration as one of the potential 

enzymes for applications in agriculture, pharmaceutical, waste management, 

biotechnology, and industry (Neeraja et al., 2010).  Their high demand and wide 

potential use have led to the discovery of new strains of microorganisms that are 

capable to produce enzymes with novel properties and the development of low-cost 

industrial media formulations (Jaeger et al., 2002).  

2.3 Bacillus thuringiensis Chitinases: 

Bt Chitinases plays an important role in the survival of itself under different 

conditions. For example, it seize and assimilate chitin in order to use it as a source of 

carbon and act as a virulence factor that promotes the establishment of successful 

infection since Bt propagate in moribund and deceased larvae. Chitinases can 

participate in the destruction of the cuticle thereby facilitating the release and 

dissemination of toxins and establishment of the bacterium in other ecological niches 

(Martinez-Zavala et al., 2020).  

Fifty chitinase genes in different Bt subspecies isolated from China (41%), 

Mexico (17%), Pakistan (15%), Thailand, Tunisia, and India have been deposited in 

NCBI GenBank (Barboza Corona et al., 2008). To date, at least 38 chitinase genes from 



different subspecies of Bt such as kenyea, pakistani, colmeneri, canadiensis, 

entomocidus, kurstaki, israelensis and konkukian have been reported in the GenBank 

database (http://www.ncbi.nlm.nih.gov). Most of Bt Chitinases showed 93.8–99.6% 

similarities with each other (Barboza-Corona et al., 2012).  

Chitinases of Bt play important roles in nature and can be used for different 

environment purposes, for example: (i) in the degradation of shrimp wastes, (ii) 

improving the insecticidal activity of Cry or (iii) in the control of phytopathogenic 

fungi. The last two options, implicate alternatives to reduce the use of chemicals. Bt 

secretes a chitinases and proteases which can act synergistically to hydrolyzes chitin 

containing wastes from shrimps and other non-edible food materials that can be used in 

pharmacy, medicine, food, water treatment, as ingredient in culture media, in pigment 

extraction, in the formulation of animal food, for reducing nematode population in soils 

and to produce single-cell protein (Barboza-Corona et al., 2012). 

2.3 Mechanism of Chitin production:  

Although chitin is one of the most important biopolymers in nature, knowledge 

of its biosynthesis is still fragmentary. Formation of the different chitin forms is 

catalyzed by chitin synthase (UDP-N-acetyl-D glucosamine: chitin 4-β-

Nacetylglucosaminyltransferase, a highly conserved enzyme found in every chitin 

synthesizing organism. It utilizes UDP-N-acetyl-glucosamine (UDPGlcNAc) as the 

activated sugar donor to form the chitin polymer (Glaser and Brown, 1957).  

Candy and Kilby (1962) were the first to propose a biosynthetic pathway for 

insect chitin synthesis starting with glucose and ending with UDP-GlcNAc. The 

pathway from UDP-GlcNAc to chitin was finally established in insects by Jaworski et 

al. (1963). One intermediate step might be the transfer of GlcNAc onto a lipid to form 

dolichyldiphospho-N-acetylglucosamine, as was deduced from studies with 

microsomal fractions of bugs and brine shrimps (Horst, 1983; Quesada-Allue et al., 

1976). The individual sugar units in its structure are rotated 180° with respect to each 

other, and each pair forms the disaccharide N, N′-diacetylchitobiose [(GlcNAc)2. The 

individual polymer chains can be described as helices. Such a structure leads to high 

stability as the rigid ribbons are connected by 03-H→05 and 06-H→07 hydrogen 

bonds. Chitin also has three different crystalline allomorphs: α-, β- and γ-forms. These 

differ in the orientation of the micro-fibrils.  



2.4 Applications of Chitinase:  

   The  role  of  Chitinases  resulting  from  chitin  and  chitosan  degradation  have  

shown immense  potential  in  several  fields. They  have  dissolves  cell  walls of  

various  fungi,  cell  wall  synthesis,  secretion,  strain improvement  as  well  as  other 

biotechnological  applications. Bt  has  become  an  important  tool  in  the control  of 

pests  that  affect  humans, whether  in  agriculture  or  in combating vectors  of  disease. 

Since the first commercial use of Bt formulations for the control of caterpillars, the 

spectrum of applications has increased and is no longer restricted to the initial function. 

It has become apparent that the potential of Bt transcends just biological control, and it 

can be used in other branches of science to assist humans. The applicability of bacterial 

chitinases is discussed as follows: 

1. Defense: Plant Chitinases are involved in defense mechanism against pathogens 

either directly through their antifungal properties or indirectly through release 

of chitin oligomers. A model of the roles of chitinases in plant defence response, 

proposed by (Mauch and Staehelin1989) suggests that these enzymes are 

involved at different stages of pathogenesis. By releasing elicitor molecules 

chitinase play an important role in early stage of infection and involved in 

transfer of information (de AGerhardt et al., 1997). Root nodule and nodule 

development, germination of seed and somatic embryogenesis also plays an 

important role in development process of some chitinase genes. Chitinases are 

known biocontrol agents with significant potential to protect plants against 

fungal pathogens. Chemically, chitinases act by hydrolyzing N-acetyl D-

glucosamine, and this capability has great industrial potential. By having the 

affinity to the polymer and the ability to degrade it, chitinases have many 

applications in the field of health care for their antibacterial and immune 

modulating effects and in agriculture for the production of antifungal substances 

and the control of plant pathogens (Bhattacharya et al., 2007; Reyes-Ramirez et 

al., 2004). 

2. Production of single cell protein: Revah-Moiseevand Carrod (1981) worked 

on shellfish waste for the conversion of chitin to yeast single-cell protein (SCP). 

They used the Serratia marcescens chitinase system to hydrolyze the chitin and 

Pichia kudriavazevii. Growth yield, total protein and nucleic acid contents were 

the criteria to assess single cell protein production.  



3. Chitinases as biopesticides: It has been implicated in different forms of 

morphological event in fungi (Villagomej-Castro and Lopez-Romero, 1996). 

Although chitinases stimulates increased toxicity of Bt products, its use in bio 

pesticides is just one of the potential uses of these enzymes. In a study of 

soybeans, Reyes-Ramirez et al. (2004) investigated the protective, antifungal 

activity of chitinase from Bacillus thuringiensis.  

4. Miscellaneous applications: Chitinase are increasingly used in the food 

processing industry to degrade waste and make it useful for humans. Food 

processing produces large quantities of by-products. Disposal of waste can lead 

to environmental and human health problems, yet often they can be turned into 

high value useful products. Crustacean shells waste from shrimp, lobster and 

crab contain large amount of chitin, a polysaccharide that may be extracted after 

deproteinization and demineralization of the exoskeletons (Hamed et al., 2016) 

2.5 Biochemical Characterization: 

Biochemical characterization is used for microbial identification based on 

differences lies in their biochemical activities exhibited by different types of chitinase 

producing bacteria. Wafula et al. (2014) performed biochemical studies included, 

gelatin liquefaction, methyl red-Voges Proskauer,  catalase test, and oxidase test in 

which isolates D16, D19 and D51 showed positive results for oxidase and MR-VP 

(Methyl Red Voges-Proskauer) test and  also suggested their close relatedness with 

Bacillus cereus. Isolates D5, D16, S31, D70 and D2 were biochemically and 

morphologically closely related to Bacillus thuringiensis with the same characteristics 

as Bacillus cereus only that they had large rods upon gram staining. 

Jyoti et al. (2018) performed various biochemical test gelatine liquefaction, 

methyl red-Voges Proskauer, catalase test, and oxidase test for confirming the 

morphology of the Bacillus thuringiensis.  This genus was found positive for all 

microscopic tests.  

2.6 PCR based screening of Chitinase genes: 

The Polymerase Chain Reaction (PCR) has been used to characterize the 

chitosan producing bacterium Bt strain collections. This technique is a highly sensitive 

and effective in rapidly detecting and identifying target DNA sequences requires small 

amounts of DNA and allows screening of many Bt samples to classify them and predict 



their chitinolytic activities. The efficacy of PCR in identifying the large family of 

exochitinase and endochitinase genes is based on the presence of conserved regions. 

Zhong et al. (2015) isolated Pseudomonas chitinase C gene (PsChiC) from the 

chromosomal DNA of this bacterium using a pair of specific primers. The PsChiC gene 

having 1443 bp sequence resulted in 480 amino acid protein with a molecular mass of 

51.66 kDa. Chitinase assays revealed that the chitobiosidase and endochitinase 

activities of PsChiC were 51.6-fold and 84.1-fold higher than those of pET30a, 

respectively. These results suggest that PsChiC from Pseudomonas sp. could be useful 

in improving the pathogenicity of baculoviruses.  

El-Hamshary et al. (2008) performed PCR based screening of chitinase 

producing strain using the PCR primer was designed from chitinase nucleotide 

sequences of different species of bacilli with the amplicons size of 310 bp from the 

conserved region of the chitinase gene (310bp). On sequencing the PCR fragment from 

the local Bt isolates, around 96% similarity to chitinase gene from B.thuringiensis A1 

Hakam was reported.   

Shahbaz and Yu (2020) screened chitinase-coding genes by PCR using the 

degenerative primer. Chitinase18 (glycoside hydrolase family 18) produced 1024 bp 

long amplicons and sequence comparison revealed that the gene is derived from 

Serratia Marcescens strain WVU-005 with the sequence identity of 94.93% and the E 

value = 0.  

Saleem et al. (2015) screened chitinase gene in bacterial strains and eight DNA 

samples were found positive when subjected to PCR amplification using the designed 

primers of the chitinase gene with the chitinase gene fragment size of approximately 

2300 bp in length by PCR amplification. 

2.6 Molecular characterization of chitinase producing bacteria:  

Molecular techniques have helped to develop easy, fast and reliable method to 

achieve microbial characterization at genus, species and even at strain level. Molecular 

marker technique has been found strain specific and have proved to be valuable and 

effective tools in the characterization and evaluation of genetic diversity within and 

between species and populations. Identification of Bacillus species using conventional 

sequencing methods can divulge their taxonomic affiliation but there are certain groups 



of Bacillus where alternate methods like 16S rDNA and PCR fingerprinting can expose 

their exact lineage of the species quickly. 

Krithika et al. (2016) isolated and characterized chitinase producing strains at 

molecular level by 16s rRNA amplification and sequencing and the indentified species 

are Chitiniphilus shianonensis, Acinetobacter sp., Bacillus badius, Acinetobacter 

venetianus, and Brevibacillus borstelensis. 

Setia and Suharjono (2015) amplified 16S rDNA with universal primers 27F 

(5’GAGAGTTTGATCCTGGCTCAG3’) and 1492R 

(5’CTACGGCTACCTTGTTACGA3’) and 16S rDNA was separated by agarose gels 

electrophoresis. The ARDRA pattern obtained is said to be representative of the species 

analyzed and important for their molecular characterization. In the present study 

ARDRA produced a fingerprint based on length polymorphism for molecular 

characterization of native Bacillus thuringiensis strains. 

 



3. MATERIALS AND METHODS 

The present investigation entitled "Molecular characterization of chitinase 

producing Bacillus thuringiensis strains" was undertaken in the Department of 

Molecular Biology and Biotechnology (MBBT), Rajasthan College of Agriculture 

(RCA), MPUAT, Udaipur (Rajasthan) during 2019-2020. 

3.1 Chemicals, Glasswares, Plasticwares and Equipments: 

All chemicals used in the study were of molecular and analytical grade 

purchased from Hi-Media, SRL and Bangalore Genei Pvt. Ltd. etc.  

The glasswares and plasticwares were procured from Borosil, Tarson (India), 

Thermo (India) etc. 

The following instruments were used in the study i.e., Centrifuge (Eppendorf), 

Vortex (REMI), Nano-Spectrophotometer (IMPLEN), Hot air oven (Yorco), Deionised 

water (Milli Q, Millipore), Incubator-shaker (MAC), Laminar airflow (Rescholar), 

Electrophoresis Unit (Bio-Rad), Gel documentation system (Eppendrof), PCR machine 

(Bio-Rad), Magnetic stirrer machine, Double distilled water etc. 

3.2 Bacterial Strains: 

Twenty eight Bacillus thuringiensis strains were provided by All India Network 

Project on Soil Biodiversity and Biofertilizers, Dept. of Molecular Biology and 

Biotechnology, RCA, MPUAT, Udaipur.  

3.3 Preparation of colloidal chitin: 

Colloidal chitin was prepared using previously published protocol of Krithika 

et al. (2016). The practical grade chitin powder purchased from (Hi Media, India) was 

utilized to set up the colloidal chitin. Chitin powder was broken down in concentrated 

HCl and blended at for 2 h. In the process of blending’s, the hydrolyzed chitin was 

washed for a number of times with distilled water in order to remove the acid 

completely to bring its pH to 7. The colloidal chitin was collected by centrifuging the 

solution and stored in the form of a paste at 4°C till its further use.  

 

 



3.4 Screening of Chitinase producing Bacillus thuringiensis strains: 

These bacterial strains were plated directly onto modified chitinase screening 

media (CSM) containing chitinase as substrate (Saima et al., 2013). The CSM medium 

composition was adapted as follows (6 g/l Disodium hydrogen phosphate; 3 g/l 

Potassium dihydrogen phosphate; 1gram/l NH4NO3; 0.5 gram/litre Sodium chloridel; 

0.05 g/l Yeast extract; 0.5%(w/v) Colloidal chitin; 20 g/l agar with 5.5 pH. All the 

strains were streaked on media. Freshly grown bacterial culture was spot inoculated at 

five equidistant points followed by incubation at 37 °C for 7 days and the plates were 

then observed for zone of hydrolysis around the inoculated area. The zone was further 

visualize by floodings the plate with Gram′s iodine solutions  observe the  formation of 

clear zone against a brownish background (Kasana et al. 2008) All the experiments 

were carried out in triplicate and averages were reproduced. 

3.5 Qualitative assay and Quantitative chitinase enzyme assay: 

The assay for chitinase enzyme was carried out with crude enzyme (Sudha et al., 

2020). The Bt strains that produce chitinase were inoculated in colloidal chitin broth (100 

ml) in 250 ml Erlenmeyer flasks and incubated for 4 days at 37°C. The cell-free 

supernatant was obtained after centrifuging the culture broths at 8000 rpm for 20 minutes. 

To remove the enzymes, the clear culture filtrates were saturated to 60–70% with 

ammonium sulphate and held at 4°C overnight. The precipitate could be obtained by 

centrifugation at 10,000 rpm at 4°C, dissolved in 50 mM phosphates buffer (pH 7.0), and 

used as a crude enzymes supply. 

3.5.1 Qualitative (well diffusion) assay:   

The Chitinase enzyme activity of the crude enzyme extract was assessed using the 

method of Lunge and Patil (2012) techniques by using a simple well diffusion assay. 

Using a 6 mm sterile cork borer, wells were drilled in 1 percent colloidal chitin agar 

containing BCP dye plates. Every well will be filled with a 100 litre culture filtrate from 

each isolate and incubated at 37°C. The formation of clear zone around the well will be 

monitored for 24 hours. 

3.5.2 Quantitative assay:  

The Chitinase enzyme was assessed using the previously published protocol of 

Miller et al. (1959).  A mixture of 0.1 percent colloidal chitin and 50mm of 0.1 M 

phosphate buffer pH 7.0 was added to the crude enzyme. The reaction mixture was 



centrifuged at 10,000 rpm for 10 minutes after being incubated at 55° C for 10 minutes. 

The supernatant was then combined with DNS and Schales reagents and boiled for 10 

minutes. The absorbance of the mixture was measured at 530 nm after cooling. One unit 

of chitinase activity is defined as the amount of enzyme that produces 1 L/mol of reducing 

sugar as N-acetyl-D-glucosamine equivalent/min. 

3.6 Biochemical characterization of chitinase producing Bacillus thuringiensis 

strains: 

           The following biochemical test was performed in order to characterize chitinase 

producing Bacillus thuringiensis strains. The standard methodologies were preformed. 

1. Oxidase test (Al.Tariq et al., 2016) 

2. Gelatin liquefaction test (Krithika et al., 2016) 

3. Catalase test (Krithika et al., 2016) 

4. Methyl red-Voges proskauer test (Wafula et al., 2014). 

3.7 PCR based screening of chitinase gene from Bacillus thuringiensis strains: 

3.7.1 Isolation of genomic DNA from B. thuringiensis strain (Kalman et al., 1993):  

A loopful of Bt strains was streaked on LB agar plate and brooded at 30°C short-

term. Single state from the short-term developed culture was vaccinated into 30 ml LB 

stock and kept at 30°C for shaking. Bt cells were collected for DNA seclusion when 

development arrived at 1.0 OD at 600 nm. The cells were gathered from 30 ml culture 

by centrifugation at 5000 X g for 5 min. The supernatant was disposed of and the cells 

were washed with washing arrangement (TES: Tris-HCl (pH 8.0) 10 mM; EDTA 1 

mM; Sodium chloride 100 mM), and resuspended in resuspension arrangement (Tris – 

HCl 25 mM; Sucrose 25%; EDTA 25 mM; Lysozyme 1mg/ml) and hatched at 37 °C 

for 1h. SDS was added to a last convergence of 2% and hatched at 50 °C for 15 min. 

NaCl was added to a last centralization of 1M and hatched at 50 °C for 5 min followed 

by for the time being brooding at 4 °C. Arrangement was centrifuged at 10, 000 X g for 

5 min at 4°C and DNA in the supernatant was encouraged with equivalent volume of 

isopropanol.  

The DNA was resuspended in 30 µl of TE cradle containing 1mM NaCl and 10 

µg of RNase 10mg ml-1. After 30 min of hatching at 37°C, Proteinase K (0.6 mg ml-

1) was added and brooded at 37 °C for 30 min. The blend was separated with equivalent 



volume of phenol, phenol: chloroform (1:1) and chloroform. The DNA was encouraged 

with 2.5 ml of total ethanol and 1/tenth volume of 3M sodium acetic acid derivation 

(pH 5.2). The DNA pellet was washed with 70% ethanol and air dried. The dried DNA 

pellet was broken down in suitable amount of TE support and put away at – 20 °C for 

additional utilization. The complete DNA was broke down utilizing 1Kb stepping stool 

on 0.8 percent agarose gel with ethidium bromide. The disconnected DNA was likewise 

dissected utilizing spectrophotometer at 260 and 280 nm for subjective and quantitative 

analysis. 

3.8 Amplification of Chitinase gene: 

Amplification of the following chitinase genes were performed with the 

following primers specific. 

Table 3.1: Chitinase gene specific primer used in the present study  

Name of the 

gene  

Primer sequence Amplicon 

length (bp) 

Reference 

Endochitinase Chit(f)  5’ATTCACACTGCTATTACTATC3’ 

Chit(r) 5’ TGACGGCATTTAAAAGTTCGGC3’ 

1997 Djenane et 

al., 2017 

Exochitinase Chi36(f) 5’GATGTTAAACAGGTTCAA 3’ 

Chi36(r) 5’TTATTTTTGCAAGGAAAG 3’ 

1083 Djenane et 

al., 2017 

Chitinase F:5' TTCA(T/C)GTTCAACACT ACAA 3' 

R: 5' CATTAGGCCGCGGA(A/G)TG 3' 

350 El-Hamshary 

et al., 2008 

The PCR reaction was done using an Eppendorf thermal cycler and the reaction 

mixture was 25 The PCR reaction was done using an Eppendorf thermal cycler and the 

reaction mixture was 25 µl containing 50 ng of genomic DNA, 75 ng each of forward 

and reverse primers and 12.5 µl 2X PCR master mix (Bangalore Genie, India). The 

PCR reaction system was optimized based on the previously published protocol from 

Jain et al. (2021) and briefly, the annealing temperature for all these primers were used 

as 48 o C for 45 sec in each cycles of the PCR. The PCR mixture without genomic DNA 

was used as negative control. Amplification accounted for 30 cycles. Seven microliters 

of the amplified products were analysed using 1 KB and 100bp ladder on 1.2 per cent 

agarose gel with ethidium bromide staining.  

 



3.9 Molecular Characterization of Chitinase producing native Bacillus 

thuringiensis strains: 

The PCR amplified 16S rDNA region of chitinase producing Bacillus 

thuringenisis stains were amplified and sequenced using automated DNA Sequencer 

(ABI model 377, Applied Biosystems) as per the method described by Jain et al. (2017). 

Amplification of 16S rDNA region by PCR was performed with universal primers, 27F 

(5’AGAGTTTGATCCTGGCTCAG 3’) and 1492R (5- 

‘ACGGCTACCTTGTTACGACTT -5’) specific to conserved regions. The amplified 

product were gel purified and sequenced at Biokart India Pvt Ltd, Bangalore. The 16S 

rDNA sequences were edited before the BLAST using the BioEdit software package. 

The sequences obtained in the study were compared with previously submitted 

sequences of nucleotide database GenBank at National Centre for Biotechnology 

(NCBI) using the nucleotide BLAST (blastn). The 16S rDNA consensus sequences 

were aligned using online tool CLUSTAL-W. This alignment was further used for 

phylogenetic tree construction through MEGA 6.06 software using the Maximum 

Likelihood method.   

 



4. RESULTS AND DISCUSSION 

The research entitled "PCR based characterization of chitinase gene from 

Bacillus thuringiensis" was undertaken in the laboratory of All India Network Project 

on Soil Biodiversity & Biofertilizers, Department of Molecular Biology and 

Biotechnology (MBBT), Rajasthan College of Agriculture (RCA), MPUAT, Udaipur 

(Rajasthan) during 2019-2020. The results obtained in the research were discussed 

below under separate subheadings.  

4.1  Screening of chitinase producing Bacillus thuringiensis strains: 

4.1.1 Qualitative assay:  

The chtinolytic potential of twenty-eight Bacillus thuringiensis strains was 

assessed on chitinase screening media (CSM) supplemented with colloidal chitin as 

substrate for the determined of their chitinase solubilization activity. The Bt strains 

developed transparent holo zones of the CSM medium were considered positive for 

producing chitinase enzyme. The holo zones waere further visualized by the application 

of Gram’s Iodine solution which producing a transparent holo zone around the bacterial 

colonies (Figure 4.1) and among 28 Bt strains, 10 Bt strains produced prominent holo 

zone and having Chitinase producing activities. 

Further from the diameter of the holo zone and bacterial colony, the chitinase 

solubilization indexes (CSI) were calculated and summarized in Table 4.1. The 

maximum solubiliztion index was observed in Bt-13 with the CSI of 7.79±0.14 closely 

followed by Bt-2 (7.53±0.30), Bt-7 (6.77±0.16), Bt-10 (7.76±0.20), Bt-11 (3.70±0.27), 

Bt-19 (4.15±0.17), Bt-20 (6.19±0.21) and Bt-26 (3.67±0.19), Bt-28 (4.29±0.11) 

respectively. The minimum solubilization index was observed in Bt-27 with the CSI of 

3.45±0.10.  

The results obtained in the present study were well supported by the 

observations of Gupta et al. (2018) isolated 28 chitinase producing bacterial strains 

from the soil samples and reported that out of 28 strains only 12 showed clear holo zone 

when incubated in different concentrations (0.5, 1.0, 1.5, 2.0 and 2.5%) of colloidal 

chitin containing media plates. The formation of clear zone around the colonies 

indicates the presence of chitinase activities which helps the bacteria to utilize the chitin 

as a sole carbon and nitrogen source.  



Ong et al. (2017) reported the Chitinase activities using chitinase selective 

medium supplemented with colloidal chitin and bromocresol purple as an indicator in 

23 chitinase producing bacterial strains isolated from Malaysian soil samples, and the 

positive colonies produced a purple zone on the plate. Further, the two most potent 

isolates were chosen for identification and tentatively identified as Enterobacter sp. and 

Zymomonas sp., respectively, based on their morphological and biochemical test.  

Krithika et al. (2016) isolated 35 different bacterial strains from marine waste 

and out of which 14 isolates were showed chitinolytic activities by producing clear zone 

on chitin-containing media and highest activates were showed by the strains ASK5, 

ASK18, ASK19, ASK22, and ASK31 when the plates were further stained with 

Lugmann’s Iodine. 

Setia et al. (2015) isolated 18 chitinolytic bacterial isolates with different 

morphology from shrimp waste and based on primary screening and two isolates viz., 

PBK 2 and SA showed the highest chitinolytic index of 2.069 and 2.084 respectively. 

Similar results were also observed in the present study. 

Table 4.1: Chitinase solubilization index of chitinase hydrolyzing Bacteria (Bt) 

  *Data are mean of triplicate values; Data ± SD 

 

S.N. Bacillus thuringiensis Strains Chitinase solubilization index* 

1 Bt2 7.53±0.30 cm 

2 Bt7 6.77±0.16 cm 

3 Bt10 7.76±0.20  cm 

4 Bt11 3.70±0.27  cm 

5 Bt13 7.79±0.14  cm 

6 Bt19 4.15±0.17  cm 

7 Bt20 6.19±0.21  cm 

8 Bt26 3.67±0.19  cm 

9 Bt27 3.45±0.10  cm 

10 Bt28 4.29±0.11  cm 



4.1.2  Qualitative assay for Chitinase enzyme production 

The crude Chitinase enzyme from the Bacillus thuringiensis strains produced 

clear zones on colloidal chitin plate were further checked for qualitative examination 

by well dissemination strategy (Lunge and Patil, 2012). The crude chitinase enzyme 

from 10 Bt strains were produced according to Sudha et al. (2020) and further the 100 

µL crude Chitinase enzyme was added in the wells made on 1% colloidal chitin agar 

plates containing Bromocresol blue (BCP) color and incubated at 37°C (Sudha et al., 

2020). Colloidal chitin media containing BCP indicator (pH 4.7) when reacted with 

crude chitinase enzyme resulted in breakdown of chitin into N- acetyl glucosamine and 

due to the breakdown of chitin the increase of the medium was increased and the color 

of BCP  dye turned into purple (Figure 4.2). 

Petrisor et al. (2015) isolated the cultures of Trichoderma were examined 

qualitatively for production of extracellular enzymes chitinases on 1% colloidal chitin 

agar plates containing Bromocresol blue (BCP) dye and two strains viz., Td49 and 

Tdal12 strains exhibited higher chitinase activity by producing a higher diameter of the 

purple color zone on medium. Narayana and Vijayalakshmi (2009) also studied the 

enzymatic activities on partially purified chitinase enzyme on chitinase plates by 

placing the enzymes in the wells and observed clear chitinolytic zones also supports the 

results observed in the present study. 

4.1.3 Quantitative Chitinase enzyme production assay based on standard curve 

of N-acetyl glucosamine 

Based on the chitinase solubilization index (Table 4.1), the ten isolates viz., Bt-

2, Bt-7, Bt-10, Bt-11, Bt-13, Bt-19, Bt-20, Bt-26, Bt-27 and Bt-28 were selected further 

for quantitative chitinase enzyme activity (U/ ml) assay in liquid CSM media as per 

Sudha et al. (2020). The Chitinase activities were calculated based on standard curve 

of N-Acetyl glucosamine. The results for quantitative chitinase enzyme activity were 

summarized in (Table 4.2). The results revealed the enzyme activity varied from 0.130 

to 0.651 U/ml depending on the bacterial strain. Maximum chitinase activity was shown 

by Bt-2 (10.19±0.651 U/ml) closely followed by Bt-27 (6.53±0.309 U/ml), Bt-20 

(5.36±0.190 U/ml), Bt-7 (5.24±0.408 U/ml) and Bt-10 (5.20±0.192 U/ml) respectively.  

Similar results were observed by Ong et al. (2017) reported the highest 

chiltinase production after 24 h for Enterobacter sp. (6.70±0.15 U/mL) and Zymomonas 



sp (1.68±0.14 U/mL). Setia et al. (2015) reported the chitinase acitivity of isolates PBK 

2 and SA1.2 to 0.213 and 0.219 U/ml respectively. Chitinase activity depends on 

various factors such as time, pH, incubation time and substrate concentration etc. The 

chitinase enzyme activites observed in the present study was higher compare to the 

results observed by Setia et al. (2015).  

Gomma et al., (2012) reported that influence of additional carbon sources on 

chitinase production and reported enhanced chitinase production of 16.02 U/ml by B. 

thuringiensis when colloidal chitin medium amended with galactose. Saleem et al., 

(2014) reported that the production of chitinase by different chitinolytic Bt isolates and 

reported the highest Chitinase activity (0.23 U/ml) was reported in Bt-4 strain after the 

4th day of incubation. 

Table 4.2: Estimation of Chitinase activity 

S.N. BT STRAINS Chitinase activity (U/ ml) 

1 Bt-2 10.19±0.651 

2 Bt-7 5.24±0.408 

3 Bt-10 5.20±0.192 

4 Bt-11 4.83±0.132 

5 Bt-13 3.82±0.364 

6 Bt-19 5.18±0.329 

7 Bt-20 5.36±0.190 

8 Bt-26 3.78±0.101 

9 Bt-27 6.53±0.309 

10 Bt-28 4.41±0.398 

*Data are mean of triplicate values; Data ± SD 

4.2 Biochemical characterization of Chitinase producing Bacillus thuringiensis 

strain:                                                                                                               

Biochemical characterization offers an initial evaluation of the microorganism. 

Each bacterial species has its own metabolic activities, which are regulated by 

enzyme/biochemical activity. As a result, bacterial biochemical characterization can be 



used to distinguish distinct bacterial strains based on their precise biochemical profiles, 

as well as provide information about the ecology and physiology of the microorganisms 

being examined. The biochemical test was used in this analysis to look at the different 

enzymes of these Chitinase producing bacterial strains. 

All the 10 isolates were subjected to various biochemical studies and the results 

were summarized. Out of ten isolates, seven isolates were founded positive for oxidase 

activity, nine isolates were founded positive for gelatine liquification, eight isolates 

were founded positive for catalase activity, ten isolate were founded positive for 

Methyl-Red test and seven isolates were founded positive for Voges-Proksauer (Figure 

4.3).  

Das et al. (2015) studied four new Bt strains for various biochemical tests and 

all strains were positive for catalase activity whereas all isolates were negative for 

Methyl-Red and Voges-Proksauer test. Krithika et al. (2016) studied 5 bacterial isolates 

for biochemical characterization and reported that out of 5 isolates 3 were positive for 

oxidase activity, 1 was positive for catalase test, 1 showed positive results for gelatine 

liquification, all 5 isolates were positive for Methyl red test and all 5 isolates were 

negative for Voges-Proskauer test. 

Wafula et al. (2014) identified 10 isolates of gram-positive rod shaped bacteria 

and out of 10 isolates all were positive for oxidase test, all were also positive for catalase 

test, whereas 6 were positive for gelatine liquification and all were negative for methyl 

red test while positive for Voges-Proskauer test. Results obtained in the present study 

were in close agreement with the above mentioned reports. 

Table 4.3: Biochemical characterization of chitinase producing Bt strains 

Bt Strains Bt-2 Bt-7 Bt-10 Bt-11 Bt-13 Bt-19 Bt-20 Bt-26 Bt-27 Bt-28 

Oxidase + + - + + - + - + + 

MR - - - - - - - - - - 

VP + + + + + + + + + + 

Gelatin 

Liquefication  + + + + + + - + + + 

Catalase  - + + + + + - + + + 

MR: Methyl Red   ; VP: Voges Proskauer     + Positive result; - Negative result 



4.3 PCR based screening of Chitinase genes: 

4.3.1 Isolation of genomic DNA of Bacillus thuringiensis isolates: 

 The genomic DNA from ten different chitinase producing Bt strains were 

isolated and run on agarose gel to check its purity and quantity by standard procedures. 

Agarose gel electrophoresis of the Bt genomic DNA showed intact band (Figure 4.4).  

Previously, Jain et al. (2017) isolated the total genomic DNA from the native Bt strains 

and further use the isolated DNA for PCR based screening of different cry and vip genes 

and also used for molecular characterization of these Bt stains.  

Isolation of good quality DNA is the most important step. The DNA 

quantification was carried out by nano-spectrophometer and further based on the 

A260/A280 ratio, the quality of DNA was found to be in the range from 1.7-2.1 which is 

an indicator of moderate good quality DNA for the 10 chitinase producing Bt strains. 

This was also supported by appearance of single, compact and sharp band when 

resolved on agarose gel electrophoresis. The DNA concentration was diluted to 50ng/ul 

for the PCR based screening of chitinase genes. 

4.3.2 Screening of chitinase, exochitinase and endochtinase genes by PCR 

   The genomic DNA from Bt isolates were further screened by PCR with primer 

pairs specific to chitinase, exochitinase and endochitinase genes. Amplification of 

expected size of PCR products viz., 350 bp in chitinase gene, 1083 bp exochitinase and 

1997 bp in endochitinase in different primer pairs (Figure 4.5) indicated the presence 

of the above mentioned chitinase genes in Bt strains. All the 10 Bt strains showed the 

PCR amplification with chitiniase gene which indicate the presence of any type of 

chitinase gene. Further, the amplification with specific primers of endochintinase and 

exochitinase genes also confirmed that these Bt strains are harbouring both 

endochitinase and exochitinase genes.  

El-Hamshary et al. (2008) designed PCR primers for PCR amplification of 

conserved region of the chitinase gene and screened local and reference type strains of 

Bacillus thuringiensis by PCR for the presence of chitinase gene. The primers designed 

by El-Hamshary et al. (2008) showed expected molecular size amplification in both 

type strains as well the local isolate. Further sequencing of the PCR amplicons from 

local Bt isolates revealed 96% similarity with the reported chitinase gene from B. 



thuringiensis A1 Hakam. The same primer pair was used in present study and expected 

size of amplification was observed. 

Djenane et al. (2017) studied the occurrence of exochitinase and endochitinase 

genes in Bacillus spp. by PCR amplification using gene-specific primers and reported 

that 88 (64.2%) of the 137 Bacillus thuringiensis isolates harbored at least one type of 

the chitinase gene whereas 66 (48.2%) being positive for the exochitinase gene and 82 

(59.9%) being positive for the endochitinase gene. The results observed by Djenane et 

al. (2017) are in close agreement with the present study in which 10 strains (35.7%)  Bt 

strains were hourboring chitinase genes. 

4.4 Molecular Identification of chitinase producing bacteria: 

Five Bt strains viz., Bt-7, Bt-10, Bt-11, Bt-13 and Bt-27 having highest chitinase 

activities were selected further for molecular characterization based on the 

amplification and sequencing of 16S rDNA conserved region. The total genomic DNA 

from these potent five Bt isolates was used for the amplifcation of 16S rDNA region 

with the  universal primers, 27F and 1492R as described by Jain et al. (2021) and the 

amplification of the specific size ~ 1.4 kb amplicon of 16S rDNA region was observed 

in all the five Bt strains (Figure 4.6).  

The 16S rDNA amplicon was further gel purified and the purified DNA was 

sequenced with universal primers at Biokart India Pvt Ltd., Bangalore, India and 

analyzed using the nucleotide-nucleotide BLAST for the molecular identification. The 

strains were identified and attributed to the closely related taxa based on their homology 

and matches with earlier reported bacterial rDNA sequences in nucleotide BLAST. The 

accession numbers of the 16S rDNA were also obtained by submitting the DNA 

sequence at NCBI (Table 4.4) and the 16S rDNA sequences of these Bt strains revealed 

their greatest sequence identity with Bacillus thuringiensis.  

  



Table 4.4: Molecular Identity of Potent Bt strains 

Strains 
Molecular 

identity 

Accession 

number 

Closest type strain 

Molecular 

identity 
Strain 

Accession 

number 

Percent 

Similarity/ 

Query 

Coverage 

Bt 7 
Bacillus 

thuringiensis 
MW406896 

Bacillus 

thuringiensis 

IAM012 

077 
NR043403.1 99/99.14 

Bt 10 
Bacillus 

thuringiensis 
MW406897 

Bacillus 

thuringiensis 
IAM012077 NR043403.1 100/98.92 

Bt 11 
Bacillus 

thuringiensis 
MW406898 

Bacillus   

thuringiensis 
IAM012077 NR043403.1 100/98.96 

Bt 13 
Bacillus 

thuringiensis 
MW406899 

Bacillus 

thuringiensis 
IAM012077 NR043403.1 100/98.57 

Bt 27 
Bacillus 

thuringiensis 
MW406900 

Bacillus 

thuringiensis 
IAM012077 NR043403.1 100/99.05 

The partial sequence of 16S rRNA gene of isolate Bt-7 showed 100% homology 

with 16S rRNA sequence of Bacillus thuringiensis (Accession number NR_043403.1) 

already submitted to NCBI database. The partial sequence of 16S rRNA gene of isolate 

Bt-7, Bt-10, Bt-11, Bt-13 and Bt-27 showed highest homology with 16S rRNA 

sequence of Bacillus thuringiensis (Accession number NR_043403.1) already 

submitted to NCBI database. The phylogenetic position of the species is shown in (Fig. 

4.8-4.12).  

Tran et al., (2018) isolated thirty one chitinolytic bacteria from sediments and 

chitin flakes immersed in the water of a sand dune lake, Japan and the phylogenetic 

analysis of these isolates based on the 16S rRNA genes sequence reveal that most 

isolates belonged to the families Aeromonadaceae, followed by Paenibacillaceae, 

Enterobacteriaceae, and Neisseriaceae. Ten strains were estimated to be Aeromonas 

hydrophila; two strains to be Aeromonas salmonicida; and one strain to be Serratia 

plymuthica.  

Sudha et al., (2020) isolated and characterized two bacterial at molecular level 

and identified these strains as Bacillus thuringiensis strain LS1 and Bacillus cereus 

strain LS2 by 16S rDNA analysis. The BLAST analysis revealed that the bacterial 

species LS1 and LS2 showed a very high percentage of similarity (98.87%) with the 



sequences of B. thuringiensis and B. cereus, respectively, with a reasonably high score 

and E-value being 0.  

Hardoko et al., (2020) isolated and characterized the strong chitinolytic 

bacterial isolate A12 from rotten tiger shrimps (P. monodon) shells. Further the 

molecular identification based on 16S rDNA gene sequence revealed the identity of the 

isolate A12 was Providencia stuartii, with similarity of 99.33%. 

Setia and Suharjono (2015) isolated chitinolytic bacteria from shrimp waste and 

two isolates viz. PBK 2 and SA 1.2 having the highest chitinolytic index were molecular 

characterized based on 16S rDNA sequences and revealed their identity as 

Acinetobacter johnsonii and Bacillus amyloliquefaciens respectively. 

The present study addressed that screening and ability of local isolate of 

Bacillus thuringiensis strains to produce the chitinase enzyme. The Chitinase activity 

of these strains i.e. Bt-13 were significantly high and PCR based screening also revealed 

the presence of both exochitinase and endochtinase genes. The Chitinase activity of 

these strains might be the presence of novel chitinase genes, hence, these genes need to 

be cloned and expressed in the suitable host for its applications under various processes. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Screening of Chitinase producing Bt strains on chtinase screening media 

(CSM) containing colloidal chitin as substrate. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Qualitative assay of Chitinase crude enzyme activities on colloidal chitin 

plate containing BCP dye as color indicator 

 

 

 

 

 

 



 

 

 

 

 

Figure 4.3: Biochemical studies of Chitinase producing Bt strains; (a) Oxidase test  ;(b) 

Gelatin Liquification Test  ;(c) Catalase test ;(d) Methyl – Red  ;(e) Voges-Proksauer 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Figure 4.4: Agarose gel electrophoresis of the genomic DNA isolated from Chitinase 

producing Bt strains; M1: 1 Kb ladder DNA 
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Figure 4.5: Agarose gel electrophoresis of the PCR amplification screened with chitinase 

gene specific primers. M1: 100 bp extended ladder. 
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Figure 4.6: Agarose gel electrophoresis of the PCR amplification screened with 

exochitinase gene specific primers. M1: 100 bp extended ladder M2: 1 Kb ladder. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Figure 4.7: Agarose gel electrophoresis of the PCR amplification screened with 

endochitinase gene specific primers. M1: 100 bp extended ladder M2: I Kb Ladder. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 4.12: Sequencing and Phylogenetic Analysis of 16S rDNA of Bt-27 strain. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 4.11: Sequencing and Phylogenetic Analysis of 16S rDNA of Bt-13 strain. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Figure 4.10: Sequencing and Phylogenetic Analysis of 16S rDNA of  Bt-11 strain. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Figure 4.9: Sequencing and phylogenetic analysis of 16S rDNA of  Bt-10 strain. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Figure 4.8: Sequencing and phylogenetic analysis of 16S rDNA of Bt-7 strain. 

 



5. SUMMARY AND CONCLUSION 

This chapter summarizes the research findings with concluding remarks on 

“PCR based Characterization of Chitinase gene from Bacillus thuringiensis” carried 

out at the AINP-SBB, MBBT Department, Rajasthan College of Agriculture, MPUAT, 

Udaipur (Rajasthan).  

In the present study, twenty eight strains having chitinase solubilizing activity 

were used for determination of their potential to hydrolyze chitinase solubilization on 

CSM plate’s supplemented colloidal chitin as substrate and the ten strains showed 

positive results by producing clear holo zone around the bacterial colonies. The 

maximum solubilization index was observed in Bt-13 with the SI of (7.79±0.14) closely 

followed by Bt-2 (7.53±0.30), Bt-7 (6.77±0.16), Bt-10 (7.76±0.20), Bt-11 (3.70±0.27), 

Bt-19 (4.15±0.17), Bt-20 (6.19±0.21) and Bt-26 (3.67±0.19), Bt-28 (4.29±0.11), 

whereas the minimum solubilization index was observed in Bt-27 with the SI of 

(3.45±0.10). Further, these ten isolates were selected further were selected for 

quantitative and qualitative chitinase enzyme production assay and the maximum 

Chitinase enzyme activity was observed in the strain Bt-2 (10.19±0.651 U/ml) followed 

by Bt-27 (6.53±0.309 U/ml), Bt-20 (5.36±0.190 U/ml), Bt-7 (5.24±0.408 U/ml) and Bt-

10 (5.20±0.192 U/ml) respectively. 

In the present study the biochemical tests were performed to understand the 

various enzymes produced by these Chtinase producing Bt strains. Out of ten isolates, 

seven isolates were found positive for oxidase activity, nine isolates were found positive 

for gelatine liquification, eight isolates were found positive for catalase activity, ten 

isolate were found positive for Methyl-Red test and seven isolates were found positive 

for Voges-Proksauer.  

PCR based screening of chitinase gene was conducted along with chitinase, 

endochitinase and exochitinase genes. All these 10 Bt strains showed the presence of 

chitinase, endochitinase and exochitinase genes by PCR confirmed that these strains 

are harbouring both endochitinase and exochitinase genes.  

Based on zone of hydrolysis and chitinase activities five Bt strains viz., Bt-7, 

Bt-10, Bt-11, Bt-13 and Bt-27 were selected further for molecular characterization 

based on the amplification and sequencing of 16S rDNA conserved region and the 16S 

rDNA sequences of these Bt strains revealed their greatest sequence identity with genus 



Bacillus.  The partial sequence of 16S rRNA gene of isolate Bt-7 showed 100% 

homology with 16S rRNA sequence of Bacillus thuringiensis (Accession number 

NR_043403.1) already submitted to NCBI database. The partial sequence of 16S rRNA 

gene of isolate Bt-7, Bt-10, Bt-11, Bt-13 and Bt-27 showed highest homology with 16S 

rRNA sequence of Bacillus thuringiensis (Accession number NR_043403.1) already 

submitted to NCBI database. 

In conclusion, the Bt strains isolated in the present studies addressed that 

screening & abilities of the local isolates of Bacillus thuringeisis strain to produce the 

chitinase enzymes. The Chitinase activity of these strains i.e. Bt-13 were significantly 

high and PCR based screening also revealed the presence of both exochitinase and 

endochtinase genes. The Chitinase activity of these strains might be the presence of 

novel chitinase genes, hence, these genes need to be cloned and expressed in the 

suitable host for its applications under various processes. 
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ABSTRACT 

 

 

Chitinase are prevalent in life and are found in species including archaea, 

bacteria, fungi, plants, and animals. Chitinase break down chitin, which is the second 

most abundant carbohydrate in nature after cellulose. Chitinases produced by different 

microbes have received great attention in recent times due to their wide range of 

biotechnological applications i.e. biocontrol of pathogen and pests etc. In the present 

study, twenty eight Bacillus thuringiensis (Bt) strains were studied for their potential to 

hydrolyze chitinase on chitin solubilizing medium (CSM) supplemented colloidal 

chitin as substrate and ten Bt strains showed positive results by producing clear holo 

zone around the bacterial colonies. The maximum chitinase solubilization index was 

observed in Bt-13 whereas the minimum solubilization index was observed in Bt-27 

strain. The Chitinase enzyme production assay revealed the minimum enzyme activity 

in Bt-26 (3.78  ± 0.101 U/ml) whereas the maximum activity was observed in the strain 

Bt-2 (10.19 ± 0.651 U/ml). Biochemical studies were also conducted to characterize the 

Bt strains on basis of different biochemical test. Further, the PCR based chitinase gene 

screening also revealed that all these 10 strains were harboring both endochitinase and 

exochitinase genes.  The potent Bt strains viz., Bt-7, Bt-10, Bt-11, Bt-13 and Bt-27 on 

the basis of Chitinase enzyme production were selected further for molecular 

characterization and the 16S rDNA sequences of these Bt strains revealed their greatest 

sequence identity with 16S rRNA sequence of Bacillus thuringiensis (Accession 

number NR_043403.1) already submitted to NCBI database. The Chitinase activity of 

these strains may be due to the presence of novel chitinase genes, hence, these genes 

need to be cloned and expressed in the suitable host for its biological applications. 
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dkbfVusl cukus okys cSflyl Fkqfjatsafll esa dkbfVusl thu dk ihlhvkj 

vk/kkfjr y{k.k o.kZu 

ifo= flag *                                  M‚ v#.kkHk tks'kh ** 

'kks/kdrkZ            izeq[k lykgdkj 

vuq{ksi.k 

dkbfVusl thou esa çpfyr gSa vkSj ;s vkfdZ;k] cSDVhfj;k] dod] ikS/kksa vkSj tkuojksa 

lfgr çtkfr;ksa esa ik, tkrs gSaA dkbfVusl dkbfVu dks rksM+rk gS tks dh lsyqykst ds ckn 

ç—fr esa nwljk lcls çpqj dkcksZgkbMªsV gSA fofHkUu lw{ethoks }kjk mRikfnr dkbfVusl us  

gky ds fnuksa esa tSo&çkS|ksfxdh; vuqç;ksx tsls dh~ jksxtudksa vkSj dhVksa ds ck;ksdsUVªksy 

vkfn ls /;ku vÉtr fd;k gSA orZeku v/;;u esa] vëkbZl cSflyl Fkqfjatsafll  ¼chVh½ 

miHksnksa dk v/;;u fd;k x;k vkSj vëkbZl miHksnksa esa ls nl chVh miHksnksa us dkbfVu 

lksyqfcykbÇtx ekè;e ¼lh,l,e½ ij Li"V gksyks tksu dk fuekZ.k djds ldkjkRed ifj.kke 

fn[kk,A chVh&13 LVªsu  esa vf/kdre dkbfVusl ?kqyu'khyrk lwpdkad ns[kk x;k tcfd 

chVh &27 LVªsu esa U;wure ?kqyu'khyrk lwpdkad ns[kk x;k FkkA dkbfVusl ,atkbe mRiknu 

{kerk us chVh &26 LVªsu esa U;wure ,atkbe xfrfof/k ¼3-78 ± 0-10½ ;w@feyhyhVj dks çdV 

fd;k tcfd vf/kdre xfrfof/k  chVh &2 LVªsu  ¼10-19 ± 0-651½ ;w@feyhyhVj esa ns[kh 

xbZ FkhA tSo jklk;fud ijh{k.k ds vk/kkj ij chVh miHksnksa dks fpfàr djus ds fy, tSo 

jklk;fud v/;;u Hkh fd, x, FksA blds vykok] ihlhvkj vk/kkfjr dkbfVusl thu 

LØhfuax ls ;g Hkh irk pyk gS fd ;s lHkh 10 miHksn ,aMksdkbfVusl vkSj ,DlksdkbfVusl 

thu nksuksa esa viuh çfrfØ;k fn[kk jgs FksA çcy chVh miHksnksa] chVh &7] chVh &10] chVh 

&11] chVh &13 vkSj chVh &27 dkbfVusl ,atkbe mRiknu ds vk/kkj ij vk.kfod y{k.k 

o.kZu ds fy, vkxs pqus x, vkSj bu chVh miHksnksa ds 16 ,l vkjMh,u, –';ksa us csflyl 

Fkqfjatsafll ds 16 ,l vkjj,u,  vuqØe ds lkFk viuh lcls cM+h vuqØe igpku dk irk 

yxk;k ¼ifjxzg.k la[;k ,u-vkj-&043403-1½ tks dh ,u lh ch vkÃ MsVkcsl esa tek fd;k 

x;k gSA bu miHksnksa dh dkbfVusl xfrfof/k ubZ dkbfVusl thu dh mifLFkfr ds dkj.k gks 

ldrh gS] blfy,] bu thuksa dks Dyksu fd;k tkuk pkfg, vkSj blds tSfod vuqç;ksxksa ds 

fy, mi;qä estcku esa O;ä fd;k tkuk pkfg,A 

 

* Lukrdksrj 'kks/k Nk=] vkf.od tho foKku ,oa tSo izkS|ksfxdh foHkkx] jktLFkku —f"k 

egkfo|ky;] mn;iqj ¼jktLFkku½ 

**  lgk;d izk/;kid] vkf.od tho foKku ,o atSo izkS|ksfxdh foHkkx] jktLFkku —f"k 

egkfo|ky;] mn;iqj ¼jktLFkku½ 



ANNEXURE-I 

ANNUXURE - I 

1. Medium composition of Colloidal Chitin Agar   

Ingredients Grams/Litre 

Disodium hydrogen phosphate 6 g 

Potassium dihydrogen phosphate 3 g 

NH4Cl(Ammonium Chloride) 1 g 

NaCl (Sodium chloride) 0.5 g 

Yeast Extract 0.05 g 

Colloidal Chitin 5 g 

Agar agar 20g 

pH 7 

Distilled Water 1 liter 

**Formula adjusted, standardized to suit performance parameters 

All ingredients are mixed, strained and the volume is made 1000 ml and boiled 

till all ingredients get dissolved. 

2. Medium composition of Chitinase detection medium  

Ingredients Grams/Litres 

Magnesium sulphate heptahydrate 0.3 g 

Ammonium Sulphate 3 g 

Potassium Dihydrogen phosphate 2 g 

Citric acid monohydrate 1 g 

Agar 15 g 

Tween-80 0.2ml 

Colloidal chitin 4.5g 

                     Bromocresol Purple 0.15g 

                           pH 4.5-4.7 

                        Distilled water 1 litre 

All ingredients are mixed in boiled water. 
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