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Abstract 
Chitinases are extensively dispersed enzymes involved in the bioconversion process of wastes from 

crustacean chitin, chitin mineralization and in plant defense. Chitinases as biocontrol agents are of 

considerable importance. Plants, animals and microorganisms are the main sources of chitinase enzyme. 

Though, enzymes from microbial origin have tremendous applications in industrial sectors. Chitin and its 

derived compounds are of great concern not only as an under-utilized bio-resource but also as a new 

functional material of high potential in various fields. Utilization of chitinases for diverse aspects 

depends upon the supply of cost effective preparations. The biochemistry and genetics of these enzymes, 

their phylogenetic relationships and methods of estimation will make them more practical in a wide range 

of processes in the near future. This review focuses on production of chitinases, their classification, 

degradation, biocontrol attributes and their use in industrial applications.   
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Introduction 
Enzymes are biocatalysts that carry out an array of chemical reactions and have a wide range 

of physiological, analytical and industrial applications. Although enzymes have been isolated, 

purified and studied from microbial, animal and plant sources but microorganisms are the most 

common sources of enzymes due to their broad biochemical diversity, feasibility of mass 

culture and ease of genetic manipulation. Chitin is a β (1-4) polymer of N-acetyl-D-

glucosamine (GlcNAc) and is the most vital structural component of numerous biological 

systems such as mollusks, insects, crustaceans, fungi, algae and marine invertebrates [1]. Chitin 

and its derivatives are of marketable and biotechnological interest. Chitin is a Greek word 

signifying envelope and was discovered in 1811, as a substance occurring in mushrooms. It is 

the second most abundant natural biopolymer on earth after cellulose.  

Chitinase (EC 3.2.1.14) is the main chitin degrading enzyme. The chitin catabolism usually 

takes place in two main steps which involves the initial cleavage of the chitin polymer by 

chitinase into chitin oligosaccharides and subsequently further cleavage to N-acetyl 

glucosamine monomers by chitobiases [2]. Chitinases produced by diverse microoraganisms 

have gained increased interest due to their broad array of biotechnological application, 

especially in the creation of chitooligosaccarides and N-acetyl D-glucosamine, biocontrol of 

pathogen and pests, production of sphaeroplasts and protoplasts from yeast and fungal species 

and bioconversion of chitin waste to single cell protein. Therefore, application of chitin-

hydrolyzing enzymes (chitinases) is anticipated for efficient employment of this abundant 

biomass. Particularly, chitinases are used in agriculture to control plant pathogens. Chitinases 

and chitin oligomers produced by enzymatic hydrolysis of chitin can also be used in human 

health care. Chitin is also used as a sole source of carbon and nitrogen in the media to isolate 

chitinase producing organisms. The omnipresence of chitin in the environment makes it 

significant to realize the role and the underlying metabolic processes of chitin turnover in the 

environment. 

 

Classification   
Chitinases are classified on the basis of mode of action as projected by International Union of 

Biochemistry and Molecular Biology (IUBMB, 1992) and they categorized them into two 

broad categories, endochitinase (E.C. 3.2.1.14), which arbitrarily hydrolyses chitin polymer to 

produce soluble low molecular weight polymers. 



Journal of Entomology and Zoology Studies 
 

~ 838 ~ 

The other is exochitinase, which consists of two categories, 

chitobiase (E.C. 3.2.1.29), which catalyze the progressive 

release of di-acetylchitobiose starting at the non-reducing end 

of the chitin and β-N-acetylglucosaminidase (E.C. 3.2.1.52), 

which sequentially removes NAG units from the non-

reducing end of the products produced by endochitinases and 

chitobiases with higher affinity to the latter (3, 4, 5). 

Chitinases can also be grouped into glycosyl hydrolase 

families (GH) 18, 19 and 20 on the basis of amino acid 

sequence similarity which are structurally dissimilar [6]. 

Fungal chitinases chiefly belongs to GH family 18 which in 

addition consists of chitinases from bacteria [3, 5]. Family 19 

chitinases have frequently been documented in plants. Family 

20 includes the β-N-acetylhexosaminidases from bacteria like 

Vibrio harveyi, Streptomycetes and humans [7]. Chitinases 

family 18 involves substrate-assisted catalysis, which retains 

the anomeric configuration of the product. Family 18 

chitinases are frequently subdued by allosaminidin [3, 8]. 

Fungal chitinases can also be separated into three major 

subgroups, namely, A, B and C, based on the amino acid 

sequences of their GH 18 modules. These subgroups usually 

differ in the architectures of their substrate-binding site and 

thus, their catalytic activities (exo vs. endo) and also have 

divergent carbohydrate-binding modules (CBM) [7, 9]. 

Subgroup A chitinases has a catalytic domain, but no CBMs 

and has a standard molecular mass of 40–50 kDa. Subgroup B 

chitinases have uneven sizes and domain structures with 

molecular mass ranging from 30–90 kDa. Subgroup C is a 

new subgroup of fungal chitinases ranging from 140–170 kDa 

in molecular mass and has a chitin-binding domain (CBM 

18). 

 

Structure of chitinases 

The chitinases of the two dissimilar families do not contribute 

to amino acid sequence similarity and have totally different 

three‐dimensional (3D) structures [10] and molecular 

mechanisms. Consequently, they are predicted to have 

evolved from varied ancestors. Family 18 have a number of 

conserved repeats of amino acids. It includes an enzyme core 

having eight strands of parallel β sheets, forming a barrel laid 

down α helices, which in turn forms a ring towards outside 
[11]. A multi domain arrangement including catalytic domains 

and both a cysteine rich chitin‐binding domain and a serine/ 

threonine rich glycosylated domain have been recognized as 

one of the structural characteristics of chitinases in a variety 

of animals and microorganisms [12]. The resemblance revealed 

by bacterial and fungal chitinases suggests that the catalytic 

domains are comparable in all of these [13]. 

An extensive study of chitin binding domains in plant proteins 

discovered that the eight cysteines inside the chitin binding 

domain are significantly conserved. Additionally, plants also 

have chitin binding proteins (CBPs) having a cysteine rich 

chitin binding domain, lacking chitinase activity [14]. In 

bacteria the chitin binding domain is dissimilar than that 

found in plants which contain eight conserved cysteine 

residues [15]. The function of chitinases is also in the binding 

of a non‐catalytic chitin binding protein to chitin [16]. 

Watanabe et al., [17] reported only four amino acids in the 

catalytic domain that are conserved between bacterial and 

plant class III chitinases. The fungal chitinases connects to 

their substrate or cell wall with the aid of the chitin binding 

domain [18]. A six cysteine conserved region present in the 

chitin binding domain of CTS1 and K1Cts1p is most likely 

concerned in the protein protein interaction or tertiary 

structure through the disulphide bond formation [18, 19]. 

Viterbo et al., [20] reported that the C‐terminal chitin binding 

domain in insect chitinases binds to the substrate and has a 

typical six cysteine motif parallel to nematode chitinases. 

 

Chitin degradation  
It is an extremely synchronized procedure and the hydrolytic 

enzymes are induced by products of the chitin hydrolysis, 

GlcNAc [21], or soluble chitin oligomers [22], depending on the 

organism under study. As compared to (GlcNAc)2, GlcNAc 

has also been reported to act as a suppressor of chitinase 

expression in a streptomyces strain [23] and this may be 

because its chief origin in natural systems could be from 

murein in cell walls instead of chitin [24]. Additional factors 

more usually regulating the expression of these and other 

hydrolytic enzymes are nutrient regime and accessibility of 

other, more readily accessible growth substrates. Total lysis of 

the insoluble chitin polymer characteristically consists of 

three main steps (1) cleaving the polymer into water soluble 

oligomers (2) splitting of these oligomers into dimers and (3) 

cleavage of the dimers into monomers. The first two steps are 

frequently catalyzed by chitinases. The occurrence of 

chitinases in bacteria is prevalent among phyla and the 

productions of multiple chitin lytic enzymes by individual 

bacterial strains come out to be a common trait [25, 26, 27, 28, 29]. 

Chitinases are usually grouped into family 18 and 19 

glycoside hydrolases. The latter are uncommon in bacteria 

apart from for some members of the genus Streptomyces [30, 31, 

27, 28, 29]. It has been hypothesized that family 18 and 19 

glycoside hydrolases have evolved discretely, as genes 

belonging to these two parallel gene families show little or no 

sequence homology, nor do they share the same molecular 

level catalytic mechanism [32, 33, 34]. The existence of multiple 

genes in a single organism may be the consequence of gene 

duplication or attainment of genes from other organisms via 

lateral gene transfer [35]. In support of the previous 

mechanism, different chitinase gene sequences found within 

single organisms are often almost indistinguishable. There are 

evidences where chitinase genes simultaneously existing in a 

single organism are very dissimilar and come together with 

chitinase sequences from somewhat indistinctly related 

organisms [27, 36, 37].  

Chitin degradation is also affected by more cryptic factors. 

For instance, a chitin-binding protein devoid of any catalytic 

domain has been revealed to facilitate the degradation of β-

chitin by degrading the crystalline chitin polymer structure 
[38]. The protein showed important sequence similarity to a 

gene product in Streptomyces olivaceoviridis known to have 

high affinity to α-chitin [39]. It has been proposed that the 

capability to fabricate such proteins with high specific affinity 

to a certain crystalline chitin structure may be crucial for the 

capacity of bacteria to differentiate and react to specific 

crystalline chitin structures [40]. Such chitin-binding domains 

may also affect chitin degradation in some way by facilitating 

adhesion of cells to chitinous substrates, an attribute that is of 

particular significance in aquatic environments [41, 42]. 

 

Chitinase production 

Microbial chitinase has been produced by liquid batch 

fermentation, continuous fermentation, and fed-batch 

fermentation. Additionally, solid-state fermentation and 

biphasic cell systems have also been used for the production 

of chitinase. Microbes in general produce inducible 

chitinases. Components of media, carbon sources, nitrogen 
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sources and agricultural residues viz., rice bran, wheat bran, 

etc. also affect extracellular chitinase production [43, 44]. An 

attractive effect of glucose on chitinase production was 

reported by Bhushan [43] when glucose was used with chitin in 

the production medium. On the other hand, a suppressing 

effect of glucose on chitinase production was reported by 

Miyashita et al. [45]. A number of other physical factors such 

as aeration, pH and incubation temperature also influence 

chitinase production. The addition of amino acids and their 

analogs such as tryptophan, tyrosine, glutamine, and arginine 

(0.1 mM) in the growth medium enhanced chitinase 

production from Bacillus sp. BG-11 [43]. 

Several other methods, such as cell immobilization [43], 

biphasic cell systems [46], solid-state fermentations, etc., have 

been used for improving chitinase production from different 

microorganisms [43]. Enhanced production of extracellular 

chitinase by S. marcescens in an aqueous two-phase system 

(ATP) of PEG and dextran was reported by some workers [46]. 

They reported maximum chitinase activity of 41.5 units in 

ATPs [2% (w/w) PEG 20,000 and 5.0% (w/w) dextran T 500] 

compared with 13.6 units in a polymer-free system. 

 

As biocontrol agent  
Chitinases as previously discussed have been detected in 

enormous variety of organisms, including those that contain 

chitin, such as insects, crustaceans, yeasts and fungi and also 

organisms that do not have chitin, such as bacteria, higher 

plants and vertebrates. In arthropods, chitinases are concerned 

with molting and digestion. Insects shed their old cuticles and 

rebuilt new ones and this is mediated by the release of 

chitinases in the molting fluid that accumulates between the 

old cuticle and the epidermis. The products of hydrolysis are 

recycled for the formation of the new cuticle as the larvae 

ingest the old cuticle. It seems that, chitinases found in the gut 

have a digestive purpose in addition to their role in breaking 

down the chitin present in the gut lining [47]. The model of 

fungal cell wall growth projected by Bartnicki-Garcia [48] 

described the job played by lytic enzymes in maintaining a 

balance between wall synthesis and wall lysis during hyphal 

apical growth. 

 

Chitinases in insect control 
Insect pathogenic fungi have a substantial role for the 

biological control of insect pests of plants. The greater part of 

these fungi occur in the Deuteromycotina and Zygomycotina. 

Many attempts have been made to make use of the 

Deuteromycotina fungi for insect control. In this regard, the 

peritrophic membrane and exoskeleton of insects act as 

physicochemical barriers to environmental hazards and 

predators. However, entomopathogenic fungi overcome these 

kinds of barriers by producing multiple extracellular enzymes, 

together with chitinolytic and proteolytic enzymes that help 

out to penetrate the cuticle and facilitate infection [49, 50]. 

Venom of some insects is reported to contain chitinolytic 

enzymes that might serve to aid the entry of venomous 

components into prey [51]. Likewise, the nematode Brugia 

malayi utilizes chitinase to break down defensive chitinous 

extracellular sheath and the peritrophic membrane to get entry 

into the mosquito host [52, 53]. Baculoviruses also contain genes 

for chitinases, but their specific role(s) in host infection is 

uncertain [54]. However, hydrolytic enzymes used by insects, 

fungi and other organisms for molting or barrier diffusion are 

potentially helpful in pest management because their 

physiological action is to wipe out vital structures such as the 

exoskeleton or peritrophic membrane of insects. Chitinases 

appear to be occupied in the penetration of host cuticle by 

entomopathogenic fungi [55-57]. Virulent isolates of N. rileyi 

exhibit considerably higher levels of chitinase activity than 

avirulent strains at the time of cuticle penetration [49]. 

Chitinase gene expression in entomopathogenic fungi is 

supposed to be controlled by a repressor-inducer system in 

which chitin or the oligomeric degradation products serve as 

inducers [50]. On the other hand, bacterial chitinases were 

unsuccessful in assays in which insects were fed a diet 

containing the enzymes. No mortality of the nymphal stages 

of the rice brown plant hopper, Nilapawata lugens, occurred 

when 0.09% w/v Streptomyces griseus chitinase was 

supplemented to an artificial diet [58].  

 

Chitinases in the control of phytopathogenic fungi 
Chitinase production has also been coupled with the 

biocontrol of various soil borne fungal diseases [59]. Chitinase 

producing bacteria and glucanases showed opposition or 

antagonism in vitro against fungi [60]. Fungal growth 

inhibition by plant chitinases and termination of fungal cell 

walls by a streptomycete chitinase and β-(1, 3)-glucanase 

have been long established [61]. Mutants of Serratia 

marcescens with inactivated chiA gene resulted in loss of bio 

control efficacy [62]. A recombinant Escherichia coli 

expressing chiA gene from S. marcescens was effective in 

reducing disease incidence caused by Sclerotium rolfsii and 

Rhizoctonia solani [63]. Chitinase genes from S. marcescens 

have been expressed in Pseudomonas sp. and the plant 

symbiont Rhizobium meliloti. The modified Pseudomonas 

strain was revealed to control the pathogens F. oxysporum and 

Gaeumannomyces graminis var. tritici [64]. The anti fungal 

activity of the transgenic Rhizobium during symbiosis on 

alfalfa roots was confirmed by lysis of R. solani hyphal tips 

treated with cell-free nodule extracts [65].  

 

Application of chitinases 

There are numerous applications of chitinases. Some of them 

are discussed below (Fig.1). 

 

Cytochemical localization 

Chitin and chitosan are ubiquitous polymers of fungal cell 

walls. Even though biochemical investigation can offer 

accurate information about their structures, cytochemical 

localization studies can disclose the functional specialization 

of these polymers. Wheat germ agglutinin–gold complex and 

chitinase gold complex have been used as probes for the 

discovery of GlcNAc residues in the secondary cell walls of 

plants and in pathogenic fungi. 

 

Production of single-cell protein 

Revah-Moiseev and Carrod [66] recommended the use of 

shellfish waste for the bioconversion of chitin to yeast single-

cell protein (SCP) using chitinolytic enzymes. They used 

chitinase system of S. marcescens to hydrolyze the chitin and 

Pichia kudriavazevii to yield SCP (with 45% protein and 8–

11% nucleic acids). The frequently used fungi as the source of 

SCP are Hansenula polymorpha, Candida tropicalis, 

Saccharomyces cerevisiae and Myrothecium verrucaria. Vyas 

and Deshpande [67] utilized chitinolytic enzymes of M. 

verrucaria and S. cerevisiae for the production of SCP from 

chitinous waste. The total protein content was reported to be 

61%, with very low contents of nucleic acids (3.1%). 
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Fig 1: Application of chitinases 

 

Isolation of protoplasts 

Fungal protoplasts have been used as an efficient 

investigational apparatus in studying cell wall synthesis, 

enzyme synthesis and secretion, as well as in strain 

enhancement for biotechnological applications. As fungi have 

chitin in their cell walls, the chitinolytic enzyme seems to be 

indispensable along with other wall-degrading enzymes for 

protoplast development from fungi. Dahiya et al. [44] reported 

the efficiency of Enterobacter sp. NRG4 chitinase in the 

production of protoplasts from Trichoderma reesei, Pleurotus 

florida, Agaricus bisporus, and A. niger. Mizuno et al. [68] 

isolated protoplast from Schizophyllum commune using the 

culture filtrate of B. circulans KA-304. An enzyme complex 

from B. circulans WL-12 with elevated chitinase activity was 

efficient in generating protoplasts from Phaffia rhodozyme 
[69]. 

 

Production of chitooligosaccharides, glucosamine and 

GlcNAc 

Chitooligosaccharides, glucosamines and GlcNAc have 

enormous pharmaceutical potential. Chitooligosaccharides are 

potentially helpful in human medicines. For instance, 

antitumor activity was shown by chitohexaose and 

chitoheptaose. Vibrio alginolyticus produced a chitinase that 

was used to prepare chitopentaose and chitotriose from 

colloidal chitin [70]. A chitinase preparation from S. griseus 

was used for the enzymatic hydrolysis of colloidal chitin. The 

chitobiose produced was subjected to chemical modifications 

to provide new disaccharide derivatives of 2-acetamido 2-

deoxy d-allopyranose moieties that are possible intermediates 

for the synthesis of an enzyme inhibitor, N, N′-diacetyl-β-

chitobiosyl allosamizoline [71].  

 

Chitinase objective for biopesticides  

The exoskeleton and gut lining of insects comprises of chitin. 

The molting chitinase enzyme has been discovered and 

described from Bombyx mori (silkworm), Manduca sexta 

(tobacco hawkmoth) and a number of other species. Likewise, 

chitinases have been caught up in different morphological 

events in fungi [72]. Allosamidin, a potent inhibitor of 

chitinase, was found to be inhibitory to the growth of mite 

(Tetranychus urticae) and a housefly larva (Musca domestica) 

after ingestion [73].  

 

Fungal biomass estimation 

A number of methods have been described to enumerate fungi 

in soil. This technique involves either direct microscopic 

surveillance or mining of fungus-specific indicator molecules 

such as glucosamine ergosterol. A strong connection has been 

reported between chitinase activity and fungal population in 

soils. Such connection was not found for bacteria and 

actinomycetes. Thus, chitinase activity is an appropriate 

indicator of actively growing fungi in soil. Miller et al. [74] 

revealed the association of chitinase activity with the content 

of fungus-specific indicator molecules using specific 

methylumbelliferyl substrates. Similarly, chitinase and chitin-

binding proteins can be used for the discovery of fungal 

infections in humans [75]. 

 

Mosquito control 

The universal socioeconomic aspects of diseases spread by 

mosquitoes made them possible targets for a variety of pest 

control agents. In case of mosquitoes, entomopathogenic 

fungus such as Beauveria bassiana could not infect the eggs 

of Aedes aegypti, a vector of yellow fever and dengue and 

other related species due to the aquatic environment. The 

scarabaeid eggs laid in the soil were found to be vulnerable to 

B. bassiana [76]. M. verrucaria, a saprophytic fungus, 

produces a total complex of an insect cuticle-degrading 

enzyme. It has been reported that both first and fourth instar 

larvae of mosquito A. aegypti could be killed within 48 h with 

the aid of the crude preparation from M. verrucaria.  
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Morphogenesis 

Chitinases plays a significant role in yeast and insect 

morphogenesis. The role of chitinases in cell separation 

during growth in S. cerevisiae. The functional expression of 

chitinase and chitosanase and their effects on morphogenesis 

in the yeast S. pombe. When the chiA gene was expressed in 

S. pombe, yeast cells grew slowly and cells became elongated 

but when the choA gene was expressed, cells became swollen. 

However, expression of both chiA and choA genes resulted in 

elongated and fat cells. 

 

Medical application 

Chitinases can also be engaged in human health care, for 

making ophthalmic preparations with chitinases and 

microbiocides. A direct medical use has been recommended 

for chitinases in the therapy for fungal diseases in potentiating 

the activity of antifungal drugs [77]. They can also be used as 

possible additives in antifungal creams and lotions due to 

their broad applications. 

 

Conclusion 

Chitinase is an important enzyme that acts as biocontrol 

agents against insects and phytopathogenic fungi besides its 

other potential industrial applications. They are basically 

divided into two broad classes-exochitinases and 

endochitinases. The chitinases of two different families have 

completely different three‐dimensional (3D) structures and 

molecular mechanisms. Chitin degradation by chitinase 

enzyme is a highly regulated process and is influenced by 

various factors. Commercially, the production of chitinase is 

carried out in the liquid batch fermentation, continuous 

fermentation, and fed-batch fermentation but solid-state 

fermentation can also be used. Several applications of 

chitinases have stimulated research in the study of 

biochemical, regulatory and molecular aspects of chitinolytic 

enzyme systems. Researchers are now interested in the 

discovery of novel enzymes that are more robust with respect 

to their kinetics and the identification of active site residues. 

In the future, protein engineering will offer the possibility of 

generating chitinases with entirely new functions. 
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