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ABSTRACT

Plants represent the major component of biota and have the capability to synthesize their food
through the process of photosynthesis. Physiological and environmental changes affect their health
and make them vulnerable to variety of diseases thus directly or indirectly affect other components
of ecosystem. A large number of environmental issues are linked with the eradication of plant
diseases with chemical compounds. Most of these diseases are caused by fungal and insect
pathogens. Chitin is the main structural compenent of these organisms and thus the enzyme
responsible to hydrolyze chitin content are receiving attention in regard to their development as
biopesticides or chemical defense proteins in transgenic plants and in microbial biocontrol agents.
Therefore, understanding the overview of chitinase will provide a basis for improving the
pathogenic activity of potential biocontrel strains, for developing novel biological control strategies
and for exploring their roles in the plant defense. The present review describes the properties of
chitinase with respect to plant health improvement.
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INTRODUCTION

A multitude of microorganisms are the pathogens of plant species worldwide (Hopkins and
Purcell, 2002). Crop losses due to pathogens are often more severe in developing countries (e.g., in
cereals, 22 percent. of total loss) and is it is roughly estimated an equal to loss of 200-300 US$ billion
money on the basis of data provided by Oerke et @l. (1994). The most regular methods used to
protect plants rely on the chemical compounds those are available in various forms such as
insecticide, fungicide ete. The major problem associated with the use of such compounds is the loss
natural microflora of the soil which could be involved in the protection of plants against infection
caused by secondary pests. Besides this, the generation of insecticidal resistance, safety risks for
human and wildlife, contamination of groundwater and riparian habitats and decrease in
biodiversity are other key issues which were commeonly seen with the advent these compounds and
need to be thought prior to their use. The public concern over the harmful effects of these chemical
compounds on the environment and human health has enhanced the search for safer, environment
friendly control alternatives. Thus control of plant pathogens like fungus and insect by the
application of biolegical agents holds great promise as an alternative to chemicals in this context.,

Plants are equipped with a variety of defense mechanisms to protect themselves against the
attack of pathogens. Some of these are constitutive while others are induced upon the attack by
pathogens. The interaction between plants and pathogens induces a variety of defense mechanisms
which includes cell wall strengthening (Bradley et al., 1992), de novo production of antimicrobial
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compounds (pathogenesis response proteins and secondary metabolites (Hammerschmidt, 1999;
Misra and Gupta, 2009; Gupta ef al., 2010a) and rapid localized cell death ete. (Alverez, 2000). In
the category of pathogenesis related proteins chitinase and glucanse (Sela-Buurlage et al., 1993)
have very important role since they attack directly on the fungal and insect structural component.
Besides these two, other enzymes of plant secondary metabolite pathway including Chalcone
synthase and isomerase (Hahlbrock ef al., 1981) Phenylalanine ammonia lyase (Cramer et al.,
1985) are also significant. due to antimicrebial nature of secondary metabolites.

Chitinase attack on chitin molecules which are the main structural component in fungal cell
wall and insect’s skeleton. In nature chitin 1s found to be in the form of complex with other
biomolecules such as carbohydrates and proteins (Sietsma and Wessels, 1979). In Sponges it forms
a complex with silica (Ehrlich ef al., 2007). In arthropods, chitin is an integral part of skeleton
(Merzendorfer and Zimoch, 2003) and digestive tract lining (Lehane, 1997). It 1s known to be
present in the eggshell (Mansfield ef al., 1992) and microfilarial sheath (Fuhrman and Piessens,
1985) of nematodes also.

In these organisms chitin metabolism 1s directly controlled by the activity of Chitin Synthases
(CS) and Chitin Hydrolase (CH). Three types of chitin synthase were observed in Saccharomyees
cerevistae: CS I which is involved 1in repair functions at the end of cytokinesis; CS 11, participating
in the synthesis of primary septum and CS III, responsible for the formation of the ring or bud scar
{(Henar et al., 1999). Besides these enzymes, the recycling of cell wall components also depends
upen the activities of a range of hydrolytic enzymes found intimately associated with the fungal cell
wall. Most of the fungal cell wall hydrolases characterized to date belong to chitinase, glucanase
and transglycosylase family (Adams, 2004). It is generally believed that chitinases are commonly
found in organisms which are possessing chitin as a structural component.

The enzyme chitinase (EC 3.2.1.14) hydrolyzes the chitin polymer into to N-acetyl glucosamine
by either endo or exo cleavages of the 1-3 and 1-4 bond (Van Aalten et @l., 2000). The enzyme is
classified into several categories on the basis of their isolation, structural and functional
characteristics. It belongs to families 18 and 19 of glycosyl hydrolases (Henrissat and Davies, 1997)
which are key enzymes for carbohydrate metabolism (Henrissat, 1991). Most of the prokaryotic and
eukaryotic chitinases are grouped in Family 18 whereas chitinase of higher plants and some of the
Gram positive bacteria like Strepfomyces are included into Family 19 (Cohen-Kupeic and Chet,
1998). These two families contain both endo and exo chitinases. Endochitinases cleave randomly
in the chitin chain while exochitinases cleave off chitobiose {(GlelNAc), or chitotriose (GleNAc), from
the reducing or non reducing end of the chitin chain (Suzuki et al., 1999). In addition to endo- and
exochitinases, chitin degrading organisms contain chitobioses (N-acetyl p-glucosaminidases), a third
class of chitinclytic enzymes that convert GleNAc dimers into their monomers (Tews ef al.,
19964, b).

Chitinase was described for the first time in 1911 by Bernard in orchid bulbs in which it
behaves like a thermo sensitive and diffusible antifungal factor. In animals the presence of
chitinase was marked in snails by Flach ef al. (1992). Since then these molecules are unanimously
considered as a tool to strengthen plant immune response against a variety of pathogens by various
workers owing to its property to lyse fungal cell wall and components of insect exoskeleton. Besides
this, dramatic increase in chitinase levels by numerous abiotic agents (ethylene, salicylic acid, salt
solutions, ozone, UV light) and by hiotic factors (fungi, bacteria, viruses, viroids, fungal cell wall
components and oligosaccharides) also proved their role in plant defense response (Punja and
Zhang et al., 1993; Gupta et al.,, 2010b).
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In addition te it, insect pathogenic fungi have considerable potential for the biclogical control
of insect pests which apparently overcome physical barriers of the host by producing multiple
extracellular enzymes including chitinolytic enzymes, which help to penetrate the cuticle and
facilitate infection (Herrera-Estrella and Chet, 1999),

Source of chitinase: Chitinolytic microbes occur widely in nature and are preferred source of
chitinase because their low production cost, easy availability of raw materials for their cultivation.
The ability of a microbial community to degrade chitin is also important for the recycling of
Nitrogen in the scil (Chandran et al., 2007). Bacteria like Serratia marcescens, Xanthomonas
maltophilia, Stenotrophomonas maltophilia and Faentbactllus illinoisensis (Kobayashi et al.,
1995; Zhang and Yuen, 2000; Jung ef al., 2003, respectively) etc. have been proved as potent
chitinolytic bacterial biocontrel agents while Myrothecium verrucavia, (Govindsamy ef al., 1998)
and Trichoderma sp. (Howell, 2003) were found as main source of chitinase among fungi. In insects
and nematodes chitinases were found to be involved in moelting process during their development,
(Adam et al., 1996). Chitinases were also reported in gastric juices of human being (Paoletti et al.,
2007) where they were being thought to be involved catabolic activities. Further chitinase activity
was also detected in human serum (Escott and Adams David, 1995) and found very similar to plant
chitinases those are related in the process of inflammation and pathogen resistance (Chupp ef al.,
2007).

Besides this, a number of proteins demonstrating chitinolytic activity were also identified in
plants. These proteins were isolated from all organs of plants and tissues including apoplast and
vacuoles. In plants these represent a large and diverse group of enzymes which differ not only in
spatial and temporal localization, but also in molecular structure and substrate specificity
{(Brunner et al., 1998). The apoplastic chitinases play a role in the early stage of pathogenesis. They
were thought to be helpful in the generation elicitor molecules which are involved in the transfer
of information from hyphae to the intercellular space (Gerhardt et af., 1997). While vacuolar
chitinases degrade the newly synthesized chains of chitin and thus repress fungal growth
(Collinge ef af., 1993).

Moreover the vacuclar chitinases were more active against erystalline chitin, whereas apoplastic
forms were found to be more active towards scluble chitin (Collinge ef af., 1993). In addition to it,
the chitinase gene was also expressed during seed developmental stages (Wu et al., 2001) and fruit
ripening process (Robinson et al., 1997) which signifies its relation with plant defense.

Chitinase in plant defense: The exploitation of chitnase with respect to plant defense can be
done by a variety of ways. The enzyme can also be used in free or immobilized form to kill fungi
and insects in affected areas. The micorganisms producing chitinase can also be used in soil as
rhizebacterial population or alternatively the gene encoding chitinase can be inserted in the native
microflora of scil. Sundheim et al. (1988) inserted chitinase of Serratia marcescens into
FPseudomonas fluorescens which is normally present as normal flora of soil and obtained resistance
in radish plants against Fusarium oxysporum infection. Chernin et al. (1997) were also able to
decrease the onset of Rhizoctonia solani infection in cotton plants by using recombinant &, coli in
rhizosphere expressing chitinase gene of Enterobacter agglomerans. Kirubakaran and Sakthive
{(2007) also demonstrated a bread-spectrum antifungal activity in Kscherichia coli expressing
chitinase gene of barley against Botrytis cinerea (Blight of Tobacco), Pestalotia theae (Leaf Spot. of
Tea), Bipolaris oryzae (Brown Spot of Rice), Alternaria sp. (Grain Disceloration of Rice), Curvularia
lunata (Leaf Spot of Clover) and Rhizoctonia solant (Sheath Blight of Rice).
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Besides these, the phenomena of synergism (the interaction of organisms or proteins or
elements that when combined, produce a total effect that is greater than the sum of the individual
element contributions) can be meaningful to fasten the killing of pathogenic orgamsm. Lorito ef al.
(1993a) demonstrated that chitinolytic enzymes from Trichoderma harzianum Rifai and the closely
related fungus Gliccladium virens J H. Miller, J.E. (Gaddens and A A, Foster act synergistically to
inhibit the growth of a variety of plant pathogenic fungi. Lorito et al. (1993b) also demonstrated
that bacterial biccontrol strains may also act synergistically with chitinolytic enzymes to inhibit
plant pathogenic fungi. They determined strong synergism between Enterobacter cloacae and
chitinolytic enzymes of Trichoderma harzianum and found that chitinolytic enzymes enhance the
bacterial growth and their ability to bind to the fungal hyphae. Mauch et al. (1988) observed rapid
killing of fungal cells by combining chitinases with P-glucanase. In addition to above synergistic
effects of a B-1, 8-glucanase and chitinase from Trichoderma harzianum on the hydrolysis of
fungal cell walls had been also reported (De La Cruz et al., 1992; Misra and Gupta, 2009).

Alternatively, the production of transgenic plants over expressing chitinase gene had been also
demonstrated to get resistance against pathogens. It was achieved by manipulating the activity of
extracellular enzymes through construction of over producing mutants, enzyme negative mutants
ar even transgenic plants expressing the enzyme. Brogue ef al. (1991) showed an increased ability
to survive in tobacco plants in Fhizoctonia solant infected soil and delayed development of disease
symptoms in tobacco seedlings by expressing chitinase. Dunsmuir ef al. (1993) also confirmed the
reduction in occurrence of Rhizoctonia selant infection in transgenic tobacco plants in which two
bacterial chitinase gene were over expressed at high levels. Besides the immunity against fungal
pathogen, overexpression of chitinase was also found be effective to raise resistance plants against
bacterial pathogens, salinity stress and heavy metals stress (Dana et al., 2006).

It is not only the microbial chitinase but the plant chitinase had been also used to improvement
plant health by various workers. In oil seed rape (Brassica napus var. oleifera) the importance of
chitinase was also shown by various researchers. Grison et al. (19968) were able to increase
tolerance in these plants against Cylindrosporium concentricum, Phoma lingam, Sclerotinia
selerotiorum infection by expressing chitinase gene. Transgenic wheat plants expressing chitinase
of plants were also raised. Oldach et @l {2001) observed enhanced resistance to powdery mildew
infection in wheat upon expression of chitinase of barley. In another experiment the transgenic
wheat lines carrying a combination of a wheat B-1, 3- glucanase and chitinase exhibited delayed
symptoms of Fusarium Head Blight (Anand et al., 2003).

Chitinases were also used as a method to control insect and pest population which indirectly
sugegests its role in plant defense. Lawrence and Novak (2006) showed that the expression of poplar
chitinase in tomate leads to inhibition of development in colorado potate beetle. Lipmann ef al.
(2009) investigated the secretome of a tobacco cell suspension by a combined proteomic and
metabolomic approach and identified chitinase alongwith peroxidase and beta- 1,4,-xylosidase
among the major defense protein. Wasano et al. (2009) observed that the presence of 58-kDa
defense protein consisted of chitin like domain in mulberry latex was responsible to provide strong
insect resistance to lepidopteran caterpillars, including the cabbage armyworm, Mamestra brassicae
and the Eri silkworm, Samia ricinz. Similarly Kitajima ef al. (2010) also reported two chitinase hike
proteins LA-a and LA-b (latex abundant) from the latex of Mulberry (Morus sp.) and found them
associated with insecticidal activities against larvae of Drosophila melanogaster.

Chitinases were also isolated from insects and they were also found to hold equal promise in the
improvement of plant defense. Chitinases have been isolated from the tobacco hornworm and
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several other insect species. Ding et al. (1998) developed transgenic tobacco plants expressing
insect’s chitinases and found them resistant to infection of tobaceo budworm Heliothis virescens.
Transgenic plants constitutively expressing hornworm chitinase had been generated and found to
be resistant against infection (Kramer and Muthukrishnan, 1997). Besides this a recombinant
baculovirus expressing chitinase of hard tick (Haemaphvsalias longicornts) had been also used as
a bio acaricide for tick control by Assenga ef al. (2006).

Although the relationship between chitinase production and generation of reactive oxygen
species 1s not, clear, yet some experiments showed that these two both act in a co-ordinated way to
protect plant against a challenge. Ghaouth et al. (2002) treated the peach fruit with UV-C light and
noted a rapid induction of chitinase, beta-1,2-glucanase and phenylalanine ammonia lyase (PAL)
activities and concluded that the response of peach fruit to elicitor treatment is similar to that seen
in other plant-elicitors interactions and suggested the involvement of peach biochemical defense
responses in UV-C-mediated disease resistance. Xu et al. (2008) observed significant stimulation
in the activities of chitinase, beta-1,3-glucanase, catalase (CAT), peroxidase (FPOD) genes in seeds
upen infection with Fichia membranaefaciens, Cryptococeus laurentii, Candida gutlliermondii and
Ehodotorula glutinis and suggested that antioxidant defense response may be involved in the
mechanisms of microbial biocontrol agents against fungal pathoegen. Gorii et afl. (2009) found
appearance of acidic chitinases and basic chitinase along with basic constitutive 1,3-beta-glucanases
in Annona fruits by high levels of CQ, and upon storage at chilling temperature (6°C). They finally
suggested that these modifications in the proteome level were to enhance the synthesis of
cryoprotectant proteins in vive. Kumar ef al. (2009) also observed enhanced level of chitinase
activity along with increased level of Eeactive Oxygen Species (ROS), increase in the expression
level of several defense-related genes, activation of some pathogenesis response protein, increase
in the level of enzymes of the terpencid pathway in various tissues as well as in the medium
surrounding the roots of transformants and hypothesized that elevated defensive state of the
transformants act synergistically with the potent transgene encoded chitinase activity to confer a
strong resistance to Rhizoctonia solant infection.

CONCLUSION

Chitinases are prime molecules of interest for plant patholegist and can be utilized by variety
of ways to improve plant health. These enzymes are classified into various types on the basis of
their structural and functional properties. One class of chitinase was not found equally active
against chitin of another source. Thus there is a need to isolate and identify chitinase of broad
spectrum activity. In addition to it, reactions conditions of the enzyme must be known prior to its
use in open environment and in affected site. Besides these, there is an utmost requirement to
enhance the basal level of chitinase production by using recent approaches of genetic engineering.
Therefore a coordinated strategy by using above plans may be meaningful to assess the full
potential of chitinolytic organisms in rendering plant defense.
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