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Insect chitinase and its application in insect pest control
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Abstract Chitin an important structural component of insects plays an essential role at various periods of their growth
and development. One potential biopesticide is the insect molting enzyme chitinase which degrades chitin in the
integument and peritrophic membrane to a low molecular weight and promises to be a biocontrol agent with broad
application. More than 30 species of insect chitinases have now been cloned and some of these have been incorporated into
transgenic plants and recombinant microorganisms where they have achieved a degree of effectiveness in controlling insect
pests. This paper provides a comprehensive review of the physiological function biochemical characterization and structure
of insect chitinase as well as current research on chitinase for pest control purposes.
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Table 1 Important insect chitinase gene in GenBank
Insect Scientific name GenBank No. Nucleotide Amino acid Author
Manduca sexta 002270 2452 554 Kramer KJ
Bombyx mort U86876 2850 565 Kim MG
Hyphantria cunea U86877 2788 553 Kim MG
Spodoptera litura AB032107 2840 552 Shinoda T
Helicoverpa armigera AY325496 2870 588 Ahmad T
Spodoptera frugiperda AY527414 1836 555 Kramer KJ
Bombyx mandarina AF326596 2625 565 Goo TW
Chilo suppressalis AY705930 2287 552 Fan D
Mythimna separata AY508698 2810 558 Fan D
Spodoptera exigua GU371868 2880 557 Zhang D
Plutella xylostella FJ613480 2441 558 Liao ZH
Agrotis ipstlon FJ899540 2805 557 Fan D
Ostrinia furnacalis AY726548 3343 553 Fan D
Mamestra brassicae FJ436415 2809 562 Fan D
Aedes aegypti AF026491 3182 574 Specht CA
Anopheles gambiae AF008575 1723 525 Shen Z
Drosophila melanoga AY061553 2130 595 Stapleton M
Phaedon cochleariae Y18011 1343 405 Girard C
Chelonus sp. U10422 1579 483 Krishnan A



+1491 -
11 kb 11
9
o 1 mRNA ( 2005) o
19 ; 2 1.3
DSRART ; 3 N
KFMVAGGWA ( catalytic domain) C
' 4 ( chitin-binding domain)
YDFDGLDLDWEY C N N Linker
PEST 8 ; 2
10 750 KFMVAVGGWA YDFDGLDLDWEYP,
( Choi et al. 1997) . Kramer (1993) ( CBD) 65
cDNA 2452
1 662 CBD
554 62 ku, i Linker
( 2004) . -
Linker N
° A 20 ( Arakane

o

Northern +Western RT-PCR

ek
Signal peptide

et al. 2003) .

HEEX

Linker

T

fERIX
Catalytic domain

1

T

LT REAER
Chitin-binding domain

Fig. 1 Multi-domain structure of insect chitinase amino acid sequences

cDNA

Prosite

Linker (
2004) .

Prosite



* 1492 -

Chinese Journal of Applied Entomology 48

( 2000) -
2.1
(2004)
10%
Zhu
( 2008b ) Drosophila
melanogaster Tribolium castaneum
2.2
20 70
o Brandt (1978)
o (2008) .
(2004)
( Bacillus thuringiensis) Arora
(2003) Chi36 Bt
30% o

o Gopalakrishnan
(1995)
AcMNPV
85 ku ;

AcMNPV o Shinoda

(2001)

HycuNPV

(2007)

2.3

( Kramer and

Muthukrishnan 1997) . Masoud  ( 1996)
N N 4
1% ~2%
o Gatehous (1996)
o Wang  (1996) Bt



*1493-

Ti

et al. 2005) .

Ser/ Thr

Bmk 1T

( Wang
(2004)

“PEST »

1997; 2009) .

Bt o

( References)

Arakane Y Zhu QS Matsumiya M 2003. Properties of
catalytic ~ linker and chitin-bindingdomains of insect
chitinase. Insect Biochem. Mol. Biol. 33(6):631—6438.

Arora N Ahmad T Rajagopal R 2003. A constitutively
expressed 36 kDa exochitinase from Bacillus thuringiensis
HDH. Biochem. Bioph. Res. Co. 307(3):620—625.

Brandt CR Adang MJ Spence KD 1978. Spence The
peritrophic membrane: Ultrastructuralanalysis and function
as a mechanical barrier to microbial infection in Orgyia
pseudotsugata. J. Invertebr. Pathol. 32(1):12—24.

Choi HK  Choi KH Kramer KJ 1997. Isolation and
characterization of a genomic clone for the gene of an insect
molting enzyme chitinase. Insect Biochem. Mol. Biol. 27
(1):37—47.

2004.

2005.
42(4) :364—369.
2007.
( AcMNPV -BmKIT-Chi)
22(5): 161—164.
Fukamizo T Kramer KJ 1985. Mechanism of chitin

oligosaccharide hydrolysis by the binary enzyme chitinase



- 1494

Chinese Journal of Applied Entomology 48

system in insect moulting fluid. Insect Biochem. Mol.
Biol. 15(1):1—7.

Gatehous AMR  Down RE Powell KS 1996. Transgenic
potato plants with enhanced resistance to the peach-potato
aphid Myzus persicae. Exp. Appl. 17(3) :295—307.

Gopalakrishnan B Muthukrishnan S Kramer KJ 1995.
Baculovirus-mediated expression of a Manduca sexta
chitinase gene: Properties of the recombinant protein. Insect
Biochem. Mol. Biol. 25(2):255—265.

2009.
cDNA . 46(5):
697—702.

Kramer KJ Corpuz L. Choi HK 1993. Sequence of a ¢cDNA
and expression of the gene encoding epidermal and gut
chitinases of Manduca sexta. Insect Biochem. Mol. Biol.
23(6) :691—701.

Kramer KJ  Muthukrishnan S 1997. Insect chitinases:

molecular biology and potential use as biopesticides. Insect

Biochem. Mol. Biol. 27(11):887—900.

2008. SpltiNPV ~ SeNPV
35(3) :209—214.

Masoud SA  Ding XF Johnson BL 1996. Expression of a
corn bifunctional inhibitor of serine proteinases and insect
a-amylases in transgenic tobacco plants. Plant Sci. 115
(1):59—69.

Reynolds SE  Samuels RI 1996. Physiology and biochemistry
of insect moulting fluid. Adv. Insect. Physiol. 26:157—
232.

Shinoda T  Kobayashi J Matsui M 2001. Cloning and

functional expression of a chitinase ¢cDNA from the common

recombinant

cutworm Spodoptera  litura using a

baculovirus lacking the virus-encoded chitinase gene. Insect

Biochem. Mol. Biol. 31(6):521—532.

Tellam RL  Wijffels G Willadsen P 1999. Peritrophic
matrix proteins. Insect Biochem. Mol. Biol. 29(2):87—
101.

2009.
46(2):
223—229.
2004. HaSNPV
Bt
20(6) :
792—797.

Wang JX Chen ZL Du JZ 2005. Novel insect resistance in
Brassica napus developed by trans—rmation of chitinase an
dscorpion toxin genes. Plant Cell. Rep. 24:549—555.

Wang XR Ding XF Gopalakrishnan B 1996.
Characterization of a 46 kda insect chitinase from transgenic
tobacco. Insect Biochem. Mol. Biol. 26 ( 10): 1055—
1064.

2000.
37(5) :314—317.
2004.
41(2):116—122.
2004.
24(8) :1402—1408.

Zhu QS Arakane Y Beeman RW 2008a. Characterization
of recombinant chitinasedike proteins of Drosophila
melanogaster and Tribolium castaneum. Insect Biochem.
Mol. Biol. 38(1):467—4717.

Zhu QS  Arakane Y  Debarshi B 2008b. Domain
organization and phylogenetic analysis of the chitinasedike
family of proteins in three species of insects. Insect

Biochem. Mol. Biol. 38(4) :452—466.



Chinese Journal of Applied Entomology 2011 48(5) :1495—1504

*
Yok
( 400715)
o 3 N
N N o Bt
Bt B

Bt

The resistant mechanisms of plants to mites

YONG XiaoJu DING Wei™
( College of Plant Protection Southwest University Chongqing 400715 China)

Abstract Phytophagous mites are widely distributed and cause damage to various host plants. Three aspects of plant
resistance mechanisms are discussed: 1. Plant morphology such as leaf shape and leaf color mainly affects the feeding
and oviposition sites of mites and obtainable nutrients. 2. Tissue structures such as leaf thickness waxiness leaf
trichomes and stomata may influence the ease of stylet penetrations and leaf domatia play an important role in the
relationship between predatory mites and phytophagous mites. 3. Physical and chemical properties such as leaf weight
growth rate and development stages reflect recovery of plants from damage. The availability of water carbon and nitrogen
used for the production of soluble sugars starch and amino acids directly affects the feeding growth and reproduction of
mites. More critical and more influential are plant secondary metabolites such as phenolic compounds tannins
coumarins flavonoids and alkaloids amongst others. In addition the effects of Bt-modified plants on phytophagous mites
and natural enemies are discussed; the addition of the transgene does not have an obvious impact on phytophagous mites in
short term  but mites on Bt-modified plants display a gradual increase in adverse demographic trends.
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Table 1 The relationship between tissue structure of plant leaf and resistance of plant to mites
Tissue structure of plant leaf Types Primary resistant mechanism of plants to mites
. . ( 1991; 1991;
Leaf thickness Thick
1999; 20014a)
. ( 1991;
Waxiness Many
1999; 2009)
( 1993;
Leaf trichome density Great 1997; 1999; Roda et al. 2001; 2009;
Hasnain et al. 2009)
1999; Roda et al.
Leaf trichome length Long ( oda el a
2001)
. ( 1996; 1999;
Stomata density Low
2001b)
( Brouwer and Clifford
Leaf domatia Exist  1990; Agrawal and Karban 1997; Roda et al. 2000; Romero and Benson
2005)
2.1 1991) .
4
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