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The AvChit gene encodes for a chitinase from the spi-

der, Araneus ventricosus. This spider, A. ventricosus, is

an abundant species in Korea. Arabidopsis thaliana

plants were transformed with the AvChit gene using

Agrobacterium tumefaciens. Thirteen transgenic lines

expressing the AvChit gene were obtained. Functional

expression of the AvChit gene in transgenic Arabidopsis

was confirmed by Southern, northern and western

blot analysis. The AvChit cDNA was expressed as a

61 kDa polypeptide in baculovirus-infected insect Sf9

cells. AvChit protein extracted from transgenic Ara-

bidopsis exhibited high levels of chitinase activity. Phy-

topathological tests showed that two transgenic

Arabidopsis lines expressing the AvChit gene displayed

high levels of resistance to gray mold disease (Botrytis

cinerea). 
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Introduction

Plant pathogens are the major cause of agricultural losses

in both developed and underdeveloped regions of the

world. In addition, certain groups of fungi can produce

mycotoxins in infected crops, posing a direct health haz-

ard to humans and animals (Strange and Scott, 2005). Sus-

tainable strategies for crop management include breeding

for resistance, application of chemical compounds and

cultural and biological control methods. These approaches

have been complemented by plant biotechnology and

genetic engineering for the development of genotypes

more resistant to pests, phytopathogenic fungi and other

biotic stress agents (Campbell et al., 2002; Ferry et al.,

2006; Ranjekar et al., 2003). Preferred choices for obtain-

ing agronomically significant disease resistance would

include necrotrophic pathogens such as Botrytis cinerea.

B. cinerea is found worldwide and is one of the most dan-

gerous airborne fungi, attacking fruit, stems, leaves and

flowers of hundreds of cultivars and causing gray mold

disease. 

Chitinases belonging to family 18 glycosylhydrolases

(Coutinho and Henrissat, 1999) have been isolated from a

wide variety of sources including bacteria, yeasts and

other fungi, nematodes, arthropods and vertebrates such

as humans, mice and chickens (Nagono et al., 2002;

Suzuki et al., 2002). Chitinases play critical roles in the

resistance of plants to fungal pathogens (Guthrie et al.,

2005). Chitinase can decompose cell wall chitin of fungal

plant pathogens by catalyzing the hydrolysis of chitin.

Because of this recognized ability to degrade fungal cell

walls, several investigations have focused on the use and

manipulation of chitinase genes to enhance a plant’s abil-

ity to resist fungal pathogens. Kirubakaran and Sakthivel

(2007) overexpressed a chitinase gene from barley in

Escherichia coli and reported that the purified chitinase

exerted broad-spectrum antifungal activity. Transgenic

plants overexpressing chitinases of different origins have

been shown to exhibit enhanced levels of resistance to

fungal infection and delayed disease symptoms when

challenged with fungal pathogens (Jach et al., 1995;

Lorito et al., 1998; Hong and Hwang, 2006). Expression

of genes encoding these enzymes in plants such as apple,

broccoli, carrot, cucumber, peanut, sorghum, strawberry,

tobacco, wheat, bentgrass, rice and silver birch, provided

varying levels of enhanced resistance to different fungal

pathogens (Punja, 2006). 

We are interested in using the insect chitinase gene from

the spider Araneus ventricosus as a host-plant resistance

International Journal of

Industrial Entomology

*To whom the correspondence addressed

College of Natural Resources and Life Science, Dong-A Uni-

versity, Busan 604-714, Korea.

Tel +82-51-200-7507; E-mail: dhkim@dau.ac.kr



260 Yeon Jae Hur et al.

factor in transgenic plants. We are also interested in

improving the catalytic efficiency and stability of this

enzyme to enhance its antifungal activity. The spider chiti-

nase gene AvChit was introduced in Arabidopsis plants

and the activity of the recombinant enzyme was deter-

mined. 

Materials and Methods

Plasmid construction and plant transformation

The AvChit gene inserted into pGemT-easy (Han et al.,

2005) was excised by SmaI restriction digest and cloned

in the sense orientation into the SmaI sites of the

pCambia1300-35S vector. The construct was introduced

into Agrobacterium tumefaciences (EHA105) by elec-

troporation. A. tumefaciens-mediated Arabidopsis trans-

formation was performed using the flower vacuum

infiltration procedure described by Clough and Bent

(1998). Transgenic T1 plants were selected on B5

medium containing carbenicillin (100 mg/l) and hygro-

mycin (20 mg/l), and then transferred to soil and allowed

to self-pollinate. 

Genomic DNA isolation and Southern blot analysis

Genomic DNA was extracted from the Arabidopsis plants

using a Wizard Genomic DNA Purification Kit, according

to the manufacturer’s instructions (Promega). Genomic

DNA was digested with EcoRI, and electrophoresed in a

1.0% agarose gel. The DNA from the gel was transferred

onto a nylon blotting membrane (Schleicher and Schuell,

Dassel, Germany) and hybridized at 42oC with a probe in

a hybridization buffer. Hybridization conditions, fragment

labeling and filter washing were as described for the

northern blot analysis.

RNA extraction and northern blot analysis

Total RNA was isolated from Arabidopsis plants using the

TRIzol reagent (Invitrogen). Total RNA (10 µg/lane)

from Arabidopsis was denatured by glyoxylation

(McMaster and Carmichael, 1977), transferred onto a

nylon blotting membrane (Schleicher and Schuell, Dassel,

Germany), and hybridized at 42oC with a probe in a

hybridization buffer containing 5× SSC, 5× Denhardt’s

solution, 0.5% SDS, and 100 µg/ml denatured salmon

sperm DNA. The 1515-bp A. ventricosus chitinase cDNA

clone was labeled with [α-32P]dCTP (Amersham, Arling-

ton Heights, IL, USA) using the Prime-It II Random

Primer Labeling Kit (Stratagene, La Jolla, CA, USA) for

use as a probe for hybridization. After hybridization, the

membrane filter was washed three times for 30 min each

in 0.1% SDS and 0.2× SSC (1× SSC is 0.15 M NaCl and

0.015 M sodium citrate) at 65oC and exposed to autora-

diography film. 

Preparation of polyclonal antibody and western blot

analysis 

Following sodium dodecyl sulfate polyacrylamide gel

electrophoresis (10% SDS-PAGE), recombinant A. ven-

tricosus chitinase was electroeluted from the gel, mixed

with an equal volume of Freund’s complete adjuvant (a

total of 200 µl, Sigma) and injected into Balb/c mice.

Three successive injections were performed at 1-week

intervals beginning a week after the first injection using

antigens mixed with an equal volume of Freund’s incom-

plete adjuvant (a total of 200 µl, Sigma). Bloods were col-

lected 3 days after the last injection and centrifuged at

13,000 g for 5 min. The supernatant antibodies were

stored at 70oC until further analysis was conducted. For

western blot analysis, the protein samples were subjected

to 10% SDS-PAGE (Laemmli, 1970). Proteins were blot-

ted on a sheet of nitrocellulose membrane (Sigma,

0.45 µm pore size) (Towbin et al., 1979). The blotting was

performed in transfer buffer (25 mM Tris, 192 mM gly-

cine, 20% methanol) at 30 V overnight at 4oC. After blot-

ting, the membrane was blocked by incubation in 1%

bovine serum albumin (BSA) solution for 2 hr at room

temperature. The blocked membrane was incubated with

antiserum solution (1:1000 v/v) for 1 h at room temper-

ature and washed in TBST (10 mM Tris–Cl, pH 8.0,

100 mM NaCl, 0.05% Tween 20). The membrane was

then incubated with anti-mouse IgG horseradish peroxi-

dase (HRP) conjugate and HRP-streptavidin complex.

After repeated washing, the membrane was incubated

with ECL PlusTm‚ Western Blotting Detection Reagents

(Amersham Pharmacia Biotech) and exposed to autorad-

iography film.

Protein determination, chitinase activity assay and

bioassay

Proteins were prepared using an extraction buffer contain-

ing 100 mM sodium acetate pH 5.6, 100 mM PMSF, 5 mM

dithiothreitol, 10% (v/v) glycerol, and 0.8% polyvinylpoly-

pyrrolidone. The protein concentration was determined by

the Bradford method using BSA as a standard. Following

SDS-PAGE, chitinase activity was detected in the gel by

the method of Trudel and Asselin (1989). The gel was incu-

bated in 150 mM sodium acetate buffer at pH 5.0 for 5 min.

The gel was then put on a glass plate and covered with a

7.5% polyacrylamide overlay gel containing 0.01% (w/v)

glycol chitin in 100 mM sodium acetate buffer (pH 5.0).

Gels were incubated at 37oC for 1 hr under moist condi-

tions. Lytic zones were visualized by placing the gels on a

UV illuminator and were photographed. Five week old
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Arabidopsis plants were infected by spraying them with a

Botrytis suspension containing 10,000 spores/µl. Infection

and analysis of fungal growth were performed as described

in Govrin and Levine (2000).

Results and Discussion

Gene transformation and selection of transgenic

plants

To test the possibility that the AvChit gene (Han et al.,

2005) may function in plant-related and other applica-

tions, we generated transgenic Arabidopsis plants over-

expressing the AvChit gene. Gene transformation

experiments performed with constructs carrying a single

gene (Fig. 1A) yielded more than 20 transformants, but

only thirteen lines were selected according to the vigor

shown when growing on medium containing hygromycin.

Hygromycin-resistant transgenic Arabidopsis lines were

transplanted into pots, and grown in a growth chamber.

(Fig. 1B). Five independent Arabidopsis lines harboring

the transgene were obtained, and plants from the five

transgenic lines (1~5) that showed high mRNA accumu-

lation were selected for more extensive functional char-

acterization.

Molecular analysis of transgenic plants

To investigate expression of the AvChit gene in Arabi-

dopsis plants, we checked the integration of foreign genes

by PCR analysis in the thirteen transformants previously

(Fig. 2A). We performed northern blot analysis with total

RNAs isolated from leaves of Arabidopsis plants grown

in soil. And then the results of northern blot analysis

showed that the transcription of the AvChit gene was pos-

itive in transgenic lines, whereas no transcript was

detected in wild type plants (Fig. 2B). A stronger hybrid-

ization band was observed for transgenic Arabidopsis line

4 than for the other transgenic lines. The growth of trans-

genic Arabidopsis plants overexpressing the AvChit gene

was better than wild type plants (Fig. 2C).

Southern blot analysis of transgenic plants

To confirm the integration of the AvChit gene in the

Fig. 1. Overexpression construct of the AvChit gene with

CaMV35S promoter (A) and generation of transgenic Arabi-

dopsis overexpressing AvChit (B).

Fig. 2. Expression of AvChit in transgenic Arabidopsis. (A)

PCR analysis of the AvChit gene in transgenic Arabidopsis.

Genomic DNA, extracted from transgenic Arabidopsis, was

used for PCR amplification with AvChit-specific primers. (B)

Northern blot analysis of AvChit in transgenic Arabidopsis.

Total RNA extracted from transgenic Arabidopsis was used for

analyzing the expression of AvChit. (C) Phenotypes of AvChit

overexpression lines and wild-type plants that were grown in

the soil for four weeks.

Fig. 3. Southern blot analysis of five independent transgenic

Arabidopsis lines (1-5) and a control (non-transgenic) plant. A

20 µg aliquot of genomic DNA extracted from Arabidopsis

leaves was digested with EcoRI and hybridized with the AvChit

gene probe.
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hygromycin resistant Arabidopsis lines, Southern blot

analysis was carried out (Fig. 3). Twenty micrograms of

genomic DNA extracted from the five PCR positive trans-

genic lines were digested with EcoRI and hybridized to

the 32P-labeled AvChit DNA probe. Southern blot analysis

showed the presence of a 1.5-kb AvChit EcoRI-hybridiz-

ing band in transgenic Arabidopsis lines 1, 2, 3, 4 and 5.

The 1.5-kb EcoRI-hybridizing band corresponds to the

1.5-kb AvChit full-length cDNA in pCambia 1300. A sin-

gle band was found in five transgenic Arabidopsis lines

and no band was found in wild-type Arabidopsis controls.

Because the vector region containing the AvChit gene has

only one EcoRI digestion site, a single band on the south-

ern blot indicates a single copy transgene insertion into

the Arabidopsis genome. Therefore, five independent

lines contained a single copy insertion with no apparent

gene rearrangement. 

Expression of AvChit cDNA in baculovirus-infected

insect cells

To assess AvChit cDNA, the 1515 bp AvChit cDNA was

inserted into the baculovirus transfer vector. The bacu-

lovirus transfer vector pBacPAK9, which was then used to

generate a recombinant virus expressing AvChit. Bacu-

lovirus-transfer vector pBacPAK9–AvChit was con-

structed by insertion of the AvChit cDNA under the

control of the Autographa californica nuclear polyhedro-

sis virus (AcNPV) polyhedrin promoter of pBacPAK9

(Fig. 4A). Recombinant AcNPV, which we have termed

AcNPV-AvChit, was produced in insect Sf9 cells by

cotransfection with wild-type AcNPV DNA and the trans-

fer vector. To examine the expression of AvChit cDNA by

recombinant virus in insect cells, SDS-PAGE and western

blot analysis (Fig. 4B) were performed to analyze the pro-

tein synthesis in Sf9 cells infected with the recombinant

virus. The recombinant AvChit was present as a single

band of about 61 kDa polypeptide in the cells infected

with the recombinant virus, but not in cells infected with

wild-type AcNPV or in mock-infected cells.

Western blot analysis of transgenic plants

The expression of the recombinant AvChit proteins was

analyzed by western blot (Fig. 5.). A single band with an

estimated molecular mass of 61 kDa corresponding to the

expected size of the mature protein was detectable in all

transgenic lines, confirming that the chimeric gene is cor-

rectly translated and the transgenic protein is sufficiently

Fig. 4. Construction of AvChit in pBacPak9 vector (A), SDS-

PAGE and western blot analysis of recombinant AvChit

expressed in baculovirus-infected insect cells (B). Molecular

mass standards were used as size markers (lane 1). Sf9 cells

were mock-infected (lane 2) or infected with wild-type

AcNPV (lane 3) or recombinant AcNPV (lane 4) at a multi-

plicity of infection (MOI) of five plaque-forming units (PFU)

per cell. Cells were collected at three days post-infection and

total cellular lysates were subjected to 10% SDS-PAGE, then

electroblotted and incubated with recombinant AvChit anti-

body.

Fig. 5. Western blot analysis of AvChit in transgenic Arabidop-

sis. Total cellular lysates from transgenic Arabidopsis were

subjected to 10% SDS-PAGE, then electroblotted and incu-

bated with recombinant AvChit antibody. Arrowhead indicates

61-kDa AvChit.
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stable to be detected by standard immunological analyses.

This band was absent in wild-type plants. The apparent

molecular mass (61 kDa) of Arabidopsis-expressed

AvChit protein resembles that of insect cell-expressed

AvChit protein (Han et al., 2005). However it is much

larger than that of native AvChit, which has a calculated

mass of 39.67 kDa (Fung et al., 2002). Because an

AvChit-specific peptide that lacking homology to any

other reported chitinases (Zhao and Chye, 1999) was used

in raising antibodies against AvChit, it is highly likely that

this cross-reacting band, which is absent in the controls,

corresponds to AvChit.

Chitinase activity assays and bioassay of transgenic

plants

To determine the chitinase activity of transgenic Arabi-

dopsis plants, we performed chitinase activity assays and

compared them to assays done on wild-type Arabidopsis

(Fig. 6A). Chitinase activity was detected in the recom-

binant AvChit with a 61 kDa from crude protein in all

transgenic Arabidopsis lines (1, 2, 3, 4 and 5) whereas no

chitinase activity was detected in the wild-type plants.

Activity in the transgenic plants is due to the presence of

the transgene encoding AvChit chitinase. To analysis of

susceptibility to B. cinerea, we selected two lines (2, 3)

which were detected higher chitinase activity than other

transgenic Arabidopsis lines (1,4 and 5). Line 2 and 3

showed a significant increase of the resistance to the fun-

gal pathogen Botrytis cinerea, correlating with an increase

of chitinase activity in transgenic lines (Fig. 6B). In con-

trast, control plants showed no significant modification of

susceptibility toward B. cinerea. In conclusion, transgenic

Arabidopsis plants that overexpress the AvChit gene have

increased disease tolerance.
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