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The ^ê~ÄáÇçéëáë=gene ^íib`= (At3g15356) gene encodes a 
putative 30-kDa protein with a legume lectin-like domain. 
Likely to classic legume lectin family of genes, ^íib` is 
expressed in rosette leaves, primary inflorescences, and 
roots, as observed in Northern blot analysis. The accumula-
tion of ^íib`= transcript is induced very rapidly, within 30 
min, by chitin, a fungal wall-derived oligosaccharide elictor 
of the plant defense response. Transgenic ^ê~ÄáÇçéëáë car-
rying an ^íib` promoter-driven β-glucuronidase (GUS) 
construct exhibited GUS activity in the leaf veins, secondary 
inflorescences, carpel heads, and silique receptacles, in 
which no expression could be seen in Northern blot analy-
sis. This observation suggests that ^íib` expression is 
induced transiently and locally during developmental proc-
esses in the absence of an external signal such as chitin. In 
addition, mechanically wounded sites showed strong GUS 
activity, indicating that the ^íib` promoter responds to 
jasmonate. Indeed, methyl jasmonate and ethylene expo-
sure induced ^íib` expression within 3-6 h. Thus, the gene 
appears to play a role in the jasmonate-/ethylene-responsive, 
in addition to the chitin-elicited, defense responses. How-
ever, chitin-induced ^íib` expression was also observed in 
jasmonate-insensitive (ÅçáN) and ethylene-insensitive (ÉíêNJ
N) ^ê~ÄáÇçéëáë mutants. Thus, it appears that chitin 
promotes ^íib` expression îá~ a jasmonate- and/or 
ethylene-independent pathway. 
 
 
INTRODUCTION 
 
Lectins (also called agglutinins or hemagglutinins) are carbohy-
drate-binding proteins with high affinity and specificity for the 
glycans in plant and animal glycoproteins, glycolipids, and poly-
saccharides (Komath et al., 2006; Sharon and Lis, 2004). Ac-
cording to the plant lectin database Lectindb, the genome of=
^ê~ÄáÇçéëáë íÜ~äá~å~ contains 196 lectin genes (Chandra et al., 

2006). Plant lectins may be grouped into several families, in-
cluding legume lectins, jacalin-related lectins, amaranthins, 
Cucurbitaceae phloem lectins, lectins with a hevein domain(s), 
monocot mannose-binding lectins, and type-2 ribosome-
inactivating proteins (Peumans et al., 2000). The overall struc-
ture of the carbohydrate-binding site(s) is conserved in each 
lectin family. 

Although numerous plant lectins have been characterized, 
their physiological roles have not been clearly defined. Until 
recently, most plant lectin studies focused on those that accu-
mulate to high concentrations in vegetative tissues. These 
lectins are secretory proteins that accumulate in the cell wall or 
vacuole, and are abundant in developing seeds and in vegeta-
tive organs such as roots, leaves, rhizomes, and stems (Chris-
peels and Raikhel, 1991; Rüdiger and Gabius, 2001). The most 
likely function of vacuolar lectins is in plant defense, presuma-
bly involving the binding of ligands derived from various ag-
gressors. Lectins released from the vacuole may come in con-
tact with glycoproteins that line the intestinal tracts of insects, 
possibly inhibiting the absorption of nutrients. The binding of 
lectins to the fungal cell-wall component chitin, a polymer of k-
acetylglucosamine, can interfere with the growth of fungal hy-
phae. Alternatively, ligand-lectin binding may activate signal 
transduction pathways that induce defense responses. For 
instance, members of an ^ê~ÄáÇçéëáë family of serine/threonine 
receptor kinases contain an extracellular legume lectin-like 
domain (Hervé et al., 1996; 1999). 

Legume lectins comprise one of the largest lectin families 
and thus have been studied thoroughly. Typically, these lectins 
bind glucose, k-acetylglucosamine, mannose, or galactose. 
They consist of two or four subunits of a molecular mass of 30 
kDa, each containing one carbohydrate-binding site. Based on 
their quaternary structure, legume lectins have traditionally, with 
some exceptions, been subdivided into two categories: single-
chain lectins consisting of identical subunits, and two-chain 
lectins characterized by different subunit types (Rüdiger and 
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Gabius, 2001). Following the molecular size order in SDS-
PAGE, the smaller subunit is designated the α subunit, and 
larger subunit the β subunit. 

Classic plant lectins have not generally been thought to be in-
ducible proteins, but there is increasing evidence that some are 
induced by biotic or abiotic stimuli (Van Damme et al., 2004). For 
example, the mannose-binding lectin Orysata is induced in rice 
by salt stress, desiccation, and the phytohormones jasmonic acid 
and abscisic acid (De Souza Filho et al., 2003; Zhang et al., 
2000), and the tobacco lectin Nictaba is specifically induced by 
jasmonic acid (Chen et al., 2002; Lannoo et al., 2007). These 
inducible lectins localize to the cytoplasm and/or nucleus, imply-
ing that they are involved in endogenous protein-carbohydrate 
interactions (Van Damme et al., 2004). The identification of non-
classic plant lectins highlights the importance of investigating the 
potential novel roles of such proteins. 

We identified an ^ê~ÄáÇçéëáë= gene (^íib`) that encodes a 
classic legume lectin-like protein. ^íib`=gene expression is in-
duced by chitin, jasmonate, and ethylene, molecules that are 
related to defense mechanisms, suggesting that classic legume 
lectins could also be induced by external stresses. We tested 
whether chitin activates ^íib  ̀ îá~ jasmonate- or ethylene-
mediated signaling, but found evidence for mutually independent 
induction processes between chitin and each phytohormone. 
 
MATERIALS AND METHODS 
 
Plant materials 
We used ^K= íÜ~äá~å~= ecotype Columbia (Col-0). The seeds 
were surface-sterilized by soaking in 70% (v/v) ethanol for 15 
min and 100% ethanol for 5 min. The seeds were then placed 
on sterilized filter paper and dried in a laminar flow clean bench. 
Following 4 days of vernalization at 4°C, the seeds were sown 
on solidified 0.5× Murashige-Skoog (MS) medium (Sigma-
Aldrich) in sterile transparent polypropylene dishes. The seeds 
were incubated for 3 weeks in a growth chamber maintained at 
21-23°C and 60% relative humidity under a 16-h/8-h light/dark 
cycle with 500 μmol/m2/s of white light. For some experiments, 
2-week-old seedlings were transferred to soil and grown for 3 
weeks in the same growth chamber. Alternatively, approxi-
mately 50 sterilized seeds were placed in 50-ml Falcon tubes 
containing 10 ml of 1× liquid MS medium with 2% dextrose and 
incubated for 2 weeks with gentle shaking under the conditions 
described above for solid medium culture. 
 
Chemical treatments 
For the chitin treatment, 1 mg of purified crab shell chitin 
(Sigma-Aldrich) was dissolved in 10 ml of sterile water and 
shaken at 180 rpm overnight at room temperature. The sus-
pension was allowed to settle for several hours without shaking, 
and the supernatant was used as a stock solution. The stock 
solution was diluted to the expected final concentrations, and 
10 ml of each were added to the surface of solidified or liquid 
MS medium in which ^ê~ÄáÇçéëáë seedlings were growing. 

For the phytohormone treatments, 100 μM methyl jasmonate 
(MeJA, in 0.1% ethanol), 50 μM ethephon (an ethylene precur-
sor), 50 μM salicylic acid, or 50 μM abscisic acid were applied 
to the surface of MS agar plates on which ^ê~ÄáÇçéëáë seed-
lings were growing. During each treatment, the Petri dishes or 
tubes were sealed with Parafilm. At the end of each treatment, 
the solution was drained, and the plants were frozen in liquid 
nitrogen.  
 
Wounding of ^ê~ÄáÇçéëáë leaves 
Wounds were made to the rosette leaves of 5-week-old ^ê~ÄáJ

Ççéëáë plants by cutting with scissors and pinching with forceps. 
The treated (local) leaves were enclosed in a plastic bag to 
isolate them from the neighboring (systemic) leaves, and the 
plants were kept in an open area. 
 
Blot analyses 
For genomic Southern blot analysis, 5 μg of genomic DNA 
were digested with uÄ~I and eáådIII, separated on 0.8% aga-
rose gels, and transferred to nylon membranes. Northern blot-
ting was performed using total RNA extracted from frozen, 
ground samples with phenol/SDS/LiCl (Carpenter and Simon, 
1998). Total RNA (5 μg) was separated on 1.3% agarose for-
maldehyde gels and transferred to GeneScreen Plus hybridiza-
tion transfer membranes (Perkin Elmer, USA). The blots were 
then probed with EST clones obtained from The ^ê~ÄáÇçéëáë 
Information Resource (TAIR) and washed twice at 65 °C for 30 
min with 40 mM sodium phosphate buffer (pH 7.2) containing 
5% SDS and 1 mM EDTA. Probe=^íib`= (TAIR EST 36C11) 
contained=the entire ^íib`=cDNA plus part (186 bp) of the 3′-
untranslated region (UTR), for a total fragment length of 1,002 
bp. 
 
Histochemical GUS assay 
Approximately 1.3 kb of the ^íib` promoter (-1310 to -1 from 
the AUG) were amplified by PCR from genomic DNA. The 
product was then inserted into pCAMBIA 1391Z (Cambia, Aus-
tralia) using the mëíI and _~ãHI sites upstream of the drp 
gene. The resulting construct was then transformed into 4-
week-old ^ê~ÄáÇçéëáë plants by floral dip method (Clough and 
Bent, 1998) using= ^ÖêçÄ~ÅíÉêáìã íìãÉÑ~ÅáÉåë strain C58C1. 
The transformed plants were housed in a growth chamber until 
they produced seeds. Transgenic plants were then selected by 
germinating the seeds on solid MS medium containing 30 
μg/ml hygromycin. From the hygromycin-resistant transgenic 
(T1) plants, lines containing single insertions were identified by 
Southern blotting. Histochemical assays for GUS activity were 
performed as previously described (Jefferson et al., 1987). 
Tissue samples were visualized using an Axiophot microscope 
(Carl Zeiss, Germany) coupled to a CCD camera. GUS staining 
was confirmed by observing at least four different transgenic 
lines. 
 
RESULTS 
 
Identification of the ^ê~ÄáÇçéëáë ^íib` gene 
The chromosomal locus of ^íib`= is given by the ^ê~ÄáÇçéëáë 
Genome Initiative (AGI) number At3g15356. This gene was 
identified in microarray-based screening experiments for MeJA-
responsive genes (Jung et al., 2007a; 2007b; Schenk et al., 
2000), and initially termed ib` (Anderson et al., 2004). Be-
tween the 5′- and 3′-UTRs (nucleotides 1-51 and 868-1,068, 
respectively) there is an uninterrupted 816-bp open reading 
frame (ORF) at nucleotides 52-867. 

The ORF of ^íib`=encodes 271 amino acids, constituting a 
putative 30-kDa protein (Fig. 1). Based on PSORT analysis, 
residues 1-19 encode a cleavable N-terminal signal sequence, 
suggesting that the protein accumulates in cell walls or vacu-
oles. No apparent nuclear-targeting signal or kinase domain 
was detected from the primary sequence. Residues 28-269 
constitute a legume lectin β-domain. The primary sequence of 
AtLEC exhibits 86% identity with the lectin-related chitin-
inducible protein encoded by At3g16530 (Zhang et al., 2002). 
 
Tissue-specific expression of ^íib` 
Northern blotting with 5-week-old ^ê~ÄáÇçéëáë indicated that 
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Fig. 2. Northern blot analysis of the tissue-specific expression of 

^íib`. Total RNAs were prepared from rosette leaves, cauline 

leaves, primary inflorescences, siliques; secondary inflorescences, 

and roots of 5-week-old ^ê~ÄáÇçéëáë= plants. Equal RNA loadings 

were confirmed using ethidium bromide-stained gels. 

=
=
^íib`= is highly expressed in the rosette leaves, primary inflo-
rescences, and roots of mature plants, but not in the cauline 
leaves, siliques, or secondary inflorescences (Fig. 2). 

In transgenic ^ê~ÄáÇçéëáë plants expressing a drp reporter 
gene driven by the ^íib` promoter (~1.3 kb), GUS activity was 
observed in the leaf veins, secondary inflorescences, carpel 
heads, and silique receptacles (Fig. 3). In primary and secon-
dary inflorescences cut with a blade, a high level of GUS activ-
ity appeared in the vicinity of the wound site. 
 
Induction of ^íib` expression by chitin 
^íib` expression was rapidly induced by chitin. Three-week-
old ^ê~ÄáÇçéëáë seedlings were treated with 0.1 μg/L to 1 mg/L 
chitin for 30 min, and mRNA accumulation was analyzed by 
Northern blotting. A significant rise in transcript level was de-
tected at 10 μg/L chitin, and the level of transcription increased 
proportionally with the chitin concentration (Fig. 4A). Chitin also 
induced ^íib`=expression in liquid-cultured ^ê~ÄáÇçéëáë seed-
lings (Fig. 4B). Chitin-induced ^íib` expression was not af-
fected in ÅçáN (Feys et al., 1994) and ÉíêNJN (Chang et al., 1993) 
mutants that are defective in the jasmonate - and ethylene-
dependent signaling pathways, respectively. 
 
Induction of ^íib` expression by phytohormones 
^íib` was described as a MeJA- and ethylene-responsive 
gene (Anderson et al., 2004; Schenk et al., 2000). We also 
identified the gene from a microarray-based screen for MeJA-
responsive genes using Affymetrix GeneChip® ^ê~ÄáÇçéëáë 
genome arrays (Jung et al., 2007a). In addition, ^íib`=is con-
stitutively expressed in transgenic ^ê~ÄáÇçéëáë plants that over-
produce MeJA (Jung et al., 2007b). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Histochemical β-glucuronidase (GUS) assay of ^íib` pro-

moter activity. The ^íib` promoter (~1.3 kb) was fused with the 

drp gene, and transformed into ^ê~ÄáÇçéëáë. With the hygromycin-

resistant transgenic (T1) plants, histochemical assays for GUS 

activity were performed as previously described (Jefferson et al., 

1987). Tissue samples were visualized using an Axiophot micro-

scope (Carl Zeiss, Germany) coupled to a CCD camera. 1, flower 

and siliques; 2, silique; 3, rosette leaf; 4, primary and secondary 

inflorescences cut with a blade. 

 
 

Northern blot analysis confirmed the previous data. Three-
week-old ^ê~ÄáÇçéëáë seedlings grown on sterilized MS me-
dium did not accumulate ^íib` mRNA. However, transcript 
accumulation was detected 3-6 h after exposure to 100 μM 
MeJA or 50 μM ethylene (Fig. 5A). In contrast, ^íib` transcript 
level was decreased 3-6 h after exposure to 50 μM salicylic 
acid or 50 μM abscisic acid. Combined treatment with ethylene 
and MeJA yielded synergistic increases in transcription (Fig. 
5B). Expression of the goO and macNKO genes was analyzed 
as a control. Synergistic crosstalk between the hormones in-
volved in activation of the jasmonate-responsive defense gene 
macNKO was previously reported (Penninckx et al., 1998); how-
ever, in some cases, such as that involving goO,=the combined 
effect can be antagonistic (Rojo et al., 1999). 
^íib`=expression was also induced by wounding (Fig. 6), 

followed by expression of the jasmonate response marker gene 
goO (Rojo et al., 1999). Wound-induced systemic expression of 
^íib` was observed in the distal leaves of the plants. 
 
DISCUSSION 
 
Sequence analysis revealed that the=^íib` gene encodes a 
putative 30-kDa protein containing a legume lectin β domain  

Fig. 1. Amino acid sequence deduced from the ^ê~ÄáJ

Ççéëáë ^íib`=gene (At3g15356). Amino acid residues 

1-19, which encode a cleavable N-terminal signal se-

quence, are boxed. The sequences are aligned, using 

the DNAStar program, with those of a putative ^ê~ÄáJ

Ççéëáë= lectin-related protein deduced from At3g16530. 

Amino acid residues that are identical among the two 

proteins are indicated by dots. The peptide region con-

stituting a legume lectin β-domain is indicated by arrows 

at starting (residue 28) and ending (residue 269) points.
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Fig. 4. Northern blot analysis of chitin-induced ^íib` expression. 

(A) Concentration-dependent induction of ^íib` expression by 

chitinK= Three-week-old ^ê~ÄáÇçéëáë seedlings were treated for 30 

min with crab shell chitin at concentrations ranging from 10
-4 

to 1 

(10
0
)
 
mg/L or with water (control). (B) Time course of ^íib` ex-

pression induced by chitin. Wild-type (Col-0), ÉíêNJN mutant, and 

ÅçáN mutant ^ê~ÄáÇçéëáë seedlings were cultured for 2 weeks in 

liquid MS medium, treated with 100 μg/L crab shell chitin, and har-

vested at the indicated times after treatment. Equal RNA loadings 

were confirmed using ethidium bromide-stained gels. 

 
 
(Fig. 1). The putative protein contains a cleavable N-terminal 
signal sequence, suggesting that the protein accumulates in 
cell walls or vacuoles. The primary sequence contains no ap-
parent nuclear-targeting signal. Northern blotting indicated that 
^íib`= is highly expressed in the rosette leaves, primary inflo-
rescences, and roots of mature plants, but not in the cauline 
leaves, siliques, or secondary inflorescences (Fig. 2). These 
results are consistent with previous data showing that lectins 
are abundant in vegetative plant organs such as roots, leaves, 
rhizomes, and stems (Chrispeels and Raikhel, 1991). Thus, 
AtLEC is a member of the classic legume lectin family. 

The primary sequence of AtLEC exhibits strong similarity to 
that of the lectin-related chitin-inducible protein encoded by 
At3g16530 (Zhang et al., 2002). ^íib` expression was also 
rapidly induced by chitin, within 30 min of application (Fig. 4). 
Chitins are linear β-1,4-linked k-acetylglucosamine polymers 
that are present in the cell walls of fungi. Major plant defense 
responses elicited by chitin include lignification and phytoalexin 
biosynthesis (Hahn, 1996; Ebel, 1998). 
^íib` expression was also found to be induced during de-

velopmental processes, in the absence of chitin. Histochemical 
GUS assays showed that ^íib` transcripts accumulate in leaf 
veins, secondary inflorescences, carpel heads, and silique 
receptacles (Fig. 3). Relatively high GUS activity was detected 
in the tissues such as secondary inflorescences and silique 
receptacles in which no expression could be seen in Northern 
blot analysis, suggesting that the ^íib` expression is transient 
and local in these tissues. Following fertilization, floral organs 
develop an abscission zone, where the bases of the organs 
meet the receptacle (Bleecker and Patterson, 1997). Jas-
monates stimulate abscission in the leaf (Saniewski and We-
grzynowicz-Lesiak, 1995), petiole (Ueda et al, 1996), and stem 
(Saniewski et al., 2000). Ethylene also promotes abscission 
(Roberts et al., 2002). Thus, activation of the ^íib` promoter in 
flowers and silique receptacles might be due to jasmonate and 
ethylene. Supporting this observation, high levels of jasmonate 
are found in flowers and developing reproductive tissues  

A 
 
 
 
 
 
 

 

B 
 
 
 
 
 
 
 
 
 

 

Fig. 5. Northern blot analysis of phytohormone-induced ^íib` 

expression. (A) Induction of ^íib` expression by jasmonate and 

ethylene. Three-week-old wild-type plants (Col-0) were treated with 

100 μM MeJA (MJ), 50 μM ethephon (ET), 50 μM salicylic acid (SA), 

or 50 μM abscisic acid (ABA). Equal RNA loadings were confirmed 

using ethidium bromide-stained gels (not shown). (B) Synergistic 

activation of ^íib` by jasmonate and ethylene. Expression of the 

goO and macNKO genes was analyzed as a control. NT, no treat-

ment. 

 
 
(Creelman and Mullet, 1995). The shedding of plant organs 
provides an ideal site for invasion by pathogens. Thus, cell 
separation is associated with an increase in the accumulation 
of defense proteins such as chitinases (Lim et al., 1987) and 
pathogenesis-related (PR) proteins (Coupe et al., 1997; Del 
Campillo and Lewis, 1992). Expression of these genes has 
been observed following jasmonate treatment (Jung et al., 
2007a; Wasternack and Hause, 2002). In addition, temporal 
and spatial expression of mRNAs encoding PR proteins was 
observed during ethylene-promoted leaflet abscission in p~ãJ
ÄìÅìë=åáÖê~ (Coupe et al., 1997). 

In primary and secondary inflorescences of the ^íib`Jdrp 
transgenic plants that were cut with a blade, a high level of 
GUS activity appeared in the vicinity of the wound site. North-
ern blot analysis also showed that ^íib`=expression was in-
duced by wounding (Fig. 6), suggesting a jasmonate-mediated 
defense response. Exposure to 100 μM MeJA or 50 μM ethyl-
ene resulted in the accumulation of ^íib` transcripts within 3-6 
h (Fig. 5), confirming previous microarray data (Jung et al., 
2007a). Jasmonates and ethylene are important cellular regula-
tors that cooperate to concurrently activate jasmonate/ethylene-
dependent defense mechanisms in response to various patho-
gens (Berrocal-Lobo et al., 2002; Penninckx et al., 1998). In 
addition, ^íib` was induced in ^ê~ÄáÇçéëáë treated with the 
diterpenoid antifungal agent sclareol (Campbell et al., 2003), 
suggesting that=^íib` is involved in plant defense. 

The physiological roles of lectins in plant defense have not 
been clearly defined. The most likely function of vacuolar lectins 
in plant defense is presumably the specific recognition and 
binding of ligands from pathogens. Legume lectins exhibit a 
variety of tertiary and quaternary structures (Bezerra et al., 
2007; Moreno et al., 2008), and further studies would provide 
insight into the structure-biological activity relationships of this 
family of lectins. 
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Fig. 6. Northern blot analysis of wound-induced ^íib` expression. 

Rosette leaves of 5-week-old ^ê~ÄáÇçéëáë seedlings were wounded 

by cutting with scissors and pinching with forceps. The treated 

leaves (local) were enclosed in a plastic bag to isolate them from 

distal leaves (systemic). Expression of the goO gene was analyzed 

as a control. Equal RNA loadings were confirmed using ethidium 

bromide-stained gels. 

 
 

Oligosaccharide-induced defense gene activation may occur 
îá~ a jasmonate-responsive pathway (Doares et al., 1995; 
Farmer and Ryan, 1992; Mueller et al., 1993); however, jas-
monate/ ethylene-induced defense responses are exerted by 
antifungal proteins such as defensin (Penninckx et al., 1996; 
1998) and thionin (Andresen et al., 1992; Becker and Apel, 
1992). Therefore, it appears that the signaling pathways for the 
defense responses triggered by chitin elicitor and jas-
monate/ethylene treatment are quite different from each other. 
Indeed, chitin-induced ^íib` gene expression was unaffected 
in mutants in which the jasmonate- or ethylene-dependent 
pathways were blocked (Fig. 4B). This suggests that chitin-
induced ^íib` expression involves a novel signal transduction 
pathway, which is consistent with the result of a microarray 
analysis; the expression profile of ^ê~ÄáÇçéëáë exposed to chitin 
did not closely resemble the expression profile of any hormone 
treatment including MeJA and ethylene (Ramonell et al., 2002). 

Jasmonate signaling is associated with the ubiquitin/protea-
some-mediated degradation of proteins that negatively regulate 
transcription (Xie et al., 1998; Xu et al., 2002). Recent data 
suggest that the jasmonate-isoleucine complex is recruited by 
COI1, leading to the ubiquitination and degradation of jas-
monate ZIM-domain (JAZ) proteins, which repress the tran-
scription factor MYC2. The release of MYC2 repression in turn 
initiates the transcription of jasmonate-responsive genes (Chini 
et al., 2007; Thines et al., 2007). 

Ethylene signaling also employs the ubiquitin/protea-some-
mediated pathway (Benavente and Alonso, 1996). Ethylene is 
perceived by five ethylene receptors; ETR1, ETR2, ERS1, 
ERS2, and EIN4. These proteins constitute a complex with the 
protein kinase CTR1 which inhibits ethylene-signaling cascade 
in the absence of ethylene. Mutation on a receptor results in 
suppression of ethylene responses, even if the other wild-type 
members of the receptor family are sensing ethylene (Chang et 
al., 1993; Schaller and Bleecker, 1995). Upon ethylene percep-
tion, the suppressed signaling cascade is released to induce 
the accumulation of the transcription factor EIN3. Two EIN3-
binding factors EBF1 and EBF2 are F-box proteins that act as 
part of an E3-ligase (Binder et al., 2007; Guo and Ecker, 2003; 
Potuschak et al., 2003). Thus, expression of ethylene-
responsive genes is mediated by SCFEBF1/EBF2-dependent pro-
teolysis of EIN3 transcription factor. 

Several studies have suggested that chitin perception occurs 
at the surface of plant cells, and a high-affinity binding protein 
for oligochitin was identified from the rice plasma membrane 
(Ito et al., 1997; Kaku et al., 2006). However, the molecular 
components involved in the ensuing signal transduction path-
way have not been described. In particular, it is unknown 
whether chitin-induced gene activation is modulated by ubiquit-
ination, as is jasmonate-induced gene activation. A number of 
oligochitin-responsive ubiquitin ligase genes and transcription 
factors have been identified in ^ê~ÄáÇçéëáë (Libault et al., 2007). 
Additional studies on the role of such putative transcriptional 
regulators will reveal whether chitin also activates ^íib` tran-
scription îá~ ubiquitination. 

In summary, AtLEC is a classic legume lectin that plays a 
role in jasmonate/ethylene-responsive defense reactions. Clas-
sic plant lectins have not traditionally been thought to be induc-
ible proteins. Orysata, Nictaba, and other inducible lectins are 
cytoplasmic and/or nuclear plant lectins, suggesting that they 
are involved in endogenous protein-carbohydrate interactions 
(Van Damme et al., 2004). ^íib`=gene expression is induced 
by chitin, jasmonate, and ethylene, consistent with a defense 
role for this gene. This is evidence that a classic legume lectin 
could also be induced by endogenous developmental cues or 
external stresses. 
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Ççéëáë confers resistance to several necrotrophic fungi. Plant J. OV, 
23-32. 

Bezerra, G.A., Oliveira, T.M., Moreno, F.B.M.B., De Souza, E.P., 
Da Rocha, B.A.M., Benevides, R.G., Delatorre, P., De Azevedo 
Jr., W.F., and Cavada, B.S. (2007). Structural analysis of `~å~J
î~äá~=ã~êáíáã~ and `~å~î~äá~=Öä~Çá~í~ lectins complexed with dif-
ferent dimannosides: New insights into the understanding of the 
structure-biological activity relationship in legume lectins. J. 
Struct. Biol. NSM, 168-176. 

Binder, B.M., Walker, J.M., Gagne, J.M., Emborg, T.J., Hemmann, 
G., Bleecker, A.B., and Vierstra, R.D. (2007). The ^ê~ÄáÇçéëáë 
EIN3 binding F-box proteins EBF1 and EBF2 have distinct but 
overlapping roles in ethylene signaling. Plant Cell NV, 509-523. 

Bleecker, A.B., and Patterson, S.E. (1997). Last exit: senescence, 
abscission, and meristem arrest in Arabidopsis. Plant Cell V, 
1169-1179. 

Campbell, E.J., Schenk, P.M., Kazan, K., Penninckx, I.A.M.A., 
Anderson, J.P., Maclean, D.J., Cammue, B.P.A., Ebert, P.R., 



80 A Chitin- and Phytohormone-Inducible Lectin 

 

 

 

 

and Manners, J.M. (2003). Pathogen-responsive expression of 
a putative ATP-binding cassette transporter gene conferring re-
sistance to the diterpenoid sclareol is regulated by multiple de-
fense signaling pathways in Arabidopsis. Plant Physiol. NPP, 
1271-1284. 

Carpenter, C.D., and Simon, A.E. (1998). Preparation of RNA. 
Methods Mol. Biol. UO, 85-89. 

Chandra, N.R., Kumar, N., Jeyakani, J., Singh, D.D., Gowda, S.B., 
and Prathima, M.N. (2006) Lectindb: a plant lectin database. 
Glycobiology. NS, 938-946. 

Chang, C., Kwok, S.F., Bleecker, A.B., and Meyerowitz, E.M. 
(1993). ^ê~ÄáÇçéëáë=ethylene-response gene bqoN: Similarity of 
product to two-component regulators. Science OSO, 539-544. 

Chen, Y., Peumans, W.J., Hause, B., Bras, J., Kumar, M., Proost, 
P., Barre, A., Rougé, P., and Van Damme, E.J.M. (2002). Jas-
monic acid methyl ester induces the synthesis of a cytoplas-
mic/nuclear chito-oligosaccharide binding lectin in tobacco 
leaves. FASEB J. NS, 905-907. 

Chini, A., Fonseca, S., Fernández, G., Adie, B., Chico, J.M., 
Lorenzo, O., García-Casado, G., López-Vidriero, I., Lozano, 
F.M., Ponce, M.R., et al. (2007). The JAZ family of repressors is 
the missing link in jasmonate signaling. Nature QQU, 666-671. 

Chrispeels, M.J., and Raikhel, N.V. (1991) Lectins, lectin genes, 
and their role in plant defense. Plant Cell P, 1-9. 

Clough, S.J., and Bent, A.F. (1998). Floral dip: a simplified method for 
Agrobacterium-mediated transformation of ^ê~ÄáÇçéëáë= íÜ~äá~å~. 
Plant J. NS, 735-743. 

Coupe, S.A., Taylor, J.E., and Roberts, J.A. (1997). Temporal and 
spatial expression of mRNAs encoding pathogenesis-related 
proteins during ethylene-promoted leaflet abscission in p~ãÄìJ
Åìë=åáÖê~. Plant Cell Environ. OM, 1517-1524. 

Creelman, R.A., and Mullet, J.E. (1995). Jasmonic acid distribution 
and action in plants: regulation during development and re-
sponse to biotic and abiotic stress. Proc. Natl. Acad. Sci. USA 
VO, 4114-4119. 

De Souza Filho, G.A., Ferreira, B.S., Dias, J.M., Queiroz, K.S., 
Branco, A.T., Bressan-Smith, R.E., Oliveira, J.G., and Garcia, 
A.B. (2003). Accumulation of SALT protein in rice plants as a re-
sponse to environmental stresses. Plant Sci. NSQ, 623-628. 

Del Campillo, E., and Lewis, L.N. (1992). Identification and kinetics 
of accumulation of proteins induced by ethylene in bean abscis-
sion zones. Plant Physiol. VU, 955-961. 

Doares, S.H., Syrovelts, T., Weiler, E.W., and Ryan, C.A. (1995). 
Oligogalacturonides and chitosan activate plant defensive genes 
through the octadecanoid pathway. Proc. Natl. Acad. Sci. USA 
VP, 4095-4098. 

Ebel, J. (1998). Oligoglucoside elicitor-mediated activation of plant 
defense. Bioessays OM, 569-576. 

Farmer, E.E., and Ryan, C.A. (1992). Octadecanoid jasmonate 
precursors activate the synthesis of wound-inducible proteinase 
inhibitors. Plant Cell Q, 129-134. 

Feys, B.J.F., Benedetti, C.E., Penfold, C.N., and Turner, J.G. 
(1994). Arabidopsis mutants selected for resistance to the phy-
totoxin coronatine are male sterile, insensitive to methyl jas-
monate, and resistant to a bacterial pathogen. Plant Cell S, 751-
759. 

Guo, H., and Ecker, J.R. (2003). Plant responses to ethylene gas 
are mediated by SCF

EBF1/EBF2
-dependent proteolysis of EIN3 

transcription factor. Cell NNR, 667-677. 
Hahn, M.G. (1996) Microbial elicitors and their receptors in plants. 

Annu. Rev. Phytopathol. PQ, 387-412. 
Hervé, C., Dabos, P., Galaud, J.-P., Rougé, P., and Lescure, B. 

(1996). Characterization of an ^ê~ÄáÇçéëáë= íÜ~äá~å~ gene that 
defines a new class of putative plant receptor kinases with an 
extracellular lectin-like domain. J. Mol. Biol. ORU, 778-788. 

Hervé, C., Serres, J., Dabos, P., Canut, H., Barre, A., Rougé, P., 
and Lescure, B. (1999). Characterization of the ^ê~ÄáÇçéëáë=
äÉÅohJ~ genes: members of a superfamily encoding putative re-
ceptors with an extracellular domain homologous to legume 
lectins. Plant Mol. Biol. PV, 671-682. 

Ito, Y., Kaku, H., and Shibuya, N. (1997). Identification of a high-
affinity binding protein for k-acetylchitooligosaccharide elicitor in 
the plasma membrane of suspension-cultured rice cells by affin-
ity labeling. Plant J. NO, 347-356. 

Jefferson, R.A., Kavanagh, T.A., and Bevan, M.W. (1987). GUS 
fusions: β-glucuronidase as a sensitive and versatile gene fusion 
marker in higher plants. EMBO J. S, 3901-3907. 

Jung, C., Lyou, S.H., Yeu, S.Y., Kim, M.A., Rhee, S., Kim, M., Lee, 
J.S., Choi, Y.D., and Cheong, J.-J. (2007a). Microarray-based 
screening of jasmonate-responsive genes in ^ê~ÄáÇçéëáë=
íÜ~äá~å~. Plant Cell Rep. OS, 1053-1063. 

Jung, C., Yeu, S.Y., Koo, Y.J., Kim, M., Choi, Y.D., and Cheong, J.-
J. (2007b). Transcript profile of transgenic Arabidopsis constitu-
tively producing methyl jasmonate. J. Plant Biol. RM, 12-17. 

Kaku, H., Nishizawa, Y., Ishii-Minami, N., Akimoto-Tomiyama, C., 
Dohmae, N., Takio, K., Minami, E., and Shibuya, N. (2006) Plant 
cells recognize chitin fragments for defense signaling through a 
plasma membrane receptor. Proc. Natl. Acad. Sci. USA NMP, 
11086-11091. 

Komath, S.S., Kavitha, M., and Swamy, M.J. (2006). Beyond car-
bohydrate binding: new directions in plant lectin research. Org. 
Biomol. Chem. Q, 973-988. 

Lannoo, N., Vandenborre, G., Miersch, O., Smagghe, G., Waster-
nack, C., Peumans, W.J., and Van Damme, E.J.M. (2007). The 
jasmonate-induced expression of the káÅçíá~å~= í~Ä~Åìã leaf 
lectin. Plant Cell Physiol. QU, 1207-1218. 

Libault, M., Wan, J., Czechowski, T., Udvardi, M., and Stacey, G. 
(2007). Identification of 118 ^ê~ÄáÇçéëáë transcription factor and 
30 ubiquitin-ligase genes responding to chitin, a plant-defense 
elicitor. Mol. Pant-Microbe Interact. OM, 900-911. 

Lim, M.A.G., Kelly, P., Sexton, R., and Trewavas, A.J. (1987). Iden-
tification of chitinase mRNA in abscission zones from bean. 
Plant Cell Environ. NM, 741-746. 

Moreno, F.B.M.B., De Oliveira, T.M., Martil, D.E., Viçoti, M.M., Bez-
erra, G.A., Abrego, J.R.B., Cavada, B.S., and De Azevedo Jr., 
W.F. (2008). Identification of a new quaternary association for 
legume lectins. J. Struct. Biol. NSN, 133-143. 

Mueller, J.M., Brodschelm, W., Spannagl, E., and Zenk, M.H. 
(1993). Signaling in the elicitation process is mediated through 
the octadecanoid pathway leading to jasmonic acid. Proc. Natl. 
Acad. Sci. USA VM, 7490-7494. 

Penninckx, I.A.M.A., Eggermont, K., Terras, F.R., Thomma, 
B.P.H.J., De Samblanx, G.W., Buchala, A., Métraux, J.-P., 
Manners, J.M., and Broekaert, W.F. (1996). Pathogen-induced 
systemic activation of a plant defensin gene in Arabidopsis fol-
lows a salicylic acid-independent pathway. Plant Cell U, 2309-
2323. 

Penninckx, I.A.M.A., Thomma, B.P.H.J., Buchala, A., Métraux, J.-P., 
and Broekaert, W.F. (1998). Concomitant activation of jas-
monate and ethylene response pathways is required for induc-
tion of a plant defensin gene in Arabidopsis. Plant Cell NM, 2103-
2113. 

Peumans, W.J., Annick, B., Qiang, H., Pierre, R., and Van Damme, 
E.J.M. (2000). Higher plants developed structurally different mo-
tifs to recognize foreign glycans. Trends Glycosci. Glycotechnol. 
NO, 83-101. 

Potuschak, T., Lechner, E., Parmentier, Y., Yanagisawa, S., Grava, 
S., Koncz, C., and Genschik, P. (2003). EIN3-dependent regula-
tion of plant ethylene hormone signaling by two ^ê~ÄáÇçéëáë F 
box proteins: EBF1 and EBF2. Cell NNR, 679-689. 

Ramonell, K.M., Zhang, B., Ewing, R.M., Chen, Y., Xu, D., Stacey, 
G., and Somerville, S. (2002). Microarray Analysis of Chitin Elic-
tation in ^ê~Äáçäçéëáë=íÜ~äá~å~. Mol. Plant Pathol. P, 301-311. 

Roberts, J.A., Elliott, K.A., and Gonzalez-Carranza, Z.H. (2002). 
Abscission, dehiscence, and other cell separation processes. 
Annu. Rev. Plant Biol. RP, 131-158. 

Rojo, E., León, J., and Sánchez-Serrano, J.J. (1999). Cross-talk 
between wound signalling pathways determines local versus 
systemic gene expression in ^ê~ÄáÇçéëáë= íÜ~äá~å~. Plant J. OM, 
135-142. 

Rüdiger, H., and Gabius, H.-J. (2001). Plant lectins: Occurrence, 
biochemistry, functions and applications. Glycoconjugate J. NU, 
589-613. 

Saniewski, M., and Wegrzynowicz-Lesiak, E. (1995). Methyl jas-
monate-induced leaf abscission in h~ä~åÅÜçÉ= ÄäçëëÑÉäÇá~å~. 
Acta Hortic. PVQ, 315-324. 

Saniewski, M., Ueda, J., and Miyamoto, K. (2000). Methyl jas-
monate induces the formation of secondary abscission zone in 
stem of _êóçéÜóääìã=Å~äóÅáåìã Salisb. Acta Physiol. Plant. OO, 
17-23. 

Schaller, G.E., and Bleecker, A.B. (1995). Ethylene-binding sites 
generated in yeast expressing the ^ê~ÄáÇçéëáë=bqoN gene. Sci-
ence OTM, 1809-1811. 

Schenk, P.M., Kazan, K., Wilson, I., Anderson, J.P., Richmond, T., 



 Seoung Hyun Lyou et al. 81 

 

 

 

 

Somerville, S.C., and Manners, J.M. (2000). Coordinated plant 
defense responses in ^ê~ÄáÇçéëáë revealed by microarray 
analysis. Proc. Natl. Acad. Sci. USA VT, 11655-11660. 

Sharon, N., and Lis, H. (2004). History of lectins: from hemaggluti-
nins to biological recognition molecules. Glycobiology NQ, 53R-
62R. 

Thines, B., Katsir, L., Melotto, M., Niu, Y., Mandaokar, A., Liu, G., 
Nomura, K., He, S.Y., Howe, G.A., and Browse, J. (2007). JAZ 
repressor proteins are targets of the SCF

COI1
 complex during jas-

monate signaling. Nature QQU, 661-665. 
Ueda, J., Miyamoto, K., and Hashimoto, M. (1996). Jasmonates 

promote abscission in bean petiole explants: Its relationship to 
the metabolism of cell wall polysaccharides and cellulose activity. 
J. Plant Growth Regul. NR, 189-195. 

Van Damme, E.J.M., Lannoo, N., Fouquaert, E., and Peumans, 
W.J. (2004). The identification of inducible cytoplasmic/nuclear 
carbohydrate-binding proteins urges to develop novel concepts 
about the role of plant lectins. Glycoconjugate J. OM, 449-460. 

 

Wasternack, C., and Hause, B. (2002). Jasmonates and octa-
decanoids: signals in plant stress responses and development. 
Progr. Nucl. Acid Res. Mol. Biol. TO, 165-221. 

Xie, D.-X., Feys, B.F., James, S., Nieto-Rostro, M., and Turner, J.G. 
(1998). `lfN: An Arabidopsis gene required for jasmonate-
regulated defense and fertility. Science OUM, 1091-1094. 

Xu, L., Liu, F., Lechner, E., Genschik, P., Crosby, W.L., Ma, H., 
Peng, W., Huang, D., and Xie, D. (2002). The SCF

COI1
 ubiquitin-

ligase complexes are required for jasmonate response in 
^ê~ÄáÇçéëáë. Plant Cell NQ, 1919-1935. 

Zhang, W., Peumans, W.J., Barre, A., Houlès-Astoul, C., Rovira, P., 
Rougé, P., Proost, P., Truffa-Bachi, P., Jalali, A.A.H., and Van 
Damme, E.J.M. (2000). Isolation and characterization of a jac-
alin-related mannose-binding lectin from salt-stressed rice 
(lêóò~=ë~íáî~) plants. Planta ONM, 970-978. 

Zhang, B., Ramonell, K., Somerville, S., and Stacey, G. (2002). 
Characterization of early, chitin-induced gene expression in 
^ê~ÄáÇçéëáëK=Mol. Plant-Microbe Interact. NR, 963-970. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




