








 

 

 

















 

 

ABSTRACT 

 

 The oomycete Aphanomyces euteiches is a root pathogen infecting legumes which 

causes important yield losses. The cell wall of A.euteiches contains 10% N-acetylglucosamine 

(NAG) in the form of non-crystalline chitosaccharides, which are associated to cell wall 

glucans. To study their biological activity, a root elicitation bioassay on the host plant 

Medicago truncatula has been set up using a preparation of chitin fragments as a control 

elicitor. The purification of hydrolysed cell wall fractions enriched in NAG yielded glycan 

fragments which were composed of glucose and NAG. These heteropolymers possess a 

novel structure, which has never been described before. The root elicitation bioassay 

showed a biological activity of the cell wall fractions different from the one of chitin 

fragments, on M.truncatula. Interestingly, one fraction induced nuclear calcium oscillations 

in epidermal cells of M.truncatula root cultures, which are different from the response 

evoked by pure chitotetramers. 
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Tableau I.1 : Classification des éliciteurs et des MAMPs associés connus 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Démontrée ou supposée 
Seuls les éliciteurs exogènes ont été listés. (-) : information non disponible. FLS2 : Flagelline Sensitive 2, EFR : 
EF-Tu Receptor, EIX : Ethylene-Inducing Xylanase, CSP : Cold Shock Protein, NLP : Nep1-like, TG : 
Transglutaminase, CBEL : Cellulose-Binding Elicitor Lectin, CBM1 : Carbohydrate-Binding Module Family 1, 
CERK1 : Chitin Elicitor Receptor Kinase 1, CEBiP : Chitin Elicitor-Binding Protein 1, PGN : Peptidoglycan, GE : 
Glucan Elicitor, LPS : Lipopolysaccharide, LOS : Lipooligosaccharide, GBP : Glucan-Binding Protein. 
  

Nature Eliciteur MAMP Sources Fonction (a) Récepteur Références

Flagelline flg22 Bactéries Mobilité FLS2
Bardy et al., 2003; 

Chinchilla et al.,2006; 
Felix et al., 1999

ET-Tu elf18 Bactéries
Traduction des 

protéines
EFR

Krab and Parmeggiani, 
1998; Zipfel et al., 

2006; Kunze et al., 2004

Ax21 axYS22

Bactéries 
Xanthomonas sp, 
Xylella fastidiosa, 
Stenotrophomonas 

maltophilia

Quorum sensing Xa21
Park et al., 2010; Lee et 
al., 2009; Danna et al., 

2011

EIX TKLGE Trichoderma viride
Dégradation de 

la paroi végétale
LeEIX1/2

Belien et al., 2006; Ron 
and Avni, 2004; Bailey 
et al., 1990; Ron et al., 

2000

harpin - Bactéries Gram -
Translocation 
des effecteurs

-
Bocsanzy et al., 2008; 
He et al 1993; Wei et 

al., 1992

CSP
RNP-1 motif 
(KGFGFITP)

Bactéries
Réponse aux 

stress
-

Thieringer et al., 1998; 
Felix and Boller, 2003

NLP -
Champignons, 

Oomycètes, Bactéries
Virulence -

Ottman et al., 2009; 
Gijzen et al., 2011

SodM -
Bactéries 

Xanthomonas, E.coli
Production de 

ROS
-

McCord and Fridovich, 
1969; Watt et al., 2006

Elicitines -
Oomycètes 

Phytophthora sp.
Transport de 

stérol
-

Mikes et al., 1998; 
Kamoun et al., 1993

TG pep13
Oomycètes 

Phytophthora sojae
Adhésion -

Folk, 1980; Brunner et 
al., 2002

CBEL CBM1
Oomycètes 

Phytophthora sp.
Adhésion -

Gaulin et al., 2002; 
Kathib et al., 2004

Invertase
résidus 

mannosyl
Champignons Catabolisme - Basse et al., 1992

Chitine (NAG)7 Champignons
Structuration de 

la paroi
CERK1/ 
CEBiP

Xie and Lipke, 2010; 
Petutschnig et al., 2010; 
Kaku et al., 2006; Felix 

et al., 1999

PGN - Bactéries
Structuration de 

la paroi
-

Silhavy et al., 2010; Erbs 
and Newman, 2011

GE Hepta-glucane
Oomycètes 

P.megasperma
Structuration de 

la paroi
GBP

Umemoto et al., 1997; 
Sharp et al., 1984

�t�r�P�o�µ�����v�• Penta-glucanes
Champignons 

Magnaporthe grisea
Structuration de 

la paroi
-

Xie and Lipke, 2010; 
Yamaguchi et al., 2000

LPS/LOS

Antigen-O et 
Core-

oligosaccharid
e

Bactéries Gram -
Structuration de 

l'enveloppe
-

Silhavy et al., 2010; Erbs 
and Newman, 2011

Acide 
arachidonique

- Oomycètes
Structuration des 

membranes
-

Goldenberg and Pavia, 
1981

Ergostérol - Basidiomycètes
Structuration des 

membranes
- Granado et al., 1995

Lipidique

Poly-
saccharidique

Glyco-
protéique

Protéique





















 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure I.2 : Représentation de la structure tridimensionnelle du domaine LysM 
Illustration extraite de Bateman and Bycroft (2000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure I.3 : Structure des ligands contenant de la NAG pour les protéines à domaines LysM 
Illustration extraite de Gust et al. (2012). 
(a) Chitine. (b) Peptidoglycane (PGN). (c) Facteur Nod majoritaire produit par Sinorhizobium meliloti: NodSm-
IV(C16:2D2ED9Z,Ac,S). (d) Myc-LCO identifié chez Glomus intraradices : (LCO)-IV(C16:0,S). 

  













































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tableau I.2 : Classification et principales propriétés des PR-proteins 
Tableau extrait de Sels et al. (2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  





























 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure I.5 : Différents stades de dégénérescence de plantes de pois affectées par A.euteiches  
(photo de C. R. Grau, apsnet.org) 
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CHAPITRE 1 : UN SYSTEME EXPERIMENTAL 

POUR ETUDIER LES REPONSES DES RACINES 

DE M.TRUNCATULA AUX OLIGOMERES DE 

CHITINE DE DEGRE DE POLYMERISATION 

ELEVE ET AUTRES ELICITEURS MICROBIENS 

 

 

 

 

 



























 
 
 
 
 
 
 
 
 
 
 
 
 
Tableau 1.1 : Sélection des gènes pour les analyses par RT-qPCR chez M.truncatula 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ID Mt3.5.1 des gènes Annotation Acronyme

Gènes associés aux stress biotique

Medtr4g120860 Pathogenesis-related protein 10.2 PR10.2  

non déterminé Thaumatin THA

Medtr5g046430/Medtr4g017050 Germin-l ike protein subfami ly 1 member 7 GLP

Medtr1g075340 Inhibi tor of tryps in and hageman factor PI

Medtr3g118390 Chitinase I CHI I

Medtr4g083710 Peroxidase 5 POX

Medtr7g065260 Glutathione S-transferase GST

Medtr5g024020 Seed l ipoxygenase LOX

Medtr5g098720 Phenylalanine ammonia-lyase PAL

Medtr4g070370 Isoflavone reductase-l ike protein 6 IFR

Medtr4g077100 NAD-dependent epimerase/dehydratase EPI

Medtr7g074710 Vesti tone reductase VR

Medtr4g005190 �t-amyrin synthase �tAS

Gènes de référence

Medtr4g097170 Histone H3 H H3

Medtr6g021800 Translation elongation factor 1-�r �d���&�r

Medtr3g091400 Ubiqui tin fami ly protein / Phosphatidyl inosi tol  3- and 4-kinase UbPIK

PR-protéines

équi l ibre RedOx

biosynthèse de 
médiateurs ou 
composés de 

défense
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related to important crop plants, like pea, alfalfa and faba bean (Young and Udvardi 2009). 

Its complete genome has recently been released and a large number of expressed sequence 

tags and extensive transcriptomic data generated under various conditions are available 

(Young, et al. 2011). This highly polymorphic plant is amenable to direct, reverse and 

association genetic studies, facilitating the analysis of various phenotypic traits, including 

interactions with microorganisms. Besides its symbiotic ability, M. truncatula interacts with a 

broad range of pathogens, from parasitic plants, nematodes, fungal, and oomycete 

pathogens to bacterial pathogens (Ameline-Torregrosa, et al. 2008; Samac, et al. 2011; 

Uppalapati, et al. 2009; Vailleau, et al. 2007). In particular, it is a host for Aphanomyces 

euteiches (Djebali, et al. 2009), an oomycete pathogen that causes root rot in various 

legumes, and has the striking peculiarity to contain abundant chitosaccharides in its cell wall 

(Badreddine, et al. 2008). Despite its importance as a model plant, responses of M. 

truncatula to COs have been addressed in only two studies: hydrolyzed crab shell chitin was 

shown to induce intracellular ROS production in root hairs (Kim, et al. 2006), whereas 

chitotetraose induced nitric oxide and jasmonic acid (JA) accumulation in shoot cuttings 

(Leitner, et al. 2008). These studies not only differ in the nature of the organ and of the 

responses that were investigated, but also in the nature of the CO preparation that was 

used. 

 The solubility and biological properties of COs depend on their degree of 

polymerization (DP) and degree of acetylation (Aam, et al. 2010). Whereas a sharp decrease 

of water solubility of fully acetylated COs is observed above a DP of 7, the most active COs in 

rice, A. thaliana or soybean, are fully acetylated molecules of DP 7 or 8 (Day, et al. 2001; 

Shibuya and Minami 2001; Zhang, et al. 2002). CO preparations can be obtained from 

crustacean shell chitin either directly by partial acid hydrolysis (Shahidi and Abuzaytoun 

2005), or indirectly by alkaline hydrolysis producing chitosan fragments that are 

subsequently reacetylated (Ito, et al. 1997). The latter approach allows the preparation of 

pure individual COs of DP up to 8 but is laborious. The former approach includes procedures 

using hydrofluoric (HF) or hydrochloric (HCl) acid. HCl needs thorough control of hydrolysis 

conditions to avoid substantial deacetylation and total depolymerization (Einbu and Vårum 

2008) whereas HF allows better control of hydrolysis but is hazardous and not usable in most 

laboratories. Alternative methods for either chemical or enzymatical syntheses of COs are 

available, but these methods are complex and the yields are generally low (Aam, et al. 2010). 
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Thus preparation of pure fully acetylated individual COs of high DP is usually not feasible in 

plant science laboratories, which prepared instead crude water slurries or acid hydrolyzates, 

or obtained COs from commercial sources in many cases (Kim, et al. 2006; Millet, et al. 2010; 

Ramonell, et al. 2002; Zhang, et al. 2002). Whereas individual COs of DP of 7 or 8 might be 

purchased at high cost from a limited number of companies, their presence in cheaper 

commercial CO mixtures is not documented. In this context, we have initiated this work with 

two objectives: (1) to prepare large amounts of a purified, fully acetylated, yet soluble, CO 

preparation containing chitin fragments of high DP, and (2) to develop a bioassay for the 

study of defense-associated responses of M. truncatula roots to biotic elicitors, with special 

emphasis on COs. 
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2.2. MATERIALS AND METHODS 

2.2.1. Chitin oligomer preparation 

 Crab shell chitin (CSC, Sigma C3387) was used as a starting material. The 50 ml 

hardened steel grinding bowl of a vibratory disc mill RS200 (Retsch) was pre-cooled in liquid 

nitrogen, then 10 grams of crab shell chitin were added to the bowl and ground 3 times for 

15 sec at 1500 rpm. The powder was passed through a 100 µm sieve to eliminate the largest 

particles. At this stage, the hexosamine content was measured after hydrolysis in 6 M HCl at 

120°C for 1 h followed by analysis of the neutralized hydrolysate by High-Performance 

Anion-Exchange Chromatography coupled to Pulsed Amperometric Detection (HPAEC-PAD) 

as described in (Badreddine, et al. 2008). The fine powder was then deproteinized by 

resuspension in 1 M NaOH (10 ml.g-1 of powder) and incubation at room temperature for 1 h 

under constant agitation. The residue was pelleted by centrifugation at 3000 x g for 10 min 

at 15°C, and then washed by repeated resuspension in water and centrifugation until the pH 

of the supernatant reached neutrality. The proteins were measured in the first supernatant 

according to (LOWRY, et al. 1951), giving an indication of the protein contamination of the 

original CSC sample. The pellet was then washed 3 times in 80% ethanol, once in 100% 

ethanol, and finally lyophilized. The dry residue was solubilized by resuspension in 12 M HCl 

(10 ml.g-1 of powder, pre-cooled at -20°C) and further incubation at -20°C for 30 min. Partial 

hydrolysis was performed by transferring the solution to a 40°C water bath and incubating 

for 100 min under constant agitation. The hydrolysate was cleared by centrifugation at 3000 

x g for 10 min at 4°C, and then poured into an ice-cold beaker. After addition of 400 ml of 

ice-cold distilled water, the hydrolysate was neutralized by slow addition of ice-cold 5 M 

KOH. The neutralized hydrolysate was cleared by centrifugation at 1000 x g for 10 min at 

4°C, concentrated in a rotary evaporator (Rotavapor, Büchi Labortechnik) at 30°C until it 

reached a volume of 50 ml, then dialyzed 6 h against distilled water in dialysis tubes with a 1 

kDa molecular weight cut-off. The dialysate was ultrafiltrated in a Sartorius Vivaspin 15RH11 

tube, and the fraction of less than 5 kDa molecular weight was lyophilized, resulting in ca. 

800 mg of dry material. Twenty mg-aliquots of this fraction were analyzed by size-exclusion 

chromatography on a Bio-Gel P-4 fine column (24x250 mm, Biorad) calibrated with dextran 

standards of 1.1, 5 and 50 kDa in 100 mM ammonium formate (pH 6.8). Fractions 
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hour illumination period and an 8-hour night period at 23°C on a rotary shaker at 90 rpm for 

3 days, then on a static tray for 12 days. 

2.2.5. Elicitation assays and ROS measurement 

 For all assays using M. truncatula and for ROS measurement using A. thaliana, 

seedlings grown in 35 mm petri dishes for 7 to 8 days (M. truncatula) or 15 days (A. thaliana) 

were first washed by substituting their medium with water and incubating them further 

under growth conditions for 2 to 4 h before elicitor treatment. 

 Real-time measurement of ROS production was performed by a luminol/peroxidase-

based chemiluminescence assay according to (Kunze, et al. 2004). The washing medium was 

withdrawn and the washed seedlings in the petri dish were pre-incubated briefly in 900 µl of 

a solution containing 1 U ml-1 horse radish peroxidase (HRP, Fluka-Sigma) and 22 µM luminol 

(Sigma). The petri dish was then placed in a Sirius luminometer (Berthold Detection Systems) 

before the addition of elicitor solution to give a final volume of 1 ml. Chemiluminescence 

was recorded for 1 h. To study the effect of diphenyliodonium chloride (DPI, Sigma-Aldrich), 

the peroxidase/luminol solution was supplemented with 5 µl of 10 mM DPI dissolved in 

dimethyl sulfoxide (DMSO), or with 5 µl DMSO as a control. 

 End-point measurement of ROS production by M. truncatula was done using an 

amplex red/peroxidase-coupled fluorescence assay adapted from (Ashtamker, et al. 2007). 

The washing medium was withdrawn and the washed seedlings in petri dishes were treated 

with 1 ml of the elicitor solutions for 20 min at RT before sampling of 20 µl portions of the 

medium into black 96-well microplates (Greiner). Fluorescence under excitation at 530 nm 

was measured at 600 nm in a Berthold TriStar LB 941 multimode reader twice before and 4 

times after the injection of 20 µl of 50 mM sodium phosphate buffer (pH 7.5) containing 4 U 

ml-1 HRP and 0.2 mM amplex red (Invitrogen). In parallel, a dilution series of 37% H2O2 was 

processed. Emitted relative light units were linear for a concentration range of 0.05 to 2 µM 

H2O2 (r2 = 0.98 +/- 0.015, n = 10). To verify the nature of the ROS produced by the seedlings, 

a catalase solution (catalase from Corynebacterium glutamicum, Sigma-Aldrich) was added 

to the samples at a final concentration of 200 U.ml-1, and the mixtures were incubated 10 

min at room temperature before fluorescence measurement. 
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Table 1: Yield, apparent DP range, average DP number (DPn) and average degree of acetylation 
(DA) of the CO fractions generated from crab shell chitin 
 

Fraction CO I CO II CO III CO IV 
Yield (mg/g) a 15.1+4.0 14.4+7.7 54.3+17.0 3.6+2.1 

DP range b 19.7-14.8 14.8-9.9 9.9-4.9 4.9-1.0 
DPn c 13.7 6.8 3.8 ND 
DA c 0.97 1.00 0.98 ND 

a The mean yield + SE of four independent preparations is shown 
b As determined by dextran standards separated by gel filtration chromatography 
c As determined by quantitative integration of 13C CP/MAS NMR data according to Heux et al. (2000) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 13C CP/MAS NMR spectra of (a) crab shell chitin, (b) CO I, (c) CO II, (d) CO III, and (e) CO IV 
fractions prepared after acid hydrolysis of crab shell chitin.  
Assignment of the different carbon resonances (chemical shifts) of N-acetylglucosamine are 
following, according to (Tanner et al. 1990): C=O, 173.7 ppm; C1, 103.9 ppm; C4, 83.3 ppm; C5, 76.0 
ppm; C3, 73.3 ppm; C6, 61.2 ppm; C2, 55.2 ppm; CH3, 22.8 ppm. The dashed lines point to the 
reductive ends of the N-acetylglucosamine signals at 96.3 and 91.5 ppm corresponding to the C1-�E 
and C1-�D of the reductive ends. The mean DPs of the CO fractions are calculated from the integration 
of these signals.  
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Fig. S1: 1H liquid NMR spectra of (a) CO I, (b) CO II and (c) CO III fractions prepared after acid 
hydrolysis of crab shell chitin. 
Assignment of the different proton resonances (chemical shifts) are following, according to Samain et 
al. (1997): H1a, 5.10 ppm; H1b, 4.60 ppm; H1c, (central units) 4.49 ppm; other saccharidic protons, 
3.30-�ð�X�ì�ì�� �‰�‰�u�V�� �������š�Ç�o�� �µ�v�]�š�U�� �í�X�õ�ì�� �‰�‰�u�X�� ���W�v�� �]�•�� �����o���µ�o���š������ �(�Œ�}�u�� �š�Z���� �Œ���o���š�]�}�v�� ���W�� �A�� �~�N�,�í�r �=�� �N�,�í�t + 
�N�,�í���•�l�~�N�,�í�r �=���N�,�í�t). 
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a this study 
b after Ramonell, et al. (2005) 
 
Fig. 2: Validation of the CO preparation on A. thaliana. 
a) Elicitation of H2O2 production. Petri dishes containing 3 Col-0 wild type (WT) or cerk1 mutant 
(cerk1) seedlings in a solution of luminol and HRP were placed in a luminometer and 
chemiluminescence was monitored after the addition of COs DP7 at a final concentration of 
100 µg.ml-1 (black curve). The control (gray curve) was mock-treated by the addition of water. b) 
Modulation of gene expression. Quantitative RT-PCR analysis of expression of genes reported to be 
induced by various biotic stress-related signals was performed after 1 h treatment of Col-0 wild type 
(WT) or cerk1 mutant (cerk1) seedlings with 100 µg.ml-1 COs DP7. Log2 values of expression ratios 
calculated with respect to mock-treated seedlings are shown. Regulations that were supported by 
statistical analysis are reported in bold, underlined characters, whereas unsupported regulations are 
reported in italics (see Online Resource 4 for complete qRT-PCR data). For comparison, data from 
DNA chip transcriptomic analyses performed after 30 min treatment of Col-0 wild type (WT) 
seedlings with 100 µg.ml-1 hydrolyzed crab shell chitin (Ramonell, et al. 2005) were extracted from 
the Genevestigator database (Hruz, et al. 2008), and regulations were reported likewise. PEN2, 
penetration 2 protein; MPK3, mitogen-activated protein kinase 3; WRKY11, WRKY transcription 
factor 11; HP, hypothetical protein; VSR, vacuolar sorting receptor; CYP83B1, cytochrome P450 
monooxygenase 83B1; BAK1, BRI1-associated receptor kinase 1; FLS2, flagellin-sensitive 2; GST11, 
glutathione S-transferase 11; GSTU10, glutathione S-transferase TAU 10; CDPK, calcium-dependent 
protein kinase. 
  

a 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S3: RT-qPCR analysis of gene expression of A. thaliana WT or cerk1 mutant seedlings treated 
by COs DP7 for 1h or 6h 

 
 
 
 
 
 
 
 
 
 
 
 
 
a Significance of gene expression modulation over three biological replications was determined by a 
paired two samples student t test comparing 2-�4���š values from the water treatment versus the CO 
treatment 
 
 
  

identifier nickname 
 log2 of  

expression 
ratio

p-value a
 log2 of  

expression 
ratio

p-value a
 log2 of  

expression 
ratio

p-value a
 log2 of  

expression 
ratio

p-value a

AT2G44490 PEN2 1.734 0.003 0.073 0.936 0.268 0.442 0.165 0.584
AT3G45640 MPK3 1.032 0.037 0.235 0.620 0.370 0.646 0.243 0.698
AT4G31550 WRKY11 2.298 0.034 -0.209 0.721 0.788 0.094 0.006 0.833
AT5G25260 HP 2.945 0.004 1.979 0.968 0.289 0.313 -0.422 0.702

AT4G31500 CYP83B1 1.201 0.006 0.252 0.377 0.574 0.629 0.290 0.349
AT4G33430 BAK1 1.390 0.041 0.334 0.641 0.244 0.354 0.292 0.544
AT5G46330 FLS2 1.163 0.027 0.131 0.797 0.671 0.265 0.023 0.940
AT1G02920 GST11 2.619 0.005 0.372 0.756 1.091 0.463 0.416 0.336
AT1G74590 GSTU10 1.335 0.030 0.350 0.218 -0.463 0.126 0.001 0.923
AT5G24430 CDPK 0.969 0.034 -0.037 0.797 -0.177 0.371 0.340 0.186

1h

0.617 0.271 -0.038 0.826

chitin 

2.074AT1G30900

pathogen infection 

1h 6h

VSR

lipopolysaccharides 

Reported inducing 
signal 

WT cerk 1
6h

flagellin 

0.020 0.228 0.340



Chapitre 1 : Un système expérimental pour étudier les réponses des racines de M.truncatula 
aux oligomères de chitine de degré de polymérisation élevé et autres éliciteurs microbiens 

 
55 

 

0 WT and cerk1 mutant seedlings demonstrated that the modulation of expression of all the 

genes responding to COs DP7 was reliant on CERK1 (Fig. 2b and Table S3).  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 M. truncatula elicitation bioassay. 
a) Developmental state of M. truncatula seedlings after 7 days growth in the hydroponic culture 
system: secondary leaves start to expand and the main roots are branching. b) The hydroponic test 
system allows the evaluation of early and late responses from the same samples; i.e. the end-point, 
amplex red-based, measurement of the production of ROS 20 min after elicitor treatment and the 
successive collection of the treated roots (1 to 12 h after elicitation) for RNA preparation and analysis 
of gene regulation. Only one seedling per petri dish is depicted for clarity reasons. c) Quantitative RT-
PCR gene expression analysis after 4 h treatment with 100 µg.ml-1 �t-glucan elicitor from P. sojae. 
Mean values from three biological replicates (+/- standard error) are given as log2 of fold-expression 
with respect to mock-treated seedlings. PR10.2, pathogenesis-related protein 10; THA, thaumatin; 
GLP, germin-like protein; PI, proteinase inhibitor; CHI I, class I chitinase; POX, peroxidase; GST, 
glutathione-S-transferase; LOX, lipoxygenase; PAL, phenylalanine ammonia lyase; IFR, isoflavone 
�Œ�����µ���š���•���V�� ���W�/�U�� �E������ �����‰���v�����v�š�� ���‰�]�u���Œ���•���l�����Z�Ç���Œ���š���•���V�� �s�Z�U�� �À���•�š�]�š�}�v���� �Œ�����µ���š���•���V�� �t���^�U�� �t-amyrin 
synthase.  
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