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INTRODUCTION 

 
 

Multicellular organisms recognize potential intruders on the basis of their essential 

conservative molecules, microbe associated molecular patterns (MAMPs). This is the basis 

and the first step of their resistance mechanism. Basal Resistance (BR) is a defence 

mechanism of plants during interactions with bacteria. It is a non–specific response induced 

by saprophytic, pathogenic, pathogenicity mutant and heat–killed bacterial cells as well. 

Certain MAMPs like flagellin, lipopolysaccharide also induce basal resistance. BR develops 

faster at a higher temperature. In the range of 10–30 °C the time needed for its development 

gradually decreases to only 1–2 hours. Elaboration of the type III secretion system by the 

bacterium is required for induction of pathogenesis and/or hypersensitive response and basal 

resistance is able to inhibit the expression of bacterial hrp genes during the induction time of 

hypersensitive resistance. Thus, the quickness of this defence mechanism is crucial to 

influence the outcome of the plant–bacterium interaction. The leaf apoplast is a dynamic 

compartment on which plant pathogenic bacteria reside after infection. Among the very first 

interaction events is the perception of bacterial surface molecules like flagellin by plant 

receptors. Apoplast proteins likely play a role in the responses triggered by flagellin or other 

MAMPs in basal resistance. 

 Foliage and fruit spot caused by the Gram-negative plant pathogen Xanthomonas 

campestris pv. vesicatoria is one of the most important bacterial diseases of tomato and 

pepper. Outbreaks of bacterial spot epidemic usually occur during warm and humid weather 

conditions and can result in significant crop losses. Resistance in pepper to Xanthomonas 

campestris pv. vesicatoria is generally associated with hypersensitive reaction (HR). To date, 

three different Xanthomonas resistance gene have been described in pepper that are localized 

on the Bs1, Bs2 and Bs3 loci. On the contrary, a new type of non-hypersensitive 

Xanthomonas resistance, called gds was recently found in the pepper genotype PI 163192, 

which is effective against the X. campestris pv. vesicatoria and other pepper pathogens as 

well. This resistance is based on the recessive gene called gds (general defense system).  
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Purpose of the research 

 
Molecular basis of two plant resistance mechanisms without tissue destruction were 

investigated.  

 
• Comparative analysis on sensitive and Xanthomonas campestris-resistant pepper 

genotypes carrying the gds gene are planned to carry out with cDNS-AFLP 

technique on gene expression level.   

 

• Following proteomical changes in tobacco plant cell wall during basal resistance 

with two dimensional protein separation technique and mass spectrometric 

identification.  

 

• Two extracellular induced chitinases (EBR125 and EBR250) are ideal 

markerproteins of the basal resistance, thus their characterisation is of great 

importance. Their expression and ways of their extraction from tobacco are 

investigated. N-terminal sequencing of EBR125 and EBR250 chitinases and their 

classification and testing their enzymatic activity on bacterial signal molecules 

(Nod−factors) were all our aims. 

 

• Investigation of the capability of basal resistance to influence bacterial energetic 

state under in vivo and in vitro circumstances.  
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MATERIALS AND METHODS 

 
Gene expression investigations on plant-pathogen interactions between 
Xanthomonas campestris pv. vesicatoria and pepper (Capsicum annuum L.) 
using the cDNA-AFLP technology  
 
Plant material All plant material used in the these studies originated from the breeding 

material of Budakert Ltd. Plants from F2 to F4 populations, representing crosses between 

different donor genotypes containing the gds gene and different susceptible recipient lines 

were grown in growth chambers. From each segregating population at least 3 resistant and 3 

susceptible individuals were chosen for the experiments. From all parental genotypes 6 to 8 

individuals were also included. On each selected individuals 3 leaves were infiltrated with a 

fresh bacterial culture of Xanthomonas campestris pv. vesicatoria (108 cells/ml). The 

infected leaves were harvested in different  

times after inoculation 0h, 2h, 12h, 24h), immediately frozen in liquid nitrogen and stored at 

-70 oC until processing. At each harvesting time three infected leaves - each of them were 

taken from different plants – were pooled for eliminating the differences originating from 

different individuals and leaf floors.  

cDNA-AFLP method 

Frozen pepper leaf material (0.5 to 1g) was ground by mortar and pestle. Total RNA were 

isolated by LiCl precipitation following phenol/chloroform extraction. PolyA+ RNA 

fractions were recovered using paramagnetic particles conjugated to oligo-dT, which 

subsequently served as primer for the cDNA synthesis. During cDNA-AFLP primary cDNA 

templates were simultaneously digested with the restriction enzymes TaqI (frequent cutter) 

and AseI (rare cutter), and the following double stranded adapters were ligated to the 

cohesive ends. During preamplification reactions, adapter ligated cDNA fragments were 

amplified, using adapter specific primers having one single selective nucleotide overhang 

(Taq+1A, Ase+1C). For the selective AFLP amplifications adapter-specific primer with two 

or three nucleotide overhangs were applied. AseI primers were end-labelled by 

phosphorylation using [γ-33P]ATP and polynucleotide kinase. Amplification products were 

separated on 8% polyacrylamide gels and visualised by autoradiography. Fragments of 

interest were excised from dried gels, reamplified using primers of the preamplification 

reactions. PCR products were cloned in pGEM5zf+T vector. Plasmid clones were sequenced 

on an ABI 3100 sequencer using standard sequencing procedures. Database searches using 

the Basic Local Alignment Search Tool were performed at the NCBI World Wide Web 
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server network service. Additionally, for all query sequences BLAST analyses were 

performed on a local sequence database containing about 30,000 public pepper sequences. 

 
Proteomic background of basal resistance  

Plant material and basal resistance induction 

Experiments were carried out on 2.5–month–old tobacco plants (Nicotiana tabacum cv. 

Samsun) grown in greenhouse. EBR was induced by injection of 1 µM suspension of the 22 

amino acid long fragment (flg 22) of the flagellin protein (a MAMP) isolated from 

Pseudomonas avenae into the leaf intercellular space. The reason for using flagellin 

suspension for inducing basal resistance instead of using the bacteria suspension itself was to 

avoid false positive protein spots of bacterial proteins on 2D–PAGE gels. Being 

symptomless, basal resistance had to be detected by an indirect method: inhibition of HR. 

Water–injected – as control and flagellin–injected tobacco plants were incubated at 30 °C 

because basal resistance develops quickly at this temperature.  

 

Apoplast protein extraction  

According to previous analysis, changes in protein composition connected to basal resistance 

can be detected already few hours following induction. On the basis of this, BR induced 

leaves were harvested 2.5 and 7 hours after flagellin injection (hpi). Water soluble apoplast 

proteins – in at least three replicate samples – were collected (intercellular washing fluid – 

IWF) and were resolved on 2D–PAGE gels. IWF of tobacco had low protein content (40 

µg/ml), 3 ml of tobacco IWF was concentrated 30 fold and precipitated with the 2D Clean–

Up Kit. Protein pellets were solubilised in 130 µl rehydration buffer containing 8 M urea, 2 

% CHAPS, 50 mM dithiothreitol containing DeStreak reagent. Approximately 100 µg IWF 

proteins were loaded onto 7 cm long immobilized pH gradient strips with 3–10 and 4–7 pH 

ranges. Rehydrated strips were isoelectrofocused at 20000 VH at 20 °C. Equilibrated gel 

strips were loaded on the top of 10–20 % gradient denaturating SDS–polyacrylamide gel 

(SDS–PAGE). Gels were stained with Coomassie R250 to check whether the protein amount 

is enough for MS analysis.  

Hydrophobic Interaction Chromatography 

BR−specific chitinases were separated on 1 ml-es Phenyl Fast Flow low sub (GE Healthcare) 

fenil-sepharose column with ÄKTA™ Fast Protein Liquid Chromatography system. 

Startbuffer: 25 mM Bisz-Tris buffer containing 1,5 M (NH4)2SO4.  

Eluting buffer: 25 mM-os Bis-Tris buffer (pH 6,5) in gradient method, 1ml/min speed.  
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Apoplast proteins separated according to their isoelectric point  

Separation was carried out on MicroRotofor™ Liquid-Phase IEF Cell system. 3 ml 

intercellular washing fluid was fractionated in a range pH 3-10 into 10 fractions, 

concentrating the target proteins tenfold this way keeping them in their native status at the 

same time.  

Measurement of bacterial bioluminescence during basal resistance  

Bacteria: Pseudomonas syringae pv. maculicola common plant pathogen carrying 

luxCDABE operon of Photorhabdus luminescens with constitutive promoter. The 

luxCDABE operon codes the luciferase enzyme (LuxA and LuxB), and enzymes producing 

substrates of the luciferase (LuxC, LuxD és LuxE). As a result, cells expressing the 

geneclaster emit light at 490 nm. Tobacco leaves were infiltrated with the bacteria 

suspension OD 0,25 2 and 12 hours after the induction of basal resistance.  

 
 

RESULTS 
 
 

Gene expression investigations on Xanthomonas campestris pv. 
vesicatoria−resistant and susceptible pepper plants  
In the course of adaptation and optimization of the cDNA-AFLP technique 48 primer-

enzyme combinations were tested. The most critical parameters of amplification proved to be 

the overhanging selective ends of the Ase primers. In general, primers with one nucleotide 

overhang provided too complex, primers with three nucleotide overhangs poor fragment 

patterns. Primers with 2 nucleotide extension proved to be optimal and it was consistently 

used thereafter. Great differences have been found concerning also nucleotide composition 

of the overhangs: Ase primers bearing CG, CC and CT overhangs provided optimal fragment 

complexity, while Ase primers with AA, AT and CA extensions provided non specific or 

weak amplification products. More then seventy fragments showing differential expression 

patterns between resistant and sensitive genotypes or in different time points were excised 

from the polyacrylamide gels. Isolated fragments were re-amplified and cloned into 

pGEM5zf+T-vector. Cloning was successful in the case of 40 fragments. All these clones 

were sequenced in order to further comparison and characterisation. 

Each sequence was inspected and edited manually. Adapter sequences were removed from 

the ends. Transcript derived fragments (TDFs), ranging from 22 to 223 bp in size were used 

as queries for BLAST analyses. No function could be assigned to 26 fragments (39 %). 

About 50 % of the TDFs showed up-regulation in sensitive genotypes. Out of these TDFs 12 
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fragments showed relatively late appearance (12-24 hours after inoculation), while 9 TDFs 

the induction was triggered immediately after infection. The remaining 21 of TDFs 

expressed exclusively, or showed up-regulation in resistant genotypes. In this group, in the 

case of 13 TDFs a relative a quick and strong post-infection expression could be detected 

that decreased by the time, and 9 TDFs displayed late (<12 hours after infection) up-

regulation.  

Identifying apoplast proteins changing during basal resistance with 2D-PAGE, 
MALDI-TOF and LC/MSMS techniques 

To examine changes in tobacco apoplast, protein composition were investigated during the 

early period of basal resistance: water–soluble proteins were extracted from tobacco leaf cell 

apoplast bordering intercellular spaces with a vacuum infiltration–centrifugation method. 

Apoplast protein extraction was optimised to carry out without cell damage. Apoplast 

samples gained from the BR−induced tobacco leaves both at 2.5 and 7 hpi had shown in 

every case a brownish colour compared to the ones gained from the control leaves probably 

due to oxidised phenolics. 

The number of Coomassie R250–stained protein spots in a gel varied around 100 depending 

on the time of sampling. Staining the gels with silver revealed around 20 % more spots per 

gel, but the protein content of these spots did not reach the amount necessary for MS 

analysis. Protein spots appeared mostly in the acidic range of the 2D gels. Their apparent 

molecular mass varied between 10 and 90 kDa. In total, twenty–eight protein spots were 

analysed by peptide mass fingerprinting. Most changes between the water–injected and BR 

induced samples were quantitative, however de novo appearance of some proteins could be 

detected as well. At 2.5 hpi twelve protein spots were found to change in their appearance. 

Among them four appeared de novo, four increased, while four decreased during BR 

induction. At 7 hpi twenty-two spots changed in their density. Five of them appeared de 

novo, fifteen increased, two decreased in the BR induced samples relative to the control ones. 

In some cases the same protein was identified from multiple spots indicating probable 

posttranslational modification or multigene family origin, in other cases more than one 

protein was identified in one spot. As the quantitative ratio of the identified proteins within 

one spot is not known, conclusions concerning the early events of the basal resistance can be 

drawn mainly on the basis of those protein spots, which appeared de novo in the basal 

resistance induced samples, and those proteins which were identified from protein spots 

containing no other detectable proteins. Only those matches were considered to be significant 

that had a Mascot score of 50 or higher, and the total number of peptides assigned to a given 
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protein was at least two. Four proteins with a single–peptide match were accepted as valid: 

putative proline–rich protein and xyloglucan endotransglucosylase–hydrolase, because these 

proteins were the only match from the given protein spots. The induction of the NtPRp27 

protein and glutathione–S–transferase during BR was confirmed also on mRNS level 

together with other multi–peptide matches as for superoxide–dismutase, basal resistance 

related chitinase, lignin–forming anionic peroxidase and PR–1 pathogenesis–related protein. 

As the protein database of Nicotiana tabacum is still not complete, in some cases proteins 

were identified from other plant species.  

Among the first proteomic changes related to basal resistance can be mentioned an alteration 

in the amount of hydrolyzing enzymes and also in that of pathogenesis related proteins. 

Changes in the expression of different glycoside hydrolase enzymes were detected at both 

2.5 and 7 hpi. At 7 hpi the increasing amount of pathogenesis related proteins is most 

notable. Antioxidant enzymes and de novo appearance of cell wall reinforcing enzymes and 

its isoenzymes were identified as well. Six protein spots were detected with a relatively long 

persistence in the intercellular washing fluid. They showed early increased density in the 

BR− induced samples at 2.5 hpi and their concentration was still high at 7 hpi.  

Database search was carried out with the TargetP software, in order to predict the subcellular 

location of the identified proteins, and indicate their probable extracellular role.  

 
 

Characterization of EBR215 and EBR250 chitinases 
 

Classification of EBR215 and EBR250 chitinases into glycoside hydrolase family and 

chitinase class on the basis of their ability to hydrolase Nod− factor  

BR-specific EBR215 and EBR250 chitinases turned out to prefer the same Nod factor 

substrate and also to hydrolase it in the same stereochemical way. On the basis of that both 

EBR215 and EBR 250 chitinases were classified into the 19. glycoside hydrolase family. 

Comparing this pattern with other chitinases with an already known Nod factor digestion 

pattern, our target enzymes show the closest similarity with class IV. chitinases: SP2 

chitinase isolated from Beta vulgaris, and Chi32 chitinase of Daucus carota. EBR215 and 

EBR 250 chitinases show some similarities also with class II. chitinase PR-P of Nicotiana 

tabacum. EBR215 and EBR250 chitinases belonging to chitinase classes I. and II. was 

excluded with Western blot analysis. Both chitinases were classified into class IV.  
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N-terminal sequencing of EBR215 and EBR250 chitinases  

In order to determine the places of possible posttranslational modification on EBR215 and 

EBR250 chitinase proteins, their N-terminal sequencing was carried out. During the size-

based separation of EBR215 protein, it separated into to proteins EBR215a and EBR215b. 

The 5 last amino acid of N-terminal sequence (SNGGS) was found to be equal with that of 

TBC-3 chitinase published by a japanese research group. On the basis of further aminoacid 

sequence homology on the C-terminal of both proteins it could be concluded, that the 

EBR250 protein secreted from the tobacco cells, does not carry chitin binding domain. The 

N-terminal sequences of EBR215a and EBR215b chitinases were: GYIAN/V, and: 

GQD/E/FLP. These sequences does not fit either on the TBC-3 sequence nor on the chitinase 

product of CHO_Clon3 gene, which was cloned by our group earlier. On the basis of the 

homology between the CHO_Clon3 geneproduct and the C-terminal sequences of the 

EBR215 and EBR50 chitinases the conclusion was drawn that these two chitinases are 

translated from very similar still different genes.  

 
Extraction and purification of EBR215 and EBR250 chitinase proteins from BR-induced 

Nicotiana tabacum 

During the three phase precipitation method combined with the Hydrophobic Interaction 

Chromatography the activity of EBR215 and EBR250 chitinases were preserved and the two 

proteins were partially separated from each other, which was not possible with other protein 

separating techniques. The combined protein purification method with an additional 

separation method based on isoelectric focusing has provided a further ten fold concentration 

of our target proteins and eliminated several contaminant proteins, including a constitutively 

expressed chitinase. The disadvantage of Hydrophobic Interaction Chromatography in our 

case was the low yield of our target protein, which might be improved with different column 

size and quality.  
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DISCUSSION 

 
Gene expression investigations on Xanthomonas campestris pv. 
vesicatoria−resistant and susceptible pepper plants  
 
In all, more then ten cDNA clones were confirmed to have a high sequence similarity to 

defense- or pathogenesis-related genes. The clone XCE-40 represents one of the potentially 

most interesting transripts. It seems to be strongly expressed in resistant genotypes 24 hours 

after inoculation while little or no expression could be detected in the same stage in sensitive 

genotypes. It shows high similarity to a tobacco thaumatin gene expressed in tobacco mosaic 

virus infected leaves. Thaumatin-like proteins are generally considered as pathogenesis-

related (PR) proteins in plants. Genes for pathogen-induced thaumatin-like proteins were 

identified in wheat, rice and tomato. Furthermore, thaumatin-like proteins are also involved 

in osmotic regulation and drought tolerance and abiotic stress as well. In pepper the isolation 

and characterisation of a gene for thaumatin-like protein was reported recently, that in 

anthracnose inoculated pepper fruits showed higher expression in incompatible interactions 

than in compatible ones. Furthermore, PepTLP gene expression proved to be stimulated by 

jasmonic acid and wounding. 

 Several TDFs represent identical parts of public pepper EST sequences that were 

isolated from a cDNA library related to hypersensitive response against pathogen, e.g. the 

clone XCE-017. Another potentially interesting transcript is XCE-022, which shows 

homology to a disease resistance-like gene of Arabidopsis thaliana. In conclusion, our 

preliminary results show that the combination of cDNA-AFLP and Bulked Segregant 

Analysis can provide an effective tool for studying pathogenesis related expression changes. 

More detailed expression and whole gene studies should be carry out to verify the 

involvement of the isolated transcripts in pathogenesis-related processes. 

Putative role of cell wall proteins changing in the course of basal resistance  

We provide data on the time–course change of water soluble tobacco apoplast proteome 

during basal resistance. Several changes have been revealed, showing that the apoplast and 

its proteins may have a role during basal resistance development. Protein spots situated 

mostly in the acidic range of the 2D gels supported the data that inducible pathogenesis–

related proteins secreted into the intercellular space are mostly acidic. Although great 

attention was paid on the extraction of intercellular washing fluid, still several proteins with a 
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reported cytoplasmic origin – and a probable high affinity to the cell wall matrix, this way 

making it hard to eliminate them during the washing step – were detected on the 2D gels. 

 

Plant cell wall structure modificating proteins 

Plant enzymes that belong to the superfamilies of glycoside–hydrolases and 

transglycosidases are involved in the structural reorganization of cell wall polysaccharides. 

Glycoside–hydrolase enzymes, which possibly take part in plant cell wall polysaccharide 

modification during basal resistance belong to 5 different glycoside–hydrolase families 

according to the NCBI database homologies. Changes in their amount were detectable at 

both 2.5 and 7 hpi. 

In the primary cell wall, xyloglucans tethering cellulose microfibrils are cleaved and 

rebounded again by xyloglucan endotransglucosylase–hydrolase. It loosens up the cell wall 

structure, through which cell wall extension can occur. Xyloglucan endotransglucosylase–

hydrolase may function also to integrate newly secreted xyloglucans into the existing wall 

network. It appeared de novo 2.5 hpi during BR induction. 

The beta-D-xylosidase LEXYL2 is a xylan–remodelling enzyme hydrolyzing xylo–

oligosaccharides and xylobiose from their nonreducing ends to release D–xylose. It appeared 

at 2.5 hpi in the course of basal resistance. 

Beta–galactosidase is usually associated with pectin and galactan degradation during fruit–

ripening processes. Beta–galactosidase gene–induction in relation to vegetative organ 

elongation have been reported. The degradation of pectin side chains could increase cell wall 

pore sizes and allow access to cell wall substrates of other wall–modifying proteins such as 

expansins, xyloglucan endotransglycosylase–hydrolase or other hydrolases. The amount of 

beta–galactosidase increased 7 hpi during BR.  

PR-2 proteins are beta–1,3–glucanases believed to take part in plant protection against 

pathogen attack. It has been suggested that callose accumulated in plants in response to biotic 

and abiotic stresses may serve as a reservoir of plant beta–glucan elicitors, which could be 

hypothetical role for callose depositions, although experimental support of that is still 

lacking. De novo appearance of the elicitor inducible beta–1,3–glucanase was detected at 2.5 

hpi, and the enzyme was still persisting in the intercellular washing fluid at 7 hpi. Glucan–

endo–1,3–beta–D–glucosidase and elicitor inducible beta–1,3–glucanase are thought to be 

important defence–related proteins against fungal pathogens and able to take part in callose 

and hemicellulose degradation. Quantity of the former increased at 7 hpi.  
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De novo appearances of lignin–forming anionic peroxidase were identified at 7 hpi 

supporting the idea of papilla formation and cell wall enforcement through crosslinking 

between lignin precursors. Lignin–forming anionic peroxidase responds to wounding, 

pathogen attack and oxidative stress. It also contributes to the removal of H2O2, oxidation of 

toxic reductants, suberization and auxin catabolism. Its function is well understood in 

tobacco intercellular washing fluid samples gained from the BR–induced tobacco leaves both 

at 2.5 and 7 hpi had shown in every case a brownish colour compared to the ones gained 

from the control leaves, which may be an indicator of oxidised phenolics resulting from 

phenylpropanoid pathway activation where lignin precursors are also formed.  

24K germin–like protein, isolated at 2.5 hpi from BR induced IWF was still detectable at 7 

hpi. Germin may act as a protease inhibitor in leaf apoplast, inhibiting microbial proteinases 

involved in pathogenesis. Germin plays a role in tissue remodelling and also exhibits oxalate 

oxidation activity generating hydrogen peroxide, which could play role in cross–linking 

reactions, reinforcing the plant cell wall. It was shown to have SOD activity as well which 

means defence against extracellular superoxide radicals.  

Proline–rich protein increased in its density at 7 hpi. It is a main component of cell wall and 

with its basic character it may interact ionically with the acidic pectin network. Proline–rich 

protein may become rapidly insolubilized in response to stress which may be mediated by 

the release of hydrogen peroxide and catalyzed by a wall peroxidase. They are possibly 

involved in lignification processes. The protein found here contains a chloroplast transit 

peptide, so on the basis of that it rather seems to be contaminant. Consistent with the 

increased pro-oxidant activity, enzymes with antioxidant activity accumulated in BR–

induced tobacco intercellular washing fluid, possibly controlling an excess of reactive 

oxygen species like glutathione S–transferase and superoxide–dismutase.  

 

PR proteins 

Pathogenesis related proteins may contribute to the development of basal resistance by 

improving its efficacy and inhibit bacterial metabolism in a direct or indirect way. 

Our earlier studies have already revealed an acidic extracellular chitinase whose appearance 

is in strong correlation with basal resistance. Its increasing density in BR–induced samples 

were confirmed also by the present 2D–PAGE results. Their role during basal resistance is 

still not well understood, though they might release elicitors from bacterial cell wall further 

amplifying the defence mechanism. Many plant endochitinases, especially those with a high 

isoelectric point, exhibit an additional lysozyme or lysozyme–like activity, hydrolyzing 
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peptidoglucan bacterial cell wall. Chitinases can also contribute to the release of intracellular 

bacterial elicitors, which can amplify the resistance mechanism. Such elicitors might be the 

cold shock proteins. Two other chitinases showed quantitative changes during basal 

resistance: acidic chitinase PR–P and basic endochitinase precursor.  

PR–lb is a protein of less known function whose level under standard conditions is very low 

but shows a substantial increase in infected plants. It is strongly induced during the onset of 

systemic acquired resistance in tobacco. The PR–1 family is also associated with tobacco 

mosaic virus resistance and antifungal properties. PR–1 gene silencing reduced callose 

deposition after cryptogein treatment in tobacco, indicating that PR–1 protein can positively 

influence this process during defence responses. PR–4A, 4B proteins with endochitinase 

activity may confer antifungal properties. 

Pathogenesis–related protein R major and minor forms, are considered to be thaumatin–like 

proteins. They are members of the PR–5 family similarly to osmotin; they increased in their 

abundance during basal resistance 7 hpi. Transgenic tobacco overexpressing thaumatin–like 

protein showed enhanced resistance against different abiotic stresses and fungal pathogens.  

NtPRp27 protein, with hypothetical protease activity belongs to the PR–17 family. It was 

proved to be induced by abiotic stresses like mechanical wounding, drought treatment, salt 

and cold stress, and also by biotic stresses caused by virus or Agrobacterium infection.  

 

On the basis of our results derived from comparative analysis of apoplast protein changes, 

conclusion can be drawn concerning general features and processes during basal resistance. 

Induction of several proteins and decrease in expression of other ones at both 2.5 and 7 hpi 

suggests that apoplast proteins play an active role during this defence mechanism. The ratio 

of induced cell wall structure modifying enzymes, especially glycoside hydrolases – which 

are potentially involved in the modification of the cell wall polysaccharide matrix – was 

noteworthy, especially in the first two hours of BR. It suggests, that the reorganization of the 

cell wall structure – maybe through the loosening of its hemicellulose component – is an 

important early step during BR development. Most of the PR proteins changed in their 

amount induced or de novo appeared. Their appearance mainly took place in the later stage at 

7 hpi. Quantitative changes in the amount of two PR proteins with cell wall modifying 

properties – elicitor inducible β–1,3–glucanase and lignin–forming anionic peroxidase – 

might be interesting for further examination. Result of the present apoplast proteome analysis 

suggests that during basal resistance the greatly rearranged plant cell wall structure might be 

reinforced by enzymes crosslinking between lignin precursors. Lignified cell wall is water 
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resistant and thus less accessible to microbial cell wall–degrading enzymes. Chitinases and 

glucanases increased in their protein density during BR could liberate elicitor–type 

carbohydrate molecules from fungal and bacterial cell wall further stimulating the defence 

response. The appearance or increased expression of several well known pathogenesis 

related proteins and antioxidant enzymes providing defence against free radicals were 

observed. All these mechanisms together may contribute to the complexity and efficiency of 

basal resistance, which enable the plant to inhibit bacterial colonization in its intercellular 

space and thus alleviate disease. 

 

The potential role of EBR215 and EBR250 chitinases in resistance 
mechanisms 

Although the efficiency of chitinases against fungal pathogens are well known, their effects 

on bacterial pathogens is still unclear. There are several chitinases induced during various 

plant defence mechanisms, and they show a quick appearance additionally. According to the 

previous results of our research group, two extracellular chitinase enzymes EBR215 and 

EBR250, are induced by bacterial elicitors and show a strong correlation with basal 

resistance. Interestingly they are not or slightly induced by osmotic, oxidative stresses and 

signal molecules like ethilene or jasmonic acid. The lyzozyme activity of the two enzymes 

on Micrococcus lisodeicticus was proved.  

On the basis of our results BR-specific chitinases are produced in different isoforms in 

tobacco. The slightly different enzymes probably serve the fine tuning of the resistance 

mechanism. Three other chitinases were separated from BR-induced tobacco apoplast: one 

basic and two acidic one. The different chitinase enzymes might contribute synergistically to 

the efficiency of the basal resistance.  

The role of chitinases might take place in a more indirect way, as part of signal transduction 

pathways. Endogen chitinase substrates are still unknown, but there are some results 

supporting their role in plant development and growth. One possible substrate group of them 

are the arabinogalactan proteins, which are highly glycosilated, hydroxi-proline rich proteins 

taking part in plant development. Elicitor molecules might be released by chitinases from 

arabinogalactan proteins containing N-acetyl-glucosamine residues.  
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Basal resistance influencing the energetic level of bacteria  

We applyed a very sensitive method following the energetic state of Pseudomonas syringae 

pv. maculicola in tobacco leaf tissue and intercellular washing fluid gained out from it.  

Our results supported the results of our group gained earlier: at 30 °C the forming of basal 

resistance was more intense and quick than it happend at 20 °C, also in young leaves it 

happened earlier and in a stronger form than in old leaves. The decrease of bacterial 

bioluminscence inside the leaf issue reflected the efficiency of basal resistance.   

Comparing the change of bacterial bioluminscence inside the plant tissue and in the 

intercellular fluid, we can conclude, that in the intercellular washing fluid only the three fold 

concentrated samples resulted the same degree of bioluminescence decrease as it happened 

inside the plant tissue. The more concentrated samples resulted in a strong support of 

bacterial bioluminescence, which reflects also intense bacterial growth. These results 

suggests, that the intercellular washing fluid in itself - containing the BR-specific EBR215 

and EBR250 chitinases - may influence bacterial energetic level, but its effect is strongly 

supported by the plant cell wall structure.  
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NEW SCIENTIFIC RESULTS 

 
1. Gene expression investigations on susceptible and Xanthomonas campestris pv. 
vesicatoria−resistant pepper plants carrying the gds gene with the help of cDNA-AFLP 
analysis and bulk segregant analysis was carried out. Several gene products were identified, 
which could play role in resistance mechanisms.  
 
 
2. Apoplast proteins changing in their density during early basal resistance were separated 
by two-dimensional gelelectrophoresis and were identified with mass spectrometry. Forty-
eight different proteins were connected to function on the basis of database homologies.  
 
 
3.1. CHO_Clon3 chitinase gene induced in the course of basal reistance was transiently 
expressed in Nicotiana benthamiana and in rabbit reticulocyte system. The recombinant 
proteins and the ones extracted from BR-induced tobacco plants (EBR215 and EBR250) 
were compared. It was proved that the CHO_Clon3 gene codes an active chitinase protein 
and its relative mobility equals during electrophoresis with that of EBR215 and EBR250.  
 
 
3.2. Two isoforms of EBR215 chitinase were separated. The N-terminal sequence of the 
two isoforms and the EBR250 chitinase proteins were determined. On the basis of database 
homologies it was proved that the EBR250 protein lacks a chitin binding domain. It was 
concluded that EBR215 and EBR250 chitinases are translated from different genes.  
 
 
3.3. EBR215 and EBR250 chitinases were categorized into the 19. glycoside–hydrolase 
family and IV. chitinase class on the basis of Nod−factor cleavage pattern. One constitutive 
chitinase belonging to the 18. glycoside–hydrolase family were identified with the same 
method.  
 
 
3.4. EBR215 and EBR250 chitinases were extracted and partially purified from tobacco 
leaves. The two proteins were separated from each other with further separation with 
hidrofobe interaction chromatography combined with the three phase precipitation method.  
 
 
4. Bacteriostatic effect of basal resistance has been proven with the help of bioluminescent 
riportergene.  
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