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A prototrophic HR (hypersensitive reaction)-negative mutant of Pseudomonas syringae pv. 
phaseolicola was used to induce the early induced resistance (EIR) and the laté induced resistance 
(LIR) in tobacco. This mutant alsó served as an indicator of submicroscopic hőst responses in non- 
treated, heat shocked, and dark-treated leaves. Heat shock (50 °C, 20 s) and dark are known to sup- 
press EIR and LIR, respectively. Intercellular spaces of the non-treated and heat-shocked leaves con- 
tained dividing bacteria at 6-12 hpi. At 24-48 hpi the ratio of dividing bacteria decreased with a con­
comitant increase of an intensely eleetron-dense, distorted bacterial form frequently embedded in an 
amorphous, eleetron-dense mátrix. Around 12 hpi paramural papillae appeared as site-specific plánt 
responses to the neighbouring bacterial cells. Oceurrence of papillae correlated closely with the dis­
torted, possibly damaged bacterial form. The highest number of dividing bacteria and the largest mi­
crocolonies indicated the partial lack of EIR in heat-shocked leaves, bút neither the distorted bacteria 
nor papillae could be connected with EIR. In the dark, compared to the other two treatments, less 
distorted bacteria constituted looser microcolonies after 24 hpi, while papilla formation was sup­
pressed. Thus a relationship was found between papilla formation, the distorted bacterial cells and 
LIR.

Plánt cells recognize the presence of bacteria and rapidly develop localized types 
of responses. Ultrastructural studies have shown that different types of bacteria, stich as 
saprophytes, incompatible pathogens, or pathogenic mutants, induce similar responses 
(Al-Mousawi et al., 1983; O’Connell et al., 1990; Brown and Mansfield, 1988; Brown et 
al., 1995). These bacteria multiply in the extracted plánt intercellular fluid, bút can nőt 
within a responding plánt tissue (Somlyai et al., 1986; Willis et al., 1990). Nőt only 
pathogens bút alsó saprophytes trigger expression of plánt defense genes (Jakobek and 
Lindgren, 1993; Meier et al., 1993). These facts imply an operatíve, non-specific, locally 
induced resistance mechanism apart from the incompatible-specific hypersensitive reac­
tion (HR), that results in the decline of bacterial population (Hevesi et al., 1981).

Two locally induced forms of resistance have been deseribed in tobacco: the early 
induced resistance (EIR) and the laté induced resistance (LIR). The EIR cxists from 3-6 
hpi till about 20 hpi (Burgyán and Klement, 1979), and is inhibited by a short heat-shock 
(Visnyovszky et al., 1983) or a protein synthesis inhibitor, cycloheximide (Bozsó et al., 
1997). The EIR is able to prevent induction of HR (Burgyán and Klement, 1979; Kle- 
ment et al., 1997), while the LIR, that corresponds to the “induced resistance” deseribed 
by Sequeira (1975) requires morc time (about 24 h) and intense illumination to develop, 
bút it is morc cffcctive fór a longer time (about six days) than EIR since it suppresses 
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both the incompatible (HR) and compatible (disease) symptoms (Lovrekovich and Far­
kas, 1965).

A number of electron microscopic studies on plant-bacterium interactions involve 
saprophytes (Smith and Mansfield, 1982; Brown and Mansfield, 1988; O’Connell et al., 
1990; Brown et al., 1995) or hrp (hypersensitive reaction and pathogenicity) mutants 
(Bcstwick et al., 1995; Brown et al., 1995; Fett and Jones, 1995) as a bacterial partner. 
While similar ultrastructural phenomena (e.g. appearance of a pellicle and granular ma­
téria! around bacterial cells) arc deseribed, the interpretáljon of the resuits varies consid- 
erably dúc to the individuality and complexity of the model systems. Fór example, very 
different roles and importance are attributed to the envelopment of bacteria at the plánt 
cell wall (cf. e.g. Bestwick et al., 1995; Hildebrand et al., 1980; Bonatti et al., 1979; Ma- 
zucchi and Bazzi, 1982) in the plánt defense reaction. Resuits are more congruent if ref- 
erence is made to localized alterations within plánt cells affected by bacteria: the changcs 
usually begin with a localized convolution of the plasma membráné, increased synthetic 
and transport activities and sometimes end up with a deposition of differently shaped and 
structured cell wall appositions, papillae. Papillae are regarded as protective structures 
involved in creating an antibacterial environment (Peng and Kuc, 1992; Bestwick et al., 
1995; Brown et al., 1995).

Our aim was to examine the ultrastructural natúré of EIR and LIR. To separate 
EIR and LIR, tobacco Icaf samples from the following three treatments were compared: 
heat-shock (to inhibit EIR); dark (to inhibit LIR) and control (normál growth condition 
wherc both EIR and LIR are active). We used a single inoculum preparcd from a HR- 
negative mutant of Pseudomonas syringae pv. phaseolicola to induce both of these resis­
tance forms and to indicate their effect.

Materials and Methods

Bacteria

We used a HR-negative mutant (No. 1250), isolated by Somlyai et al. (1986), of 
Pseudomonas syringae pv. phaseolicola fór the inoculations in order to avoid the hyper­
sensitive collapse of the infectcd leaves. Mutant No. 1250 causes neither the HR in the 
non-host tobacco, nor any disease symptom in a susceptible bean hőst. Howevcr, it is 
capablc of inducing the EIR and LIR (unpublished resuits). Although this mutant was nőt 
chaiacterized genetically, it is probably a hrp mutant. To preparc the inoculum, laté ex- 
ponential-phase bacterial cells grown at 25 °C in King’s B broth (King et al., 1954) were 
collectcd in a nicrofuge and resuspended in sterilé distilled water at a density of 1- 
2 x 109CFU7ml.
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Plants

Tobacco Nicotiana tabacum cv. “Samsun” plants were kcpt in a greenhouse until 
2-3 months of age. They were transfcrred to growth chambers (set to 20 °C, 16 h pho- 
toperiod; no light fór the dark treatment) one day before inoculation. We inoculated in­
terveniál areas from the middle part of fully expanded, young leaves with a hypodermic 
syringe fitted with a 26 gauge needle (Klement, 1963). The experiments were carried out 
at 20 °C. The treatments of plants were as follows:

1. control (only inoculated with bacteria, both types of induced resistance are ex- 
pressed): continuous light after inoculation;

2. heat-shock treatment (to inhibit EIR fór at least 10 h): attached leaves were 
submerged intő a 51 °C water bath fór 15 s, inoculated and then the plants were pút un- 
der continuous light;

3. dark treatment (to inhibit LIR): plants were kept in complete darkness through- 
out the 24 h preinoculation and the experiment, and in minimál light fór inoculations and 
sampling.

Samples were taken 2, 4, 6, 12, 24 and 48 h after inoculation, using a 9 mm 
(diameter) cork borer.

Sample prepára Hon and electron microscopy

Leaf discs were fixed in 2% glutaraldehyde in 0.05 M sodium cacodylatc buffer 
(pH 7.4) fór 12 h in sealed vials at 4 °C, with a change of buffer after 2 h. Small (ca. 1 
mm2) pieces were cut and post-fixed in 1% osmium tetroxide. Tissue was staincd in 5% 
uranyl acetatc fór 1 h and dehydrated in a series of ethanol concentrations, and finally in 
propylene oxide. It was impregnated in propylene oxidc: SPI Pon Araldite resin (1:1) fór 
I h and then in the undiluted resin overnight. Blocks directed in BEEM® capsules were 
polymerized at 60 °C fór 48 h. With an MT 7000 ultramicrotomc, ultra thin (50 nm) 
sections were made fór examination under a Zeiss EM 910 transmission electron micro- 
scopc. Fór quantitative assessments we examined at least 30 bacterial attachment sites per 
sample. Every sample derived from a combination of a treatment and a sampling time. 
Fifteen attachment sites were selectcd from two separate blocks of leaf tissue prepared 
from the same inoculation sitc.

Results

The P. syringae pv. phaseolicola HR-negative mutant did nőt cause macroscopic 
symptoms in tobacco evén at a density of 109 CFU/ml, however, there were distinctive 
changes seen in the bacterial cells and their cnvironment, the plant’s inter- and intracellu- 
lar spaccs. The changes were followed in heat-shocked leaves (inhibition of EIR), in 
leaves kept in the dark (LIR is inhibited) and in control leaves (neither EIR nor LIR are 
inhibited) from 2 to 48 hpi.
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Changes in bacterial number and morphology in intercellular spaces

Two main bacterial types could be distinguished: 1. one type was only slightly 
eleetron-dense, had a normál, elongated and rounded shape with discernible inner struc- 
ture (thereafter: norma! cells, e.g. Fig. 1A). The bacteria showing signs of division 
(thereafter: dividing cells, e.g. Figs 2A, 2B and 3A) or signs of blebbing (i.e. 20-30 nm 
dia. vesicles were extruded from their surface, e.g. Figs 2A and 2C) alsó belenged to this 
type. 2. The other type was usually strongly eleetron-opaque and had an irregular, con- 
cave shape with sometimes lobed contour (hereafter: distorted cells, e.g. Figs 1D and 
2D). Between these two types there were transitional stages (thereafter: transient forms, 
e.g. Figs 1B, IC and 3C) as well.

In the early period (2-6 hpi) in all treatments the bacterial cells were normál, most 
of them stayed alone bút later (12-48 hpi) the majority establishcd microcolonies (e.g. 
Figs 1B and 3B) that were largest in the heat-shocked (9-10 cells/colony/section) and 
smallest in the dark (5-6 cells/colony/section) treatment. Most dividing cells (at 6 and 12 
hpi) were seen in the heat-shocked cells (Fig. 4). In the control and heat-shocked tissue, 
from about 12 hpi the percentage of dividing cells began to decrease steadily, while the 
percentage of distorted bacterial cells increased drastically to above 40% (Fig. 5) till 48 
hpi. This trend did nőt apply to the dark treatment, where from 24 hpi the ratio of dis­
torted cells remained around 12% with a concomitant increase in the percentage of divid­
ing cells (Fig. 4). However, the decrease of the ratio of dividing cells was alsó seen in the 
dark between 12 and 24 hpi, when many transient forms appeared. In all treatments, 
somé bacteria were blebbing, at a maximai ratio (20-25%) between 12 and 24 hpi.

We assessed bacterial density of the microcolonies, i.e. the averagc distance be­
tween bacterial cells in a colony. These distances decrcascd during the experiment in all 
treatments: from 1.7 to 0.3 pm in the control; from 2.7 to 0.4 pm in the heat shocked and 
from 3 to 1.1 pm in the dark. It was obvious that the distorted bacterial cells were three 
times morc densely packcd within colonies (e.g. Figs 1D and 2D) than the normál cells 
(e.g. Fig. 3D).

Envelopment of bacteria

We recorded two basic kinds of envelopment located around and among bacterial 
cells: 1. a membrane-forming matéria! (hereafter pellicle) around bacterial cells or mi­
crocolonies and connected to plánt cell walls (e.g. Figs 1A and 2D); 2. diffcrcntially 
eleetron-dense granular or fibrillar mátrix appearing among bacteria or on the outer side 
of the plánt cell wall (e.g. Figs 1 A, 1B and 2C). The amount and frequency of both forms 
increased with time in all treatments (Table 1). Most pelliclcs and mátrix were seen in the 
control and least in the dark treatment. The extremely eleetron-opaque granular mátrix 
was especially common at 24 and 48 hpi in the control and heat-shock treatment (Figs IC 
and 2D, Table 1), in frequent association with the distorted bacterial types. On the con- 
trary, this form of envelopment was rare and the ratio of uncovered cells was twice as 
high in the dark, as compared to the control or heat-shocked treatments.
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Fig. I. Interaction between tobacco leaf cells and an HR-negative mutant of P. syringae pv. phaseolicola. 
Control (light) treatment. A, 6 hpi. B, 12 hpi. C, 24 hpi. Most bacteria are of the transient or distorted type. D, 
48 hpi. Colony of distorted, intensely electron-dense bacterial cells in association with a papilla. Ch, chloro- 
plast, I, intercellular space, M, mitochondrion, NB, normál bacterial cell, P, papilla, T, transient bacterial cell 
from between normál and distorted, W, plánt cell wall. Single-headed arrows, pellicle, double-headed arrows, 

granular-fibrillar mátrix. Horizontal bars, 1 pm
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Fig. 2. Interaction between tobacco leaf cells and an HR-negative mutant of P. syringae pv. phaseolicola. 
Heat shock treatment. A, 6 hpi. B, 12 hpi. C, 24 hpi. D, 58 hpi. Ch, chloroplast, DB. dividing bacterium, I. 
intercellular space. P, papilla, V, blebbing bacterial cell. W. plánt cell wall. Single-headed arrows, pellicle 

- double-headed arrows, granular-fibrillar mátrix. Horizontal bars, 1 um
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Fig. 3. Interaction between tobacco Icai cells and an HR-negative mutant of P. syringae pv. phaseolicola. 
Dark treatment. A, 2 hpi. The water from the inoculum has nőt yct evaporated, there is much of a loose 
granular-fibrillar matéria! in the intercellular space. B, 12 hpi. The pellicle looks similar to the mátrix. C, 24 
hpi. Many transient bacteria and a poorly developed papilla. D, 48 hpi. Bacteria look normál, there is no 
papilla. DB, dividing bacterium. I, intercellular space, M, mitochondrion, N, norma! bacterial cell form, P. 
papilla, T, transient bacterial cell from between normál and distorted, W, plánt cell wall. Single-headed ar 

rows, pellicle, double-headed arrows, granular-fibrillar mátrix. Horizontal bars, 1 pm
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Fig. 4. Percentage of dividing cells of P. syringae pv. phaseolicola HR-negative múlani in the intercellular 
space of tobacco leaves

Fig. 5. Percentage of distorted cells of P. syringae pv. phaseolicola HR-negative mutant in the intercellular 
space of tobacco leaves

Changes in the infectedplánt cells

The.most evidcnt feature of the responding plánt cells to this HR-negative mutant 
was the highly localizcd formation of papillae, i.e. layered deposits inside the cell wall 
opposite the bacterial attachment site. In this study we concentrated primarily on the 
papillae, although somé other alterations, such as damage of plánt cells, were alsó ob- 
served. The papillae were seen at or after 12 hpi in the control leaves (Figs 1B, IC, 1D
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Table 1

OverView of ultrastructural changes in tobacco leaves inoculated 
with a HR-negative mutant of P. syringae pv. phaseolicola

hpi Dividing Distorted Very distorted Papilla Opaque covering Pellicle
bact? bact.b bact.u development11 mátrix'-

11 Data according to Fig. 4: -, 0-1; +, 1-2; ++, 2-3; +++, above 3
e Ratio of attachment sites: -, 0-10%; +, 11-20%; ++, 21-30%; +++, above 30%
f Quantity in abitrary units: 0 or very low; +, low; ++, médium; +++, high

and Fig. 6). The heat shock seemed to delay this process, however after 24 hpi we saw 
morc complex papillae in the heat shocked (Figs 2C and 2D) than in the control tissue 
(cf. Fig. 6). In the dark the development of papillae was remarkably suppressed (cf. Figs 
1D, 2D and 3D, see alsó Fig. 6). The thickness of papillae fór one attachment sitc (sum of 
thickness/sum of all attachment sites per treatment) was 270, 420 and 50 nm in the con­
trol, heat-shocked and dark-treated leaves, respectively. This was in part attributablc to 
the lower frequency of papillae in the dark (it was 8% compared to 26% in the control

Control

Dark
2 +++ _ _ - _ ++
4 ++ - - - - +
6 ++ — — — - +

12 + ++ - — + 4 4

24 +++ + + + ++
48 ++ + + - - ++

a Data according to Fig. 2: 0-10%; +. 10-21%; ++, 22-30%; +++, above 30%
b Data according to Fig. 3a: 0-15%; +. 16-30%; ++. 3 1-45%; +++, above 45% 
c Data according to Fig. 3b: 0-8%; +, 9-16%; +++, above 33%
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Fig. 6. Development oi papillae as a localized response of tobacco cells to a P. syringae pv. phaseolicola HR- 
negative mutant

and 42% in the heat-shock treatment), bút existing papillae were alsó 50% thinner (500 
nm in average) than in the other two treatments (both around 1 pm).

During the development of a plánt response the appearance of papillae changed. 
Early (about 12 hpi), complicated vesicular structures between the cell wall and cyto- 
plasmic membráné appeared (Fig. IB); later omate, usually thick appositions emerged 
having alternate layers of eleetron-opaque and lucent materials (e.g. Figs 1D and 2D). 
Only the amount (average thickness) of the early papilla forms found in the dark was 
comparable to the values of the other two treatments: all laté forms in the dark were ei- 
ther severely depressed or even lacking.

Discussion

When a tobacco Icaf is intiltrated with bacteria other than compatible pathogens, 
EIR and later LIR are induced. Both hőst responses are macroscopically symptomless. 
EIR is known to suppress growth and HR-inducing activity of a challenge incompatible 
bacterium (Burgyán and Klement, 1979; Hevesi et al., 1981), LIR was shown to be 
eífcctive against both incompatible and compatible challenge bacteria (Lovrekovich 
and Farkas, 1965; Sequeira, 1975). It is probable that induced plánt responses like EIR or 
LIR arc responsible fór the failure of pathogenic mutants or saprophytes to establish 
themselves within leaves. One can conceive that the inhibitory effects of EIR and/or 
LIR may be evidenccd by changes in the ultrastructure of bacterial cells. In the present 
study we used an HR-negative prototrophic strain of P. syringae pv. phaseolicola nőt 
only to induce EIR and LIR bút alsó as an indicator of their effect. Besides bacterial
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Fig. 7. Culturable cell numbers of P. syringae pv. phaseolicola HR-negalive mutant obtained from tobacco 
leaf tissue

morphology we examined other submicroscopical events like cnvclopment of bacteria 
in the plánt intercellular spaces and localized formation of wall appositions within plánt 
cells.

Changes in bacterial morphology reflect a resistance mechanism

In this study, many signs implicd a resistance in effect (Table 1). The bacteria had 
nőt lost their capacity to multiply in the plánt, which means that the intercellular space 
was suitable fór their multiplication up to 12 hpi. The ratio of dividing bacterial cells to 
the totál cell number was found to be highest when E1R was inhibited by heat-shock. 
Between 12 and 48 h, presumably due to activated plánt defense mechanisms, the dis­
torted bacterial fönn appeared and there seemed to be a transition toward this form in the 
control and heat-shocked leaves (heat shock is able to delay the EIR only fór about 6-8 
hpi). The intercellular environment contrarily affectcd the ratio of the dividing and the 
distorted bacterial cells. The distorted, electron-opaque cells became predominant be­
tween 24 and 48 hpi in the control and heat-shocked leaves. Moreover, at 24 and 48 hpi 
about half of those cells that were nőt distorted alsó lost their dividing activity (data nőt 
shown). Especially in the control leaves, by this time the majority of the bacterial popu- 
lation comprised non-culturable or non-viable cells (Fig. 7). Therefore we regard the 
distorted bacteria as damaged or dead.

The ratio of the homogeneously eleetron-dense (no inner structure discernible) 
distorted cells to the totál cell number did nőt increase when the LIR was suppressed 
(dark treatmcnt),in contrast to the control or heat-shock treatment, after 24 hpi (Table 1). 
However, there was a high ratio of transient forms in the dark at 24 hpi that suddenly 
dropped until 48 hpi. Parallelly the normál, dividing cells reappeared. This suggests that 
at least the transient bacteria arc nőt necessarily dead, they may be static, with a chance 
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of recovery. And this chance seems to be given only in the dark, although we saw only 
quantitative (nőt morphological) differences in distorted cells between the control and the 
dark treatment.

Possible role ojpapillae and LÍR in generating (he distorted bacterial farm

There were several other changes in correlation with the ratio of the distorted cells 
and the prescnce (or absence) of EIR or LIR. The frequency of the distorted bacterial 
cells and the amount of papillae was high in the heat-shocked and control leaves and low 
in the dark treatment. In the heat-shocked and control leaves, where both EIR and LIR 
are present at 24 and 48 hpi, most transient and distorted bacterial cells (78% and 71%, 
respectively) were associated with papillae. From our results it is nőt possible to think far 
beyond correlation, bút given the fact that many types of bacteria (heat-killed, sapro- 
phytic, hrp mutant) can induce papilla formation it is tempting to imply a role of papillae 
in the generálion of the distorted bacterial form, i.c. in the change toward irreversible 
damagc. This would alsó be consistent with suggestions made by other investigators, i.e. 
paramural deposits may restrict diffusion of cither microbial or plant-derived (e.g. nutri- 
ents) metabolites through the plánt cell wall (O’Connell et al., 1990), thus influencing 
bacterial métábólism. Moreover, constituents (hydroxyproline-rich giycoproteins) of 
papillae havc alsó been found on the outer sidc of the plánt cell wall, within the mátrix 
covering the bacteria (Bcstwick ct al., 1994; Brown et al., 1995). The fact thal in the 
absence ot LIR (dark treatment) 67% of transient cells were observed without any papilia 
response at 24 hpi and that the ratio of transient cells dropped in favour of normál cells 
(Figs 4, 6 and Tablc 1) at 48 hpi suggests that papillae are nőt responsible fór the initial 
damagc of bacteria (reflected by the transient fönn), bút their presence is needed fór a 
more effectivc antibacterial activity seen in the control and the heat-shock treatment at 48 
hpi.

In the heat-shocked leaves there was a delayed bút stronger papilla response com- 
pared to the control. This may havc been triggered by the bigger microcolonics resulting 
from the inhibition of EIR, since we found that more attaching bacteria were more 
“successfuL in inducing a papilla than less bacteria. Papillae developcd later than the 
EIR. Therefore we conclude that papillae are nőt dircctly connected to the EIR. Our re- 
sults suggests that the papilla formation may be connected with the development of the 
LIR and the bacterial cell damage is a consequence of this process. This conclusion is 
further confirmed by the following observations:

1. Diffcrent (saprophytic, heat-killed pathogenic or pathogenic mutant) bacteria 
that trigger papilla formation can alsó induce LIR in tobacco leaves, indicating an as- 
pecific interaction.

2. The time sequence of the development of LIR coincides with the appearance of 
papillae (after 12 hpi).

3. Compatible bacteria suppress both LIR (otherwise they were unable to cause 
disease) and papilla development (Brown et al., 1995).
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Fig. 8. A papilla response and its putative effect is highly localized. The group of distorted bacteria are asso- 
ciated with a large papilla, the group of normál cells above are nőt. Control treatment, 24 hpi. Bar, 1 pm

4. Electron micrographs show that the plánt coll response is highly localized to the 
attachment site of distorted bacterial cells. There are irregular distorted bacteria close to a 
papilla and to normál cell types only two micrometers away (Fig. 8). Therefore, nőt all 
bacterial cells arc damaged by this local plánt cell response in the inoculated tissue. This 
was established when the livc bacterial number in inoculated tobacco leaves was meas- 
ured by platc count method. These investigations alsó proved that the 1 ive bacterial num­
ber was the highest when the LIR was suppressed in the dark (Fig. 7).

Possible role of envelopmenl

Earlier studies regarded the envelopment of bacteria (the pellicle and the amor­
phous, elcctron-dense mátrix among bacterial cells) as signs or means of active immobi- 
lization (Goodman et al., 1976; Sequeira et al., 1977; Benhamou, 1991; Bestwick et al., 
1995), an insignificant phenomenon in terms of defense (Cason et al., 1978; Bonatti et 
al., 1979; Al-Issa and Sigee, 1982; Ebrahim-Nesbat and Slusarcnko, 1983; Jones and 
Fett, 1985), an advantageous environment fór the bacteria enclosed (Mazzuchi et al., 
1982) or evén an. artifact of inoculation (Hildcbrand et al., 1980). In our experiments the 
pellicle appreared early (at 2-4 hpi). It was more frequent and more manifest with time 
(Table 1). Later, around the bacteria enclosed in the pellicle, an eleetron-opaque, granu­
lar mátrix emerged, embedding the bacterial cells. This mátrix was seen frequently 
around the distorted cells in the control and heat-shocked treatment and nőt so often in 
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the dark. Though the pellicle frequently appeared together with the dense amorphous 
mátrix among bacterial cells, it seems that they are nőt results of the same or correlated 
process. Thus, the pellicle may have been shaped by physical forces working on air- 
water-interfaccs, which supports earlier studies (Hildebrand et al., 1980; Jones and Fett, 
1985). The growing quantity of covering matéria! and the dense granular mátrix at later 
stages (24 and 48 hpi) may nőt be explained with only condensation of a water-soluble 
matéria! of plánt cell wall origin. It possibly involves accumulation of substances origi- 
nating from biological activity. Because pellicles are common in both control and the 
dark treatments, pellicles may nőt correlate with the concurrently developing resistance, 
likc LIR or EIR. The amorphous mátrix in which both normál and distorted bacterial 
cells were embedded contains hydroxyprolinc-rich glycoproteins that arc alsó present in 
papillae (Bcstwick et al., 1995; Brown et al., 1995). Because the number of distorted 
bacterial cells embedded in this mátrix increases in time (and they are closer to each 
other than the norma! cells, data nőt shown), it is possible that the amorphous mátrix may 
play a role i) in the agglutination of invading bacteria (Leach et al., 1982; Swords and 
Staehelin 1993) or ii) in formation of an antibacterial condition within the encapsulated 
colony (Peng and Kuc, 1992) or iii) in forming a physical barrier that makes plant’s in- 
hibitory substances more and bacterial attempts to obtain nutrients less effective 
(Bestwick et al., 1995).

Since the EIR and LIR overlap in time, we had to inhibit either of them fór dis- 
tinction. Our treatments are nőt completely inhibitory to EIR or LIR and might affect 
bacteria nőt only through the inhibition of EIR and LIR. Wc could see weak papilla for­
mation as well as distorted bacterial cells in the dark treatment. Rather than inhibiting 
resistance, the heat-shock may stimulate bacterial growth via e.g. leakage of nutrients 
intő the intercellular spacc. However, we only could measure low and transient (from 1- 
4 hpi) leakage of eleetrolytes (data nőt shown) from the heat-shocked tissue, which alone 
probably does nőt support sustained bacterial growth. Bút quantitative assessments of the 
micrographs showed clearly that when the EIR was inhibited the ratio of dividing and the 
number of culturable bacterial cells was highest. Working with hrp mutants of P. syrin- 
gae pv. syringae we alsó observed attenuation of an otherwise normál bacterial growth 
suppression and superinduction of hrp genes in leaves after the leaves were heat-shocked 
(Bozsó et al., 1997). The micrographs alsó showed that when the LIR was inhibited the 
frequency of papillae and the percentage of distorted bacteria was the lowest.

We conclude that the submicroscopic changes (papilla formation - bacterial cell 
damage) arc independent from the HR and can be outward signs of the LIR.
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