Available online at www.sciencedirect.com

sc.ence@p.“w

ComPTES RENDUS

ELSEVIER C. R. Biologies 326 (2003) 363-370 BIOLOGIES

Biochemistry
Specific perception of ergosterol by plant cells

Bénigne-Ernest Amborabé, Stéphanie Rossard, Jean-Michel Pérault, Gabriel'Roblin

Laboratoire de biochimie, physiologie et biologie moléculaire végétales, UMR CNRS 6161, université de Poitiers, Bat. Botanique,
40, av. du Recteur-Pineau, 86022 Poitiers cedex, France

Received 13 September 2002; accepted 1 April 2003

Presented by Jean-Louis Bonnemain

Abstract

Ergosterol (a fungal membrane component) induced modification of proton fluxes and membrane hyperpolarization in motor
cells of Mimosa pudica These reactions appear specific since they were not induced by the other sterols tested. A specific
desensitization was observed, since cells did not react to a second ergosterol application. Exposed at first to other sterols, cell
remained reactive to ergosterol. Comparatively, chitosan (a fungal wall component with known elicitor properties) triggered a
membrane depolarization and also induced specific desensitization. This comparative study shows that ergosterol and chitosa
are distinctly perceived by plant cells and induced different early events at the plasma membrari leitelthis article:

B.-E. Amborabé et al., C. R. Biologies 326 (2003).
O 2003 Académie des sciences. Published by Editions scientifiques et médicales Elsevier SAS. All rights reserved.

Résumé

Perception spécifique de I'ergostérol par les cellules végétaldsergostérol (composé membranaire fongique) induit une
modification des flux de protons et une hyperpolarisation des cellules motridédbrbsa pudicaCes réactions apparaissent
spécifiques, car non provoquées par les autres stérols testés. On observe une désensibilisation spécifique, puisque les cellu
ne répondent plus a une seconde application d’ergostérol; exposées en premier a d'autres stérols, les cellules demeure
réactives a 'ergostérol. Comparativement, un éliciteur connu comme le chitosane (composé pariétal fongique) provoque une
dépolarisation membranaire et provoque également un processus de désensibilisation spécifique. Cette étude comparati
montre que I'ergostérol et le chitosane sont distinctement percus par la cellule végétale et induisent des événements précoc
différents au niveau du plasmalemnieur citer cet article: B.-E. Amborabé et al., C. R. Biologies 326 (2003).
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Version francaise abrégée avec les microorganismes. En particulier, les plantes
possedent des systémes de perception d’éliciteurs dé-

La perception des substances microbiennes jouerivés des champignons pathogénes leur permettant
un rdle prépondérant dans les interactions des plantesje mettre en ceuvre des réactions de défense. Des
fragments oligosaccharidiques, des glycopeptides, des
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tions ioniques : influx de G4 et influx de H, associé provoque une dépolarisation membranaire. Un proces-
aun efflux de K. Dans la plupart des cas, ces change- sus de désensibilisation spécifique a également été mis
ments des propriétés de perméabilité du plasmalemmeen évidence, puisque a la suite d’'une premiére hyper-
se traduisent par une dépolarisation du potentiel trans-polarisation, les cellules ne réagissent pas a une se-
membranaire. conde application du produit (méme a une concentra-
A partir de mesures de variations de pH du mi- tion double), alors qu’elles se dépolarisent sous I'effet
lieu d'incubation de tissus pulvinaires et d’enregistre- du chitosane. D’'une maniére comparable, une seconde
ments électrophysiologiques intracellulaires dans des application de chitosane (a double dose) ne provoque
cellules motrices de pulvini d&limosa pudicalL., pas de nouvelle dépolarisation, tandis que I'ergostérol
des caractéristiques de la perception de I'ergostérolinduit I’hyperpolarisation habituellement provoquée.
(composé spécifique de la membrane fongique) ontété  Les modifications des propriétés membranaires des
comparées a celles du chitosane (composé trouve dangellules motrices pulvinaires, induites par I'ergostérol
la paroi fongique), connu pour induire des réactions et indiquées par les variations précoces des flux de
d’élicitation. protons et du potentiel transmembranaire, sont dépen-
L'addition d’ergostérol (10 uM en concentration fi- dantes de la dose dans la gamme de concentration uti-
nale) au milieu d’incubation de tissus pulvinaires in- lisée, la concentration seuil se situant a 1 pM.
duit une rapide augmentation du pH extracellulaire  Linflux de H™ ainsi noté résulte le plus proba-

aprés un temps de latence d€ 5 1,5 min et d’am- blement d’'une inhibition de I'Fi-ATPase plasmalem-

plitude maximale de @2+ 0,03 unité pH en 30 min.  mique, enzyme active dans le modéle utilisé, comme
L'addition de chitosane (125 pgmi) induit une va- le montre I'action de la fusicoccine. Néanmoins, une
riation similaire mais plus rapide (latence det 2 activation du systéme redox membranaire (activation

0,8 min) et plus ample (@44 0,03 unité pH). Dans  de la NADPH oxydase) n’est pas a écarter. Le résultat
les deux traitements, cette variation de pH est tran- de ces modifications d’activité enzymatique est une ré-
sitoire. La réaction avec I'ergostérol apparait spéci- duction du gradient électrochimique de protons a tra-
fique, puisque le stigmastérol et le sitostérol ne mo- vers le plasmalemme; en particulier, la suppression du
difient pas le décours obtenu et le cholestérol aug- gradient de pH peut servir de signal de transduction.
mente légérement la vitesse d’acidification du milieu. Cependant, les résultats électrophysiologiques obte-
Les cellules pulvinaires stimulées par I'ergostérol pré- nus suggérent que les mécanismes ioniques impliqués
sentent un stade réfractaire, puisqu’elles ne répondentapres la perception de I'ergostérol et du chitosane doi-
plus & une seconde application de ce stérol (mémevent différer fondamentalement.
s'il est appliqué a une concentration double), tandis  Aprés traitement aussi bien par I'ergostérol que par
gu’elles restent réactives a un traitement par le chi- le chitosane, il apparait un phénoméne similaire de
tosane. Exposées en premier au cholestérol, au sito-désensibilisation spécifique, qui présente des carac-
stérol et au stigmastérol, elles restent sensibles a unetéristiques observées dans les processus d’adaptation
application d’ergostérol. Des phénomenes semblablesdes systémes animaux. Les données obtenues mon-
ont été obtenus avec le chitosane : une seconde apirent que les systemes de perception sont spécifiques
plication de ce produit a une dose doublée n'a au- de l'ergostérol comparativement aux autres stérols tes-
cun effet, alors qu'une addition d’ergostérol est per- tés et argumentent par ailleurs I'existence d’'un récep-
cue. teur identifiable pour le chitosane. En conclusion, le
L'ergostérol induit une modification de la diffé- systeme de perception décrit pour I'ergostérol peut
rence de potentiel transmembranaire originale, puis- s'avérer opérationnel dans les interactions plantes—
qgu'il induit une hyperpolarisation du potentiel mem- pathogénes, puisque ce stérol a été trouvé dans des
branaire, alors que les autres stérols testés n'ont pagsissus végétaux a la suite d’une colonisation par des
d’effet significatif et que le chitosane, au contraire, champignons pathogénes ou ectomycorrhiziens.
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1. Introduction 0.5 °C and 65+ 5% relative humidity. lllumination
was regulated to give 16 h of light (photophase: 06.00—
Perception of microbial substances by host organ- 22.00 h) provided by fluorescent tubes (mixing Osram
isms plays a major role in the interaction of plants with fluora and Osram daylight types) providing a photon
microbes. In particular, plants possess sensitive per-flux density (400-700 nm) of 36 umolmis ! at the
ception systems for elicitors derived from pathogenic plant apex. The plants were used when they bore 12
fungi. Oligosaccharide fragments, glycopeptides, pep- pulvinate leaves completely developed.
tides, fatty acids and ergosterol have been identified as
fungal compounds showing elicitor activity in various 2.2. Measurement of pH variations
plant systems [1].
The perception of these elicitors induces a variety  Primary pulvini ofMimosa pudicg650 mg) were
of defence responses [1,2]. The earliest response ofdivided in transverse sections (about 0.2 mm) and
plant cells to elicitors is indicated by changes in pre-incubated for 1 h in 6 ml medium M: 0.5 mM
plasma membrane properties, including influx of H ~ CaCh, 0.25 mM MgCh. The sections were then
(frequently shown by an alkalinization of the growth transferred to 6 ml fresh medium M. Variations of
medium). This proton influx may be associated with the pH in the incubation medium were read on a pH-
KT efflux and C&* influx [3,4]. Several works have  meter (Expandomatic SS2; Beckman, Roissy, France)
also reported rapid changes in plasma membraneprovided with a combined electrode (Futura micro
potential in response to elicitors. In many cases, combination, Beckman) and linked to a potentiometric
depolarization of the transmembrane potential was recorder. The incubation medium was aerated by a rod
noted [5-12]. stirrer (Metrohm E 622; Vélizy-Villacoublay, France).
Little attention has been paid to the biological In order to quantify the amount of mobilized protons,
events triggered by ergosterol applied to plant cells. titration was made on 2 ml of the incubation medium
However, it has been shown that a factor released with NaOH at 5x 102 N.
from Cladosporium fulvunspores and identified as
ergosterol was perceived by a suspension of tomato 2.3. Electrophysiological measurement
cells in culture [13]. It thus induced alkalinization of
the growth medium. This reaction showed a refractory =~ The transmembrane electrical potential was mea-
period identical to that noted after application of chitin sured by the classical method on tkémosa pudica
oligo-saccharides derived from yeast cells [14]. pulvinar motor cell, which gives very distinct bio-
Based on measurements of pH variations and trans-electrical variations under various types of stimuli.
membrane electro-physiological recordings, we de- Briefly, capillaries provided with an internal microfi-
scribe here some characteristics of the perception sys-bre (GC 150F15; Clark Electromedical Instruments,
tem of pulvinar motor cells for ergosterol and compare Panghourne, UK) were drawn to microelectrodes (tip
them with that noted after application of chitosan, a diameter< 1 um, tip resistance from 5 to 30®). The
derivative from chitin, a major component of fungal reference electrode filled with 3 M KCI in 1% agar
cells walls. Chitosan has been shown to produce the and the glass microelectrode inserted into a holder
characteristic reactions of elicitation and thus is used were connected through Ag—AgCl interfaces to a elec-
here as reference compound [15,16]. troamplifier (Model M707-WP Inst., New Haven, CT,
USA). For further details, see [17]. A fully expanded
leaf of Mimosa pudicavas excised from the stem at

2. Materials and methods the base of the primary pulvinus. The epidermis and
some underneath tissues in a lateral part of the pulvi-
2.1. Plant-growth conditions nus were peeled off with a sharp razor. The pulvinus
thus prepared was fixed to the bottom of a 4-ml Plex-

The sensitive plantsMimosa pudical.) were iglas chamber filled with a buffered medium (10 mM

grown in an organic compost watered daily. They MES/KOH, pH 5.5) containing 1 mM NacCl, 0.1 mM
were kept in climate-controlled chambers at®2+ KCland 0.1 mM CaCl[18]. The glass microelectrode
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was impaled into a motor cell of the abaxial (‘exten-
sor’) half of the organ. Under these conditions, the
resting transmembrane potential was in the range from
—100 to —150 mV, the calculated value from 46 as-
says made in this work being121+ 3.5 mV (SE).

2.4. Chemicals

All chemicals were purchased from Sigma-Aldrich
Chimie SARL, Saint-Quentin-Fallavier, France. Sterol
solutions were prepared in stock solutions at 2 mM in
absolute ethanol and used generally at a final concen-
tration of 10 uM (0.5% ethanol final concentration).
Chitosan from crab shells was prepared according to a
method previously described [19] and generally used
at a final concentration of 125 ug .

3. Results

3.1. pH variations in the incubation medium of
pulvinar tissues

A previous work has presented in detail the pH
variations recorded in the bathing medium of pulvinar
tissues [20]. Thus, it has been noted that after a
transient alkalinization lasting about 1 h, the medium
became constantly acidic until an equilibrium around
pH 4.5 was attained after 8 h of experimentation.
Addition of effectors in the course of the acidification
phase at an appropriate time (i.e., 3 h after the start
of experiment) allows us to evidence the promoting or
inhibitory effect of the tested effectors onHfflux in
a discriminating way.

In such conditions, addition of ergosterol to the
incubation medium of pulvinar tissues induced a rapid
increase in extracellular pH (Fig. 1A). When treated
with ergosterol at 10 uM, the process started after
a lag of 57 +£ 1.5 min and reached a maximum,
0.12+ 0.03 pH unit above the initial value, after about
30 min. Addition of chitosan induced a similar pH
variation. When treated with this latter compound at
125 pg mt2, the lag was 2 4 0.8 min and maximum
was 024 + 0.03 unit in 30 min. In both cases, the
pH rise was transitory and, in the particular case
of sterols, specific for ergosterol since, compared
with the control, stigmasterol did not change the
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Fig. 1. Representative curves of the time course of pH variations in
the bathing medium of pulvinar slices Mimosa pudicaprimary
pulvini. A. Following addition of chitosan at 250 pgmi (K),
ergosterol (E), stigmasterol (S), and cholesterol (CL) at 10 pM.
Control (C): 0.5% ethanolB. Establishment of a refractory state
after treatment with ergosterol: tissues treated first with 10 pM
ergosterol (E1) were subsequently treated with 20 pM ergosterol
(E2) or chitosan at 125 pg mt (K1). C. Specific effect of 10 uM
ergosterol (E1) added after a treatment with 10 uM cholesterol
(CL). D. Establishment of a refractory state after a treatment with
chitosan: tissues treated first with chitosan at 125 |TgtiK1) were
subsequently treated with chitosan at 250 ugh(lKZ) and 10 uM
ergosterol (E1). The experiments were conducted at least three times
with the same general result.

acidification pattern and cholesterol slightly increased
the acidification rate.

Data in Table 1 show that extent of proton influx
and duration of pH changes were dose-dependent in



B.-E. Amborabé et al. / C. R. Biologies 326 (2003) 363-370 367

Table 1 qe0
Amount of protons absorbed and duration of pH variation following El H

application of ergosterol at various concentrations. Calculations on H

H* absorption were made 30 min after addition of the compound -120; K F

(mean+ SD;n =5) | Y 71

Ergosterol (uM)  H absorbed (neg/g FW)  Duration (min) -140
1 53+45 —

5 259+ 35 52+8 -160

10 493+ 98 78+5
20 697+ 96 96+6

Ay (mV)

-100

Table 2 -120 ! I%l i
Modifications of transmembrane potential induced by ergosterol \—\ \
at increasing concentrations as indicated, various other sterols at i \,/
10 puM, 0.5% ethanol and chitosan at 125 ugtlon the motor
cell membrane iMimosa pudicgulvini. Calculations o\ were
made on recordings 15 min after addition of the products (mean
SD)

Compound n AY (MV) SD (mV)
Ergosterol (1 uM) 5 —-2.0 14
Ergosterol (5 pM) 6 —-6.2 23

Ergosterol (10 pM) 11 —155 53 —
Ergosterol (20 uM) 6 _248 38 =
=
<

Ay (mV)

-140

Cholesterol 8 -31 30
Stigmasterol 10 -17 30
Sitosterol 5 -14 36
Ethanol 5 -32 16
Chitosan 7 +15.9 36

— indicates a hyperpolarization arda depolarizationz: number
of experiments.

the concentration range assayed, the threshold value
being 1 uM in our experimental model.

Fig. 1B shows that pulvinar cells stimulated once
with 10 uM ergosterol entered a refractory state, since
the reaction triggered by a second application of this
sterol (even at 20 uM) was extremely weakened. ‘40 N
By contrast, the cells remained fully responsive to a Timel(h)
chitosan application.

When the cells were first exposed to cholesterol, Fig. 2. Typical recordings of transmembrane pot_er_1t_ia| variation in
they still reacted to a further application of ergosterol, exte_nso_r motor cells dflimosa pudicgprimary pulvini induced by
LT . . application of A) 10 uM ergosterol (E1) followed by a subsequent
|nd|cat|pg that'none of them interfered with ergosterol = = o0 UM ergosterol (E2) and chitosan at 125 (i
perception (Fig. 1C). The same result (not shown) (k) (8) 10 pM cholesterol (CL) followed by a treatment with
was obtained after treatments with stigmasterol and 10 uM ergosterol (E1),@) 10 uM stigmasterol (S) followed by a

g
i treatment with 10 pM ergosterol (E1)D) 125 pugmi = chitosan
sitosterol. !

The same mode of reaction was obtained with (K1) followed by a treatment with 250 ugmjr chitosan (K2) and
10 puM ergosterol (E1). Compounds were added as indicated by

Chltosanf a second. appllcatlon'of the compounﬂ)( arrows and 10 pM fusicoccin (F) was added at the end of the
did not trigger a noticeable pH rise, whereas ergosterol experiment. The experiments were conducted at least three times
was perceived as noted above (Fig. 1D). with the same general results.

Ay (mV)
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3.2. Modifications of transmembrane potential role of a switch between the elicitor recognition and
the pathogen defence-signalling pathways. This in-
Fig. 2A shows that 10 pM ergosterol induced a hibition reduces the proton electrochemical gradient
hyperpolarization of the transmembrane potential in across the plasma membrane and, in particular, the col-
motor cells, whereas chitosan induced a depolarization lapse of ApH may be sufficient by itself to serve as
of the PD. The modification of membrane potential signal transduction [22]. This assumption was based
started after a lag of.8 + 1.8 min for ergosterol and  on the effect of orthovanadate, an inhibitor of plasma
2.5+ 0.5 min for chitosan. Data given in Table 2 show membrane ATPase, which can act as elicitor [23,24].
that hyperpolarization induced by ergosterol was dose- In a previous work [20], we have shown that addition
dependent in the range 1-20 uM, the threshold value of FC, a fungal toxin activating specifically the plant
being considered as 1 uM. HT-ATPase, induced an acidification of the bathing
A refractory state was also found in this bioelectri- medium of pulvinar tissues, bearing the pH to an equi-
cal process since, following a first hyperpolarization librium around 4.5 in 2 h. This observation demon-
induced by ergosterol, cells did not react to a sec- strates that acidification in this system is related to
ond application of this compound@), whereas the  HT-ATPase activity. By comparing Hsecreting ac-
cells remained responsive to a chitosan application. tivity between central cylinder tissues and parenchyma
A response specificity was also found, since choles- motor tissues of the pulvini, it was shown previously
terol, sitosterol and stigmasterol did not induce great that the observed acidification of the medium mainly
potential modifications of the PD (Table 2) and did comes from the cells constituting this latter tissue.
not interfere with ergosterol perception (Fig. 2B and However, it should also be remembered that this
C). As shown in Fig. 2D, a second application of acidification could also be achieved by activation of
chitosan &2) did not induce subsequent depolariza- the plasma membrane redox system through activation
tion, whereas ergosterol triggered usual hyperpolariza- of NADPH oxidase. Such a hypothesis has been put
tion. Fusicoccin (10 uM) added at the end of each ex- forward in the case of action of cryptogein triggering
periment triggered a strong hyperpolarization of the cytoplasmic acidification and extracellular alkalinisa-
cell membraneAY¥ reached an equilibrium around tion of tobacco cells [12]. This aspect needs further
—180 mV in 30 min (Fig. 2B). This effect ascertains investigations, since recent data showed that inhibition

the bioelectrical viability of the impaled motor cell. of NADPH oxidase resulted in inhibition of oxidative
burst, but without modification of the induced alkalin-
ization [25].

4. Discussion Perception of ergosterol, visualized by the rise of

pH in the incubation medium, showed similar charac-

Many fungal molecules secreted or liberated from teristics in pulvinar motor cells to that noted in tomato
wall and membrane surfaces may potentially play a cells, except that it was less sensitive [13]. This may
role in the recognition process and in the induction be due to the presence in our experimental model of
of plant defence responses. These molecules of differ- cell walls able to trap exogenous compounds. This
ent structure (oligosaccharides, peptides, lipids) have trapping may imply therefore, as a consequence, that
in common the triggering of early events at the mem- higher external compound concentration was needed
brane site, indicating that their receptors may be lo- to induce the observed biological effects. Another ex-
cated at this level. Changes in plasma membrane prop-planation is that only cells at the surface of pulvinus
erties, shown by modifications of ion fluxes (includ- slices, in direct contact with the incubation medium
ing HT flux), are among the earliest responses of plant were able to perceive the ergosterol signal. A third hy-
cells to microbial elicitors [3]. pothesis is that pulvinar cells possess a lower density

Following application of ergosterol, the pulvinar of receptors on their membrane surface compared with
motor cells reacted by increasing proton influx in- cultured tomato cells.
dicated by a transient alkalinization of the incuba- It is stressed that the modification ofHlux in
tion medium. In most cases, such proton influx fol- pulvinar motor cells following treatment by ergosterol
lowed inhibition of H™-ATPase [19,21] playing the  was similar to the chitosan response. A small differ-
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ence was however found in the lag phase of the reac-5. Conclusion
tion, shorter in the case of chitosan treatment.

By contrast, the induced effect by the compounds ~ The data presented here extend previous experi-
was completely different on the membrane potential, MeNts suggesting that plant cells possess detection
since ergosterol hyperpolarized the cell membrane, SyStem for characteristic compounds from fungi, par-
whereas chitosan depolarized it. This result indicates tlgularly ergost.erol. The sensitivity O,f the recognition
that the underlying processes differ basically in both qllffers depending on t.h.e plant c.on5|dered. The dgtec-
cases and, in particular, thetHnflux cannot be ex- tion systems are specific for a given compound, either

. ) . a membrane component (ergosterol) or cell wall com-
plained in the same way. This also suggests strongly . . .
) . ponent (chitosan). The sterol detection system is spe-
that, according to the perception of the compounds,

h derlving ioni hani giff Indeed cific in plants for ergosterol, since no particular reac-
the underlying ionic mechanisms are different. Indeed, ;a5 observed following application of cholesterol

in the case of ergosterol, the induced transmembraneny other ‘endogenous’ plant sterols (sitosterol, stig-
potential variation and H-flux modification showed masterol).
a similar latency period, lasting only a few minutes, The different behaviour induced by chitosan and
and presented similar characteristics in the reSpeCtive ergostero| on membrane potentiaL respective|y depo_
time course of the phenomena during the first phase |arization and hyperpolarization, shows that the two
(30 min). However, the causal link between the two molecules modify different ionic gradients following
events is not direct, since atHentry in cells might their perception at the cell surface.
correspond with a depolarization of the membrane
potential. Therefore, we can postulate that ergosterol
triggers another ion disturbance, either a release of
a cation or an uptake of an anion. In this respect,  Thjs work was supported by the ‘Conseil régional
the mducgd ionic currents have to bg fu.rther investi- pojtou-Charentes’ (France).
gated. This observed hyperpolarization is not related
to the very specialized feature of the parenchyma mo-
tor cells, since a similar general response was also Réferences
re_corded In common parenChyma cellwifosa pu- [1] R.A. Dixon, C.J. Lamb, Molecular communication in inter-
dicacotyledons (data not shown). actions between plants and microbial pathogens, Annu. Rev.
After ergosterol treatment, it can be noted that a de- Plant Physiol. Plant Mol. Biol. 41 (1990) 339-367.
sensitization phenomenon takes place at the two levels [2] C.A. Ryan, E.E. Farmer, Oligosaccharide 5|gn_als in plants:
f observation used in this work. This bhenomenon ap- a current assessment, Annu. Rev. Plant Physiol. Plant Mol.
0 rva - This pher P Biol. 42 (1991) 651-674.
pears similar to receptor adaptation in animal systems. (3] R.A. Dixon, M.J. Harrison, C.J. Lamb, Early events in the acti-
The same remark can be made concerning the action vation of plant defense responses, Annu. Rev. Phytopathol. 32
of chitosan and thus argues for the existence of a re- _ (1994)479-501. _ _
tor for thi d. | . K261 th [4] F. Cervone, R. Castoria, F. Leckie, G. De Lorenzo, Perception
cep (_)I’”OI’ IS compour_1 ’ naprewous YVOf [ ]_’ € of fungal elicitors and signal transduction, in: P. Aducci
possibility of such an interaction of chitosan with a (Ed.), Signal Transduction in Plants, Birkhaiiser Verlag, Basel,
receptor was discarded by considering the activity of Switzerland, 1997, pp. 153-177.
the compound as a function of its degree of polymer- [5] Y- Mathieu, D. Lapous, S. Thomine, C. Lauriére, J. Guern, Cy-
ization and extent of N-acetvlation. suaaestina merel toplasmic acidification as an early phosphorylation-dependent
|za. ) y N 99 g y response of tobacco cells to elicitors, Planta 199 (1966)
an interaction of the compound with regularly spaced 416-424.
negative charges on the plasma membrane. [6] K. Katou, K. Tomiyama, H. Okamoto, Effects of hyphal wall
The perception system described here may be rele- components oPhytophtora infestansn membrane potential
ti lant th int ti b idering th of potato tuber cells, Physiol. Plant Pathol. 21 (1982) 311-317.
vant In plant-pathogen interaction . _y C_OnSI er'ng € [7] B. Pelissier, J.B. Thibaud, C. Grignon, M.T. Esquerré-Tugayé,
fact that ergosterol has been quantified in plant tissues Cell surfaces in plant—microorganisms interactions. VII. Elic-

following fungal colonization both by pathogens and itor preparations from two fungal pathogens depolarize plant
ectomycorrhizal fungi [27] membranes, Plant Sci. 46 (1986) 103-109.

Acknowledgements



370

[8] M.G. Mayer, E. Ziegler, An elicitor fromPhytophtora me-
gaspermaf. sp. glycineainfluences the membrane potential
of soybean cotyledonary cells, Physiol. Mol. Plant Pathol. 33
(1988) 397-407.

[9] J.F. Thain, I.R. Gubb, D.C. Wildon, Depolarization of
tomato leaf cells by oligogalacturonide elicitors, Plant Cell
Environ. 18 (1995) 211-214.

[10] Y. Mathieu, A. Kurkdjian, H. Xia, J. Guern, A. Koller,
M.D. Spiro, M. O'Neill, P. Albersheim, A. Darvill, Membrane

responses induced by oligogalacturonides in suspension-

cultured tobacco cells, Plant J. 1 (1991) 333-343.
[11] K. Kuchitsu, M. Kikuyama, N. Shibuya, N-acetylchitooligo-
saccharides, biotic elicitor for phytoalexin production, induce

transient membrane depolarization in suspension-cultured rice

cells, Protoplasma 174 (1993) 79-81.

[12] A. Pugin, J.M. Frachisse, E. Tavernier, R. Bligny, E. Gout,
R. Douce, J. Guern, Early events induced by the elicitor cryp-
togein in tobacco cells: involvement of a plasma membrane
NADPH oxidase and activation of glycolysis and the pentose
phosphate pathway, Plant Cell 9 (1997) 2077-2091.

[13] J. Granado, G. Felix, T. Boller, Perception of fungal sterols in
plants. Subnanomolar concentrations of ergosterol elicit ex-
tracellular alkalinization in tomato cells, Plant Physiol. 107
(1995) 485-490.

[14] G. Felix, M. Regenass, T. Boller, Specific perception of sub-
nanomolar concentrations of chitin fragments by tomato cells:
induction of extracellular alkalinization, changes in protein
phosphorylation, and establishement of a refractory state,
Plant J. 4 (1993) 307-316.

[15] H. Kéhle, D.H. Young, H. Kauss, Physiological changes in
suspension-cultured soybean cells elicited by treatment with
chitosan, Plant Sci. Lett. 33 (1984) 221-230.

[16] L.A. Hadwiger, J.M. Beckman, Chitosan as a component of
PeaFusarium solaniinteractions, Plant Physiol. 66 (1980)
205-211.

[17] H. Otsiogo-Oyabi, G. Roblin, Changes in membrane potential
related to glycine uptake in the motor cell of the pulvinus of
Mimosa pudicaJd. Plant Physiol. 119 (1985) 19-24.

B.-E. Amborabé et al. / C. R. Biologies 326 (2003) 363-370

[18] T. Abe, Chloride ion efflux during an action potential in
the main pulvinus oMimosa pudicaBot. Mag. (Tokyo) 94
(1981) 379-383.

[19] D.H. Young, H. Kéhle, H. Kauss, Effect of chitosan on mem-
brane permeability of suspension-cultur€dycine maxand
Phaseolus vulgarisells, Plant Physiol. 70 (1982) 1449-1454.

[20] H. Otsiogo-Oyabi, G. Roblin, Effects of glycine on dark- and
light-induced pulvinar movements and modifications of pro-
ton fluxes in the pulvinus oMimosa pudicaduring glycine
uptake, Planta 161 (1984) 404—-408.

[21] M.J.M. Hagendoorn, A.M. Poortinga, H.W. Wong Fong Sang,
L.H.W. van der Plas, H.S. van Walraven, Effects of elicitors
on the plasma membrane Bétunia hybridacell suspensions,
Plant Physiol. 96 (1991) 1261-1267.

[22] Z.M. Wei, R.J. Laby, C.H. Zumoff, D.W. Bauer, S.Y. He,
A. Collmer, S.V. Beer, Harpin, elicitor of the hypersensitive re-
sponse by the plant pathogEnwinia amylovora Science 257
(1992) 85-88.

[23] M.J.M. Hagendoorn, T.P. Traas, J.J. Boon, L.H.W. van der
Plas, Orthovanadate induced lignin production, in batch and
continuous cultures dPetuniahybrida, J. Plant Physiol. 137
(1990) 72-80.

[24] T. Hattori, Y. Ohta, Induction of phenylalanine ammonia
lyase activation and isoflavone glucoside accumulation in
suspension-cultured cells of red beafigna angularis by
phytoalexin elicitors, vanadate and elevation of medium pH,
Plant Cell Physiol. 26 (1985) 1101-1110.

[25] F. Simon-Plas, T. EImayan, J.-P. Blein, The plasma membrane
oxidase NtrbohD is responsible for AOS production in elicited
tobacco cells, Plant J. 31 (2002) 137-147.

[26] H. Kauss, W. Jeblick, A. Domard, The degrees of polymer-
ization and N-acetylation of chitosan determine its ability to
elicit callose formation in suspension cells and protoplasts of
Catharanthus rosey#$lanta 178 (1989) 385-392.

[27] B.W. Johnson, W.B. McGill, Comparison of ergosterol and
chitin as quantitative estimates of mycorrhizal infection and
Pinus contortaseedling response to inoculation, Can. J. For.
Res. 20 (1990) 1125-1231.



	Specific perception of ergosterol by plant cells
	Version française abrégée
	Introduction
	Materials and methods
	Plant-growth conditions
	Measurement of pH variations
	Electrophysiological measurement
	Chemicals

	Results
	pH variations in the incubation medium of pulvinar tissues
	Modifications of transmembrane potential

	Discussion
	Conclusion
	Acknowledgements
	References


