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Proteinaceous and oligosaccharidic elicitors induce different calcium
signatures in the nucleus of tobacco cells
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Abstract

We previously reported elevated cytosolic calcium levels in tobacco cells in response to elicitors [D. Lecourieux, C. Mazars, N. Pauly, R.
Ranjeva, A. Pugin, Analysis and effects of cytosolic free calcium elevations in response to elicNararinna plumbaginifolia cells, Plant
Cell 14 (2002) 2627-2641]. These data suggested that in response to elicitdrsasCasecond messenger, was involved in both systemic
acquired resistance (RSA) and/or hypersensitive response (HR) depending on calcium signature. Here, we used transformed tobacco cells
with apoaequorin expressed in the nucleus to monitor changes in free nuclear calcium concentrafitins)j@aesponse to elicitors. Two
types of elicitors are compared: proteins leading to necrosis including four elicitins and harpin, and non-necrotic elicitors including flagellin
(flg22) and two oligosaccharidic elicitors, namely the oligogalacturonides (OGs) afidltf8glucan laminarin. Our data indicate that the
proteinaceous elicitors induced a pronounced and sustainalig [e&levation, relative to the small effects of oligosaccharidic elicitors.
This [C&*],.c elevation, which seems insufficient to induce cell death, is unlikely to result directly from the diffusion of calcium from the
cytosol. The [C&, rise depends on free cytosolic calciumg,IBnd active oxygen species (AOS) but is independent of nitric oxide.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction There is now a firm recognition that changes in free calcium
do not proceed in a stereotypical manf®&6]. The nature,

In the course of evolution, G4 has emerged as one of strength and duration of a stimulus are perceived differen-
the most versatile intracellular messengers carrying informa- tially, and determine characteristic calcium changes, called
tion to most processes that are important to cell[if@]. In calcium signatures, in cytosol and organe[tes-13] Each
recent years, most environmental challenges faced by plantssignature is specified by its magnitude, shape, temporal and
including plant growth regulators, light, mechanical distur- spatial parameters, which ultimately control the reversible
bances, abiotic stress, and pathogen elicitors have been showhinding of calcium to specific protein sensors before passing
to induce changes in cytoplasmic free?Caoncentration the decoded information onto targets. As a result, specific
([Ca2*]eyr) [3-7]. Ithas also been established that stimuli such calcium signatures trigger altered protein phosphorylation,
as ABA and auxin, which elicit the closure and opening of gene expression patterf86] and the subsequent responses
stomata, respectively, induce increments inZ[t;@t [8-10] in plant cells[11,14,15,1] Alternatively, C&" is also pro-

posed to act as a switch in the signalling prodé£3.
— Both the vacuole and the endoplasmic reticulum (ER) are
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involve various second messengers as inositol tri-phosphatedata showing that both necrotic elicitins and harpin and the

(IP3), cyclic adenosine di-phosphate ribose (CADPR), nico- non-necrotic flagellininduced comparable biphasid@a.

tinic acid adenine dinucleotide phosphate (NAADP) or elevations with higher amplitude and longer duration than the

sphingosine-1-phospha{é3,19,20] Changes in free cal- [Ca*]ncincreases observed with the non-necrotic carbohy-

cium with physiological significance are also apparent in drate elicitors. The cryptogein-induced fhyc elevation

chloroplasts, mitochondria and nuclei2d—-24] The inter- is not related to NO production but apparently involves an

play between nuclear and cytosolic calcium in determining IP3-dependent mechanism and depends partly of AOS pro-

a global calcium signature and the elicitation of biologi- duction.

cal responses has been establisf#%]15] The evidence

for the importance of nuclear calcium in signalling pro-

cesses is strengthened by the presence of calcium-depender2t Results

activities in the plant nucleus, including CDPK, calmodulin-

binding protein and calcium-calmodulin regulated protein 2.1. Comparison of [Ca®* e elevations in response to

phosphatas§26—30] It has been also shown that €a different elicitors and relationships with cell death

ATPase and some components of the phosphoinositide sig-

nalling pathway localized to the plant nuclgd4,75] Fur- To investigate the contribution of the nucleus to cellu-

thermore, it has been established that the plant nucleus idar calcium signatures in response to elicitor challenge, we

able to generate its own calcium changes even in an acellularhave stably transformenl. tabacum cv. Xanthi cells with a

environmen{32,33] chimeric gene using a nucleoplasmin/apo-aequorin construct
The key role of C&" in the signalling pathways received [47,25,15] In these conditions and using gold-labeled sec-

particular attention in the area of plant defense against ondary antibodies, van der Luit et §5] demonstrated that

pathogen$34]. We have patrticipated in the identification of about 90% of aequorin localized in nuclei of tobacco cells.

the initial events implicated in defense reaction by challeng- As shown orFig. 1, the expressed fusion protein was immun-

ing tobacco Nicotiana tabacum var. Xanthi) cell cultures  odetected mainly in the nucleus. By contrast, no fluorescence

with elicitors, particularly cryptogein, a 10 kDa polypeptide was observed in the nucleus of control tobacco cells; the flu-

which is secreted by the oomyceRéyrophthora cryptogea orescence observed on the surrounding of both control and

[35]. Cryptogein binding to its putative plasma membrane transformed cells can be explained by a non-specific binding

receptor[36,37] provokes a large and sustained calcium of the aequorin antibody on the cell wall.

influx [38] which triggers numerous downstream events  The transformed cells were challenged with elicitors that

including the activation of a plasma membrane (PM) NADPH induce cell death (elicitins and harpin) or do not induce cell

oxidase, the production of active oxygen species (AOS), death (OGs, laminarin and flg22) and the subsequent changes

cytosol acidification and the PM depolarisati@8], MAPK in nuclear calcium were monitored. A resting fChuc of
activation [40], protein phosphorylatiof41], microtubule 20+ 1.4nM (n=5) was measured in aequorin-transformed
depolymerizatiofd?2], nitric oxide (NO) productiof43,44], tobacco cells and a cryptogein treatment induced a biphasic

anion channel activatiof5] and the inhibition of glucose  [Ca®*]nuc elevation Fig. 2A). Within 3min, a first and tran-
transporter(sy46]. The calcium influx led to a biphasic  sient [C&"]nuc peak occurred, reaching 23031 nM (2 =5)
[C&?']cyt elevation involving both extracellular and intra-  after 5min. This peak was immediately followed by a sec-
cellular C&* pools[7]. NO appears to be a fundamental ond [C&*]ncelevation. The additional increase in Bhuc
component of the pathway(s) leading to’Caelease from reached a maximal of 150.3uM (n=5) at 20 min, and
intracellular poolg44]. We have shown further that the long decreased slowly but remain higher than the basal level even
sustained [C#]cy: elevation could be responsible for the after 2 h of treatmentig. 2A and D). Increasing cryptogein
sustained MAPK activation, microtubule depolymerization, concentrations from 2.5to 100 nM resulted in the subsequent
defense gene activation and cell de§fh. The compari- elevation of the two calcium peaks. The first one always
son of necrotic elicitors (cryptogein and other elicitins) and appeared 5 min after addition of cryptogein. The appearance
non-necrotic elicitors (carbohydrate derivatives) highlighted of the second one was accelerated by increasing the crypto-
the role of the [C&']¢y: Signature in hypersensitive response gein concentration: from 35min with 10nM cryptogein to
(HR). 15 min with 100 nM cryptogeinKig. 2C).

Here, we have used tobacco cell suspensions express- Our previous datd7] which described the changes in
ing the chimeric construct nucleoplasmin/apoaequorin in the cytosolic calcium, and the experiments described above
nucleug25,15], in order to monitor changes in free nuclear provide for a comparison of the kinetics of [@@Cyt and
calcium ([C&*]nuo), to investigate the possible participation [Ca2*]nyc elevations induced by cryptogein in tobacco cells
of the nuclear compartment in determining specific cellular (Fig. 2B). In response to cryptogein treatment, bimodal
calcium signature and to address the physiological signif- increase in free Ga concentration was elicited in both
icance of calcium rise in the nucleus. We compared the cytosolic and nuclear compartments. However, both the mag-
effects of necrotic and non-necrotic proteinaceous elicitors to nitude and kinetics of these increases differed considerably
those of non-necrotic carbohydrate derivatives. We provide across the two compartmentsid. 2B). Specifically, a 90-s
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