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Calcium is a ubiquitous second messenger regulating numbers of cellular processes in living organisms. It encodes and transmits information perceived by cells to downstream sensors, including calmodulin (CaM), that initiate cellular responses. In plants, CaM has been involved in the regulation of plant responses to biotic and abiotic environmental cues. Plant CaMs possess a cysteine residue in their first calcium-binding motif EF-hand, which is not conserved in other eucaryotic organisms. In this work, we report the nearcomplete backbone chemical shift assignment of tobacco CaM2 with calcium. These results will be useful to study the impact of this particular EF-hand domain regarding CaM interaction with partners involved in stress responses. (113 words)

Biological context

Plants are constantly challenged by potentially pathogenic microorganisms. They have evolved complex immune responses that rely on the perception of pathogen attack. One of the earliest cellsignaling event downstream pathogen recognition is a rapid and transient influx of calcium which is decoded by calcium sensors, leading to plant defense activation [START_REF] Aldon | Calcium signaling in plant biotic interactions[END_REF]. In plants, calcium sensors include the calcineurin-B-like proteins (CBLs), the calmodulin (CaM) and calmodulin-like proteins (CML), the calcium-dependent protein kinase (CPK) and the calcium and calmodulin-dependent protein kinase (CCaMK) [START_REF] Ranty | Calcium Sensors as Key Hubs in Plant Responses to Biotic and Abiotic Stresses[END_REF] CaMs are small globular proteins which contain 4 helix-loop-helix domains, the EFhand domains, each of which binds a single calcium ion [START_REF] Mccormack | Handling calcium signalling: Arabidopsis CaMs and CMLs[END_REF]. Conformational changes upon Ca 2+ binding enable CaMs to interact with target proteins, the CaM-binding proteins (CaMBPs), mainly by hydrophobic interaction and consequently modulate their activities [START_REF] Bouché | Plant-specific calmodulin-binding proteins[END_REF]. In plants, Ca 2+ signals and CaMs have been involved in many physiological processes [START_REF] Kudla | Advances and current challenges in calcium signaling[END_REF] including plant biotic interactions [START_REF] Aldon | Calcium signaling in plant biotic interactions[END_REF]. Using Mass Spectrometry-based techniques, we have identified NtCaM2 as a putative regulator of plant immune responses triggered in tobacco by cryptogein, a prototypic oomycete virulence factor stimulating tobacco defense responses [START_REF] Astier | Nitric oxide inhibits the ATPase activity of the chaperone-like AAA+ ATPase CDC48, a target for Snitrosylation in cryptogein signalling in tobacco cells[END_REF]. One particularity of plant CaMs is the presence of a Cys residue in the first EF motif whereas it is mostly a Thr in CaMs from other organisms such as animals [START_REF] Jeandroz | There's more to the picture than meets the eye: nitric oxide cross talk with Ca2+ signaling[END_REF] To explore the role of this conserved Cys residue regarding CaM affinity to calcium and CaM interaction with CaMBPs involved in plant immunity, we have initiated NMR studies using Nicotiana tabacum Calmodulin2 (NtCaM2) as a model. Here, we present 1 H, 13 C and 15 N assignment and chemical shifts-based predictions of secondary structures of NtCaM2 with calcium.

Methods and experiments

Expression and purification

[ 15 N]-and [ 15 N, 13 C]-labeled CaM2 were produced using regular molecular biology and biochemistry techniques. NtCaM2 cDNA was amplified by PCR (fw primer catgccatggcagagcagctaacgg; rev primer ggcggatccgcgtcacttggcaagcatcatgcg) and cloned in pET15b. Transformed E. coli strain Rosetta bacteria cells were grown in M9 medium at 37°C with [ 15 N]-NH4Cl (1 g/L), ISOGRO-[ 15 N] powder growth medium (1 g/L) (Sigma-Aldrich) and U-[ 13 C6]-(or unlabeled-) glucose (2 g/L) as sole nitrogen and carbon sources. Cell pellet was suspended in sucrose 0.5 M, TRIS-HCl pH 7.5 40 mM, EDTA pH 8 10 mM, PMSF 1 mM and lyzed by sonication. After centrifugation (30,000 g, 30 min, 4°C), supernatant was loaded on a Phenyl Sepharose column (GE Healthcare) equilibrated with buffer C (TRIS-HCl pH 7.5 50 mM, EDTA pH 8 1 mM) and then washed with 5 volumes of buffer C. Flowthrough containing NtCaM2 was supplemented with 10 mM of CaCl2 and loaded on a second Phenyl Sepharose column equilibrated with buffer A (TRIS.HCl pH 7.5 50 mM, CaCl2 1 mM), washed successively with 5 volumes of A, B (A + NaCl 500 mM) and A. NtCaM2 was eluted with buffer C. Fractions containing NtCam2 were dialyzed (cut-off 8,000 Da) against 500 volumes of dialysis buffer (HEPES pH 7.5 25 mM, EGTA pH 8 2 mM). Sample for NMR measurements consisted of 150 µM of NtCam2 in HEPES pH 7.4 100 mM, KCl 100 mM, EGTA 10 mM, NTA 10 mM, CaCl2 7.94 mM ([Ca 2+ ]free = 1.5 mM), 0.001 % TMSP for 1 H spectral referencing and 10 % D2O were added for field locking. [Ca 2+ ]free concentration was calculated according to [START_REF] Dweck | Expanding the range of free calcium regulation in biological solutions[END_REF]. All glassware were treated with HCl 0.1 N 20 min, EGTA 0.5 mM 20 min to remove trace of Ca 2+ and rinsed extensively with milliQ water.

NMR data acquisition and processing

Final volume of 600 μL was placed in 5 mm standard tubes. All NMR spectra were recorded at 293 K using an Avance Neo Bruker 900 MHz spectrometer equipped with CPTCI cryoprobe. The sequencespecific backbone assignment was based on 2D HSQC, and 3D BEST-HNCO, BEST-HN(CA)CO, BEST-HNCACB, BEST-HN(CO)CACB, (H)CBCACONH, pulsesequences. The chemical shifts were measured relative to TMSP for 1 H. Data were transformed and processed using NMRPipe [START_REF] Delaglio | NMRPipe: a multidimensional spectral processing system based on UNIX pipes[END_REF] and qMDD [START_REF] Qu | Accelerated NMR Spectroscopy with Low-Rank Reconstruction[END_REF] for acquisitions with Non-Uniform Sampling (Mavzel et al. 2014) and analyzed using CCPN analysis suite software [START_REF] Vranken | The CCPN data model for NMR spectroscopy: Development of a software pipeline[END_REF].

Extent of assignments and data deposition

Backbone sequence-specific assignment was completed overall to 97.54 (%) with 13 C 98.66 (%), 13 C 97.86 (%), 13 CO 97.99 (%), 15 N 95.97 (%) and 1 HN 97.96 (%) nuclei. The missing residues amides are located at the very beginning of NtCaM2 (A2, E3) and at the beginning of the first helix (Q9). Figure 1 illustrates the obtained HN-chemical shifts assignments based on multidimensional NMR experiments.

The ensemble of backbone chemical shifts ( 13 Cα, 13 Cβ, 13 CO, 15 N and 1 HN) of NtCaM2 were used to estimate the secondary structures based on TALOS-N (Shen and Bax 2013) predictions (Figure 2 top). Thus, the analysis showed the presence of eight alpha-helices (alpha1 7-20, alpha2 30~39, alpha3 46-55, alpha4 66-76, alpha5 83-93, alpha6 102-113, alpha7 119-129, and alpha8 139-147) and four beta-strands (beta1 27-29, beta2 63-64, beta3 99-101, and beta4 136-138) predicted The N-and C-termini and the loops between helices 2 and 3, 4 and 5, 6 and 7 are predicted to be flexible (Figure 2 

middle).

As expected the four Ca-binding loops between helices 1 and 2, 3 and 4, 5 and 6, 7 and 8 appear rigid.

Figure 1 .

 1 Figure 1. 900 MHz 1 H-15 N-HSQC spectrum of NtCaM2 at 293 K showing the HN assignment.

Figure 2 .

 2 Figure 2. Secondary structure prediction using TALOS-N (Shen and Bax 2013): alpha-helices in red, beta-strands in green. Pink dots are for the four Ca-binding loops. The middle panel shows predicted random-coil-index-derived order parameters S 2 (RCI-S 2 ). The bottom panel shows the probability of each residue adopting a secondary structure (P(,).
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