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Ca2+ a ubiquitous second messenger
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∼50µm

Ca2+ waves in plant tissue ?
In vitro diffusion coefficient (D)
Proteins D ∼ 1-10 µm2 s−1 (Swaminathan et al., 1997; Bray, 1998; Dayel et al., 1999)

Ca2+ D ∼ 13-65 µm2 .s-1 (Allbritton et al.,1992)

NAADP D ∼ 100 µm2 .s-1 (Churchill & Galione, 2000)

InsP3 D ∼ 283 µm2 .s-1 (Allbritton et al., 1992)

cAMP D ∼ 270 µm2 .s-1 (Chen et al., 1999)

H2O2 D ∼ 1000 µm2 .s-1 (Vestergaard et al., 2012)

NO D ∼ 3300 µm2 .s-1 (Malinski et al., 1993)

Ca2+

∼ 1s

Ca2+ buffer



BioluminescentBright field

Arabidopsis seedling harboring bioluminescent Ca2+ reporter








Bright field Bioluminescent






Speed43µm.s-1



Cell to Cell propagation








Dark induces calcium waves in leaves

Bright Field Bioluminescent
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Aequorin Arabidopsis leaf






Z-Stack

Stomate
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Schroeder et al. 2001

Thèse Elsa Ronzier
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In vitro CPKs characterisation 

Harper et al. 2011
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Functional screening in oocyte: CPKs regulate Shaker channel 
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cRNA injection in oocytes
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CPK3 CPK6 CPK13 CPK33

NLVVHWTSRTRTFRD

NLVVHWASRTRTFRD

NLVVHWTARTRTFRD

NLVVHWTSRTRAFRD

KAT2 peptides are phosphorylated by CPKs
In vitro phosphorylation
CPK + ATP [32P] + Ca2+
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KAT2::CFP
KAT2::CFP

+
CPK13::YFP

 (ns)
(Mean ±SE)

2.233 
±0.017

1.861
±0.031

FRET efficiency (%) 16.7
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KAT2
KAT2+CPK13

FRET-FLIM

Collaboration
C. Brière, Toulouse

KAT2::CFPCPK13::YFP Merge

CPK13 and KAT2 are co-localised in planta

FLIM
CPK13 interacts with KAT2 in planta



Overexpression of CPK13 affects stomata movement
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Spatial and temporal waves of CPK gene expression
pCPK::Luciferase



Dark induces Ca2+ spark in intact plant leaves






ABA application on roots stimulates Ca2+ spark in intact 
plant leaves






Ca2+ K+, NO3
-, H+

Gene expression

CPKs

Current model

ABA



Perspectives

Identification of active phosphorylation site

Ca2+ signals/waves in cpk mutant (Ox and KO)

Identification of CPKs’ substrates (H+-ATPase, etc.) 

Ca2+ homeostasis modeling




