
 
July 18 - 22
The second week of MISTRAL is devoted to practical training workshops (3-6 persons per 
workshop). Each attendee will follow two workshops, that she/he has to select amongst the 
possibilities listed below.

Carine Alcon, Martin Boeglin, Yann Boursiac, Alex Costa, Léon Dirick, Christian Dubos, Françoise
Gosti, Sonia Hem, Tomoaki Horie, Stéphane Mari, Alexandre Martinière, Christophe Maurel, 
Philippe Nacry, Valérie Rofidal, Véronique Santoni, Pascal Tillard, Lionel Verdoucq & Anne-
Aliénor Véry.

The practical workshops will benefit from the various technological platforms of the B&PMP 
Department :
 Mass Spectrometry Proteomic Platform
 Imaging Platform
 Electrophysiology and Heterologous Expression Platform 
 Stable Isotopes Analysis Platform 

W1: Molecular physiology and cell biology of iron acquisition and localization in Arabidopsis 
thaliana.
Stéphane Mari (BPMP)
The purpose of this training session is to illustrate the molecular bases of iron absorption in roots 
and subcellular distribution in the embryo. The key steps of iron absorption by roots and 
remobilization of the vacuolar iron pool in embryos during germination will be addressed through 
the use of specic mutant backgrounds, biochemical measurements and iron imaging in tissues and 
cells.

W2: Voltage-clamp analyses of transporters and voltage-gated channels as examples of non-
rectifying and rectifying conductances ("whole-cell" current recordings).
Tomoaki Horie (Shinsu University, Japan) & Anne-Aliénor Véry (BPMP)
Addressed topics will be oocyte microinjection for heterologous expression of an ion transport 



system, ion current recordings using the voltage-clamp technique and data analysis to extract 
functional properties.

W3: Analysis with patch-clamp of a rectifying voltage-gated channel: single channel 
recording.
Martin Boeglin (BPMP) & Anne-Aliénor Véry (BPMP)
Addressed topics will be oocyte microinjection, ion current recordings using the patch-clamp 
technique and data analysis.

W4: ROS and Ca2+ sensors in plants.
Alex Costa (Milan, Italy)
In this workshop we will use wild type and transgenic Arabidopsis lines to study the cellular 
signalling. By using of molecular imaging techniques we will study cytosolic Ca2+ dynamics (by 
using Cameleon NES-YC3,6 plants) in guard and root cells in response to osmotic stress or various 
elicitors. Moreover, we will study the redox status of glutathione (GSH/GSSG ratio) by using plants
expressing the GRX-roGFP2 probe treated with cadmium, known to induce an oxidative stress. The
use of dyes will also allow the study of Reactive Oxygen Species (ROS) levels in root cells (e.g. 
H2DCF and DAF-FM-DA). Time will also be dedicated to explain the different microscope 
settings, the advantages and limitation of the methods.

W5: Protein dynamics and localization in plant membrane.
Carine Alcon (BPMP) & Alexandre Martinière (BPMP)
With various fusion proteins, we will illustrate how imaging approaches can be used to identify the 
subcellular localisation of membrane proteins and to question their dynamics between compartment 
and inside cell membrane. This will include data acquisition on confocal microscopes with several 
colors, drugs treatment and FRAP experiments. A part of this workshop will be also devoted to data 
analysis (quantification of colocalisation and FRAP)

W6: Functional characterization of ion uptake in plants using stable isotopes and root 

architecture analysis: a case study with NO3
-.

Philippe Nacry (BPMP) & Pascal Tillard (BPMP)
This workshop will illustrate how fine root architecture analysis and the use of the non-radioactive 
15N tracer, and its analysis by Isotope Ratio Mass Spectrometry to quantify ion fluxes in the plant 
allow to delineate plant adaptive response to nitrogen availability. The experiments will aim at 

characterizing Arabidopsis seedlings (WT and mutants) grown in vitro on a wide range of NO3
- 

concentrations. Root System Architecture will be analyzed using our innovative phenotyping 

platform. In parallel, root NO3
- uptake capacity will be determined using 15N -labelled NO3

- and 

quantification by Mass Spectrometry.

W7: Initiation to proteomics and phosphoproteomics.
Sonia Hem (BPMP), Valérie Rofidal (BPMP) & Véronique Santoni (BPMP)
This workshop will address the use of mass spectrometry to identify proteins in their native and 



modified forms. Particular emphasis will be given to the identification of phosphorylated proteins. 
After an introduction to the principles of protein identification by mass spectrometry, protein 
samples will be digested and an enrichment in phosphopeptides will be performed. Peptides will be 
injected in mass spectrometer. After an introduction to principles of MS data interpretation in 
particular with regards to phosphorylation, MS data from a protein sample with and without 
phospho-peptide enrichment will be exploited to build protein and phosphoproteins inventories. A 
set of bioinformatics tools will be used to characterize the data sets.

W8: Hydraulic conductivity of membranes, cells and organs.
Yann Boursiac (BPMP), Christophe Maurel (BPMP) & Lionel Verdoucq (BPMP)
The aim of this practical is to exemplify the specificities and limitations of water transport assays in
various membrane, cell and organ systems. Water transport in purified membrane vesicles or wall-
deprived cell systems (Xenopus oocytes, isolated plant protoplasts) will be monitored using various 
types of osmotic swelling or shrinking assays. A cell pressure probe will be manipulated to address 
the principles of turgor and hydrostatic relaxation measurements in plant cells. Finally, pressure 
chamber measurements in excised roots and rosettes will be performed. All assays will be designed 
to investigate typical features of aquaporin regulation.

W9: Yeast as a tool: functional characterisation of ion transport system by complementation 
of mutant strains and 2-hybrid tests for revealing protein-protein interactions.
Françoise Gosti (BPMP), Christian Dubos (BPMP) & Léon Dirick (BPMP)
The aim of this workshop is to illustrate the methodological aspect of yeast transformation, drop 
tests and filter assays. These techniques will be used here (i) to evaluate the differential capacity of 
zinc transporters originating from the model species A. thaliana or from the extremophile zinc 
hyper accumulating species A. halleri via yeast mutant complementation, and (ii) to test protein-
protein interactions between K+ Shaker channels using the two-hybrid system.


