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Membrane proteins (MPs) are involved in numerous cell functions, such as cell signaling,
metabolite/ion/lipid transport, and cell detoxification. It is therefore of major interest to characterize MPs at a
molecular level. Such characterization generally requires extraction of MPs from biological membranes
using detergents, for subsequent purification (Fig. 1). Owing to the inherent ability of detergent to denature
MPs, solubilization of MPs remains challenging and empirical and new techniques are now emerging as
alternatives to classical detergents.
In the frame of a collaborative project between the ICSM in Marcoule and the IBS in Grenoble, we
aim at testing the potential of metallacarboranes (MCs), which are ions of nanometric size, for the
solubilization as well as the functional and structural investigation of MPs. Indeed, the ability of MCs to
solubilize model membranes has recently been demonstrated by our collaborators in Marcoule. Our project
should help understanding interactions between nano-ions and biological membranes. Furthermore, our
approach aims to identify a potential stabilizing effect of nano-ions toward MPs, to facilitate determination
of their three-dimensional structure. As MPs represent the therapeutic of about 60 % of the currently used
drugs, determination of their high-resolution structure is of critical importance.
The student hired on this project will examine the effect of COSAN, a reference MC that has been
characterized in depth from a physico-chemical perspective, on four different target MPs of eukaryotic
origin: i) the Ca2+-transporter SERCA1a, which is essential for uptake of Ca2+ into the endoplasmic
reticulum lumen and therefore for muscle relaxation, ii) the lipid transporter (‘flippase’) Drs2p/Cdc50p,
which controls transbilayer lipid asymmetry in eukaryotic cells, iii) P-glycoprotein, an ABC transporter
involved in multidrug resistance, and iv) Caveolin, a MP which controls shear-induced stress in cell
membranes. The diversity of the chosen targets should allow to provide a proof of principle using different
membrane systems. Solubilization of membranes with COSAN will be investigated by centrifugation and
wester-blotting techniques, by measuring light scattering, and will be compared to solubilization of the same
MPs with classical detergents used routinely in our lab. The function and stability of detergent- and MCsolubilized MPs will be assessed thanks to ATPase activity assays or phosphorylations assays using
radioactive tracers. The oligomeric state and monodispersity of solubilized proteins may also be investigated
using size-exclusion chromatography. In case COSAN would not exhibit any ability to solubilize MPs, we
plan to test its possible use as a stabilizing additive during purification or crystallization of MPs.

Figure 1: schematic of the various steps required for the functional and structural analysis of membrane
proteins (solubilization, purification, and reconstitution). COSAN, an inorganic nano-ion which proved able to
solubilize model membranes, appears as an alternative to detergents.

Selected references of the team on this topic:
1.
2.
3.

4.

5.
6.

Timcenko M, Lyons JA, Januliene D, Ulstrup JJ, Dieudonné T, Montigny C, Ash MR, Karlsen JL, Boesen T,
Kühlbrandt W, Lenoir G, Möller A, Nissen P (2019) Structure and autoregulation of a P4-ATPase lipid
flippase. Nature 571: 366
Lenoir G, Dieudonné T, Lamy A, Lejeune M, Vazquez-Ibar JL, Montigny C (2018) Screening of detergents
for stabilization of functional membrane proteins. Curr Protoc Protein Sci 93: e59
Azouaoui H, Montigny C, Dieudonné T, Champeil P, Jacquot A, Vázquez-Ibar JL, Le Maréchal P, Ulstrup J,
Ash MR, Lyons JA, Nissen P, Lenoir G (2017) High phosphatidylinositol-4-phosphate (PI4P)-dependent
ATPase activity for the Drs2p-Cdc50p flippase after removal of its N- and C-terminal extensions. J Biol Chem
292: 77954
Montigny C, Dieudonné T, Orlowski S, Vázquez-Ibar JL, Gauron C, Georgin D, Lund S, le Maire M, Møller
JV, Champeil P, Lenoir G (2017) Slow phospholipid exchange between a detergent-solubilized membrane
protein and lipid-detergent mixed micelles: brominated phospholipids as tools to follow its kinetics. PLoS One
12: e0170481
Champeil P, Orlowski S, Babin S, Lund S, le Maire M, Møller JV, Lenoir G, Montigny C (2016) A robust
method to screen detergents for membrane protein stabilization, revisited. Anal Biochem 511: 31
Orlowski S, Sélosse MA, Boudon C, Micoud C, Mir LM, Belehradek J Jr, Garrigos M (1998) Effects of
detergents on P-glycoprotein ATPase activity: differences in perturbations of basal and verapamil-dependent
activities. Cancer Biochem Biophys 16: 85

