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Native MALDI Mass Spectrometry with liquid deposits:
Application to therapeutic proteins and their complexes
Context:
Native Mass Spectrometry (MS) native consists in analyzing noncovalent biomolecular assemblies
directly in an instrument. To this end, biomolecules are exposed to nondenaturing conditions, in order
to keep their 3D structure intact from the sample solution to the gas phase. By its speed and
sensitivity, this approach has become essential for complex characterization. It can be used to
determine binding stoichiometries in specific complexes, to precisely measure their affinity, and to
perform ligands screening.
Membrane proteins constitute two thirds of therapeutic targets, yet only 10% of these proteins have
been targeted so far. The characterization of membrane proteins by native MS can unlock essential
knowledge for biology and pre-clinical research.
To this day, the go-to method for native MS is based on electrospray ionization (ESI). However,
membrane protein analysis by native ESI-MS is still a challenge. This is because these proteins
necessitate salts and detergents for solubilization in MS-compatible buffers. Detergents in turn can
give rise to ion suppression, adduction, and degraded instrument performance.
MALDI (Matrix-Assisted Laser Desorption-Ionization) presents numerous advantages in this context.
It is highly tolerant to contaminants and consumes low quantities of sample, making it de facto
attractive for the native MS analysis of membrane proteins. Recently, we developed a native MALDITOF MS method for the analysis of macromolecular complexes. The success of this method can be
attributed to the use of liquid deposits, allowing for the smooth transfer of molecular complexes from
the sample to the instrument [1]. The proof of concept was established for a protein-protein and
protein-ligand systems.
Our group has a lot of experience and knowledge in the analysis of membrane proteins in denaturing
conditions [2,3]. More recently, we have developed quantitative methods for the fine characterization
of proteins and their interactions with ligands or other proteins. Thus, we can precisely determine the
equilibrium dissociation constant KD by native ESI even when affinities are low [4], or quantify the
degree of modification of every single residue of a target protein by a covalent ligand [5]. Finally, our
demonstration for native liquid MALDI MS is a worldwide premiere [1].

Project:
Thesis work will be dedicated to extending applications of native liquid MALDI MS methods to the
observation of membrane proteins by themselves or in a complex with one or more ligands.
Our group currently investigates ion channels or transporters types of transmembrane proteins. We
plan to manipulate complexes directly in the instrument in native MALDI MS. First, we will show the
intact protein oligomer complex that forms the ion channel or transporter. Then we will measure the
affinity and stoichiometry of the complexes they form with ligands of therapeutic interest and with
membrane lipids.

In cases when the ligand binding site is unknown, complementary experiments will be set up to
localize the site.
These experiments will require that both sample preparation and instrumental parameters be
optimized. More generally, this work will open the way to an easy, fast and sensitive native analysis of
hydrophobic proteins or any protein that needs additives with low compatibility with electrospray.
On the basis of existing or emerging collaborations in our group, researches will be extended to the
fine characterization of ion channels, chloride transporters, and small ligand transporters of
therapeutic interest, so as to contribute to the design of new anticancer treatments.
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