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In 2014, the LabEx Charm 3 at co-funded the acquisition of a new and versatile highly sensitive mass spectrometer: an ion trap instrument (Bruker Amazon Speed) equipped with an ETD/PTR module (Electron Transfer Dissociation/Proton Transfer Reaction), installed since 2015 in the LAMBE laboratory (Evry).

Because of its unique characteristics (high sensitivity, MS n modes, coupling with liquid chromatography and capillary electrophoresis, modification through gas-phase reactivity of both the nature and the number of charges of the ions formed, this instrument allows the structural study and quantification of a wide variety of molecular and macromolecular organics, reaction intermediates, proteins, sugars, organometallic complexes, non-covalent complexes…, and therefore respond to the demands of different partners of LabEx Charm3at. Since its acquisition, the instrument has been involved in different LabEx projects, such as those briefly summarized below. Devising strategies allowing to shape, modify or restore privileged conformations and thus modulate innate properties of a chemical structure is of continuing interest for a broad scientific community. The tridimensional preorganization of the naphthothiophene platform displays a favourable well-defined bay region combining a  fragment and a carbonyl moiety flanking a central sulfur atom. The formation and characterization of K + -and Cs +complexes originating from the cooperativity of three non-covalent interactions has been explored. A joint theoretical and experimental IRMPD study allowed deciphering the key contribution of the orthogonal phenyl fragment to the elaboration of alkali metal complexes. In combination with S-and COinteractions, the -cation interaction significantly enhances the binding energies of naphthothiophene derivatives. SHAPE chemistry (selective 2'-hydroxyl acylation analyzed by primer extension) has been developed to specifically target flexible nucleotides (often unpaired nucleotides) independently to their purine or pyrimidine nature for RNA secondary structure determination. However, to the best of our knowledge, the structure of 2'-O-acylation products has never been confirmed by NMR or X-ray data. We have realized the acylation reactions between cNMP and NMIA under SHAPE chemistry conditions and identified the acylation products using standard NMR spectroscopy and LC-MS/MS experiments. For cAMP and cGMP, the major acylations product is the 2'-O-acylated compound (> 99 %). A trace amount of N-acylated cAMP has also been identified by LC-UV-MS². As for cCMP, the isolated acylation products are composed of 96 % of 2'-O-acylated product, 4 % of N,Odiacylated product, and trace amount of N-acylated compound. In addition, the characterization of the major form by NMR point to slight differences in the conformation of the acylated sugar between the three cyclic nucleotides. This interesting result should be useful to explain some unexpected reactivity of the SHAPE chemistry.
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In this work, the fragmentation mechanisms of prototypical disaccharides have been studied by coupling tandem mass spectrometry (MS) with collisional chemical dynamics simulations. These last calculations were performed by explicitly considering the collisions between the protonated sugar and the neutral target gas, leading to an ensemble of trajectories for each system, from which it was possible to obtain reaction products and mechanisms without pre-imposing them. The -aminoethyl and aminopropyl derivatives of cellobiose, maltose and gentiobiose were studied in order to see the differences in both the stereochemistry and the location of the glycosidic linkage. Chemical dynamics simulations of MS/MS and MS/MS/MS are used to suggest some primary and secondary fragmentation mechanisms for some experimentally observed product ions. The simulations performed provide some new insights about the fundamentals of unimolecular dissociation of protonated sugars under CID conditions.

Other partners : ILM (Lyon), LCP (UPsud)
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Z and E azobenzene isomers are molecular switches which can interconvert both photochemically and thermally. Due to their important development, their fast identification has become a challenge. In the complex system studied, involving two stable diastereomeric conformers Z1 and Z2 which photochemically interconvert through transient E isomer, UV-VIS absorption spectroscopy, usually used to study the kinetics of relaxation of azobenzene, did not allow direct quantitation of the process.

Liquid chromatography with UV detection (LC-UV) and ion mobility-mass spectrometry (IMS-MS) were evaluated to study the thermal back relaxation kinetics of E isomer. LC separation of the three isomers studied was achieved in less than 10 minutes allowing the kinetic determination of the thermal back relaxation at low temperature with UV detection. In addition, E→Z thermal back relaxation at higher temperature was studied using IMS-MS which allows shorter time scale separation than LC. Baseline separation of the two Z isomers was achieved in IMS-MS from [Z+Ag] + ions. Our results show that silver-cationized dimers allow for Z/E differentiation. Both IMS-MS and LC-UV methodologies succeed to study the E→Z thermal back relaxation kinetics, and appeared to be complementary technics.
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