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Le mot des présidents

Pour la premiere fois, la Société Francaise de Spectrométrie de Masse (SFSM), le Réseau Francophone
de Métabolomique et Fluxomique (RFMF) et la Société Francaise d’Electrophoreése et Analyse Pro-
téomique (SFEAP) sont heureux de vous présenter leur congres joint SMMAP 2017 (Spectrométrie de
Masse, Métabolomique et Analyse Protéomique 2017). Le comité local d’organisation vous accueillera a
I’Hotel New-York®) (Disneyland(®) Paris, Marne-la-Vallée-Chessy) du mardi 3 au jeudi 5 octobre 2017.
Une journée satellite aura lieu le lundi 2 octobre afin d’accueillir les activités liées aux différents clubs
jeunes, les formations ainsi que les tables rondes.

Cette édition unique, qui accueille plus de 510 scientifiques, sera placée sous le signe de I’interdisciplinarité
et des échanges entre les communautés présentes habituellement a chacun des congres annuels. Elle sera
I’occasion d’approfondir nos connaissances, partager nos expériences et tisser de nouveaux liens scien-
tifiques et humains. Ce congres permettra aussi de rencontrer de nombreux industriels dans les domaines
de I'instrumentation scientifique, la préparation d’échantillon ou le retraitement des données. Que la
magie de Disney opere !

David Touboul, au nom du comité local d’organisation et du comité scientifique

Chers collegues, chers amis,

C’est avec un immense plaisir que nous nous retrouvons lors de la conférence annuelle de la Société
Francaise de Spectrométrie de Masse (SFSM). Cette année, pour la premiere fois, notre société s’est
jointe au Réseau Francophone de Métabolomique et Fluxomique (RFMF) et a la Société Francaise
d’Electrophorese et Analyse Protéomique (SFEAP) pour vous proposer une édition exceptionnelle, placée
sous le signe de I’interdisciplinarité. SMMAP2017 sera ainsi I’opportunité pour tous de partager nos ex-
périences et de tisser de nouveaux liens scientifiques et humains. Pour cette édition 2017, nous sommes
heureux de vous accueillir a Disneyland®) Paris, Marne-la-Vallée-Chessy et de vous proposer des thé-
matiques variées qui, nous 1’espérons, couvriront un large spectre de nos disciplines réciproques. Pour
animer cet événement, le comité scientifique a fait appel a des orateurs de renommeée internationale ainsi
que de nombreux jeunes scientifiques garants de 1’avenir et du dynamisme de nos sociétés. Cette année
encore, nous avons une nouvelle fois la chance d’étre accompagnés par des partenaires industriels fideles
sans qui cette manifestation ne pourrait pas étre organisée.

SMMAP 2017, c’est I’occasion aussi pour la SFSM de faire partager avec ses membres les moments
importants de la vie de la société. Comme chaque année, 1’ Assemblée Générale de la SFSM se tien-
dra lors de cette manifestation. La date retenue est le Mercredi 4 octobre a 18h et nous espérons vous
y retrouver nombreux. Nous profiterons de cette occasion pour vous annoncer la nomination de sept
membres d’honneur au sein de notre société : Gérard Bolbach, Jeanine Tortajada, Jean-Claude Tabet,
Christian Rolando, Alain Van Dorsselaer, Jean-Marie Schmitter, Bernard Monssarat, et Jean- Francois
Gall. SMMAP2017 sera aussi pour nous 1’occasion d’honorer nos jeunes membres en décernant le Prix
de These 2017 a Benoit Fatou de I’Université de Lille.

En espérant vous retrouver a SMMAP2017,

Aura Tintaru et Emmanuelle Leize-Wagner, Présidentes de la SFSM



Au nom de la SFEAP, je vous souhaite la bienvenue au congres SMMAP 2017, organisé conjointe-
ment avec la SFSM et, pour la premiere fois, le RFMF, et je vous remercie d’avoir été trés nombreux a
répondre présents a cette occasion. Cette organisation conjointe a permis d’élaborer un programme ex-
trémement riche qui, je 1’espere, ne laisse de coté aucun aspect important de nos différentes disciplines
et qui, a coté des conférences plénieres avec des orateurs de renommée internationale, a permis d’offrir
de trés nombreuses opportunités de communications orales aussi bien aux jeunes scientifiques qu’aux
leaders de nos trois communautés. Comme vous le constaterez, le programme scientifique met en avant
de nombreuses convergences entre les champs disciplinaires couverts par nos trois sociétés et, j’en suis
convaincu, créera de nombreuses opportunités de collaborations entre les membres de nos différentes
communautés.

Je tiens également a remercier chaleureusement le comité local présidé par David Touboul et le comité
scientifique pour la parfaite organisation précédent le congres ainsi que les nombreux sponsors indus-
triels sans qui 1’organisation de cette manifestation ne serait pas possible, pour leur soutien et leur fidélité.

Bon congres et bonne science a tous !

Philippe Marin, Président de la SFEAP

Chers collegues,

C’est avec grand plaisir que le Réseau Francophone de Métabolomique et Fluxomique (RFMF) se joint
pour la premiére fois a la SFSM et a la SFEAP pour organiser ces journées scientifiques.

Le RFMEF, créé en 2005, regroupe plus de 300 membres et s’est donné pour objectif de contribuer au
développement de la métabolomique et de la fluxomique, de favoriser les échanges entre chercheurs du
domaine, de promouvoir I’enseignement et la formation et d’accompagner les jeunes chercheurs dans
leur début de carriere. Ces dernieres années le périmetre de notre association s’est élargi aux pays fran-
cophones avec, comme concrétisation de cette intégration, la participation au conseil d’administration de
collegues belges et suisses.

Les dernieres éditions des journées scientifiques du RFMF ont montré que la métabolomique et la flux-
omique doivent étre appréhendées dans un contexte de biologie des systémes, avec une intégration multi-
omique. SMMAP2017 sera 1’occasion de renforcer ce lien avec d’autres approches "omiques" comme
la protéomique. D’autre part, comme la protéomique, nos approches nécessitent le développement de
méthodes originales en spectrométrie (de masse et RMN) qui sont notamment portées par les membres
de la SFSM. Pour toutes ces raisons, nous sommes convaincus que SMMAP2017 sera 1’occasion d’une
émulation scientifique fructueuse entre nos communautés qui débouchera trés certainement sur de nou-
velles idées et collaborations.

Le RFMF met en avant, depuis son origine, le facteur humain dans la construction d’une société sci-
entifique. Outre le slogan "bonne bouffe, bonne science” que nous portons haut et fort, nous avons
toujours privilégié les échanges et la convivialité. Nous apprécions donc que le projet SMMAP2017 ait
été construit dans cet esprit d’ouverture et d’échange. La part importante laissée aux jeunes chercheurs
est aussi un point partagé par nos trois sociétés et qui donnera, a coup siir, une belle dynamique a ces
journées scientifiques. J’en profite pour remercier David Touboul, le comité d’organisation et le conseil
scientifique de SMMAP2017 pour leur travail et leur investissement.

Bonne conférence a toutes et a tous. Métabolomiquement,

Fabien Jourdan, Président du RFMF



COMITE LOCAL D’ORGANISATION

David Touboul (CNRS, Gif-sur-Yvette)
Stéphane Bouchonnet (Ecole Polytechnique)
Céline Boursier (Faculté de Pharmacie Chatenay-Malabry)
Alain Brunelle (CNRS, Gif-sur-Yvette)

Benoit Colsch (CEA, Saclay)

Jean-Nicolas Dumez (CNRS, Gif-sur-Yvette)
Florence Gonnet (Université Evry-Val d’Essonne)
Virginie Redeker (NeuroPSI, Gif-sur-Yvette)
Debora Scuderi (LCP, Université Paris Saclay)
Etienne Thévenot (CEA, Saclay)

Michel Zivy (INRA, Plateau du Moulon)
COMITE SCIENTIFIQUE

Frédéric Aubriet (Université de Lorraine)
Christine Carapito (IPHC, Strasbourg)
Patrick Giraudeau (Université de Nantes)
Fabien Jourdan (Président RFMF, INRA Toulouse)
Emmanuelle Leize-Wagner (Présidente SFSM, Faculté de Chimie de Strasbourg)
Philippe Marin (Président SFEAP, IGF, Montpellier)
Véronique Santoni (INRA, Montpellier)
Etienne Thévenot (CEA, Saclay)
David Touboul (CNRS, Gif-sur-Yvette)

Guillaume Van der Rest (Université Paris Saclay)
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Informations générales

Ateliers

La journée du lundi 2 octobre est consacrée aux ateliers scientifiques. L’inscription a ces ateliers
est gratuite et doit se faire en suivant les instructions disponibles en ligne. Le programme proposé est le
suivant :

e Réunion annuelle des trois clubs jeunes (Salle Francois Jacob, 14h-18h)

e Atelier 1 : Méthodes rapides en RMN 2D pour I’analyse quantitative de mélanges (Salle Ada
Lovelace, 14h-16h)

e Atelier 2 : La métabolomique appliquée aux communautés (meta-métabolomique) (Salle Antoine
Lavoisier, 14h-16h)

e Atelier 3 : Outils d’analyse des spectres de fragmentation pour I’identification des petites molécules
(Salle Antoine Lavoisier, 16h-18h)

e Réunion ProFI (Salle Fred McLafferty, 15h30-18h)
e CA SFSM (Salle Ada Lovelace, 16h-18h)

e CA SFEAP (Salle Fred McLafferty, 14h-15h30)

e CA RFMF (Salle Ada Lovelace, 18h-20h)

Sessions orales

Les sessions orales auront lieu dans les salles Marie Curie, Antoine Lavoisier et Francois Jacob. Les
conférences plénieres auront lieu dans la salle Marie Curie.

Les supports visuels des oraux doivent étre préparés en anglais et fournis aux modérateurs des ses-
sions 30 minutes avant le début de la session. Seul le format pdf est disponible a la lecture sur les
ordinateurs.

Sessions posters

Chaque poster sera affiché durant une journée compléte de conférence. Les auteurs présentants
devront se tenir pres de leur poster durant toute la durée des sessions de présentation (pause déjeuner de
11h30 a 14h et pause-café de 1’apres-midi).

Les posters seront présentés les jours suivants :

Mardi 3 octobre P1 a P88
Mercredi 4 octobre P89 a P172
Jeudi 5 octobre P173 a P257
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Les posters doivent étre préparés au format AQ vertical en francais ou en anglais. Des supports de
fixation seront fournis par les organisateurs. Les posters devront tre mis en place au plus tard a 11h30.
IIs doivent étre retirés au plus tard 2 18h. Tout poster non détaché le lendemain matin sera détaché
par 1’équipe technique et ne sera pas récupérable. Pour les posters exposés le jeudi, ils devront €tre
impérativement détachés apres la pause-café de I’aprés-midi.

Workshops

Des workshops constructeurs sont organisés durant I’ensemble du congres. Le programme est le
suivant :

Mardi 3 octobre 11h30-12h30 Thermo Fisher Scientific
13h30-14h Agilent Technologies
13h30-14h Peak Scientific
18h-1%h Bruker

Mercredi 4 octobre  11h30-12h30 Waters
13h30-14h Proteomic Solutions

Jeudi 5 octobre 11h30-12h30 Shimadzu

Déjeuners & Pauses cafés

Les déjeuners auront lieu dans la salle d’exposition de 12h a 13h30.

Les pause cafés auront lieu dans la salle d’exposition de 15h30 a 16h30.
Bagagerie

Une bagagerie sera mise en place tous les jours de 8h30 a 18h.

Badge

Seuls les porteurs de badge seront admis aux sessions, repas, workshops et ateliers.

Acces WI-FI

Le centre de congres sera équipé d’un acces WI-FI gratuit avec une bande passante réduite vous
permettant de consulter vos emails. Les codes d’acces vous seront fournis durant la conférence.

Cocktail de bienvenue

Un cocktail de bienvenue sera organisé le mardi 3 octobre a 19h. 1l aura lieu dans la salle d’exposition.
Le cocktail est offert par le DIM Analytics (Région Ile-de-France).
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Soirée de gala

La soirée de gala aura lieu au restaurant King Ludwig’s Castle dans une ambiance bavaroise. L’ apéritif
sera servi a partir de 19h30. Merci de vous munir de votre badge, un contrdle sera effectué a I’entrée.

Programme
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Programme détaillé
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Mardi 3 octobre

8:45 Introduction - Présidents des trois sociétés organisatrices (SFSM, Marie
SFEAP, RFMF) 1 Curie
9:15 Enjeux sociétaux des technologies omiques - Catherine Bourgain (IN-
SERM, Paris Descartes, France) I1
10:00-  Intégration des données et approches multi-omiques Sla (Modérateurs Marie
11:30 : Jean-Charles Martin & Sara El Jadid) Curie
10:00 > Metabolite imaging and shotgun proteomics to decipher the role of epi-
didymis in sperm maturation - Karolina Modzelewska, PROTIM O1
10:30 > Identification d’une nouvelle classe de lanthibiotiques : utilisation com-
binée de I’exploration de données génomiques et de la spectrométrie de
masse MALDI et HRMS - Sophie Tirat, Institut Charles Violette O2
10:50 > Modélisation du réseau métabolique des cellules de Leucémies Aigués
Myéloides pour comprendre les différences métaboliques liées a la mutation
sur IDHI - Nathalie Poupin, ToxAlim O3
11:10 > Multiblock Omics data fusion: an efficient strategy to understand climatic
effect on flaxseed (Linum usitatissimum) composition - Roland Molinié,
Laboratoire de Biologie des Plantes et Innovation O4
10:00-  Alimentation et santé S1b (Modérateurs : Véronique Santé-Lhoutellier & Antoine
11:30 Djawed Bennouna) Lavoisier
10:00 > Input of proteomic analyses for understanding cellular responses to
nanoparticles: toward mechanistic data and evidence for cross-toxic effects
- Thierry Rabilloud, Chemistry and Biology of Metals O35
10:30 > Breast milk lipidome as a predictive component of postnatal growth tra-
jectory in preterm infants. - Marie-Cécile Alexandre-Gouabau, Physiolo-
gie des Adaptations Nutritionnelles, Centre de Recherche en Nutrition Hu-
maine Ouest 06
10:50 > Découverte de marqueurs précoces de 1’altération des ovoproduits
au cours de leur procédé de fabrication par des approches de prises
d’empreintes métabolomique utilisant des techniques combinées (RMN et
MS) - Rémy Coat, Laboratoire de génie des procédés - environnement -
agroalimentaire O7
11:10 > Shotgun polyphenomics of rosé wines: - Cédric Saucier, Université de

Montpellier, UMR 1083 Sciences pour I’Enologie, INRA, Montpellier Su-
pAgro O8
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Mardi 3 octobre

10:00- Méthodes préparatives et séparatives S1c (Modératrices : Emmanuelle  Frangois
11:30 Leize-Wagner & Maud Fumex) Jacob
10:00 > Characterization of monoclonal antibodies — receptor interaction using
affinity liquid chromatography coupled to native mass spectrometry - Rabah
Gahoual, Unité de Technologies Chimiques et Biologiques pour la Santé,
Division of BioAnalytical Chemistry, Vrije Universiteit Amsterdam Q9
10:30 > Flowers absolute fingerprint with SFC-HRMS non targeted method -
Cyrille Santerre, Institut Supérieur International du Parfum de la Cosmé-
tique et de I’ Aromatique Alimentaire Q10
10:50 > An online four-dimensional HICXSEC-IMxMS methodology for in-depth
characterization of antibody drug conjugates - Anthony Ehkirch, Labora-
toire de Spectrométrie de Masse BioOrganique O11
11:10 > Analysis of Monoclonal Antibody Fc-glycosylation profiles using Capil-
lary electrophoresis — mass spectrometry - Jeremie Giorgetti, Laboratoire
de Spectrométrie de Masse des Interactions et des Systemes O12
11:30- Déjeuner & posters [P1-P88]
14:00
11:30-  Workshop Thermo Fisher ScientificW1 Marie
12:30 Curie
13:30-  Workshop Peak Scientific W2 Francois
14:00 Jacob
13:30-  Workshop Agilent Technologies W3 Antoine
14:00 Lavoisier
14:00 Smart Suspect Screening and Related HRMS Approaches for Detection Marie
of Pharmaceuticals and their Transformation products in Real-World Curie
Water samples - Damia Barcel6 (Catalan Institute of Water Research,
Barcelone, Spain) 12
14:45 The power and promise of a thousand and one proteomes - Lennart
Martens (Université de Gent, Belgique) I3
15:30- Pause café & posters [P1-P88]
16:30
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Mardi 3 octobre

16:30-
18:00

16:30

17:00

17:20

17:40

16:30-
18:00

16:30

17:00

17:20

17:40

16:30-
18:00

16:30

Traitement et analyse statistique des données S2a (Modérateurs :
Etienne Thévenot & Joanna Bons)

> SpecOMS permet d’obtenir le profil des modifications portées par un
échantillon analysé en MS/MS en quelques minutes - Dominique Tessier,
Unité de recherche sur les Biopolymeres, Interactions Assemblages O13

> Combattre le feu par le feu: Comprehensive DIA spectral libraries improve
phosphopeptide identification and quantification by DIA - Sebastian Vaca,
Broad Institute of MIT and Harvard, Cambridge, MA, USA O14

> Complex designs combining ASCA/APCA-derived methods and mixed
models - Manon Martin, Institut de Statistique, Biostatistique et Sciences
Actuarielles O15

> Two birds, one stone: ANOVA multiblock OPLS supports data analysis
and method comparison in toxicant-induced neuroinflammation observed
in 3D rat neural cell cultures - Victor Gonzélez-Ruiz, Analytical Sciences,
School of Pharmaceutical Sciences, Swiss Centre for Applied Human Tox-
icology O16

Imagerie in vitro et in vivo S2b (Modérateurs : Nicolas Desbenoit &
Benoit Fatou)

> Analysis of Chemotherapeutic Drug Delivery at the Single Cell Level Us-
ing TOF-SIMS - Quentin Vanbellingen, Department of Chemistry and Bio-
chemistry, Florida International University, Miami, FL, USA O17

> MetaSpace: A molecular annotation engine for metabolite imaging mass
spectrometry - Régis Lavigne, PROTIM O18

> Development of a dual imaging strategy combining radio- and mass
spectrometry -imaging to study the biodistribution of 14C-graphene oxide
- Hélene Cazier, CEA-INRA UMR 0496/DRF/Institut Joliot/SPI/LEMM,
Université Paris Saclay, MetaboHUB O19

> Characterization and localization of synthetic cannabinoid isomers in
hair using MALDI-MSn imaging - Angéline Kernalléguen, Université Aix-
Marseille, INSERM CRO2 UMR S-911, Marseille, France 020

Environnement S2¢ (Modérateurs : Frédéric Aubriet & Arul Marie)

> Apport et limites des approches non ciblées de spectrométrie de masse a
haute résolution pour la caractérisation de 1’exposome : cas des pesticides -
Laurent Debrauwer, Metatoul Axiom platform - MetaboHUB, UMR 1331
Toxalim - INRA-ENVT-INP-EIP-UPS Q21
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Mardi 3 octobre

17:00 > LC-HRMS based metabolomics to highlight biotransformation prod-
ucts and unexpected effects of diclofenac in Mytilus galloprovincialis -
Frédérique Courant, Hydrosciences Montpellier 022
17:20 > Ecotoxicity of sunlight irradiated marketed mixtures of acetamiprid and
structural characterisation of unknown photoproducts - Edith Nicol, Labo-
ratoire de chimie moléculaire Q23
17:40 > Intrinsic ion mobility peak width as an indicator of isomeric species dis-
tribution in petroleum using ion mobility - mass spectrometry - Carlos
Afonso, Normandie Univ, FR 3038; IRCOF, (COBRA) - Université de
Rouen, CNRS : UMR6014, INSA Rouen 024
18:00-  Workshop Bruker W4 Marie
19:00 Curie
19:00- Cocktail
20:00
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Mercredi 4 octobre

8:30 Gas-phase structural analysis of complex carbohydrates - Kevin Pagel Marie
(Université libre de Berlin, Berlin, Allemagne) 14 Curie
9:15 NMR- and MS-based micrometabolic profiling of plants - Bernd
Schneider (Max Planck Institute for Chemical Ecology Jena, Germany)
IS
10:00-  Approches omiques quantitatives S3a (Modérateurs : Christine Carapito  Marie
11:30 & Shakir Shakir) Curie
10:00 > Proteomic analysis reveals strong secretion of IL-9 by group2 innate lym-
phoid cells upon IL-33/TL1A co-stimulation - Anne Gonzalez de Peredo,
Institut de Pharmacologie et Biologie Structurale (IPBS), UMR5089 CNRS
- Université de Toulouse O25
10:30 > Carbon 12 metabolic labeling for high-throughput quantitative proteomics
- Jean-Michel Camadro, Institut Jacques Monod 026
10:50 > Ultra-Short Column-Differential Mobility Spectrometry-Mass Spectrom-
etry for Monitoring Oxidative Stress Markers in Human Whole Blood. -
Sophie Bravo-Veyrat, Université de Geneve O27
11:10 > Regulation of Metabolic Enzymes by Lysine Deacetylase Inhibitors in
A549 Non-Small Cell Lung Cancer Cells - Sandrine Bourgoin-Voillard,
LBFA et BEeSy, PROMETHEE Proteomic Platform O28
10:00- Développements méthodologiques et fondamentaux MS S3b Antoine
11:30 (Modératrices : Aura Tintaru & Suzie Douix) Lavoisier
10:00 » Weighing intact viral capsids using nanomechanical resonators mass spec-
trometry. - Christophe Masselon, CEA Grenoble (DRF/BIG/BGE) 029
10:30 > Etude de la préservation des kératines de cheveux de momies par une
approche protéomique spécifiquement dédiée - Armelle Charrié-Duhaut,
Laboratoire de Spectrométrie de Masse des Interactions et des Systemes
(LSMIS), Université de Strasbourg, CNRS, CMC UMR 7140 O30
10:50 > Bridging the technological gap between mass spectrometry and spec-
troscopy for the structural resolution of isomers: application to glycomics -
Baptiste Schindler, Institut Lumiere Matiere [Villeurbanne] O31
11:10 > De la formation des ions sous ESI a leur dissociation: une histoire dif-

féremment percue sous la haute résolution - Jean-Claude Tabet, CEA,
iBiTec-S, SPI, LEMM CEA-Saclay et Sorbonne Universités, UPMC Univ
Paris 06, CNRS, Institut Parisien de Chimie Moléculaire O32
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10:00- Développements méthodologiques RMN S3c (Modérateurs : Francois
11:30 Jean-Nicolas Dumez & Patrick Giraudeau) Jacob
10:00 > The development of HR-MAS NMR towards g biospecimens - Alan
Wong, Laboratoire de Structure et Dynamique par Résonance Magnétique
033
10:30 > Mise en place d’une approche combinée MS-RMN pour aider a
Iinterprétation des données de stabilité des médicaments - Cécile Palaric,
Technologie Servier, Plateforme analytique, Laboratoire de BIOlogie des
Plantes et Innovation (BIOPI) O34
10:50 > Recherche des marqueurs de la production de méthane chez la vache
laitiere - Bénédict Yanibada, Unité Mixte de Recherche sur les Herbivores
035
11:10 > Développement d’un protocole de pré-traitement analytique pour I’analyse
métabolomique par RMN d’échantillons rénaux congelés dans I’OCT (Op-
timal Cutting Temperature compound) - Justine Leenders, Centre Indisci-
plinaire de Recherche sur le Médicament (CIRM) O36
11:30- Déjeuner & posters [P8§9-P172]
14:00
11:30-  Workshop Waters W5 Marie
12:30 Curie
13:30-  Workshop Proteomic Solution W6 Marie
14:00 Curie
14:00 Cancer cellular metabolism at a spatio-temporal resolution - Tomer Marie
Shlomi (Technion, Haifa, Israél) 16 Curie
14:45 Towards a functional plant cell wall proteome atlas: from protein iden-
tification to characterization of post-translational modifications - Elis-
abeth Jamet (LRSYV, Toulouse, France) 17
15:30- Pause café & posters [P89-P172]
16:30
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16:30-
18:00

16:30

17:00

17:20

17:40

16:30-
18:00

16:30

17:00

17:20

17:40

16:30-
18:00

16:30

Clinique et diagnostic S4a (Modératrices : Virginie Brun & Justine
Leenders)

> Proteomic analysis of exosomes for biomarker research in rare genetic
diseases. - Chiara Guerrera, Proteomics platform 3P5-Necker, Université
Paris Descartes - Structure Fédérative de Recherche Necker Q37

> MALDI-MSI based top down micro-proteomics: evidence of a hidden
proteome - Julien Franck, Protéomique, Réponse Inflammatoire, Spec-
trométrie de Masse (PRISM), U1192, Université de Lille 1, France O38

> A Proton NMR Metabolomic Investigation of an Emerging Genetic Dis-
ease - Houda Boumaza, Université de Lyon, Institut des Sciences Analy-
tiques, UMR 5280, CNRS, ENS de Lyon, Villeurbanne, France O39

> Proteomics investigation of Wilson’s disease pathophysiology using the
ATP7B-/- murine model - Maud Lacombe, CEA Grenoble 040

Plantomics S4b (Modérateurs : Véronique Santoni & Guillaume Meiffren)

> Caractérisations chimique et biologique de composés discriminants
au sein du métabolome symbiotique Alnus viridis-Frankia - Anne-
Emmanuelle Hay, CESN, Laboratoire d’Ecologie Microbienne Q41

> ChloroKB: a web-application for the integration of knowledge related
to chloroplast metabolic network - Myriam Ferro, Exploring the Dynam-
ics of Proteomes (EDyP), BGE/U1038, INSERM/CEA/Université Greno-
ble Alpes 042

> Description of developmental transitions of tomato fruit through Proteome
and Metabolome quantitative analysis - Isma Belouah, Biologie du Fruit et
Pathologie, Plateforme Métabolome Bordeaux (PMB-MetaboHUB), Uni-
versité de Bordeaux, INRA, Villenave d’Ornon, France 043

> Leaf ageing imprinting on metabolism and nitrogen nutrient recycling in
oilseed rape (Brassica napus L.), a metabolomic and fluxomic view - Alain
Bouchereau, Université de Rennes 1 044

Fluxomique S4¢ (Modérateurs : Fabien Jourdan & Floriant Bellvert)

> A novel approach for simultaneous absolute quantification and isotopic
analysis of metabolome - Maud Heuillet, Metatoul - MetaboHUB, Labora-
toire d’Ingénierie des Systemes Biologiques et des Procédés 045
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17:00

17:20

17:40

> IDH mutation dictates a global redirection of catabolic and redox path-
ways towards 2HG biosynthesis leading to mitochondrial OxPHOS depen-
dency and chemoresistance in acute myeloid leukemia - Lucille Stuani,
Team ResistAML, Drug resistance & oncometabolism in acute myeloid
leukemia, CRCT 046

> Study of sclareol biosynthesis for clary sage metabolic engineering -
Camille Chalvin, Institute of Plant Sciences Paris-Saclay 047

> Analyse multiplexe des flux protéiques par I’ utilisation d’isotopes stables
et de la LC-MS/MS : applications aux apolipoprotéines - Mikaél Croyal,
Centre de Recherche en Nutrition Humaine 048

18:00-
20:00

AG des sociétés

20:00-
23:00

Diner de Gala
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Jeudi 5 octobre

8:30 Art and Cultural Heritage natural polymers by bottom-up and top- Marie
down approaches - Caroline Tokarski (Université de Lille, France) I8  Curie
9:15 Cerebrospinal fluid proteomics in multiple sclerosis - Frode Berven
(Université de Bergen, Norvege) 19
10:00- Santé et médecine: mécanismes et biomarqueurs S5a (Modérateurs : ~ Marie
11:50 Philippe Marin & Blandine Chazarin) Curie
10:00 > On chip detection and proteomics of platelet-derived microparticles -
Géraldine Lucchi, Institut de Chimie Moléculaire de 1’ Université de Bour-
gogne 049
10:30 > Metabolomic NMR studies & Huntington’s disease: models in transgenic
drosophila - Marylene Bertrand, Centre de biophysique moléculaire O50
10:50 > Développement d’une approche multi-omique pour la recherche de
biomarqueurs associés a la réponse au traitement dans les lymphomes - Luc-
Matthieu Fornecker, Hopitaux Universitaires de Strasbourg ; Laboratoire de
Spectrométrie de Masse BioOrganique (LSMBO), IPHC, UMR7178, Stras-
bourg O51
11:10 > Combined laser microdissection and proteomic analysis for identification
of tumor signatures - Anne-Aurélie Raymond, INSERM, UMR1053, BaRI-
TOn Bordeaux, 9. Oncoprot, INSERM 1053, TBM-Core US 005 052
11:30 > A native MS Study of RNA kissing complexes and their interaction with
magnesium cations - Clémence Rabin, Université de Bordeaux (ARNA)
053
10:00- Identification structurale et annotation S5b (Modérateurs : Marc-André  Antoine
11:30 Delsuc & Sandrine Aros-Calt) Lavoisier
10:00 > Elucidation of the Parkinsonism-associated protein DJ-1/Park7 function
as a major protein and DNA deglycase - Thibaut Léger, Institut Jacques
Monod Q54
10:30 > ASICS: an automatic method for identification and quantification of
metabolites in complex 1D 1H NMR spectra - Rémi Servien, UMR Tox-
alim, Université de Toulouse O55
10:50 > Computer-aided dereplication of natural products: 13C NMR-based

strategies - Ali Bakiri, Institut de Chimie Moléculaire de Reims, Soliance

056
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11:10 > Développement de stratégies analytiques originales pour I’étude des actifs
volatils de Frullania tamarisci - Anais Pannequin, Laboratoire de Chimie
des Produits Naturels, Université de Corse, UMR CNRS 6134, Campus
Grimaldi, BP 52, 20250 Corte, France O57
10:00- Méthodes de quantification ciblée SSc¢ (Modératrices : Laetitia Fougere ~ Frangois
11:30 & Pauline Bros) Jacob
10:00 > Mass spectrometry and chemical labeling as a powerful tool for
peptide quantitation in pharmacology - Christine Enjalbal, Institut des
Biomolécules Max Mousseron [P6le Chimie Balard] O58
10:30 > Top-down and bottom-up mass spectrometry approaches for Alpha-
synuclein analysis in biological fluids - Arthur Viodé, CEA Saclay ,
DRF/JOLIOT/SPI-INRA UMR 0496, Laboratoire d’Etude du Métabolisme
des Médicaments Q59
10:50 > Altered brain energy metabolism in Alzheimer disease: Linking periph-
eral and central metabolic changes - Tony Teav, Metabolomics Research
Platform, Faculty of Biology and Medecine, University of Lausanne O60
11:10 > Identifying autoimmune beta-cell epitopes in type 1 diabetes by HLA-
peptidomics - Sergio Gonzalez Duque, Institut Cochin, Université Paris
Descartes, INSERM U1016 — CNRS UMR 8104 / Diabetes and Autoimmu-
nity Research Lab, ESPCI Paris, PSL, Spectrométrie de Masse Biologique
et Protéomique (SMBP), CNRS 061
11:30- Déjeuner & posters [P173-P257]
13:30
11:30-  Workshop Shimadzu W7 Marie
12:30 Curie
13:30-  Accurate lipidomic quantitation: a case study of kidney cancer - Michal Marie
14:15  Holcapek (Université de Pardubice, République Tcheque) 110 Curie
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14:15- Lauréats Junior & Docteurs L. Marie
15:30 Curie
14:15 Prix de la présentation Junior 062
14:30 Development of microsampling tools by laser ablation and mass spectrom-
etry for the characterization of biological tissues - Benoit Fatou, PRISM,
Université Lille 1 (Prix de these SFSM) 063
14:50 De la classification moléculaire des gliomes a une nouvelle stratégie
thérapeutique de réactivation des macrophages au sein de la tumeur - Marie
Duhamel, PRISM, Université Lille 1 (Prix de these SFEAP) 064
15:10 Blandine Madji Hounoum, Université Frangois-Rabelais, Tours (Prix de
these RFMF) 065
15:30- Pause café & posters [P173-P257]
16:30
16:30-  Modifications post-traductionnelles S6a (Modérateurs : Willy Bienvenut Marie
18:00 & Sophie Liuu) Curie
16:30 > Intensive fractionation and Click chemistry as a powerful method for iden-
tification of O-GlcNAcylation sites - Caroline Cieniewski-Bernard, Unité
de Recherche Pluridisciplinaire Sport, Santé, Société, Université Lille 1
066
17:00 > Quantitative analysis of redox modifications of protein cysteines in biofilm
and planktonic Escherichia coli- Giovanni Chiappetta, Spectrométrie de
Masse Biologique et Protéomique O67
17:20 > Large-scale proteomic analysis of SIRT1- and tissue-dependent acetylpro-
teome in mouse liver, testis and muscle - Marie Locard-Paulet, Institut de
pharmacologie et de biologie structurale O68
17:40 > Proteomic study of histone acylations - Marion Crespo, CEA Tech Greno-
ble 069
16:30- Lipidomique S6b (Modérateurs : Pauline Le Faouder & Laurent Antoine
18:00 Laboureur) Lavoisier
16:30 > Une approche combinée de lipidomique, d’imagerie MS et d’imagerie
TEP-Scan révele des différences de fonctionnement cérébral chez le ra-
ton selon le contenu lipidique de formules infantiles - Jean-Charles Martin,
INRA UMR1260 Q70
17:00 » Two-dimensional mass spectrometry patterns as a tool for lipidomics: ap-

plication to human blood plasma with different oxidation states - Fabrice
Bray, Miniaturisation pour la Synthese et I’ Analyse Protéomique O71
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17:20 > Multilevel statistics applied to NMR/MS lipidomics - Jérémy Marchand,
LUNAM Université, Oniris, Laboratoire d’Etude des Résidus et Contami-
nants dans les Aliments (LABERCA), UMR INRA 1329, Chimie Et Inter-
disciplinarité : Synthese, Analyse, Modélisation Q72
17:40 > Apport de la spectrométrie de masse dans la caractérisation structurale et
I’analyse des phospholipides oxydés - Spiro Khoury, Unité de Nutrition Hu-
maine UMR 1019 INRA / Université Clermont 1 Plate-forme d’Exploration
du métabolisme PFEM Q73
16:30- Microbiologie: bactérie, virus, champignon et méta-omiques Séc Francois
18:00 (Modérateurs : Grégory Genta-Jouve & Oriane Moyne) Jacob
16:30 > Discrimination de biofilms marins par métabolomique - Gérald Culioli,
MAPIEM Q74
17:00 > Lysine modifications in Pseudomonas aeruginosa PA14 - Charlotte
Gaviard, CNRS UMR 6270 O75
17:20 > An integrated innovative top-down proteomics workflow for the rapid dis-
crimination of enterobacterial pathogens - Mathieu Dupre, Unité de Spec-
trométrie de Masse Structurale et Protéomique, Institut Pasteur, Paris Q76
17:40 > NRPomics : Kendrick mass defect for molecular formula assignment of
non ribosomal peptides (NRPs) - Mickael Chevalier, Univ. Lille, INRA,
ISA, Univ. Artois, Univ. Littoral Cote d’Opale, Charles Viollette Institute
o077
18:00- Cléture du congres - Présidents des trois sociétés (SFSM, SFEAP, Marie
18:15 RFMF) Curie
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Club Jeunes : Réunion annuelle des trois clubs je-
unes [CJ]

Personnes animant ’atelier : Responsables des différents CJ (CJISFEAP : chazarin @unistra.fr, RFMF
junior : saros.calt@gmail.com, CJSM : clubjeunesm @ gmail.com)

Public envisagé : La demi-journée est libre d’acces a toute personne souhaitant y participer

Contexte : Cette demi-journée est 1’occasion pour nos membres de présenter leurs résultats et
d’échanger entre jeunes chercheurs.

Un appel & communication vous sera adressé par vos CJ respectifs. Les CJ sélectionneront ensuite
3 propositions orales parmi celles recues. Au total, la demi-journée comprendra donc 9 présentations de
15 minutes.

La meilleure présentation se verra attribuer un créneau pour une communication orale lors du congres
SMMAP2017.

Pour avoir plus d’information au sujet de cette demi-journée, nous vous encourageons a contacter le
Club Jeune auquel vous appartenez.

Date et lieu : Lundi 2 octobre a 14h (Salle Francois Jacob).

http://cj.steap.fr/  http://www.rfmf.fr  http://www.cjsm.sfsm.fr/

Programme
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Atelier 1 : Méthodes rapides en RMN 2D pour I’analyse
quantitative de mélanges [A1]

Personnes encadrant la formation : Jean-Nicolas Dumez (jeannicolas.dumez @cnrs.fr), Patrick Giraudeau
(patrick.giraudeau @univ-nantes.fr)

Public envisagé et prérequis : Cet atelier s’adresse a toute personne désireuse d’appréhender I’ intérét
de la RMN 2D pour I’analyse quantitative en métabolomique et fluxomique. Prérequis : connaissances
de base en métabolomique par RMN 1D.

Objectif de la formation : L’objectif de la formation est d’initier les participants a 1’acquisition
et au traitement des données en RMN 2D pour 1’analyse quantitative de mélanges complexes tels que
ceux rencontrés en métabolomique et fluxomique. L’idée principale est de donner aux participants les
moyens de choisir et de mettre en ceuvre les expériences les plus appropriées a leur problématique.
L atelier sera centré sur les méthodes d’acquisition rapides en RMN 2D, en mettant I’accent sur les
aspects quantitatifs relatifs ou absolus. Les étapes de traitement des données seront également abordées.
L’ atelier s’organisera autour de présentations interactives (questions/réponses) et de discussions.

Compétences acquises a la sortie de la formation :

Compréhension des aspects quantitatifs liés a la RMN 2D Compréhension des principales méth-
odes rapides (repliement, échantillonage non-uniforme, RMN ultrarapide) Connaissance des avantages
et inconvénients des différentes méthodes, choix de la technique la plus appropriée a une problématique
donnée Mise en ceuvre des méthodes présentées (acquisition et traitement des données) Durée : 2 heures.

Date et lieu : Lundi 2 octobre a 14h (Salle Ada Lovelace).

Programme
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Atelier 2 : La métabolomique appliquée aux com-
munautés (meta-métabolomique) [A2]

Personnes animant I’atelier : Cyril Jousse (cyril.jousse @uca.fr); Catherine Leblanc (catherine.leblanc @sb-
roscoff.fr)

Public envisagé et prérequis : Etudiants, ingénieurs et chercheurs avec des notions de métabolomique
et d’écologie.

Contexte : Les outils de la métabolomique sont de précieux points de départ a ce type d’étude. Il
reste cependant beaucoup a faire pour optimiser le rendu d’information métabolique en provenance de
communautés, et particulierement s’il s’agit d’évaluer I'impact d’effets (naturels, anthropiques ou autres)
sur chacun des partenaires du systeme. Cet atelier a donc pour objectif de mener une réflexion autour des
actions de recherche, des outils et des méthodologies nécessaires. Il s’agit d’un travail transdisciplinaire
(chimie, biologie, écologie, biomathématiques, bioinformatique) qui fera sans doute appel a d’autres
types de données d’intérét (notamment d’autres "omiques").

Durée : 2 heures.

Date et lieu : Lundi 2 octobre a 14h (Salle Antoine Lavoisier).

Programme
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Atelier 3 : Outils d’analyse des spectres de frag-
mentation pour I’identification des petites molécules
[A3]

Personnes animant I’atelier : Alexis Delabriere, (alexis.delabriere @cea.fr), Yann Guitton (yann.guitton @ oniris-
nantes.fr), David Touboul (david.touboul @cnrs.fr) et Etienne Thévenot (etienne.thevenot@cea.fr)

Public envisagé et prérequis : L’atelier s’adresse aux chimistes, biologistes et bioinformaticiens qui
utilisent ou développent des outils d’aide a I’identification structurale.

Contexte : Ces dernieres années sont apparus plusieurs outils pour 1’aide a ’identification a partir
des spectres de fragmentation tels que la fragmentation combinatoire (MetFrag), la modélisation par
fragmentation compétitive (CFM-ID), et la prédiction d’empreintes moléculaires (CSI:FingerID), mais
aussi pour la visualisation des réseaux moléculaires (GNPS).

Objectif : L’objectif de I’atelier est de présenter ces outils et d’échanger sur leurs forces et limites
en termes de prédiction et d’interprétation sur des jeux de données d’intérét, et de discuter plusieurs
développements en cours dans le domaine de 1’aide a I’identification.

Durée de I’atelier : 2 heures.

Date et lieu : Lundi 2 octobre a 16h (Salle Antoine Lavoisier).

Programme
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Enjeux sociétaux des technologies omiques [11]

Catherine Bourgain i
INSERM, Cermes 3, Villejuif, France

Meédecine a plusieurs vitesse et déshumanisée, multiplication des formes de surveillance et de con-
trole des corps et des modes de vie, artificialisation du vivant ... le spectre des menaces associées au
développement des technologies omiques dans la société n’a d’égal que celui des promesses qui les
accompagnent - développement de nouvelles thérapies antibiotiques ou anticancéreuses ; contrdle des
pollutions environnementales ; compréhension des effets de I’alimentation sur la santé ; optimisation de
la production agricole. ..

Pour aborder quelque uns des enjeux sociétaux associés a ces technologies en privilégiant I’analyse
de pratiques actuelles plutdt que celle de projections plus incertaines, je partirai de trois dimensions qui
les caractérisent. Au-dela de la diversité de leurs formes et de leurs usages, il s’agit en effet d’aborder
le vivant, par I’entremise de technologies (1), permettant de quantifier des composés biologiques a des
échelles toujours plus fines (2), et applicables de fagon transversale dans un grand nombre de contextes

3).

Ce cadre permettra de présenter les acteurs (publics et privés) impliqués dans ces technologies et
les effets sociétaux de leurs stratégies respectives ; d’interroger la quantification sous I’angle de ses
conséquences sur les facons de penser, de représenter et d’influer sur le monde vivant ; de discuter des
effets de la standardisation des pratiques et des circulations nouvelles entre domaines de recherche tres
différents.

Ces éléments seront illustrés dans le contexte des technologies de la génomique, avec le souci de
dégager des perspectives plus générales.

Programme
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Smart Suspect Screening and Related HRMS
Approaches for Detection of Pharmaceuticals and
their Transformation products in Real-World
Water samples [12]

Damia Barcel6 i 1.2 Bozo Zonja !, Miren Lopez de Alda !

! Water and soil quality research group, IDAEA-CSIC, Barcelona, Spain
2 Catalan Institute of Water Research, ICRA, C/Emili Grahit, 101, edifici H20 Parc Cientific i Tecnologic de la
Universitat de Girona, E-17003 Girona, Spain

This presentation will discuss different approaches for the identification of transformation products
(TPs) of pharmaceuticals. The classical approach for evaluation of transformation relies on the iden-
tification of TPs at lab-scale experiments and further detection of the identified TPs in environmental
samples. However, new approaches based on HRMS using screening methods allow the detection of
a large number of TPs without prior selection. However, the HRMS approaches presented in this talk
focus on detection and identification rather than characterization. The classical approach for evaluation
of these transformations is well illustrated in the example of photodegradation of an antiviral zanamivir
with identification of its transformation products. Here first a set of lab-scale experiments is performed
in order to determine whether the compound can be degraded using simulates sunlight. Its degradation
products were identified using high resolution mass spectrometry (HRMS). Following structure eluci-
dation, degradation pathways are proposed and a set of kinetic experiments at environmentally relevant
concentration are performed. Finally, the outcome of this type of studies would be screening for the com-
pound and its transformation products (TPs) in the aquatic environment with doubtful outcome whether
they would be found or not. The talk will present some recent examples we have made in the attempt
to appraoch this problematics. Examples shown will be (i) Detection based prioritisation of iodinated
contrast media (ICM) photodegradates in surface water using HRMS, (ii) Suspec screening and transfor-
mations of an anticonvulsant lamotrigine and its human metabolite in WWTPs, and (iii) Smart Suspect
Screening and data-dependent fragment ion search for detection of TPs, metabolites and related com-
pounds of antihypertensive pharmaceuticals “sartans in wastewater.

Acknowledgements This study has been financially supported by the EU through the FP7 project
SOLUTIONS (603437), and by the Generalitat de Catalunya (Consolidated Research Groups “2014
SGR 418—Water and Soil Quality Unit” and 2014 SGR 291—ICRA).
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The power and promise of a thousand and one
proteomes [13]

Lennart Martens ﬂ

VIB-UGent Center for Medical Biotechnology, VIB, Ghent, Belgium; Department of Biochemistry, Ghent
University, Ghent, Belgium

We now live in a world where an abundance of proteomics data is publicly available online, and
that body of public proteomics data continues to grow and diversify every day. For a bioinformatician,
this treasure of a thousand and one proteomes is like a fairy tale! But because the terasure is effectively
bottomless, there should be no reason why only bioinformaticians have all the fun! In this talk, I'll
therefore present the available data, the effect of the various types of contributions that are being made to
these data, and the promise that it holds for different types of data re-use. In fact, we recently documented
four major types of reuse (Vaudel et al., PROTEOMICS, 2016), each of which will be illustrated with a
concrete example from my own lab.

We now live in a Golden Age for proteomics data re-use (Martens Vizcaino, Trends in Biochemical
Sciences, 2017) and hopefully this talk can convince you of this, and inspire and motivate you to make
the most of the endless gold that is available!
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Gas-phase structural analysis of complex
carbohydrates [14]

E. Mucha 2, J. Hofmann !, A.I. Gonzélez Flérez !, M. Marianski !, D.A
Thomas !, W. Hoffmann 2, W.B. Struwe 3, H.S. Hahm 3, S. Gewinner !, W.
Scholkopf !, P.H. Seeberger 4, G. von Helden !, Kevin Pagel i 1,2

! Institute of Chemistry and Biochemistry, Freie Universitit Berlin, Takustrafle 3, 14195 Berlin, Germany
2 Fritz Haber Institute of the Max Planck Society, Department of Molecular Physics, Faradayweg 4-6, 14195
Berlin, Germany
30xford Glycobiology Institute, Department of Biochemistry, University of Oxford, Oxford, UK
“Max Planck Institute of Colloids and Interfaces, Department of Biomolecular Systems, Am Miihlenberg 1,
14476 Potsdam, Germany

Currently, the vast majority of glycans are characterized using mass spectrometry-based techniques
(MS). Measuring the molecular weight of a sugar, however, immediately poses a fundamental problem:
entire classes of monosaccharide building blocks exhibit an identical atomic composition and, conse-
quently, an identical mass. Therefore, glycan MS data can be highly ambiguous and often it is not
possible to clearly assign a particular structure. A promising approach to overcome this limitation is to
implement an additional gas-phase separation step using ion mobility-mass spectrometry (IM MS). Here,
ions travel through a gas-filled cell aided by an electric field and are separated according to their collision
cross section (CCS). Here, we demonstrate the potential of IM-MS to be used as a tool for the separation
and identification of isomeric glycans and glycopeptides. First, six synthetic oligosaccharide isomers
that differ with respect to their composition, connectivity, or configuration were analyzed. Our data re-
veal that linkage- and stereoisomers, which are difficult to distinguish using established techniques, can
be separated and unambiguously identified on basis of their CCS (1). Second, we extended our investi-
gations to glycopeptides. Our data show that glycopeptides, which merely differ in the regiochemistry
of the attached glycan can be distinguished using fragmentation and subsequent IM-MS analysis (2).
Finally, we recently assessed the potential of cold-ion spectroscopy for oligosaccharide analysis (3).
Gas-phase IR spectra of a series of synthetically derived mono-, di- and trisaccharide standards were
recorded. For each of these oligosaccharides, unique and highly diagnostic absorption patterns with a
variety of well-resolved bands was obtained. In some cases, the line-width in the spectra was equal to the
corresponding bandwidth of the laser radiation (FWHM 4 cm-1). This unprecedented resolution reveals
remarkable differences in the overall IR signatures and allows a simple, fingerprint-based discrimination
between isomers, even if they merely differ in the stereochemistry of a single OH group.

(1) J. Hofmann, H. S. Hahm, P. H. Seeberger, K. Pagel, Nature 2015, 256, 241-244

(2) H. Hinneburg, J. Hofmann, W.B. Struwe, A. Thader, F. Altmann, D. Varén Silva, P.H. Seeberger, K. Pagel, D. Kolarich, Chem. Commun.
2016, 52, 4381-4384

(3) E. Mucha, A.I. Gonzélez Flérez, M. Marianski, D.A. Thomas, W. Hoffman, W.B. Struwe, H.S. Hahm, S. Gewinner, W. Schollkopf, P.H.
Seeberger, G. von Helden, K. Pagel, Angew. Chem. Int. Ed. 2017, DOI: 10.1002/anie.201702896.
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NMR- and MS-based micrometabolic profiling of
plants [15]

Bernd Schneider **

Max Planck Institute for Chemical Ecology, Beutenberg Campus, Hans Knoll Str. 8, 07745 Jena, Germany

Metabolomics and metabolic profiling of special plant tissue, cell types, and single plant cells is of
considerable interest in natural product chemistry, chemical ecology and other disciplines of plant sci-
ences. The identification of specialized low-molecular natural products from microscopic plant samples,
the composition of a mixture of metabolites and their temporal concentration changes are challenging
for chemical analytics because of tiny amounts of material available. Mass spectrometry (MS) conven-
tionally is the method of choice for studying such mass-limited samples. However, despite they are of
moderate sensitivity, nuclear magnetic resonance (NMR) methods are also useful to precisely determine
the spatio-temporal distribution of metabolites in plants and other organisms. This is feasible especially
when NMR, using cryogenically cooled probes, is applied in combination with microscopic sampling
methods such as laser-assisted microdissection. The combined application of laser microdissection,
NMR and MS to analyze secondary metabolites in specialized cells will be discussed and examples
from various plant species will be presented (1-5).

(1) Li et al., Planta 225, 771-779 (2007)

(2) Holscher et al., Planta 225, 767-770 (2007)

(3) Li et al., ChemBioChem 13, 2702-2713 (2012)
(4) Fang et al., PloS ONE 7(10): 48006 (2012)
(5) Fang et al., Front. Plant Sci. 7:1743 (2016)
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Cancer cellular metabolism at a spatio-temporal
resolution [16]

Tomer Shlomi *7

Departments of Computer Science and Biology & Lokey Center for Life Science and Engineering, Technion -
Israel Institute of Technology, Haifa 32000, Israel

The metabolism of cancer cells is altered to meet cellular requirements for growth, providing novel
means to selectively target tumorigenesis. While extensively studied, our current view of cancer cel-
lular metabolism is fundamentally limited by lack of information on variability in metabolic activity
between distinct subcellular compartments and cells. We develop a spatio-temporal fluxomics approach
for quantifying metabolic fluxes in distinct subcellular compartments as well as their cell-cycle dynam-
ics, combining experimental and computational approaches — including LC-MS based isotope tracing,
cell synchronization, rapid cellular fractionation, and computational deconvolution and metabolic net-
work modelling. Temporal fluxomics reveals that TCA cycle fluxes are rewired as cells progress through
the cell cycle with complementary oscillations of glucose versus glutamine-derived fluxes: Oxidation of
glucose-derived flux peaks in late G1 phase while oxidative and reductive glutamine metabolism dom-
inates S phase. Spatial fluxomics is applied to re-examine one of the emerging metabolic hallmarks of
cancer cells — reductive glutamine metabolism, mediating fatty acid biosynthesis under hypoxia and in
cells with defective mitochondria. Analyzing isocitrate dehydrogenase (IDH) activity in mitochondria
and cytosol (as well as IDH isozymes within mitochondria) reveals that reductive glutamine metabolism
is in fact the major producer of cytosolic citrate (rather than glucose oxidation) to support fatty acid
biosynthesis also in standard normoxic conditions. We show that while the relative contribution of re-
ductive glutamine metabolism to fatty acid biosynthesis increases in hypoxic cells and in cells with
defective mitochondria, absolute reductive flux only increases in the latter case. Overall, the developed
spatio-temporal fluxomics approach provides an essential tool for investigating how cells adapt their
metabolism due to oncogenic mutations, providing novel means to target metabolic dysfunction in can-
cer.
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Towards a functional plant cell wall proteome atlas:
from protein identification to characterization of
post-translational modifications [17]

Elisabeth Jamet *T

Laboratoire de Recherche en Sciences Végétales (LRSV), UMR 5546 UPS/CNRS, 31326 Castanet-Tolosan
cedex, France

Cell walls are complex structures surrounding plant cells. They provide not only mechanical support
and protection against environmental changes, but also a mean for cell-to-cell communication. They
are mainly constituted of polysaccharides (about 90% of their mass) and proteins. Cell wall proteins
(CWPs) play critical roles because they contribute to the plasticity of the cell wall architecture during
development and in response to environmental constraints, and to plant physiology. Their systematic
identification has started in the 2000’s with the sequencing of the genome of the Arabidopsis thaliana
model plant and the development of mass spectrometry (MS) technologies. Since then, many other plants
have been studied among which tomato and rice which are of agronomical interest. Today, the A. thaliana
cell wall proteome remains the best characterized with more than 900 CWPs identified in different plant
organs at various developmental stages, i.e. about half of the expected size. The description of cell
wall proteomes has fully benefited not only from the improvement of MS technologies, but also from
better sample preparation and peptide separation prior to MS analysis as well as from minor protein
enrichment through chromatography on combinatorial peptide ligand library (CPLL). Moreover, post-
translational modifications (PTMS) such as proline hydroxylation and N- and O-glycosylations have
been characterized thanks to the combined use of LC-MS/MS, MALDI-TOF MS and ETD-MS. New
types of PTMs have been described including proline hydroxylation in new amino acid motifs and O-
glycan motifs linked to hydroxyproline residues and specifically recognized by the peanut agglutinin
lectin (PNA).
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Art and Cultural Heritage natural polymers by
bottom up and top down approaches [I8]

Caroline Tokarski *T

Miniaturisation pour la Synthese, I’ Analyse & la Protéomique (MSAP), USR CNRS 3290, Université de Lille 1
Sciences et Technologies, 59655 Villeneuve d’ Ascq, France

Cultural Heritage material is challenging to study. Most pieces are made of more than one material,
each containing many chemical components. The manufacturing process, artist’s use, time and travel
as well as exposure to light, humidity, heat and conservation treatments all affect these materials. How
an artwork appears to us today is not the same as its original appearance: it is a culmination of all of
the chemical changes driven by these events. Moreover, the change will continue, although more slowly,
under museum conditions. To understand these chemical changes and how they relate to the conservation
and preservation, the organic material has to be accurately identified and characterized (1).

Until recently, the organic compounds from Cultural Heritage samples were analyzed via their con-
stitutive moieties (e.g. amino acids, fatty acids, monosaccharides) inducing a loss of information. In the
early 2000s, we have successfully adapted proteomic and lipidomic methodologies to the study of few
micrograms of historic art paintings and archaeological samples allowing for the first time the accurate
structural identification as well as the identification of the biological species. These methodologies are
currently used in the most famous international museums (e.g. Metropolitan Museum of Art, New York).

This conference will present our new biochemical approaches based on high resolution mass spec-
trometry for the study of ancient proteins, polysaccharides and lipids. It will also show how the top
down methodology address the current challenges for analysis of Cultural Heritage samples. For exam-
ple structural elucidation of biopolymers of unknown structures and/or their chemical modifications will
be shown (e.g. historic art paintings and watercolors...). Another example is the combination of soft
depolymerization experiments and very high resolution mass spectrometry to unravel the 3D networks
formed by insoluble lipidic films (e.g. historic oil-paintings). The conference will be illustrated by the
study of various outstanding samples from art but also from archaeological and paleontological sciences
from the most famous museums and institutes of the world.

(1) Dallongeville S., Garnier N., Rolando C., Tokarski C.* Chemical Reviews 2016, 116, 2-79
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Cerebrospinal fluid proteomics in multiple sclerosis
[19]

Frode Berven *1

Proteomics Unit (PROBE), Department of Biomedicine, University of Bergen

In this presentation I will go through a biomarker discovery project focused on finding proteins in CSF
affected by multiple sclerosis. In the first phase of the project several shotgun experiments were con-
ducted using both TMT, iTRAQ and label-free approaches, allowing quantification of more than 2000
proteins in CSF. The results from some of these experiments will be covered. In order to gather all
the data from our own experiments, and compare it to previously published data, we created an online
database (CSF-PR 2.0) where 87 dataset containing quantitative CSF data from Multiple sclerosis (MS),
Alzheimer’s and Parkinson’s disease were included. This database was used as a starting point for select-
ing most promising biomarker candidates for which PRM assays now are under developed. The process
of using the database to select biomarker candidates and developing the PRM-assays towards absolute
quantification quality will be described.
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Accurate lipidomic quantitation: a case study of
kidney cancer [110]

Michal HolCapek i I Miroslav Lisa !, Robert Jirdsko !, Eva Cifkova !, Maria
Khalikova !, David Vrdna 2, Bohuslav Melichar 2

! University of Pardubice, Department of Analytical Chemistry, Pardubice, Czech Republic
2 Department of Oncology, Faculty of Medicine and Dentistry, Palacky University, Olomouc, Czech Republic

The major requirement for the reliable and robust lipidomic quantitation is the use of non-endogenous
internal standards (IS) for quantified lipid classes and also the coionization of lipid class IS and an-
alytes using the lipid class separation approaches based on normal-phase or HILIC separation mecha-
nisms or shotgun approaches without chromatographic separation. Tumor cells have different proteomic,
metabolomics, and lipidomic composition (1-3) in comparison to normal cells. These changes could be
also reflected in collectable body fluids, which may be used in the research of cancer biomarkers. Lipids
are building blocks of cell membranes and intracellular compartments with important cell functions,
therefore the study of their dysregulation in cancer is quite interesting. The series of MS based analyt-
ical methods mostly coupled with liquid-phase separation techniques (UHPLC and UHPSFC) has been
developed and fully validated for the quantitation of a wide range of lipid species from multiple lipid
categories (4-5). Several analytical methods are essential due to rather different physico-chemical prop-
erties of individual lipid classes and also their natural abundances starting from major components (e.g.,
phospholipids, sphingolipids and glycerolipids) up to ultratrace levels (e.g., oxylipins) but with important
biological functions and possible relation to the disease onset and progress. The data from kidney cancer
project are processed by our software LipidQuant and then the large data files are processed by the mul-
tivariate data analysis methods to differentiate between healthy and cancer groups using nonsupervised
(PCA) and supervised (OPLS-DA) methods.

This work was supported by ERC CZ project No. LL1302 (MSMT, Czech Republic).

(1) E. Cifkova et al., Rapid Commun. Mass Spectrom. 31 (2017) 253.
(2) E. Cifkova, et al., Anal. Bioanal. Chem. 407 (2015) 991.

(3) E. Cifkova, et al., J. Chromatogr. B 1000 (2015) 14.

(4) M. Lisa, M. Holcapek, Anal. Chem. 87 (2015) 7187.

(5) R. Jirasko et al., J. Amer. Mass Spectrom. Soc. 28 (2017) 1562.
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Metabolite imaging and shotgun proteomics to
decipher the role of epididymis in sperm
maturation [O1]

Karolina Modzelewska i 1 Régis Lavigne I Andrew Palmer 2, Blandine
Guével !, Emmanuelle Com !, Mélanie Lagarrigue I Theodore Alexandrov 2,
Charles Pineau !

I PROTIM - INSERM U1085 Irset — CS2407 Campus de Beaulieu 35042 Rennes cedex, France
2 Structural and Computational Biology Unit, European Molecular Biology Laboratory — EMBL, 69117
Heidelberg, Allemagne

Background: Infertility or subfertility is a widespread problem with approximately 25% of couples
seeking medical help. For about half the cases it lies in the male partner. Male infertility is caused
by problems that affect sperm production, maturation and/or transport. In this study the role played by
the epididymis in the post-testicular maturation of spermatozoa during its transit through this organ was
investigated using an innovative combination of FT-ICR imaging mass spectrometry of metabolites and
shotgun proteomics.

Methods: Distribution of metabolites in the 3 regions of rat epididymis (caput, corpus and cauda) was
monitored by high-resolution FT-ICR MALDI imaging. Protein expression along the epididymal tube
was monitored in the same 3 regions by quantitative label-free proteomics. Correlation between metabo-
lite and protein expression was performed using dedicated tools developed by the European consortium
METASPACE (http://metaspace2020.eu).

Results: Large-scale metabolites and protein datasets were mapped and annotated in the 3 regions of the
epididymis using KEGG Pathway. Molecular maps specific to each region of the organ could be drawn
and are further explored to investigate the function of specific epididymal proteins in the maturation of
the transiting spermatozoa. As a priority, focus is given on the study of proteins involved in glutathione
metabolism, oxidoreductases, calcium ion binding proteins and transport regulation proteins that are key
features of the epididymis biology.

Conclusion: To our knowledge this is the first time FT-ICR Imaging mass spectrometry of metabolites
is coupled to quantitative shotgun proteomics to model in sifu molecular maps and highlight metabolic
pathways deserving further in-depth studies to understand the physiology of an organ.

Mots-Clés : Proteomics, MALDI imaging, Metabolomics, Epididymis, Sperm maturation, Epididymal matura-
tion, Male infertility, Reproduction
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Identification d’une nouvelle classe de
lanthibiotiques : utilisation combinée de
I’exploration de données génomiques et de la
spectrométrie de masse MALDI et HRMS [O2]

Sophie Tirat * ! Guillaume Lesquame 2, Guillaume Letellier 2, Hugues
Mandavid 2, Marjorie Valenduc ! Vincent Wiebach 3, Pascal Dhulster !,
Roderich Siissmuth 3, Dominique Le Beller 2

! Institut Charles Violette (ICV) — Univ. Lille, INRA, ISA, Univ. Artois, Univ. Littoral Céte d’Opale, EA, 7394 —
F-59000 Lille, 59655 Villeneuve d’ Ascq, France
2 Deinobiotics — Deinove — 1682 rue de la Valsiére, ZAC Euromédecine 11, 34790 Grabels, France
3 Technische Universitit Berlin (TU Berlin) — Fakultit II — Institut fir Chemie, StraBe des 17. Juni 124, 10623
Berlin, Allemagne

Développer de nouveaux antimicrobiens est primordial face a la menace imminente posée par la
tres forte augmentation du nombre de germes multi-résistants aux antibiotiques. Un screening de 600
souches rares a récemment permis d’isoler puis de caractériser trois molécules aux propriétés antibio-
tiques produites par Microbacterium arborescens. La caractérisation structurale de ces molécules par
HRMS-MS et RMN a révélé une structure proche de celle des lanthipeptides. Ces trois molécules origi-
nales sont formées d’un double cycle peptidique et d’une chaine aliphatique portant a son extrémité une
guanidine diméthylée. La découverte du cluster de genes responsable de la biosynthese de ces molécules
a permis d’utiliser I’exploration des données génomique pour repérer d’autres souches bactériennes po-
tentiellement productrices de molécules de la méme famille. Une premiere sélection des souches les plus
prometteuses a été réalisée, basée sur des analyses bioinformatiques et le repérage rapide de la produc-
tion de métabolites grice a des expériences MALDI réalisées directement sur les colonies bactériennes.
Apres fermentation et extraction des cultures bactériennes, les analyses HRMS-MS ont ensuite permis
de caractériser une dizaine de nouveaux composés produits par le genre Nocardia. Les données obtenues
grice a I’exploration du génome ont permis un assignement rapide des spectres MSMS. Ces molécules
originales constituent une nouvelle famille de composés antibiotiques, appelée ” lipolanthines 7. Ils
different entre eux par la longueur et le nombre d’insaturations de la chaine aliphatique, par les acides
aminés qui composent le double cycle peptidique, ainsi que par le degré de méthylation de la guanidine.

Mots-Clés : antimicrobiens, lanthibiotiques, génomique, MALDI, HRMS
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Modélisation du réseau métabolique des cellules de
Leucémies Aigués Myéloides pour comprendre les

différences métaboliques liées a la mutation sur
IDH1 [O3]

Laurent Fernando !, Lucille Stuani 2, Tony Palama 3 Tony Kaoma 4

Jean-Emmanuel Sarry 2, Fabien Jourdan !, Nathalie Poupin *T !

I ToxAlim — INRA : UMR1331 — 180 Chemin de Tournefeuille, BP 93173 31027 Toulouse Cedex 3 - France
2 Team ResistAML, Chimiorésistance et oncométabolisme dans les LAM, CRCT — INSERM : UMR1037 -2
avenue Hubert Curien 31037 Toulouse cedex 01, France
3 Plateforme MetaToul Réseaux métabolique, LISBP — INSA (INSA) - Toulouse — 135 avenue de Rangueil 31077
Toulouse cedex 04, France
4 Department of Oncology, Luxembourg Institute of Health — Luxembourg, Luxembourg

Les leucémies aigues myéloides (LAM) sont des maladies hématologiques liées a la transforma-
tion maligne de progéniteurs hématopoiétiques dans la moelle osseuse aboutissant a la destruction du
tissu sanguin sain. Des mutations récurrentes ont été observées chez les patients atteints de LAM dont
I’une sur des enzymes clés du métabolisme : les isocitrate déshydrogénases 1 et 2 (IDH1, IDH2). La
mutation IDH1-R132H conférerait aux cellules LAM une flexibilité métabolique induisant des dépen-
dances métaboliques et énergétiques spécifiques, qui seraient responsables de la chimiorésistance de ces
cellules. Dans cette étude, nous avons utilisé une approche globale de modélisation in silico du réseau
métabolique des cellules LAM, basée sur des données de transcriptomique et d’exométabolomique, afin
d’identifier I’ensemble des voies métaboliques activées par la mutation IDH1-R132H dans ces cellules.
A partir du réseau métabolique humain global (Recon2; Thiele et al., 2013) et des données d’expression
de genes obtenues sur des cellules LAM avec ou sans la mutation IDH1-R132H, nous avons utilisés
des algorithmes d’optimisation permettant de générer des modeles de réseaux métaboliques représen-
tant spécifiquement le réseau métabolique fonctionnel de cellules LAM avec et sans mutation, c’est-a-
dire les réactions du réseau global qui sont spécifiquement actives dans les cellules étudiées. Plusieurs
algorithmes publiés visant a 1’identification de réseaux tissu- ou cellule- spécifiques a partir de don-
nées de transcriptomique ont été testés et adaptés. Les données d’exométabolomique ont été utilisées,
via des méthodes de modélisation sous contraintes, pour contextualiser les modeles cellules-spécifiques
générés et rendre compte de la production ou consommation des métabolites mesurés. La comparai-
son des réseaux cellules-spécifiques générés a permis notamment de mettre en évidence que les voies
du métabolisme des acides gras étaient différemment utilisées chez les cellules mutées ou non mutées.
Les modeles générés pourront &tre utilisés pour identifier des dépendances métaboliques présentes spé-
cifiquement dans les cellules LAM mutées.

Mots-Clés : réseaux métaboliques, modélisation, leucémie aigué¢ myéloiide, transcriptomique, métabolomique
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Multiblock Omics data fusion: an efficient strategy
to understand climatic effect on flaxseed (Linum
usitatissimum) composition [O4]

Roland Molinié * I Romain Roulard !, Jean-Xavier Fontaine !, Larbi Rhazi 2,
Xavier Guillot 3, Reynald Tavernier 4 Brigitte Thomasset > Melha-Amel
Lazouk °, Julien Boccard ©, Emmanuel Petit !, Frangois Mesnard 1

I Laboratoire de Biologie des Plantes et Innovation (EA3900-BIOPI-UPJV) — Université de Picardie Jules Verne :
EA3900 — 80000 Amiens, France
2 Institut Polytechnique UniLasalle — Institut Polytechnique UniLasalle — Campus de Beauvais, Beauvais, France
3 LABOULET Semences — 80270 Airaines, France
4 Linéa - Semences de Lin — Linéa - Semences de Lin — 20 Avenue Saget 60210 Grandyvilliers, France
> Sorbonne Universités, UTC (CNRS FRE 3580 GEC) — Université de Technologie de Compiégne [Compiggne]
— Centre de Recherche de Royallieu, Compiegne, France
6 Geneva-Lausanne School of Pharmacy (EPGL) — University of Geneva, Geneva, Switzerland, Suisse

Flaxseed compounds (Linum usitatissimum) showed a growing interest in the last decade. Indeed,
flaxseed contains large metabolites amounts (1) that can be valued in different industrial sectors. It is
thus necessary to get information on the metabolites content in mature flaxseed and possible variations
depending on the culture conditions during seed development. The present study concerns the compo-
sition of different varieties of oilseed flax grown in different regions in France between 2011 and 2015.
1H-NMR was used to achieve a non-targeted metabolic profiling. Multiple seed characteristics and spe-
cific metabolites (lignans, mucilage, proteins, oils, omega-3...) were measured. The fusion of data from
different sources is expected to provide a more complete view of complex systems (2). Multiblock multi-
variate analysis was performed taking into account the climatic conditions. It appears that rainfall would
play a significant role on the flaxseed content of a certain type of metabolites such as oils, omega-3,
phenolics or cyanogenic glycosides. The yield of mucilage and its sugar composition also seem to be
affected by the climatic conditions. It was then possible to highlight the metabolic pathways appearing
influenced by the climatic conditions.

(1) Hall C., Tulbek M.C. & Xu Y. (2006). Flaxseed. Advances in food and nutrition research, 51, 1-
97.

(2) Boccard J. & Rutledge D.N. (2013). A consensus orthogonal partial least squares discriminant anal-
ysis (OPLS-DA) strategy for multiblock Omics data fusion. Analytica chimica acta, 769, 30-39.

Mots-Clés : Flaxseed, Linum usitatissimum, NMR, Multiblock multivariate analysis, climatic effect
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Input of proteomic analyses for understanding
cellular responses to nanoparticles: toward

mechanistic data and evidence for cross-toxic
effects [O5]

Thierry Rabilloud * !
! Chemistry and Biology of Metals (CBM) — CNRS : UMR5249 — CEA Grenoble, France

Nanoparticles are recently-introduced industrial products which impact on the environment and on
human health is intensely debated. Most of the toxicological research carried to date on NPs follows very
classical tracks, so that little is known yet on their mechanisms of toxicity, apart their propensity to induce
oxidative stress and sometimes cytokine release. Because of their major scavenging role, macrophages
are one of the major cell types to study when working on nanoparticles. In order to gain new insights
on the interaction of nanoparticles with macrophages, we carried out a proteomic screen on cells treated
with different nanoparticles (e.g. copper oxide, zinc oxide, metallic silver or silica). Very different
responses have been observed : Copper oxide induces mainly a mitochondrial response and a strong
response at the glutathione level. Zinc oxide rather induces a proteasomal and a metabolic response
(glucolysis and pentose phosphate pathways). Proteomics was followed by targeted studies aiming at
validating the proteomic results and at investigating major functions of macrophages (e.g. phagocytosis
and cytokine production). In this way, we could demonstrate a role of DNA repair pathways for zinc
oxide and silica nanoparticles, as well as a critical role of glutathione and heme oxygenase for survival
to a copper oxide challenge. Mitochondrial dysfunction is also prominent following exposure to zinc
oxide or copper oxide, and much less important following exposure to silver or silica. Different changes
in the actin cytoskeleton were also observed in response to the nanoparticles tested. In conclusion, this
combined approach has provided new ideas on how nanoparticles can exert their toxic effect.

Mots-Clés : analyse protéomique, macrophages, nanoparticules, génotoxicité, cytosquelette, toxicologie
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Breast milk lipidome as a predictive component of
postnatal growth trajectory in preterm infants [O6]
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LUNAM Université, ONIRIS, LABERCA, USC INRA 1329, Nantes, France
6 Association des Banques de lait Européennes (EMBA) — Milan, Italie

Early nutrition of preterm infants (7% of babies in France) is of utmost importance since early
growth impacts not only brain development but also the risk of adult chronic diseases. Human milk,
recommended for feeding preterm infants, is a highly complex mixture. The potential health benefits of
human milk lipid species composition on infancy growth has still received little attention, merely limited
to few trials, in term infants or in studies comparing breastfed and formula-fed infants.

The relationships between mass spectrometry-based lipidomics phenotyping of human breast milk and
preterm babies’ growth during their hospitalization was investigated in an observational, prospective
mono-centric cohort, LACTACOL. Maternal milk lipidomic signatures were performed in two sub-
groups of 13 infants (gestational age: 30.6 + 1.5 weeks, birth weight: 1.42 + 0.29 kg), focusing on the
bottom and top deciles for the difference of weight Z-score between discharge and birth in LACTACOL-
cohort. Lipidomics data were extracted, using the workflow4metabolomics Galaxy platform, combined
to normalization of batch effects by fitting regression models to quality control samples. Factor growth
effect, encompassing time and mother, was assessed by an in-home multivariate statistical analysis, AoV-
PLS combined to linear discriminant analysis, in the scope of biomarkers selection. The predictive ability
of these biomarkers on the postnatal weight growth trajectory of the preterm infants was evaluated by
multiple linear regression method, taking into account confounding factors such as infants’ birth weight,
gestational age, total parenteral feeding and mother’s body mass index. Several relevant lipids biomark-
ers were annotated using online database searches on LIPID-Maps and an in-house reference databank.
Several fatty acids, triacylglycerol and phospholipid species were identified as predictive biomarkers
to evaluate the early growth rate of breast-fed preterm infants, leading to a comprehensive view of the
mechanisms by which early gestational age impacts human milk composition and consequently trajec-
tory growth’s infants.

Mots-Clés : preterm, milk, lipidomique, phospholipids, growth trajectory
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Découverte de marqueurs précoces de 1’altération
des ovoproduits au cours de leur procédé de
fabrication par des approches de prises

d’empreintes métabolomique utilisant des
techniques combinées (RMN et MS) [O7]
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CNRS 6144 CRTT, 37 bd de I’Université BP 406 44602 Saint-Nazaire Cedex — France

L’ ovoproduit est une matrice biologique complexe, constituée de protéines, lipoprotéines, lipides et
de nombreux micronutriments (vitamines, minéraux, etc.). Cependant, une fois cassé et homogénéisé
I’ovoproduit entier liquide perd une part de ses propriétés de conservation, devenant ainsi pour certaines
bactéries un excellent milieu de croissance. Ce développement bactérien non maitrisé provoque en plus
des risques sanitaires, des altérations biochimiques modifiants fortement les qualités organoleptiques de
I’ovoproduit. L’ objectif de cette étude est d’étudier les mécanismes biochimiques impliqués par des
approches de métabolomique combinées (non ciblées utilisant la MS et la RMN) afin de décrire et de
comprendre ces mécanismes jusqu’alors peu ou pas caractérisés et d’identifier in fine des marqueurs pré-
coces de ces altérations microbiologiques (projet région pays de la Loire — Bretagne : ALTOVOP). Des
études cinétiques de la dégradation ont été réalisées sur des ovoproduits stériles préparés en laboratoire
avec des especes bactériennes modeles caractéristiques de deux types d’altération (1 et 2). L’analyse ”
multi-omique ” des profils métaboliques MS et RMN indique que les métabotypes sont type d’altération
dépendant que ce soit pour les phénotypes les plus contrastés ou les phénotypes proches temporellement.
Les différences observées ont permis d’identifier des groupes de molécules (signatures métaboliques)
propres a chaque type d’altération et a chaque temps de la cinétique pour une méme altération. Des
marqueurs individuels, en cours de résolution structurale, présentent le potentiel de détecter de maniere
précoce I’altération microbiologique des ovoproduits. Ils pourraient ainsi permettre un meilleur suivi
qualité des produits sur les chaines de production en industrie.

Mots-Clés : empreintes métaboliques, agroalimentaire, RMN, MS, marqueurs précoces, altération, ovoproduits
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Shotgun polyphenomics of rosé wines [O8]
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Wine is a widely consumed alcoholic beverage with a high commercial value. The worldwide con-
sumption of rosé wine has increased by 20% since 2002 (1). But because of its high commercial value,
it can become a subject of fraud, and authenticity control is necessarily required. Hundreds of molecules
can be found in wines, including polyphenols which are key components defining color, taste and quality
of wines. Their amount and composition depend on many different factors such as grape variety, wine-
making and age of the wine. In this study, the influence of geographic origin of some rosé French wines
was investigated. An original and very fast UPLC-QTOF-MS method was developed and used to predict
the geographic origin authenticity of rosé wines.

60 rosés wines were divided into two sets, both containing 30 wines from 3 different regions of France
(Bordeaux, Languedoc and Provence, 10 of each). They were analyzed in triplicate using an original and
fast UPLC-high resolution MS method with a similar approach previously used for red wines (2).The
goal of this 6 min shotgun analytical method was to give a rapid mass spectrometry fingerprint of these
wines and be able to identify specific ions.

Statistical analyses were performed after 1) peak extraction in each spectrum, 2) peak alignment between
all the 60 rosés wines and 3) specific peaks selection by applying a genetic algorithm 4) validation. The
discrimination between the 3 regions was applied onto the described datasets and the chosen solution
-involving only 8 molecules including 5 polyphenols- produced good classification results of 97% on the
training set, 87% for the 2-fold-cross-validation and 80% for validation.

(1) OIV Focus 2015, Le marché des vins rosés
(2) Delcambre, A. et al. Analytical chemistry 2013, 85, 9736-9741.

Mots-Clés : rosé wine, UPLC, QTOF, MS, origin discrimination, metabolomics
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Characterization of monoclonal antibodies —
receptor interaction using affinity liquid
chromatography coupled to native mass

spectrometry [O9]
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Monoclonal antibodies (mAbs) and their related formats are meeting an important success as thera-
peutic treatments, mainly in oncology and treatment of inflammatory diseases. MAbs are highly complex
glycoproteins derived from immunoglobulin G (IgG), potentially subject to a large variety of micro-
heterogeneities which may influence dramatically receptor interactions.

In this work, affinity liquid chromatography (affinity LC) was directly coupled to electrospray ioniza-
tion mass spectrometry, performed in native conditions to study the impact of mAbs post-translational
modifications (PTMs) on FcRn interaction. The stationary phase used is composed of immobilized FcRn
receptor, which interacts with IgG Fc fragment under pH mediated conditions. The conditions were finely
optimized in order to meet the specific requirements of FcRn receptor affinity LC separation and native
ESI-MS. Native FcRn affinity LC-ESI-MS analysis performed for mAbs stress samples demonstrated the
possibility to separate mAbs variants exhibiting different affinities with the FcRn receptor followed by
high resolution MS identification. The data achieved systematic identifications of the 5 major glycoforms
and conservation of mAbs in pseudo native form. Results suggested the modification responsible for re-
duction of the affinity is a specific oxidation. In addition, different experiments allowed to confidently
prove that the observed retention was originating from specific Fc fragment — FcRn receptor interactions.

The method was applied to a marketed mAbs exposed to different oxidative stress. Data were used
to determine the oxidation level of the sample and compared to UPLC-MS peptide mapping analysis.
Data correlation from both techniques allowed to identify unambiguously the oxidation of heavy chain
Met252 to be responsible for the decrease of FcRn receptor — Fc fragment affinity.

This methodology implements for the first time online coupling of affinity LC and high resolution na-
tive ESI-MS. It enables to perform detailed investigations regarding the influence of PTMs on crucial
receptor binding in an integrated analysis.

Mots-Clés : MS native, chromatographie d’affinité, anticorps monoclonaux, Récepteur FcRn, interactions anti-
corps, récepteur, couplage
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Flowers absolute fingerprint with SFC-HRMS non
targeted method [O10]
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yvette cedex, France

Cosmetics and perfumes industries are very late for using supercritical fluids compared with phar-
maceutical industry, for example. The protection and the environmental respect became a major subject
of concern nowadays. Furthermore with the increasing interest of the professionals for the natural raw
materials with the complexity of their compositions, Supercritical Fluid Chromatography (SFC) seems
to be imperative to us as green chemistry tool. Hyphenation is very easy with Mass Spectrometry (MS)
using various ionization sources (ESI, APPI, and APCI). Samples are flower absolutes from the market,
and the aim of the study is to obtain quickly their “fingerprint”. First step consists in stationary phase
screening (Si, C18, Hypercarb...) using gradient mode (methanol, ethanol, isopropanol as modifier and
various final percentage of modifier). Hypercarb was selected as the most retentive stationary phase for
this type of analysis. Then chromatographic resolution has been improved by checking the effect of col-
umn temperature, CO2 back pressure. Ionization sources have been tested too and the better responses
were obtained using APPI source and two ionization modes (positive and negative). Indeed volatile
compounds of flower absolutes are already well known and described in the literature using Gas Chro-
matography (GC) coupled with MS but unvolatile fraction remains incompletely described. Two data
processing methods were realized, one graphically using the EIC (Extracted-Ion Chromatogram) to ob-
tain a chromatographic profile from compounds and a second statistical treatment to get PCA (Principal
Component Analysis) representation.

Mots-Clés : SFC, HRMS, flower absolute, profiling
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An online four-dimensional HICXSEC-IMxMS
methodology for in-depth characterization of
antibody drug conjugates [O11]
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Antibody Drug Conjugates (ADCs) are tripartite molecules consisting of a monoclonal antibody
(mAb) onto which highly cytotoxic small molecules are conjugated by cleavable or non-cleavable link-
ers. They show better efficiency than canonical unconjugated mAbs, due to the synergic effect of mAb
specificity for its target and the efficacy of the highly cytotoxic drug (1).

There are currently two main techniques allowing the analytical characterization of cysteine linked anti-
body drug conjugates under non denaturing conditions, namely hydrophobic interaction chromatography
(HIC) and native high resolution mass spectrometry.

HIC is a chromatographic technique allowing the evaluation of drug load profile and calculation of av-
erage drug to antibody ratio (DAR) (2,3). High resolution mass spectrometry (MS) offers a wealth of
information on the biochemical and biophysical properties of ADCs, thanks to accurate mass measure-
ment (4). On-line coupling of both techniques can potentially be of great interest, but the presence of
large amounts of non-volatile salts in HIC mobile phases make them non compatible with MS.

Here, we present an innovative multidimensional analytical approach combining comprehensive on-line
two dimensional chromatography (HICXSEC) to ion mobility and mass spectrometry (IM-MS) for per-
forming analytical characterization of ADCs under non-denaturing conditions. Online hyphenation of
non-denaturing 2D chromatography to 2D IM-MS enabled comprehensive and streamlined characteriza-
tion of both native and stressed ADC samples.

(1) Ornes, S. Proc. Natl. Acad. Sci. 2013, 110, 13695-13695

(2) Rodriguez-Aller et al. J. Pharm. Biomed. Anal. 2016, 118, 393—403.
(3) Cusumano et al. J. Pharm. Biomed. Anal. 2016, 121, 161-173.

4. Debaene et al. Anal. Chem. 2014, 86, 10674-10683.

Mots-Clés : HIC, SEC, native MS, native IM, MS, Antibody drug conjugate, HICXSEC, IMxMS
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Analysis of Monoclonal Antibody Fc-glycosylation
profiles using Capillary electrophoresis — mass
spectrometry [O12]
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Monoclonal Antibodies (mAbs) are considered as emergent therapeutic proteins thanks to their anti-
inflammatory action, anti-viral and anti-cancer efficiency. Nowadays, there are more than 50 mAbs
approved by the FDA and more than 30 in the last clinical evaluation. These molecules represent a real
challenge for analytical sciences because of their structure complexity. The main obstacle is the wide
range of micro-heterogeneities like Post-Translational Modifications (PTMs) and glycosylations. The
glycosylation of a biologic is considered as a critical quality attribute (CQA) and is subject to intense
scrutiny by both biopharmaceutical companies and regulatory agencies, and can be a major source of
batch-to-batch heterogeneity in biologics production. Today, HILIC approach using fluorescence de-
tection represents the reference method to determine the level of each glycoform [1]. At the moment,
CE-ESI-MS has been proved to be a robust technique to characterize mAbs in terms of sequence cover-
age, PTMs characterization and glycoform structure elucidation in a single run [2]. The aim of this study
was to validate the CE-ESI-MS method to quantitate relative abundance of each glycoform on mAbs. A
bottom-up strategy have been adopted. Repeatability and reproducibility have also been studied. Indeed,
three experimenters in the laboratory have made their own tryptic digestion of ten different mAbs to
check the robustness of the method. These digests were run on CE-ESI-MS method in duplicates or trip-
licates to prove the repeatability of the technique. The CE-ESI-MS methodology has been performed on
the ten mAbs, and 15 different glycoforms on each one have been characterized. A relative quantitation
of the glycoforms have been realized and results were systematically confronted with HILIC reference
method. Comparison of N-Glycoform profiling of the ten mAbs demonstrated a good fit between the two
methodologies and then validate the CE-ESI-MS methodology for relative quantitation of N-glycoform.

Mots-Clés : capillary electrophoresis, mass spectrometry, monoclonal antibodies, HILIC, glycoprofiling
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SpecOMS permet d’obtenir le profil des
modifications portées par un échantillon analysé en
MS/MS en quelques minutes [O13]
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Le logiciel SpecOMS est capable d’identifier en quelques minutes des dizaines de milliers de spectres

MS/MS sans appliquer de filtre de masse d’aucune sorte sur une station de travail standard. Il s’appuie
pour cela sur une structure de données trés performante (1) et met a profit la précision de mesure de
masse des fragments obtenue par les spectrometres développés ces dernieres années. SpecOMS est ainsi
un logiciel particulierement rapide — actuellement largement le plus rapide parmi toutes les approches
proposées sans filtre de masse -, et peu gourmand en mémoire, ce qui rend son utilisation possible dans
tous les laboratoires. De plus, nous montrerons sur des jeux de spectres extraits de PRIDE, qu’il est
également tres sensible. SpecOMS peut donc facilement €tre intégré dans un pipeline d’analyse pour (i)
visualiser en un coup d’ceil les principales modifications présentes dans un échantillon et éventuellement
les ajouter en modification variable dans son outil préféré (ii) identifier les artefacts d’une expérience
pour y pallier et /ou en maitriser les conséquences, (iii) et enfin, bien slir, mettre en évidence les modifi-
cations post traductionnelles et/ou les variants des peptides présents dans les échantillons.
Le développement des approches sans filtre de masse pour interpréter les spectres MS/MS est actuelle-
ment un domaine de recherche trés dynamique. Cependant, 1’utilisation de ces logiciels est encore au-
jourd’hui freinée par la difficulté et le temps nécessaire a I’interprétation complexe des résultats. Nous
proposons une démarche et quelques représentations graphiques originales pour faciliter ce processus
d’interprétation.

(1) David M., Fertin G. and Tessier D. 2016 SpecTrees: An efficient without a Priori Data Structure
for MS/MS Spectra Identification. In: Frith M., Storm Pedersen C. (eds) Algorithms in Bioinformatics
WABI 2016. Lectures Notes in Computer Science, vol 9838, 65-76; Springer.

Mots-Clés : : Bioinformatique, Interprétation des spectres MS/MS, Approche sans filtre de masse
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Combattre le feu par le feu: Comprehensive DIA
spectral libraries improve phosphopeptide
identification and quantification by DIA [014]
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The mining of Data-Independent Acquisition (DIA) data usually requires the use of an MS/MS spec-
tral library. Peptide identification and quantification highly depend on the quality and the completeness
of this library. Typically, libraries are generated using Data-Dependent Acquisition (DDA) methods,
which produce incomplete datasets due to the semi-stochastic nature of the parent ion selection. By
promising to capture a signal for all peptides above the instrument’s limits of detection, we wondered if
DIA itself might be the best method to generate comprehensive high-quality spectral libraries.

To generate a comprehensive spectral library and obtain the largest diversity of phosphopeptides, we
created a pool of 32 samples from PC3 cells that were perturbed with different drugs, lysed, digested,
and phospho-enriched. The sample was analyzed on an Orbitrap mass-spectrometer using twelve sepa-
rate DIA methods, each spanning 50 m/z to cover the 400-1000m/z precursor ion space. In turn, each
DIA method cycled through 25x2m/z narrow-window isolation events. The data were analyzed with
SpectrumMill for peptide identification and Percolator for validation and FDR control. The peptide
quantification was performed with an automated pipeline using Skyline combinaed with EncyclopeDIA
to identify peptides and align retention times. High quality and interference-free DIA signals are insured
by a newly developed transition refinement tool.

The comprehensive mass spectrometry method presented here enabled the generation of a large phos-
phopeptide library termed the superlibrary. We demonstrated that DDA-like peptide identification ap-
proaches were compatible with our narrow-window DIA data since the approach generates significantly
low false discovery rates. The use of narrow isolation windows and the untargeted analysis, characteristic
of DIA, highly increased sensitivity and phosphoproteome coverage. More than 17400 phosphopeptides
could be identified which represents a 60% improvement over classic DDA approaches. Additionally,
by capturing the entire chromatographic profile of phosphosite-specific transitions, the number of confi-
dently localized phosphopeptides increased by 30%.

Mots-Clés : Data, Independent Acquisition, Chromatographic Libraries, Data Refinement, Phosphoproteomics
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Omics data produce high-dimensional multivariate databases usually with a higher number of vari-
ables than samples and high biological variability that may impact the data. They also frequently involve
complex experimental designs that should be considered during the data analysis to maximize their ef-
ficiency and accuracy. However, in practice, part of this information is often ignored and the analysis is
resumed to a one-response (O)PLS-DA modelling. To be able to extract meaningful information from
these data, one solution lies in a combination of multivariate dimension reduction methods and statistical
modeling. This methodology allows to understand the effect of each experimental factor on the multi-
variate response and quantify or test their statistical significance.

Two popular approaches, namely ASCA and APCA combine the strengths of ANOVA and PCA in this
context. They provide a powerful new framework to visualize the multivariate structures in the space
of each effect related to the experimental design, yet lack generalization since they cannot handle more
complex models than balanced fixed effects ANOVA. Extensions to circumvent their restrictive use are
already been suggested to deal with unbalanced designs. The scope of this research is to extend further
this methodology using mixed models with random factors in the statistical modeling, allowing to mea-
sure and test the significance of both fixed and random effects in such complex designs.

These methods will be applied on a longitudinal and an analytical variance components studies, to
demonstrate their interest and encourage further work in this promising field of data analysis.

Mots-Clés : mixed models, APCA, complex experimental designs

Programme

*Intervenant
" Auteur correspondant: manon.martin @uclouvain.be

62


mailto:manon.martin@uclouvain.be

Two birds, one stone: ANOVA multiblock OPLS

supports data analysis and method comparison in

toxicant-induced neuroinflammation observed in
3D rat neural cell cultures [O16]
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Untargeted metabolomics becomes a useful approach without previous knowledge about the metabolic
pathways altered in a biological experiment. Nevertheless, among the challenges associated to that strat-
egy, it is first necessary to reliably assign identities to the detected features. Secondly, the large datasets
obtained require a clever data analysis strategy to maximize the amount of useful information recovered
from them. This is especially relevant when data originate from several analytical methods and when
multiple experimental factors are varied simultaneously. These two issues can be tackled by combining
the use of an in-house developed library of standards and a recently proposed approach of multivariate
decomposition in PLS-based discrimination for structured experiments, i.e. AMOPLS (ANOVA Multi-
block OPLS).

The most reliable metabolite identification can only be achieved by matching at least two orthogonal
properties of an unknown compound to those of a reference standard, under the same analytical condi-
tions and in the same lab. A high-throughput strategy has been deployed to create a library of properties
covering over 600 standards under four different separation/ionization modes (RP+/-, HILIC+/-).

In the present study, rat 3D neural cell cultures were exposed to neurotoxicant trimethyltin following a
design of experiments comprising three factors: cells maturation state, dose of toxicant and exposure
time. Samples were submitted to RP+/- and HILIC+/- analyses and features were identified by means of
the library of standards. Most existing multivariate analysis tools, such as PCA, fail to decompose the
different sources of variation in the data using a single global model. On the contrary, AMOPLS analysis
of data generated in the four modes allowed to quantify the contribution of each experimental factor to
the total observed variability, as well as the ability of each analytical method to distinguish the effect of
each factor.

Mots-Clés : multivariate analysis, multiblock, neurotoxicity, neuroinflammation, cell cultures, neurodegenerative
diseases
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Time-of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS) is emerging as an imaging tool for
biomedical studies on the sub-micrometer scale. In this study, semi-quantification of anticancer drug
ABT-737 is demonstrated in vitro in human A-172 human glioblastoma cells.

Gold coated silicon wafers have been immerged in A-172 human glioblastoma culture. Samples have
been treated with ABT-737 in a range of concentrations (0, 25, 50, and 100 uM) for four hours. After
treatment, Samples were washed in 10 mM ammonium acetate followed by freeze-drying. A commercial
TOF-SIMS5 (ION-TOF GmbH) retrofitted by a 20 keV GCIB and a 25 keV bismuth LMIG has been
used. Cell interrogation was performed using either High Mass Resolution mode (HMR) (5e12 ions/cm?
dose density, 1.2 um pixel size) or High Spatial Resolution mode (HSR) (1e13 ions/cm? dose density,
195 nm pixel size).

In HMR analysis, the total targeted ion count was normalized to both the primary ion beam dose as well
as to the surface, thus allowing for comparison between different cell samples. When comparing the
relative abundance of secondary ions, it was found that the concentration of HP206- (nuclear marker),
and [C16:0-H]- (fatty acid) do not vary as a function of drug dosage. In contrast, the abundance of char-
acteristic ions of ABT-737 were found to increase as a function of dosage, reaffirming that A-172 cells
had internally incorporated the therapeutic agent.

HSR analyses reveal characteristic fragment ions of ABT-737 has been detected in cell, following a spe-
cific distribution different of nuclei and cytoplasm marker. This result is in agreement of the literature
which describe ABT-737 is supposed to target proteins located in mitochondria membrane.

The workflow has demonstrated the possibility for the localization as well as semi-quantification of drug
delivered into single cells using a TOF-SIMS.

Vanbellingen et al. ] Am Soc Mass Spectrom 2016, 27, 2033-2040

Mots-Clés : TOF, SIMS, Mass Spectrometry Imaging, Quantification, Drug, Single Cell Analysis
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MetaSpace: A molecular annotation engine for
metabolite imaging mass spectrometry [O18]

Régis Lavigne * ! Consortium Metaspace 2, Charles Pineau !, Theodore
Alexandrov 3

I PROTIM - INSERM U1085 Irset, Université de Rennes |
CS2407 Campus de Beaulieu 35042 Rennes cedex, France
2 Consortium MetaSpace — http://metaspace2020.eu/, Allemagne
3 European Molecular Biology Laboratory (EMBL) — theodore.alexandrov@embl.de, Allemagne

Imaging mass spectrometry (IMS) can be used for probing and analyzing in sifu the spatial arrange-
ment of a wide range of molecules, in particular metabolites. However, no algorithms exist for automated
molecular annotation. A high-resolution imaging dataset for one tissue section has 10.000.000 individual
ion images and manual interpretation covers up to 0.01% data only. This lack of global understanding of
data is a bottleneck.

Our consortium has developed a big data analysis platform to answer this question. Based on efficient
algorithms and big data technologies, this platform is able to translate millions of ion images to hundreds
of molecular images. Hundreds of datasets provided to us by the IMS community, from various species,
organs, conditions, and IMS technologies, have been processed using the METASPACE metabolite an-
notation engine (Palmer et al., 2016, Nature Methods). We performed FDR-controlled annotation of all
these datasets against databases considering various adducts. We stored all metabolite and lipid annota-
tions and indexed them for fast access to have a custom search engine for metabolite images.
METASPACE is an open-source platform for spatial metabolomics. High-throughput molecular anno-
tation with a controlled level of confidence makes possible the extraction of molecular knowledge from
different datasets in a reproducible way, enabling comparisons between replicates, users, and labs. Yet,
the consortium received over 1000 datasets from more than 25 labs covering various species, organs,
conditions, acquired with various sample preparation protocols, and various IMS technologies. All an-
notations are made public through the web interface, allowing searching in particular for specific datasets
or compounds, and enable the clustering of datasets with similar molecular content that often matches
either the type of tissue or the condition. This metabolite annotation will be illustrated in different exam-
ples. Mining all these big datasets enabled our consortium to create the first of its kind spatial metabolite
knowledgebase.

Mots-Clés : MALDI Imaging, Computational Methods and Analysis, Metabolites, Lipids
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Development of a dual imaging strategy combining
radio- and mass spectrometry -imaging to study the
biodistribution of 14C-graphene oxide [019]

Hélene Cazier * ! Dominique Georgin 2, Carole Malgorn 3, Francois

Fenaille 1, Frédéric Taran 2, Vincent Dive 3,
Christophe Junot I Benoit Colsch !

I CEA-INRA UMR 0496/DRF/Institut Joliot/SPI/LEMM, Université Paris Saclay, MetaboHUB — Centre de
Saclay, 91191 Gif-sur-Yvette, France
2 CEA/DRF/Institut Joliot/SCBM, Université Paris Saclay — Centre de Saclay, 91191 Gif-sur-Yvette, France
3 CEA/DRF/Institut Joliot/SIMOPRO, Université Paris Saclay — Centre de Saclay, 91191 Gif-sur-Yvette, France

Graphene success results from its versatile physicochemical and biological properties making it an
attractive nanomaterial. Indeed, those nanoparticles such as carbon-nanotubes, nanodots or graphene
oxide (GO) sheets can be used in multiple areas including therapeutics with bioengineering or drug
delivery. Despite its great potential, special attention has to be paid concerning its bioactivity and safety.
To this end, our approach aims to provide complementary analytical information on biodistribution of
14C-radiolabeled graphene in mouse tissue by combining radioimaging (CZARNY et al. ACS nano,
2014) and mass spectrometry imaging (MSI) (CHEN et al. Nature nanotech, 2015). Indeed, absolute
quantification provided by radioimaging needs to be supplemented with structural analyzes to confirm
graphene-specific biodistribution (for instance in mouse tissues).

Development of the MSI approach was performed on an UltraFleXtreme™ MALDI-TOF/TOF (Matrix
assisted Laser Desorption Ionization — tandem Time Of Flight) mass spectrometer to detect labeled (14C)
and unlabeled (12C) graphene oxide species. First, homogeneous suspensions of 12C-GO and 14C-GO
were obtained in 0.05% Sodium DodecylBenzeneSulfonate (SDBS) and analyzed in negative ionization
mode without any MALDI matrix addition. Specific signatures were reproducibly observed for both
forms of GOs, with carbon cluster distributions ranging from C2-. (m/z 23.93) to C9-. (m/z 108.03) and
a base peak at m/z 71.99 corresponding to C6-. .

In addition, the limit of detection (LOD) was assessed by analyzing dilution series of 12C-GO on and
out of tissue sections, in order to evaluate method sensitivity in both conditions and matrix effect. LODs
were determined at 1ng/uL after deposition on indium tin oxide (ITO) slides and 5ng/uL on liver tissue
sections.

After confirmation of ITO slides compatibility with both imaging techniques, future objectives aim to
successively analyze 14C-GO in an animal model by the implemented dual imaging approach. Those
complementary results could be further exploited to study other carbon nanomaterials biodistribution.

Mots-Clés : Graphene, Biodistribution, Mass Spectrometry Imaging, Radioimaging
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Characterization and localization of synthetic
cannabinoid isomers in hair using MALDI-MSn
imaging [020]

Angéline Kernalléguen * 1.2 Christine Enjalbal 3, Georges Leonetti 2,
Anne-Laure Pélissier-Alicot #, Daniel Lafitte’ !

! Université Aix-Marseille, INSERM, CRO2, UMR S 911, PIT2 — Hopital de la Timone [CHU - APHM] : U911,
INSERM : U911 — Faculté de Pharmacie - 27 Boulevard Jean Moulin 13385 Marseille cedex 05, France
2 Université Aix-Marseille, CNRS, EFS, ADES UMR 7268 (ADES) — Faculté de Médecine - 27 boulevard Jean
Moulin - 13385 Marseille cedex 05, France
3 Université de Montpellier, IBMM, UMR 5247 (IBMM) — CNRS : UMR5247, Ecole Nationale Supérieure de
Chimie de Montpellier — Faculté de Pharmacie - 15 Av. Charles Flahault - BP 14 491
34093 Montpellier Cedex 5, France
4 Université Aix-Marseille, APHM, CHU Timone, Service de Médecine Légale — Hopital de la Timone [CHU -
APHM] — Faculté de Médecine - 27 boulevard Jean Moulin - 13385 Marseille cedex 05, France

Hair strands analysis documents punctual or regular drugs of abuse (DOA) consumption. At the be-
ginning of the 2000s, the hair analysis was associated with Matrix-Assisted Laser Desorption Ionization
mass spectrometry (MALDI) and new opportunities appear, such as high-throughput profiling or drug
monitoring. Mass spectrometry imaging (MSI) offers the unique possibility to map with high spatial
resolution several tens of species into only one intact hair, such as synthetic cannabinoids (SCs). The
SCs have multiple positional isomers but minor structural modifications lead to significant influence on
SCs pharmacokinetic and their affinity for the cannabinoid CB1 and CB2 receptors, and thus on their
potency in vivo. Drug-free hair samples were soaked overnight in a solution of JIWH-007, JWH-019 and
JWH-122, to simulate concomitant drug consumption. Intact hair samples were fixed onto ITO glass
blade and sprayed with ¢¢-cyano-4-hydroxycinnamic (CHCA) matrix. The JWH standard solutions and
hair were analyzed and mapped using MALDI QIT-TOF (Nitrogen laser, 337 nm, 20 Hz) and MALDI-
7090™ TOF-TOF (Nd:YAG laser, 355 nm, 500 Hz) mass spectrometers. Fragments ions were produced
through high- (TOF-TOF) and low-energy (QIT) fragmentation process. This talk will demonstrate the
high efficiency of the MALDI-MS#n and imaging combination to decipher along human hair strands,
three JWH synthetic cannabinoid isomers with a methyl group positional change on the SCs skeleton.
The MALDI QIT-TOF provides on one hand identification of JWH isomers using MS3 and in the other
hand, imaging in hair samples. The combination of MALDI-MS# and imaging is a real improvement:
without an extensive hair samples preparation, a high mapping resolution (laser pitch _~100 um) for a
precise chronological consumption history and a MS3 fragmentation to determine exact composition of
complex mixture, open new ways for precise elucidation of complex drugs in forensic issues using the
potency of the QIT-TOF/MSn fragmentation.

Mots-Clés : MALDI, Imaging, Hair analysis, Drugs monitoring, Isomers
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Apport et limites des approches non ciblées de
spectrométrie de masse a haute résolution pour la

caractérisation de ’exposome : cas des pesticides
[021]

Emilien Jamin 12, Adéline Delcambre 12, J ean-Francois Martin 1.2 Nathalie
Bonvallot 3, Emmanuelle Kesse-Guyot 4 Jean Pierre Cravedi 2, Laurent
Debrauwer * 1,2

I Metatoul Axiom platform - MetaboHUB, INRA, 180 chemin de Tournefeuille, Toulouse, France
2 UMR 1331 Toxalim - INRA-ENVT-INP-EIP-UPS, 180 chemin de Tournefeuille - Toulouse, France
3 EHESP-Irset (EHESP-Irset) — Ecole des Hautes Etudes en Santé Publique [EHESP], INSERM — Avenue du Pr. Léon Bernard CS74312 -
35043 - Rennes, France
4 Centre de Recherche Epidémiologie et Statistique Sorbonne Paris Cité — Université Paris 13, U.ER de Santé, Médecine et Biologie Humaine,
INSERM, INRA, Université Paris Diderot - Paris 7, Université Paris Descartes - Paris 5, 74 rue Marcel Cachin, 93017 Bobigny cedex, France

L’exposition de I’Homme aux contaminants alimentaires et environnementaux (tels que les pesti-
cides) est généralement estimée par des méthodes indirectes. Le bio-monitoring ciblé permet depuis les
années 2000 d’améliorer 1’estimation de 1’exposition mais se heurte aux quantités d’échantillon souvent
tres faibles pour des analyses aussi rigoureuses et sensibles que possible. Ainsi, les risques pour la santé
humaine associés a la multi-exposition aux mélanges complexes restent actuellement sous-explorés et
les questions suivantes constituent toujours des défis : pouvons-nous évaluer 1’exposition aux polluants
a partir de bio-fluides de fagon non ciblée ? Quelle est I’influence de ces expositions multiples sur le
métabolome ? Quels mécanismes pourraient &tre impliqués dans les perturbations métaboliques ob-
servées ?

Pour tenter de répondre a ces questions, nous avons développé un workflow complet d’analyses métabolomiques
non ciblées basées sur la spectrométrie de masse haute résolution (HRMS) et la RMN pour évaluer
d’une part 1’exposition des sujets aux pesticides et d’autre part les effets de cette exposition sur leur
métabolisme général.

Ce workflow a été appliqué dans le cadre de deux études différentes. L’une a été menée a partir de 338
échantillons d’urine de femmes enceintes (cohorte PELAGIE, Bretagne), classifiés en 3 groupes selon la
surface consacrée a I’agriculture céréaliére dans leur commune de résidence. La seconde a concerné 300
échantillons urinaires issus de sujets (cohorte NUTRINET, France) consommant une alimentation issue
majoritairement de I’agriculture dite biologique vs. I’agriculture dite conventionnelle.

Les résultats présentés tenteront de montrer que ces approches non ciblées peuvent apporter des informa-
tions non seulement sur I’exposition aux contaminants grice a 1’identification de métabolites urinaires
de pesticides dans une démarche de ™ suspect-screening ”, mais aussi sur I’impact potentiel de ces expo-
sitions complexes sur le métabolisme, en s’intéressant non plus aux contaminants eux-mémes mais aux
variations des concentrations en métabolites endogenes tels que révélées dans 1'urine.

Mots-Clés : métabolomique, exposome, spectrométrie de masse, pesticides, métabolites
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LC-HRMS based metabolomics to highlight
biotransformation products and unexpected effects
of diclofenac in Mytilus galloprovincialis [022]

Bénilde Bonnefille , Elena Gomez , Mellis Alali , Hélene Fenet ,
Frédérique Courant * !

! Hydrosciences Montpellier (HSM) — Université de Montpellier (UM) — Faculté de Pharmacie, 15 Avenue
Charles Flahault, 34 093 Montpellier Cedex 5, France

Diclofenac (DCF) has become a major contaminant of interest as shown by its inclusion in the EU

Water Framework Directive (2015/495/EC). Relatively little is known regarding its biotransformation
and unexpected effects (beyond the mechanism of action). Metabolomics seems to be a promising ap-
proach to investigate them. Indeed, metabolomics profiles acquired from aquatic organisms may reveal
i) exposure through the detection of contaminants and their biotransformation products and ii) effects
through the investigation of endogenous metabolites modulation after the exposure.
To demonstrate the approach feasibility, an experiment was carried out whereby marine mussels were
exposed for 7 days to ethanol (< 10/00, vehicle) or to 100 ng/L DCF. Analytical methods relying on Lig-
uid Chromatography-High Resolution Mass Spectrometry were developed to generate metabolic profiles
from mussel’s tissues. The obtained profiles for both groups (controls and exposed) were compared.

We highlighted DCF and 13 DCF metabolites in exposed mussels. Three of them were phase I metabo-
lites such as 4’-hydroxy-diclofenac, and 10 were phase II metabolites such as amino acids conjugates.
Five were reported for the first time in an aquatic organism. Regarding the effects, we evidenced the
modulation of steroid hormone biosynthesis, dopaminergic and serotoninergic pathways. These three
pathways are involded in spawning modulation in mussels (2-4). Moreover, steroid hormones have been
described as involved in neurotransmitters activity modulation (5). Our results suggest a potential threat
of DCF on mussel’s reproduction. Metabolomics appears then to be an appropriate approach to highlight
in a comprehensive manner biotransformation products and unexpected effects in mussels exposed to
DCFE.

(1) Holmes et al., Anal. Chem. 79, 2629 (2007).

(2) Wang & Croll, Aquaculture 256, 423 (2006).

(3) Fong et al., J. Exp. Zool. 267, 475 (1993).

(4) Fong et al., J. Exp. Zool. 266, 79 (1993).

(5) Lafont & M. Mathieu, Ecotoxicology 16, 109 (2007).

Mots-Clés : pharmaceuticals, non, targeted profiling, neurotransmitters, steroid hormones, reproduction
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Ecotoxicity of sunlight irradiated marketed
mixtures of acetamiprid and structural
characterisation of unknown photoproducts [023]

Edith Nicol i I Caroline Berenger !, Ségolene De Vaugelade 2, Svetlana
Vujovic !, Sophie Bourcier !, Stéphane Bouchonnet !

I Laboratoire de chimie moléculaire (LCM) — Polytechnique - X, Université Paris-Saclay, CNRS : UMR9168 —
Ecole polytechnique 91128 Palaiseau Cedex, France
2 EXPERTOX Laboratory — EXPERTOX — 75011 PARIS, France

One of the major issues of our time is the impact of pesticides on health and environment in terms of
toxicity and ecotoxicity. The main concern is that most of their degradation products remain unknown,
explaining the growing number of studies trying to clear up this topic. Crops treated with insecticides
are directly exposed to sunlight irradiation, which may lead to compounds harmful for human and envi-
ronment.

Studies about photodegradation of several fungicides have already been carried out, often showing an
increased toxicity of the irradiated samples, and the ability of photoproducts to cross the skin of fruits.
Very recently, photoreactions between the pesticide and the matrix have started to be considered and this
work follows on this pathway.

Polysect and Roseclear are marketed mixtures directly sprayed on vegetables to protect them, among
others, from aphids, cochineals, thirps or colorado potato beetles. They contain acetamiprid (the insec-
ticide) and additives such as 1,2-benzisothiazoline-3-one for Polysect or a fungicide (triticonazole) for
Roseclear, identified as preserver and having an antifungal activity.

UV-visible irradiation was performed first on acetamiprid, then on both marketed mixtures. These stud-
ies allowed the identification of the degradation products. Chemical interaction with the additives and
their influence on the degradation rate of acetamiprid and the appearance of the photoproducts were also
studied. All these investigations were carried out with LC-HR-MS/MS, to obtain precise identification
of the structures and to propose photochemical and fragmentation mechanisms.

Experiments were performed to estimate the toxicity of the sample on several living organisms (TEST
QSAR software) and to confirm the ecotoxicity estimated using in silico tests on Vibrio fisheri bacteria.
The main photoproducts observed and their potential toxicities will be discussed, as well as the occur-
rence of intermolecular reactions within the marketed mixtures and their consequences on ecotoxicity
and human health.

Mots-Clés : Ecotoxicity, acetamiprid, LC HR MS/MS, photodegradation, marketed mixtures
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Intrinsic ion mobility peak width as an indicator of
isomeric species distribution in petroleum using ion
mobility - mass spectrometry [024]
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! Total Raffinage Chimie (TRTG) — Département Analyse BP 27 - 76700 Harfleur, France
2 Waters Corporation — Stamford Avenue, Altrincham Road, Wilmslow, Cheshire. SK9 4AX, Royaume-Uni
3 Normandie Univ, FR 3038; IRCOF, (COBRA) - Université de Rouen, CNRS : UMR6014, INSA Rouen — 1 rue
Tesniere, 76821 Mont St Aignan cedex, France

Ion mobility coupled with mass spectrometry was proved to be efficient way to characterize complex
mixtures such as petroleum samples (1,2). However, the identification of isomeric species is difficult ow-
ing to the molecular complexity of petroleum and no availability of standard molecules (3). This work
proposes a new simple indicator to estimate the isomeric content of highly complex mixtures. This indi-
cator is based on the full width at half maximum (FWHM) of the extracted ion mobility peak measured
in millisecond or square angstrom which is corrected for instrumental factors such as ion diffusion (4).
This value can be easily obtained without precisely identifying the number of isomeric species under the
ion mobility peaks. Actually, considering the Boduszynski model, the ion mobility profile for a partic-
ular elemental composition is expected to be a continuum of various isomeric species. The drift time
dependent fragmentation profile was studied and confirmed this hypothesis showing a continuous evolu-
tion of the fragmentation profile showing that the larger alkyl chain species were detected at higher drift
time values. Finally, this new indicator was proved to be a fast and efficient method to compare vacuum
gasoils for which no difference was found using other analytical techniques.

(1) Lalli, PM., Jarvis, J.M., Marshall, A.G., Rodgers, R.P. Energy Fuels 31, 311-318 (2017).

(2) Maire, F., Neeson, K., Denny, R., McCullagh, M., Lange, C., Afonso, C., Giusti, P. Anal. Chem. 85,
5530-5534 (2013).

(3) Farenc, M., Corilo, Y.E., Lalli, PM., Riches, E., Rodgers, R.P., Afonso, C., Giusti, P. Energy Fuels
30, 8896-8903 (2016).

(4) Jeanne Dit Fouque, K., Afonso, C., Zirah, S., Hegemann, J.D., Zimmermann, M., Marahiel, M.A.,
Rebuffat, S., Lavanant, H. . Anal. Chem. 87, 1166-1172 (2015).

Mots-Clés : ion mobility, mass spectrometry, petroleomics, isomers
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Proteomic analysis reveals strong secretion of I1L.-9
by group2 innate lymphoid cells upon IL-33/TL1A
co-stimulation [025]

Anne Gonzalez De Peredo * 1 Mylene Camus I Corinne Cayrol I Anais
Duval !, Odile Burlet-Schiltz !, Jean-Philippe Girard !

! Institut de Pharmacologie et Biologie Structurale (IPBS), UMRS5089 CNRS - Université de Toulouse (IPBS) —
CNRS : UMR5089 — 205 route de Narbonne, 31077 Toulouse, France

Group 2 innate lymphoid cells (ILC2s) are key players of innate immunity, producing high amounts
of Th2 cytokines IL-5 and IL-13. They are major targets of the epithelial cytokine interleukin-33 (IL-33),
which is critically involved in allergic inflammation and asthma. However, the mechanisms of ILC2s’
response to the stimulation by IL33 and other activators, such as the TNF-family cytokine TL1A, are not
fully understood.
We used a large-scale quantitative mass spectrometry approach to characterize the proteome of ILC2s
and its modulation following stimulation. Mouse ILC2s were isolated from lungs, stimulated in-vitro
with IL-33 alone or in combination with other cytokines, and analyzed by nanoLC-MS/MS on a fast-
sequencing Orbitrap Fusion mass spectrometer, followed by label-free quantification.

We mined the proteome of ILC2s to a depth of more than 5000 proteins and detected about 200 pro-
teins significantly modulated following IL-33 stimulation, including IL-5 and IL-13 but also several cell
surface proteins and transcription factors. Interestingly, our unbiased proteomic approach revealed that
stimulation of ILC2s with a combination of IL.-33 and TL1A specifically induced a major up-regulation
of IL-9, a key driver of allergic inflammation at mucosal surfaces. Further analysis by flow-cytometry,
ELISA and RT-qPCR showed that IL.-33 synergizes with TL1A to induce prodigious amounts of IL-9 se-
cretion by ILC2s. The IL-9 production was transient and associated with a phenotypic shift characterized
by upregulation of pSTATS5 and downregulation of the ILC2 master transcription factor GATA-3. Finally,
in vivo experiments showed that the IL.-33/TL1A co-stimulation induces IL-9 high ILC2s in lungs, and
that these cells are potent inducers of allergic airway inflammation.

This is the first proteomic characterization of ILC2s and their response to IL-33 activation. Importantly,
we describe for the first time stimulatory conditions that induce the secretion of IL-9 by ILC2s, up to
levels significantly higher than previously described for Th9 cells.

Mots-Clés : large, scale proteomics, label, free quantification, immune cells, immunology, ILC2, IL33, cytokine

Programme

*Intervenant

75



Carbon 12 metabolic labeling for high-throughput
quantitative proteomics [026]
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U nstitut J acques Monod (IJM) — Université Paris Diderot - Paris 7, CNRS : UMR7592 — Université Paris
Diderot, Bat. Buffon, 15 rue Héléne Brion, 75205 Paris cedex 13, France

Many quantitative proteomics strategies rely on in vivo metabolic incorporation into proteins of
amino acids with modified stable isotopes profiles. These methods give rise to multiple ions for each
peptide, with possible distortion of the isotopologs distribution, making the overall analytical process
complex. By reducing the isotopic composition of proteins in vivo we bring a new dimension to in-
depth, high resolution MS-based quantitative proteomics that alleviates these problems. We used U-
[12C]-glucose as the metabolic precursor of all amino acids in yeast. This substantially increased the
peptide monoisotopic ion intensity in bottom-up analyses, greatly improving identification scores and
protein sequence coverage. Multiplexing samples of 12C composition varying from natural abundance
to 100% 12C makes it possible to address quantitative proteomics, keeping all the critical information
within a single isotopologs cluster. We applied this method to measure for the first time protein turnover
at the proteome scale in the pathogenic yeast Candida albicans.

Mots-Clés : quantitative proteomics, metabolic labeling, protein turnover, isotopes, Candida albicans
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Ultra-Short Column-Differential Mobility
Spectrometry-Mass Spectrometry for Monitoring
Oxidative Stress Markers in Human Whole Blood

[027]

Sophie Bravo-Veyrat j I Gérard Hopfgartnerf I
! Université de Geneve — 24 Quai Ernest Anserment 1211 Genéve, Suisse

Stability of blood bag during the forty-two days of legal storage is of prime importance as it can

affect the patient status. The analysis of thiols metabolites (e.g. reduced and oxidized glutathione, re-
spectively GSH and GSSG) are used to determine the oxidative stress subjected to the red blood cells
(RBCs) during storage. Beside many different methods LC-MS assay was found to be time consuming
to allow the screening of large set of blood samples. In the present work Differential Ion Mobility spec-
trometry using modifiers coupled to tandem mass spectrometry (DMS-SRM/MS) was investigated as an
alternative to LC-SRM/MS for quantitative high throughput analysis of oxidative stress markers using
ultra-short LC-columns.
The metabolites were derivatized prior analysis with N-ethylmaleimide (NEM). Ultra-short LC-DMS-
SRM/MS method was developed on a 5500 QTrap from AB Sciex equipped with positive mode electro-
spray. Chemical modifiers (methanol, isopropanol, acetone, toluene) were added to the nitrogen transport
gas. MRM transitions, separation voltage (SV) and compensation voltage (CoV) were optimized for the
separation of the thiol metabolites. Ultra-short columns (2 x 10 mm) with different physicochemical
properties were automatically screened with the PROSPEKT-2 using ballistic gradients.

Derivatization of the compounds was required for analyte stabilization and ESI signal enhancement
(increase of GSH signal by at least 1000-fold). Signal suppression is divided by a factor of 2 thanks
to the Ultra-short LC column enabled to reduced matrix suppression effect by at least a factor of 2-3.
The Differential lon Mobility was found to be essential to increase the selectivity to measure accurate
concentrations. These results show that separation based on ultra-short LC - Differential Ion Mobility
with modifiers allows the development of high-throughput assays (less than 1 minute) for thiols metabo-
lites with good linearity, selectivity and accuracy. The Ultra-short LC-DMS-SRM/MS assay was cross-
validated with an LC-SRM/MS assay using a Hypercarb column.

Mots-Clés : Differential Mobility Spectrometry, Mass Spectrometry, Ultra short column, High throughput, Ox-
idative stress, Glutathione, Thiols
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Regulation of Metabolic Enzymes by Lysine
Deacetylase Inhibitors in A549 Non-Small Cell
Lung Cancer Cells [028]
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! Department of Biochemistry and Molecular Biology, IBUB, Faculty of Biology, Universitat de Barcelona and
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2 LBFA et BEeSy, PROMETHEE Proteomic Platform — Université Grenoble Alpes, Centre de Recherche
INSERM, CHU Grenoble — Plate-forme de Protéomique Promethée Institut de Biologie et Pathologie, CHU de
Grenoble - Boulevard la Chantourne, Grenoble, France

Metabolic reprogramming is nowadays known as a hallmark of cancer. It enables cancer cells to
adapt their cellular metabolism to new environmental conditions of limited nutrient and oxygen sup-
ply that are characteristic in the tumor microenvironment. Protein lysine acetylation has also emerged
recently as a metabolism-coordinating mechanism and growing evidence has shown that acetylation
regulation of metabolic enzymes plays an essential role in cancer. Consequently, inhibitors of lysine
deacetylases (KDACis) have drawn attention as promising strategies for therapeutic intervention. Ac-
cording to this statement, this study aimed to analyse the changes in the proteome of A549 non-small
cell lung cancer (NSCLC) in response to hypoxia and KDACi treatments with a special focus on the
proteins associated with metabolism. The quantitative proteomics approach was carried out by using
the FASP (Filter Aided Sample Preparation) method combined with a dual protease digestion (Lys-C/
trypsin) before labelling the resulting peptides with iTRAQ 8-plex reagents. Then, the labelled peptides
were fractionated in two dimensions (OFFGEL/RP nanoL.C) prior MALDI-TOF/TOF mass spectrometry
analysis. MS and MS/MS data were analysed by Protein Pilot software and quantitation was validated
by the R package IsobarPTM. This proteomic approach led to the identification and quantitation of 834
proteins and evidenced the capacity of KDACis to reverse the tumor metabolic phenotype, an effect
enhanced under hypoxia conditions, by changing metabolic enzyme expression profiles, especially in
glycolysis and Krebs cycle. These enzyme expression changes were validated by Western Blot analysis.
Moreover, glucose uptakes, production of lactate analysis and enzyme activity determination corrob-
orated the implication of these enzymes in the reversion of the A549 NSCLC metabolic phenotype.
Together, these results allow us to better understand how KDAC inhibitors control metabolic pathways
under hypoxia in NSCLC.

Mots-Clés : Non small cell lung cancer, metabolic reprogramming, inhibitors of lysine deacetylases, quantitative
proteomics
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Weighing intact viral capsids using
nanomechanical resonators mass spectrometry
[029]

Shawn Fostner !, Sergio Dominguez Medina 2, Emeline Vernhes 3, Marc
Sansa Perna !, Thomas Alava !, Ann-Kathrin Stark 2, Pascale Boulanger 3
Sébastien Hentz !, Christophe Masselon *' 2

! Laboratoire d’Electronique et des Technologies de I'Information — CEA : DRT/LETI, Université Grenoble
Alpes [Saint Martin d’Heres] — MINATEC 17, rue des Martyrs, 38054, Grenoble Cedex 9, France
2 CEA Grenoble (DRF/BIG/BGE) (Laboratoire de Biologie 4 Grande Echelle) — 17 Avenue Des Martyrs
Grenoble 38054 Cedex 9, France
3 Institut de Biologie Intégrative de la Cellule (I2BC) — Université Paris-Sud - Paris 11, CEA : DSV/I2BC,
Université Paris-Saclay, CNRS : UMR9198 — Batiment 21, 1 avenue de la Terrasse, 91198 Gif/Yvette cedex,
France

Knowing the mass of an intact virus can be an important quality control parameter in the develop-
ment of new vaccines, as well as to provide complementary characterization of their protein capsids and
genome contents. However, measuring the mass of large viruses of 10’s to 100’s of MDa is challeng-
ing for both micro-gravimetric techniques (Quartz-crystal microbalance) due to mass sensitivity issues,
and for conventional mass spectrometry due to limitations in particle ionization and transfer. We have
measured the inertial mass of intact viral capsids of the bacteriophage T5, a virus that infects E. Coli,
using nano electromechanical resonators (NEMS). NEMS measure mass by detecting a change in their
resonance frequency upon individual capsids landing on its surface, acting as both mass detector and
analyzer. This measurement has been possible due to an improved three-stage mass spectrometer ar-
chitecture that can transfer analytes with high efficiency from their liquid phase to a NEMS detector in
vacuum across three stages: a nebulization source, a focusing interface and a detection chamber [US
Patent application US20140250980 A1]. First, analytes in solution are nebulized using surface acoustic
wave nebulization under ambient pressure. The nebulized droplets are introduced in a vacuum system
and desolvated through a heated capillary inlet. Then, an aerodynamic lens composed of a series of aper-
tures focuses the particle beam down to a spot of approximately 1 mm in diameter and onto the NEMS
detector, without the need of ion guides. The system analyte transfer and focusing efficiency have been
thoroughly characterized using polystyrene nanoparticles (10 — 40 nm) with similar density to those of
the viral capsids, and a mass calibration method was developed. The high sensitivity of the system al-
lowed capsids mass measurement starting from minute sample amounts (tens of pg corresponding to few
picomoles).

Mots-Clés : Nano, electromechanical Systems, neutral mass spectrometry, viral particle, Megadalton
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Etude de la préservation des kératines de cheveux
de momies par une approche protéomique
spécifiquement dédiée [O30]

Armelle Charrié-Duhaut i 1 Margaux Fresnais I Pascale Richardin 2,
Emmanuelle Leize-Wagner !

' Laboratoire de Spectrométrie de Masse des Interactions et des Systemes (LSMIS), Université de Strasbourg,
CNRS, CMC UMR 7140 (LSMIS - UMR 7140) — Institut Le Bel, 7 étage - 4, Rue Blaise Pascal 67081
Strasbourg Cedex, France
2 Centre de Recherche et de Restauration des Musées de France (C2RMF) — Ministere de la Culture et de la
Communication — Palais du Louvre — Porte des Lions 14, quai Frangois Mitterrand 75001 Paris, France

Le cheveu étant un bioindicateur puissant utilisé dans les études toxicologiques et environnemen-

tales, I’analyse de sa structure moléculaire représente un enjeu crucial, mais constitue également un réel
défi analytique du fait de sa complexité. Dans ces travaux, I’accent a été mis sur 1’estimation de I’état
de conservation des fibres capillaires au niveau moléculaire en s’appuyant sur un corpus de cheveux de
16 momies datées de 6500 av. J.-C. a 1500 ap. J.-C ainsi que sur différents cheveux actuels. En con-
texte archéométrique, ces données sont importantes pour notamment adapter les stratégies analytiques,
s‘assurer de la fiabilité des résultats obtenus et permettre la mise en place de protocoles de conservation
de ces archéomatériaux grace a une meilleure compréhension de la structure capillaire. Les cheveux de
momies offrent également un modele idéal pour étudier la dégradation des cheveux modernes.
Par une approche protéomique ~ bottom-up ~ développée spécifiquement au laboratoire (1), il a été
prouvé que les kératines, protéines majoritaires des cheveux, pouvaient y étre identifiées avec de bons
scores d’identification et des taux de recouvrement élevés. Les analyses optiques (SEM) et structurelles
(FTIR) montrent un degré de préservation relativement bon en surface. Différents indices moléculaires
ont cependant été mis en évidence indiquant des modifications moléculaires.

Ainsi ’empreinte peptidique massique par MALDI-MS est clairement différente entre cheveux mod-
ernes et anciens. De méme, I’identification des protéines par nanoLC-ESI-MS/MS suggere une dégra-
dation préférentielle des protéines minoritaires (KAPs, cytokératines) par rapport aux kératines. L’étude
de PTMs spécifiques comme par exemple la déamidation des asparagines et glutamines connue pour étre
une horloge biologique moléculaire (2) donne acces également a des marqueurs d’altération.

(1) Fresnais et al. 2017, Omics: J. Integrative Biol., in press
(2) Hurtado and O’Connor 2012, Anal. Chem., 82:3017-3025

Mots-Clés : archéométrie, kératines, protéomique, cheveux, momie, modifications post, traductionnelles
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Bridging the technological gap between mass
spectrometry and spectroscopy for the structural

resolution of isomers: application to glycomics
[031]

Baptiste Schindler * ! Loic Barnes !, Gina Renois Predelus !, Stéphane
Chambert 2, Abdul-Rahman Allouche !, Isabelle Compagnon '3

! Institut Lumigre Matiére [Villeurbanne] (ILM) — Université Claude Bernard Lyon 1, CNRS : UMRS5306 — Domaine
Scientifique de La Doua Batiment Kastler, 10 rue Ada Byron 69622 Villeurbanne cedex, France
2 Institut de Chimie et Biochimie Moléculaires et Supramoléculaires (ICBMS) — Université Claude Bernard Lyon 1, INSA
Lyon, Ecole Supérieure Chimie Physique Electronique de Lyon, CNRS : UMR5246 — Batiment CPE 43, Bld du 11 novembre
1918 69622 Villeurbanne cedex, France
3 Institut Universitaire de France (IUF) — Ministere de I’Education nationale, de 1'Enseignement supérieur et de la Recherche
— Maison des Universités 103 Boulevard Saint-Michel 75005 Paris, France

Spectroscopies (NMR, Raman ...) and Mass Spectrometry are two powerful structural tools and
are commonly used for the identification of molecular structures. On one hand, Spectroscopies, which
provide a detailed structural information, usually require high quantity and purity. On the other hand,
Mass Spectrometry requires lesser sample and purity. Nonetheless, one of the key limitation of Mass
Spectrometry is the disambiguation of isomers for which the MS/MS fingerprint obtained by various
fragmentation techniques (CID, ETD...) could be insufficient. In this context, the development of hy-
phenated MS-based approaches is crucial to provide an additional dimension of structural information
and methods like ion mobility and laser spectroscopy are particularly promising.

Our approach is to combine the best of Two Worlds: Mass Spectrometry and Spectroscopy. We have
built an instrument coupling Mass Spectrometry and Vibrational Spectroscopy (InfraRed Multiple Pho-
ton Dissociation), dedicated to the structural characterization of biomolecules. This instrument requires
typical MS conditions and offers the structural resolution of spectroscopic techniques.

In our group at Institut Lumiére Maticre, this instrument is dedicated to the structural elucidation of
carbohydrates. This class of biomolecules is particularly difficult to characterize due to the frequent oc-
currence of isomerisms:

- the nature of the monosaccharide content

- the regiochemistry of the glycosidic bond linking two carbohydrate moieties

- the anomer stereochemistry (@ or ) - the structure of the monomeric ring (pyranose or furanose)

- the identification of the position of commonly observed modifications such as sulfation or acetylation
In this presentation, we will focus on the potential of this hyphenated technique for carbohydrate analy-
sis.

Mots-Clés : glycomics, IRMPD, vibrational spectroscopy, glycan, structural characterization
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De la formation des ions sous ESI a leur
dissociation: une histoire différemment percue sous
la haute résolution [O32]

Jean-Claude Tabet * !

I CEA, iBiTec-S, SPI, LEMM CEA-Saclay et Sorbonne Universités, UPMC Univ Paris 06, CNRS, Institut
Parisien de Chimie Moléculaire, — Université Pierre et Marie Curie - Paris 6, CEA Saclay, Gif Sur Yvette, France
et 4 place Jussieu, 75005 Paris, France

L’étude de la structure, et de la dissociation, d’especes moléculaires monomériques ou multimériques

(systemes non-covalents: SNC) cationisées (ou non) préparées sous ESI a été un axe important de nos
travaux. Des 2000, étudiée sous basse résolution avec des tandems a faisceau ou a piégeage d’ions, la
dissociation d’especes cationisées avec métaux de transition permet la distinction de monosaccharides
stéréoisomeres par Felll. De par sa capacité a se réduire en Cul, Cull conduit in situ aux radicaux sur des
monomeres cationisés permettant I’élimination de radicaux ou la charge reste “spectatrice”. Il résulte:
(i) la localisation d’insaturation d’acides gras, (ii) la distinction de peptides isomeres (L/I) et isobares
(Q/K). La dissociation de complexes ternaires Cull/aminoacides permet d’attribuer la chiralité. Toute-
fois, la structure de SNC d’un complexe cationisé évolue durant son passage de sa forme solvatée a celles
”dénudée”.
L’ultra haute résolution en FIT/MS a permis de comprendre le mécanisme de certains processus inat-
tendus. Ainsi les dissociations détaillées de SNC (DNA/médicament ou DNA/peptides) montrent une
compétition entre séparation directe des partenaires et clivage spécifique de liaisons covalentes. Cette
différence est attribuée selon la charge a la formation de ponts salins (PS, liés aux zwitterions) plus
stables que les liaisons hydrogene (LH). Toutefois, la compétition PS/LH entre phospho-hexoses et R
est montrée dépendante de la désolvatation. Leurs dissociations complexes sont éclairées grace aux
échanges H/D (HDX) et effets de stéréochimie. Le futur sera tourné vers la mobilité d’ions pour fournir
des preuves directes sur les conformations de tels complexes. Pour des systemes simples comme 1’anion
aspartate, la HR associée aux HDX, et la compréhension instrumentale, montrent comment la sélection
des ions influence les fragmentations. Finalement, la constitution de banque de données HRMS/MS
contribuera a I’élucidation structurale de métabolites de novo grice a une meilleure compréhension de
I’instrumentation et des processus de dissociation.

Mots-Clés : Activation resonante/non résonante, complexe non covalent, cationisation, echange H/D, pont salin,
calculs quantiques
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The development of HR-MAS NMR towards ug
biospecimens [O33]

Alan Wong i ! Yusuke Nishiyama 2

! Laboratoire de Structure et Dynamique par Résonance Magnétique (LSDRM) — NIMBE, CEA, CNRS,
Université Paris-Saclay, CEA Saclay 91191 Gif-sur-Yvette, France
2 JEOL RESONANCE Inc. — 3-1-2 Musashino, Akishima, Tokyo 196-8558, Japon

NMR has already proven to be a tremendous spectroscopic tool in the field of metabolomics in living
specimens. Its major weakness is the low detection sensitivity that renders the analysis of microscopic
quantities (< 1mg-scale) impractical, time consuming and often impossible. The use of micro-size NMR
detection coils is consider a cost effective approach; however, implementing a microcoil for heteroge-
neous biospecimens such as tissues, cells and organisms is a challenging task. This is because of the
necessity of rapid sample rotation of the specimens at a specific angle, 54.740, to the magnetic field. The
technique denotes as Magic-Angle Spinning (MAS) NMR. It is commonly applied to solid materials.
Depending on the diameter of the MAS detection coil, MAS can be applied to a wide range of sample
mass from 500 mg with a large coil diameter 7-mm probe, to For this reason, there are no suitable tMAS
probes for metabolomic studies prior to 2014. This talk will present the ‘progress’ of the MAS devel-
opments towards metabolomics of g specimens. It will briefly outline (i.e. sensitivity, resolution and
practicality) two different tMAS approaches: (i) using a t-size inductively coupled resonator, High-
Resolution Magic Angle Coil Spinning (HRMACS); and (ii) the use of a specially designed standalone
UMAS probe, High-Resolution micro-Magic Angle Spinning (HRuMAS).

Mots-Clés : HRMAS, uMAS
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Mise en place d’une approche combinée MS-RMN
pour aider a ’'interprétation des données de
stabilité des médicaments [034]

Cécile Palaric * 1?3, Roland Molinié !, Jean Xavier Fontaine !, Dominique
Cailleu 2, Serge Pilard 2 Tristan Renaud 3, Alain Petit 3

! Laboratoire de BIOlogie des Plantes et Innovation (BIOPI) — Université de Picardie Jules Verne : EA3900 — 33
Rue Saint Leu, 80000 Amiens, France
2 Plateforme analytique (PFA) — Université de Picardie Jules Verne
33 rue Saint-Leu, 80039 Amiens Cedex, France
3 Technologie Servier — Département Chimie Structurale — 25/27 rue Eugéne Vignat, 45000 Orléans, France

Avant la mise sur le marché (AMM), les stabilités d’une spécialité pharmaceutique (PF) et de son
principe actif (PA) doivent €tre étudiées selon les recommandations ICH. Ces études de dégradation (tem-
pérature, pH, oxydation,...) conduisent souvent a des mélanges complexes qui sont analysés en premiére
intention par couplage LC/UV/MS-MS (1). Les limites de cette approche sont I’absence de quantifica-
tion précise et globale des composés détectés en UV et/ou MS et le caractere hypothétique des structures
proposées a partir des spectres MS-MS. Dans ce cadre, la RMN n’est souvent utilisée que dans un second
temps, apres une ou plusieurs étapes de purification, pour confirmer la structure des composés majori-
taires. Or, depuis quelques années, dans les domaines de la métabolomique et de la métabonomique, des
travaux combinant plusieurs techniques spectrales ont été décrits et le traitement des données a 1’aide
de méthodes statistiques et d’outils de prédiction a été abordé (2). Dans le cadre de notre projet, une
approche combinant des données MS et RMN a été développée sur des mélanges issus de la dégradation
forcée (HCIl et NaOH) de I'Indapamide. L’objectif est de caractériser et de quantifier I’ensemble des
composés présents dans les profils de dégradation. La stratégie utilisée a donc nécessité la mise en place
d’une méthode générique de préparation des échantillons, 1’optimisation des acquisitions MS et MSE
et leur retraitement automatisé par le logiciel UNIFI(Waters) et également I’amélioration de la qualité
des spectres RMN en terme de résolution et de sensibilité par I’acquisition de données mesurées avec un
échantillonnage partiel (NUS) (3), permettant d’identifier les produits de dégradation présents jusqu’a
1%.

(1) Attia et al., Anal Methods, 2016, 8 (8), 1836-1851.
(2) Bingol et al., Anal. Chem., 2015, 87 (7), 3864-3870.
(3) Le Guennec et al., Magn. Reson. Chem., 2015, 53 (11), 913-920.

Mots-Clés : produits de dégradation, mélanges complexes, approche combinée, RMN, MS.
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Recherche des marqueurs de la production de
méthane chez la vache laitiere [O35]

Bénédict Yanibada i I Hamid Boudraf 1 Diego Morgavi I Laurent
Debrauwer 2, Cécile Martin !, Roselyne Gautier 2 Cécile Canletf 2

! Unité Mixte de Recherche sur les Herbivores (UMRH) — VetAgro Sup : UMR1213, INRA
[Auvergne/Rhone-Alpe] : UMR1213 — 63122 St-Genes-Champanelle, France
2 Toxalim Axiom platform Metatoul MetaboHUB - UMR 1331 — INRA [Toulouse] — 180 chemin de
Tournefeuille, Toulouse, France

Le méthane, puissant gaz a effet de serre (GES), est produit dans le rumen des bovins par la fer-
mentation microbienne anaérobie des aliments. Cette production est également responsable d’une perte
d’énergie pour 1’animal représentant 6 % a 8 % de 1’apport alimentaire. Pour ces raisons, plusieurs
travaux de recherches sont entrepris pour réduire ces émissions, en jouant sur la composition des aliments
ou sur I'utilisation d’additifs alimentaires. La mesure des émissions de méthane se fait par différentes
techniques. Cependant, ces méthodes présentent des inconvénients, notamment le cofit ou encore la
difficulté d’application a grande échelle sur le terrain. C’est pourquoi notre projet consiste a explorer
la présence de marqueurs indirects de production de méthane par des approches métabolomiques. Le
travail expérimental vise a établir une preuve de concept, en combinant I'utilisation d’un composé anti-
méthane spécifique avec une analyse des profils métaboliques de 4 matrices (le lait, I’urine, le sang et le
jus de rumen) par une approche multiplateforme. Nous présentons ici les résultats de la mise au point de
la préparation des échantillons de lait destinés a I’analyse des profils métaboliques par RMN (Résonance
Magnétique Nucléaire). Pour cela, 8 méthodes de préparation d’échantillon ont été testées et évaluées
en termes de qualité visuelle des spectres, de répétabilité, d’efficacité et de rendement d’extraction. Au
terme de 1’évaluation, 1’extraction au méthanol a été retenue pour 1’analyse des profils métaboliques.
La méthodologie a été validée sur des échantillons de lait provenant d’une expérimentation utilisant 16
vaches laitieres réparties en 2 groupes dont I’'un a recu un additif alimentaire qui réduit les émissions
de méthane de 30 % (Guyader, 2016). L’ analyse statistique multivariée a montré une séparation des 2
groupes d’animaux et I’identification des marqueurs discriminants est en cours.

Mots-Clés : Ruminants, méthane, biomarqueurs, métabolomique
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Développement d’un protocole de pré-traitement
analytique pour I’analyse métabolomique par
RMN d’échantillons rénaux congelés dans ’OCT
(Optimal Cutting Temperature compound) [O36]

Justine Leenders * I Pascal De Tullioi 1 Francgois Jouret , Antoine Buemi ,
Michel Mourad

! Centre Indisciplinaire de Recherche sur le Médicament (CIRM) — Institut de Pharmacie Quartier HOPITAL -
Av. Hippocrate, 15 (Bat. B36) Sart-Tilman B-4000 Liege, Belgique

Les nombreuses biopsies stockées au sein des biobanques,représentent une mine d’information im-

portante pour la compréhension de 1’étiologie des pathologies et la recherche d’approches thérapeu-
tiques personnalisées. Cependant, de par leur conservation dans des milieux de préservation tels que
I’OCT (Optimal Cutting Temperature compound), ils ne sont que peu utilisables pour des analyses
métabolomiques basées sur la RMN. En effet, la présence de signaux relatifs a I’OCT vient interférer de
maniere significative avec les données spectrales des métabolites. Afin de réduire I’impact de ces signaux
et de rendre accessibles ces échantillons, nous avons développé et validé une méthode de prétraitement
analytique capable d’éliminer I’OCT.
A cette fin, des échantillons rénaux provenant soit d’un modele murin, soit de biopsies humaines ont été
utilisés. Chez la souris, une ischémie rénale suivie d’une reperfusion est induite. Les reins ischémiés et
non ischémiés sont coupés en deux fragments. L'un est congelé dans I’azote liquide (LN2) tandis que
le second est placé dans I’OCT avant congélation. Chez I’homme, deux biopsies sont prélevées chez
chaque patient avant transplantation et soit congelées dans 1’azote liquide, soit placées dans I’OCT.

Différentes méthodes d’élimination de I’OCT par lavages des échantillons ont été évalués avant I’utilisation
des échantillons. Un protocole optimisé a été obtenu permettant de réduire sensiblement I’OCT en min-
imisant la perte de métabolites. Afin d’évaluer I’impact de ce protocole sur les résultats métabolomiques,
les données obtenues avec les échantillons ” OCT * apres lavage et LN2 ont été comparés via des méth-
odes statistiques multivariées. Cette comparaison montre clairement que le protocole développé n’ affecte
pas de maniere significative les résultats tant au niveau murin qu’humain.

Le développement de ce protocole rend donc possible 1’utilisation d’échantillons congelés dans des
agents de cryoconservation pour des applications en métabolomique et ouvre de nouvelles perspectives
d’analyse des nombreux échantillons présents dans les biobanques.

Mots-Clés : RMN, Rein, OCT, protocole, métabolomique
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Proteomic analysis of exosomes for biomarker
research in rare genetic diseases [O37]

Bourderioux Matthieu , Virginie Rollet-Cohen , Cerina Chhuon , Joanna
Lipecka, Vincent Jung , Thao Nguyen-Khoa , Alain Schmitt , Bertrand

Knebelmann , Aleksander Edelman ,

Isabelle Sermet-Gaudelus , Guerrera Chiara * 1

! Proteomics platform 3P5-Necker, Université Paris Descartes - Structure Fédérative de Recherche Necker —
INSERM : US24, CNRS : UMS3633 — Paris, France

The discovery of exosomes (nanovesicles of 30-100nm) in body fluids has raised hope in the search

for biomarkers. This study was designed to obtain the proof of concept that the exosomes analyses could
help to evaluate the efficiency of treatment and the evolution / propagation in rare genetic diseases. We
selected two genetic disorders. I) Cystinuria (Cys), due to mutations in cystine transporter in the kidney,
leads to kidney stones and even chronic renal insufficiency. Predictive markers of the evolution of the
renal disease have not yet been identified and might be discovered in the urinary exosomes as they derive
from the renal epithelium. ii) Cystic fibrosis (CF), due to mutations on CFTR, causes early lung damage
characterized by heterogeneous extension in the distal lung. The mechanisms are still unclear, but exo-
somes could be involved in the propagation of lung damage and inflammation.
Exosomes were isolated by differential centrifugations from urine (8 Cys patients and 10 controls) and
broncho-alveolar lavage (BAL) (4 CF, 7 asthma, and 3 PCD patients). Exosomes were characterized by
immunoelectron/immunogold microscopy, and western blot (WB). Exosomal proteins were analyzed by
nanoRSLC-Q-Exactive Plus MS using label-free quantification.

In Cystinuria, hierarchical analysis of differential proteins allowed to clearly separate cystinuria patients
from healthy individuals, and further separate patients according to severity. These proteins include
known markers of kidney injury, and a neutrophil signature and were verified by WB (Bourderioux et
al., 2014). In CF, hierarchical analysis of 14 proteins differential proteins could separate these three lung
diseases, showing a closer relationship between CF and PCD. Two proteins implicated in redox balance
were found higher in CF patients and were validated by WB.

In conclusion, exosomes are a suitable source of biomarkers in body fluids to follow the evolution and
understand the propagation of genetic disease.

Mots-Clés : rare genetic disease, exosomes, biomarkers
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MALDI-MSI based top down micro-proteomics:
evidence of a hidden proteome [O38]

Julien Franck * ! Vivian Delcourt = 12, Jusal Quanico = !, Maxence
Wisztorski = !, Xavier Roucou % 2, Michel Salzet * © !, Isabelle Fournier * * !

! Protéomique, Réponse Inflammatoire, Spectrométrie de Masse — INSERM : U1192 — Université Lille, Sciences
et Technologies Bat SN3, ler étage 59655 Villeneuve d’Ascq Cedex, France
2 Dept de Biochimie lab Z8-2001 — Université de Sherbrooke Faculté de Médecine et des Sciences de la Santé
Dept de Biochimie (lab Z8-2001; office Z8-2070) 3201 Jean Mignault, Sherbrooke QC J1E 4K8, Canada

MALDI-MSI is now widely applied to clinical molecular histology and to identify proteins as poten-
tial biomarkers. Recently, it was shown that the extraction of tryptic peptides from specific regions of a
tissue section determined by MALDI-MSI allowed the identification of around 2000 groups of proteins
from a region of Imm?2. This strategy called mico-proteomics is mainly performed using a bottom-up
approach. Top-Down proteomics gives great opportunities for better understanding the biological mech-
anisms as it gives informations on PTMs, intact molecular weight and truncated forms of proteins, which
can be critical for biomarker hunting. This approach has been adapted to the micro-proteomics strategies
in order to identified intact proteins and their PTMs as well as alternative proteins translated from alter-
native ORFs.
Rat brain investigation led to the identification of 156 reference proteins from different cellular compart-
ments. 25 specific non redundant proteins have been identified from Corpus callosum, 22 from Medullar
Oblongata and 33 from Hippocampus, Among the identified proteins, some constituted fragments of
larger proteins either neuropeptide precursors or constitute proteins were identified. Similarly, some pro-
teins display specific (PTMs) profiles linked the brain regions and their function.
Additionally, 237 proteins with some exhibiting PTMs have been isolated from ovarian cancerr biospies
including 61 proteins specific to the tumor region, 44 to the necrotic-fibrotic region and 48 to the benign
region.
Besides the reference proteome, a deeper analysis of the hidden proteome was also investigated from
rat brain and ovarian cancer tissue sections. 9 alternative proteins issued from alternative ORFs were
identified and were relied to the rat regions. 15 alternative proteins were also identified in the case of
ovarian cancer. Expression of one of the 4 tumoral alternative protein, AItGNL1 which is translated from
an AItORF nested within the GNL1 canonical coding sequence, has been demonstrated.

Mots-Clés : MALDI MSI, top, down, microproteomics, hidden proteome, PTM, ovarian cancer, alternative pro-
teins
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A Proton NMR Metabolomic Investigation of an
Emerging Genetic Disease [O39]
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! Univ Lyon, CNRS, Université Claude Bernard Lyon 1, ENS Lyon, Institut des Sciences Analytiques, UMR
5280 — 5 rue de la Doua, F-69100 Villeurbanne, France
2 Institut de Génomique Fonctionnelle de Lyon, INRA USC 1370, Université de Lyon, Université Lyon 1, CNRS
UMR 5242, ENS Lyon — 46, allée d’Italie 69364 Lyon cedex 07 France

Resistance to thyroid hormone (RTHa) due to mutations in the thyroid hormone receptor alpha

(TRa1), which is encoded by the THRA gene, is a recently discovered genetic disease. Patients present
a high variability in clinical features (skeletal dysplasia, growth retardation, intellectual disability, etc...),
and the absence of reliable biochemical markers make the diagnosis of this disease difficult. Since its
first description in 2012, 25 cases of RTHo have been reported worldwide, corresponding to 14 different
mutations of TRa 1. In this context, a 1H nuclear magnetic resonance (NMR) metabolomic study was
initiated, among a range of other phenotyping studies (including skeletal, blood and heart phenotype,
neurodevelopment), to evaluate the impact of different mutations of TRa1 on the metabolism, and pos-
sibly identify biomarkers contributing to RTHa diagnostic in humans.
Considering that the mouse Thra and human THRA genes display extensive sequence similarities, mouse
lines with Thra mutations are highly relevant animal models for RTHa. We used CRISPR/Cas9 genome
editing to introduce 5 different germline mutations in the mouse Thra gene: 4 frameshift and 1 missense
mutation closely modeling the mutations found in RTHa patients. Urine and plasma samples from adult
mice carrying these Thra mutations were analyzed by NMR with associated wild-type controls. Multi-
variate statistical analysis (OPLS-DA models) shows that samples collected from specific groups of mice
carrying frameshift mutations can be discriminated from control samples collected from wild-type lit-
termates, while mutations associated with minor phenotypic changes do not discriminate from controls.
Our results reveal the presence of metabotype changes induced by Thra mutations, which provides a
proof-of-principle that NMR metabolomics can be used to diagnose RTHa.

Mots-Clés : metabolomics, RTHe, Resistance to thyroid hormones, NMR, Multivariate statistical analysis, biomark-
ers, diagnosis
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Proteomics investigation of Wilson’s disease
pathophysiology using the ATP7B-/- murine model
[040]
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Wilson’s disease is a rare genetic disorder triggered by mutations in the ATP7B gene. These muta-

tions lead to the dysfunction of a transport protein (ATP7B) involved in copper excretion. This disease
is characterized by defects in copper transport and by toxic copper overloads, primarily in the liver and
the brain. Copper toxicity leads to liver injury and neuropsychiatric disorders which manifest either as
acute (fulminant hepatitis) or chronic (cirrhosis) episodes. In this study, we explore the plasma and liver
proteome modifications induced by disease development in the ATP7B-/-murine model for Wilson’s dis-
ease.
The ATP7B-/-mouse was used as a preclinical model of Wilson’s disease. Plasma and liver samples from
ATP7B-/- and wildtype mice were collected at defined stages of the disease. Plasma and liver proteomes
were characterized and compared using either a SUPER-SILAC or a label-free quantification strategy.
Proteins identified as differentially abundant between ATP7B-/- and wildtype mice were quantified in a
larger group of samples using LC-SRM and AQUA peptides. Skyline software was used for LC-SRM
data analysis.

Proteomics discovery investigations using ATP7B-/- and wildtype mice at different stages of Wilson’s
disease led to the identification of 31 plasma proteins specifically regulated during disease progression. A
larger group of plasma samples was investigated to validate differentially abundant protein using quanti-
tative LC-SRM. In the liver, proteins involved in metal homeostasis, lipid metabolism, carbohydrate and
energy metabolism were found to be regulated during Wilson’s disease development.

Using discovery and targeted proteomics analyses in a mouse model of Wilson’s disease, we could iden-
tify potential plasma biomarkers for disease progression. In the liver, we identified proteins that may
play a major role in copper buffering during disease progression.

Mots-Clés : Wilson’s disease, Proteomics, Biomarkers, Mass spectrometry
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Caractérisations chimique et biologique de
composés discriminants au sein du métabolome
symbiotique Alnus viridis-Frankia [O41]

Dounia Dhaou , Rémy Marcellin-Gros , Aude Herrera-Belaroussi , Hasna
Boubakri , Marjolaine Rey , Anne-Emmanuelle Hay i

CESN, Laboratoire d’Ecologie Microbienne — CNRS : UMRS5557 — Villeurbanne, France

L’association entre Alnus spp et I’actinobactérie Frankia s’inscrit dans le cadre des symbioses acti-
norhiziennes. Au cours de cette interaction, Frankia induit chez sa plante-hdte, la formation d’un nou-
vel organe au niveau racinaire, le nodule, au sein duquel ont lieu des échanges trophiques entre les
deux partenaires. La bactérie fournit a I’hote de I’azote réduit, grace a sa capacité a fixer 1’azote at-
mosphérique et bénéficie en retour des composés carbonés issu de la photosynthese de la plante. Ces
échanges trophiques a bénéfices réciproques entre les plantes actinorhiziennes et leur symbiote ex-
pliquent leur caractere de plantes pionnieres, capables de coloniser des milieux instables. Cependant,
les molécules et voies métaboliques impliquées dans cette symbiose restent a ce jour trés peu décrites
(Lundberg & Lundquist, 2004 ; Berry et al., 2011). Récemment, une étude exploratoire globale des
métabolites présents dans des nodules d’Alnus viridis et des racines associées a été réalisée au labo-
ratoire (43 échantillons de nodules et racines prélevés sur 6 aulnaies géographiquement distinctes ont
été analysés). L’objectif est de mettre en évidence et caractériser les métabolites spécifiquement
exprimés dans chaque organe végétal associé (nodule) ou non (racine) a la bactérie. Les profils
métaboliques des extraits polaires (Méthanol/Eau) de nodules et racines obtenus par UHPLC/UV/ESI-
MS, CPG/MS ou HPLC/UV-DAD ont permis de caractériser 48 métabolites secondaires (MII), 17 acides
organiques/sucres et 20 acides aminés significativement différents entre les nodules et les racines. Dix
MII ont pu étre purifi€s, caractérisés voire identifiés par RMN. Leurs effets stimulateurs ou inhibiteurs
sur la croissance des bactéries et leur capacité a fixer I’azote ont été évalués pour certains d’entre eux.

Mots-Clés : Métabolome symbiotique, Alnus, Frankia, tests in, vitro (ARA, IRA), métabolites secondaires.
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ChloroKB: a web-application for the integration of
knowledge related to chloroplast metabolic
network [O42]

Myriam Ferro * I Pauline Gloaguen I Claude Alban 2, Sylvain Bournais 1

Stéphane Ravanel 2, Daphné Seigneurin-Berny 2, Michel Matringe 2, Marianne
Tardif !, Marcel Kuntz 2, Bruley Christophe I Norbert Rolland 2, Yves
Vandenbrouck !, Gilles Curien 2

! Exploring the Dynamics of Proteomes (EDyP), BGE/U1038, INSERM/CEA/Université Grenoble Alpes (EDyP)
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Higher plants, as autotrophic organisms, are effective sources of molecules. They hold great promise
for metabolic engineering, but the behavior of plant metabolism at the network level is still incompletely
described. Although structural models (stoichiometry matrices) and pathway databases are extremely
useful, they cannot describe the complexity of the metabolic context and new tools are required to vi-
sually represent integrated biocurated knowledge for use by both humans and computers. Here, we
describe ChloroKB, a web-application (http://chlorokb.fr/) for visual exploration and analysis of the
Arabidopsis thaliana metabolic network in the chloroplast and related cellular pathways. The network
was manually reconstructed through extensive biocuration to provide transparent traceability of experi-
mental data. Proteins and metabolites were placed in their biological context (spatial distribution within
cells, connectivity in the network, participation in supramolecular complexes, regulatory interactions)
using CellDesigner software. The network contains 1147 reviewed proteins (559 localized exclusively
in plastids, 68 in at least one additional compartment and 520 outside the plastid); 122 proteins awaiting
biochemical/genetic characterization; and 228 proteins for which genes have not yet been identified. The
visual presentation is intuitive and browsing is fluid, providing instant access to graphical representation
of integrated processes and to a wealth of refined qualitative and quantitative data. Thus, ChloroKB
is a significant support for structural and quantitative kinetic modeling, for biological reasoning, when
comparing novel data to established knowledge, for computer analyses, and for educational purposes.
ChloroKB will be enhanced by continuous updates following contributions from plant researchers.

Mots-Clés : plant metabolism, Arabidopsis, chloroplast, biological network visualization, biocuration, knowledge
base
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Description of developmental transitions of tomato
fruit through Proteome and Metabolome
quantitative analysis [O43]
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Segalen - Bordeaux II, INRA : UMR1332 — Centre INRA Bordeaux-Aquitaine 71 avenue Bourlaux BP81
F-33883 Villenave d’Ornon, France
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Tomato (Solanum lycopersicum) fruit presents two main research interests; first in the economical
context it represents one of the most worldwide consumed fruit and secondly in the biological context it
represents a model for fleshy fruit with a short life cycle and large genetic resources available: sequenced
genome, mutant collections, transformants and introgression line. According to phenotype, physiology
and cellular properties like the metabolites composition, the tomato fruit development can be divided
into three principal stages: cell division, cell expansion, and maturation. Recently, by constraint-based
modelling, we described and highlighted the respiration climacteric, a physiological event happening
just before the ripening stage and characterized by an imbalance of metabolized carbon(Colombié,S
et al 2016). To go further, we investigated the changes of proteins and metabolites throughout fruit
development. At nine developmental stages, more than 50 targeted metabolites were quantified with
complementary techniques and around 2500 proteins were quantified by label-free shotgun proteomics.
Principal Component Analyses (PCA) performed on those data revealed a gap between cell expansion
and maturation stages, so we identified the compounds and pathways involved in this transition. More-
over as previously observed for metabolome and activome(Oa,D et al 2009; Biais,B et al 2014) PCAs
present a “boomerang-shaped” segregation of samples revealing similarities between the younger and
older stages of development. Some variables describing this shaped segregation of stages point out the
energy required for the synthesis of compounds. Finally, to get an almost complete overview of the sys-
tem this integrative analysis will be complemented with transcriptome and activome data. In the future,
another objective is to exploit proteomic and transcriptomic quantitative data into a translation model to
predict a degradation rate for each protein.

Mots-Clés : tomato fruit, proteomic, metabolites, development
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Leaf ageing imprinting on metabolism and nitrogen
nutrient recycling in oilseed rape (Brassica napus
L.), a metabolomic and fluxomic view [O44]
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Winter oilseed rape, the main European oleaginous crop, is mainly grown for its seeds and extrac-
tion of edible oil and biofuel, while the residual protein meal is also used for animal feeding. It is a very
high nitrogen (N)-fertilizer consuming species characterized by a rather low N use efficiency (NUE).
To meet the current challenges of agroecology and sustainable agriculture through input limitation, im-
provement of N remobilization efficiency during leaf senescence is likely to improve significantly the
overall plant NUE, particularly in oilseed rape where organic N recycling between source and sink tis-
sues is rather inefficient. Thus, metabolic profiling explorations have been undertaken in relation to leaf
development and resource allocation at the whole plant level for the comprehensive understanding of
sink and source metabolome and senescence-associated metabolic adjustments. Our study focused on
quantitative analysis of primary C and N polar metabolites, as they are fundamental attributes of nutrient
assimilation and recycling. Concurrently a holistic non-targeted metabolomic approach has been real-
ized to decipher leaf ageing imprinting on leaf metabolic networks. The communication will relate and
discuss recently acquired results after metabolite profiling data were integrated into exploratory multi-
variate statistical analyses. Leaf development-dependent metabolic signatures have been pointed out and
clusters of metabolic indicators could be assigned to sink/source statues, senescence progression and
culture conditions. At a targeted functional point of view proline and glutamate metabolism are also in-
vestigated as a reliable metabolic proxy to regulate organic nitrogen recycling and partitioning in oilseed
rape. Overexpression of proline catabolic processes during leaf senescence has been recently postulated
giving insight into putative roles of proline oxidation into nitrogen recycling/translocation towards sink
tissues and energy production. To assess proline catabolism efficiency during leaf development, fluxomic
investigations have been addressed through labelling experiments with stable isotopes into isolated plant
tissues from young and old leaves.

Mots-Clés : Oilseed rape, nitrogen use efficiency, nutrient remobilization, leaf senescence, abiotic stress, metabolic
profiling
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A novel approach for simultaneous absolute
quantification and isotopic analysis of metabolome
[045]
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A relevant approach to study the topology and operation of metabolic networks is based on 13C
isotope labeling strategies. In such experiments, biological interpretations are supported by two main
type of information that can be measured by mass spectrometry: the incorporation of 13C atoms into
metabolites (carbon isotopologue distribution, CID) and the absolute concentration of metabolites. The
latter requires the use of an internal standard (IS), such as uniformly 13C-labeled cellular extracts which
are currently considered as the gold standard. Since the 13C-IS cannot be resolved from the CIDs and
impacts their measurements, two experiments must be conducted independently: one with an unlabeled
substrate for absolute quantification and one with a 13C-labeled tracer for isotopic analyses. This in-
creases the number of cultures and samples to collect and analyze and may thus be difficult to imple-
ment to investigate dynamic metabolic states or when biological material is limited. Moreover, current
approaches impair data integration due to biological variability, and ultimately may bias biological in-
terpretations. In order to circumvent these limitations we developed a method allowing simultaneous
quantification of CIDs and metabolite pools based on a doubly-labeled IS. This new method was first
designed for the analysis of intracellular amino acids, a crucial class of metabolites with a central role in
metabolism, using a 15N-13C-IS. The 15N isotope can be used to analyze a broad range of molecules
(e.g. 56% of E. coli metabolome contains at least one N atom), and other isotopes (such as 34S) can be
exploited to analyze other classes of metabolites. Validation of the proposed approach demonstrates that
it allows single-step, accurate measurement of both the CIDs and absolute intracellular concentrations
of metabolites. We finally applied this approach in a dynamic 13C-labeled experiment to evaluate the
impact of the ER-stress pathway on amino-acid metabolism in rat fibroblasts (Rat-1 Fv2E-PERK).

Mots-Clés : mass spectrometry, fluxomics, absolute quantification, isotopologue analysis, internal standard
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IDH mutation dictates a global redirection of
catabolic and redox pathways towards 2HG
biosynthesis leading to mitochondrial OxPHOS
dependency and chemoresistance in acute myeloid
leukemia [O46]
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Metabolic reprogramming is now considered as one of the major characteristics of cancer cells. We
and others have showed that energetic metabolism plays a key role in AML biology and therapeutic
response and that targeting mitochondrial oxidative phosphorylation, glutaminolysis or $-oxidation are
promising anti-leukemic approaches. Furthermore, recurrent mutations in key metabolic genes, isoci-
trate dehydrogenases, have been discovered in 15% of AML patients. Wild type IDH1 catalyzes the
conversion of isocitrate to a-ketoglutarate (-KG) generating NADPH, in the cytosol. Mutant IDH1
generates an oncométabolite, 2-hydroxyglutarate (2HG), from «-KG using NADPH. However, the con-
tribution of IDH1 and its variants to AML metabolism has been overlooked thus far. Using a biological
system-based approach combining transcriptomics, metabolomics, enzymatic assays, nutrients depriva-
tions and metabolic pathways inhibitions, we established that IDH1 mutant cells acquired the capacity
to use a broad range of substrates with higher rates, but are not dependent of any of them. Moreover, us-
ing C13-nutrients fluxomics, we also showed that this substrates flexibility is exacerbated to provide for
a-KG, the precursor of 2HG, which also leads to a higher mitochondrial activity, confirmed by in silico
models. We then showed that not only these cells exhibit higher 3-oxidation but also higher respiration,
increased amounts of TCA cycle metabolites and mitochondrial ATP. Accordingly, they are more sensi-
tive to OXPHOS inhibition by various drugs (metformin, ABT-199) but surprisingly, these inhibitors lead
to increased amounts of 2HG, which reveals an uncoupling between 2HG production and apoptosis. Al-
together, our results indicate that IDH1 mutation in AML, through 2HG production, confers an extreme
metabolic flexibility and increases their ability to consume nutrients and resist to drugs. This redirection
induces a dependency to high OXPHOS metabolism and leads to higher resistance to genotoxics and
more sensitivity to mitochondrial inhibitors. Thus, we propose a triple therapy combining IDH mutation
inhibitor/OxPHOS inhibitor and AraC.

Mots-Clés : AML, metabolic flexibility, IDH, fluxomics
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Study of sclareol biosynthesis for clary sage
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Sclareol is a diterpene produced by floral organs of clary sage (Salvia sclarea). It is used for the

hemisynthesis of ambroxide(®), a high-valued perfume component characterized by an amber scent and
a high perfume fixation capacity. Sclareol used in perfume industry is extracted from clary sage, but the
extraction yield is low. Enzymes responsible for sclareol biosynthesis have been characterized in vitro,
but little is known about sclareol biosynthesis regulation in planta. Here, we study metabolic fluxes
linked to sclareol biosynthesis and their regulation in order to get a better understanding of sclareol
production in clary sage.
Isopentenyl-diphosphate (IPP) is a key intermediate of terpene biosynthesis. In plant cells, IPP can be
synthesized via two different pathways: the mevalonate pathway and the methylerythritol-phosphate
pathway. To determine the origin of IPP used for sclareol production, we fed clary sage inflorescences
with [1-13C]-glucose and analyzed sclareol isotopic labeling by quantitative 13C-NMR. Sclareol la-
beling pattern indicates that IPP originates from the methylerythritol-phosphate pathway. Other feeding
experiments will be conducted to go further into the analysis of terpene biosynthesis, particularly linalyl
acetate biosynthesis, a major monoterpene of clary sage essential oil. This study will help highlighting
key enzymes that could be targeted to increase sclareol production in clary sage.

In order to identify regulators of sclareol biosynthesis, we are conducting a comparative analysis of
transcriptomic data and sclareol content (GC-MS) during clary sage calyx development. The func-
tion of candidate enzymes and regulators will then be investigated by reverse genetics (TILLING) on a
population of 5000 clary sage genetic variants (EMS mutagenesis).

The originality of this work is the combination of metabolic flux analysis and high-throughput ge-
nomic tools to study the secondary metabolism of a perfume plant. This study is a first step toward the
development of non-GMO clary sage lines with improved sclareol yield.

Mots-Clés : metabolic engineering, terpene, metabolic flux analysis, isotopic labeling, clary sage
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Analyse multiplexe des flux protéiques par
I’utilisation d’isotopes stables et de la LC-MS/MS :
applications aux apolipoprotéines [O048]
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Les lipides sont insolubles dans les milieux biologiques aqueux. Afin d’étre véhiculés de leurs sites

de production et d’absorption vers les sites de stockage, d’utilisation et d’élimination, les lipides vont
se complexer avec des entités protéiques, ou apolipoprotéines, pour former des édifices macromolécu-
laires complexes mais hydrophiles : les lipoprotéines. Les apolipoprotéines jouent un role clé dans le
métabolisme lipidique et sont de nature et de structure trés variées.
Les études cinétiques des protéines impliquent I’administration d’un acide aminé enrichi en isotopes
stables telle que la 2H3-Leucine. Ce traceur exogeéne est administré aux patients et des prélevements
sanguins sont effectués au cours du temps. Les courbes cinétiques d’incorporation du traceur dans la
séquence protéique permettent ensuite, par le biais de modélisations, d’accéder aux taux de catabolisme
et de production de la protéine. L’étude statique et dynamique des protéines implique généralement la
mise en place de différentes techniques expérimentales complexes.

L’émergence de nouvelles méthodologies, combinant la protéolyse enzymatique et la chromatographie
liquide couplée a la spectrométrie de masse en tandem (LC-MS/MS), a récemment permis d’étendre le
spectre des analyses protéiques. La LC-MS/MS permet en effet d’étudier simultanément les cinétiques
de renouvellement de ces protéines, de les quantifier, mais aussi d’évaluer d’éventuelles altérations poly-
morphiques.

Notre laboratoire a ainsi développé une méthode multiplexe a haut-débit permettant d’analyser simul-
tanément par LC-MS/MS douze apolipoprotéines majeures chez I’Homme. Cette méthode a été com-
parée aux méthodes standards couramment utilisées pour la quantification (ELISA) et les mesures ciné-
tiques (électrophorese, hydrolyse, GC-MS). Notre approche analytique s’est avérée fiable et repro-
ductible pour I’étude de ces protéines, placant la LC-MS/MS comme un outil trés puissant pour les
analyses statiques, dynamiques et polymorphiques des apolipoprotéines plasmatiques.

Mots-Clés : apolipoproteines, lipoprotéines, LC, MS/MS, flux métaboliques, polymorphisme, biomarqueurs
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Blood microparticles are small membrane vesicles derived from the plasma membrane of different
cell types. Increased platelet microparticles (PMPs) formation has been reported to contribute to the in-
flammatory role of blood components used for transfusion. When PMPs formation results from thrombin
activation, they are able to aggregate monocyte cells in vitro.

Our work aims to use surface plasmon resonance (SPR) method to detect and qualify the PMPs di-
rectly in their complex media, via their immunocapture onto the biochip-surface using specific ligands.
An investigation by Atomic Force Microscopy (AFM) allowed the characterization of PMPs size sub-
populations. We also engaged an “on chip” nanoLC-MS/MS analysis, in order to reveal a potential
differential proteome between PMPs either produced from resting platelets (NPMPs) or from thrombin-
activated platelets (TPMPs). A relative quantification analysis was performed with the Proline software.

SPR results showed a specific and differential immunocapture depending on the ligand nature. With
anti-CD41 antibodies, SPRi signal with TPMPs was more than 3-times higher than with NPMPs, illus-
trating a greater concentration of TPMPs expressing CD41 markers or a greater density of these markers
on the surface of the TPMPs.

AFM results concluded that more than 80 % of the population of PMPs measures less than 100 nm
in diameter and TPMP CD41+ vesicles were slightly smaller than NPMP CD41+ ones.

A correlation has been demonstrated between the SPRi signal, the surface density observed in AFM and
the quantity of proteins identified. Differential quantitative proteomic was possible with only 500 ng of
PMPs captured on the biochip surface. All the targeted markers used in SPR (CD41, CD61, CD62P and
CD9) have been identified by mass spectrometry. P-Selectin, the specific activation marker of thrombin
induced PMPs has been found exclusively in TPMPs fraction. Differential analysis allowed to identify
signalization pathways involved in platelet aggregation after thrombin activation.

Mots-Clés : On chip detection, microparticles, AFM, immunocapture, SPR, mass spectrometry, relative quantifi-
cation
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Metabolomic NMR studies & Huntington’s disease:
models in transgenic drosophila [O50]
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45071 Orléans cedex 2, France
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This study is designed to identify metabolites at a pre-symptomatic stage of Huntington’s disease
modeled in Drosophila melanogaster. Transgenic flies have been obtained to express a pathogenic
polyglutaminated huntingtin fragment (exon1 with 93 polyQ repeats). Pan-neuronal expression of this
transgene (htt-93Q) induces neuropathology that recapitulates most of the characteristics of the human
disease. In particular, the neuropathology is progressive, older flies having more severe symptoms.
Therefore, 10-day and 16-day-old flies were sampled. The 10th day corresponds to the pre-symptomatic
stage, the 16th day to the presence of the disease symptoms.

After sample preparation, IH-NMR spectra of several sets of adult Drosophila, carrying the disease or
not, sampled at 10 and 16 days, were performed on a BRUKER 700 MHz NMR spectrometer with
cryoprobe. For assignment purposes, COSY, TOCSY, 13C-HSQC and HMBC spectra were acquired.
Multivariate statistical analyzes (Principal Component Analysis or PCA and predictive methods as PLS
and OPLS) were performed with the 1D NMR spectra. The discriminant metabolites were hence de-
tected. The biomarkers were identified with the 2D spectra: the glutamine, ATP and AMP are among
the most discriminant biomarkers. A model, making the detection of the disease possible, was finally
developed with the measurements of only a few metabolites.

We demonstrate in this study that the Huntington’s disease could be identified by the analysis of only a
few metabolites. These metabolites allow the prediction of the Huntington’s disease even before the ap-
pearance of its symptoms. This study allows a better understanding of the metabolic pathways disrupted
by the disease in order to consider future therapeutic targets.

Mots-Clés : metabolomics, NMR, huntington, drosophila
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Développement d’une approche multi-omique pour
la recherche de biomarqueurs associés a la réponse
au traitement dans les lymphomes [O51]
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Introduction : Les traitements actuels des lymphomes B diffus a grandes cellules permettent d’obtenir un taux de
guérison estimé globalement a 60%. Le pronostic des patients en rechute ou réfractaires reste trés péjoratif ren-
dant nécessaire la mise en évidence de nouveaux biomarqueurs prédictifs de la réponse au traitement. Cette étude
avait pour objectif d’identifier des biomarqueurs associés a la réponse au traitement en combinant des approches
quantitatives protéomiques et transcriptomiques (RNAseq) a partir de tissu tumoral prélevé au diagnostic.
Matériels et méthodes : une cohorte de 20 patients a pu étre constituée (chimiosensibles, n=12 ; chimioréfrac-
taires, n=8) pour lesquels du matériel tumoral frais, congelé au diagnostic, était disponible. Les extractions d’ARN
et de protéines ont été réalisées pour chaque patient sur le méme matériel tumoral. Les analyses protéomiques
ont été effectuées sur un couplage nanoLC-MS/MS (nanoAcquity — Waters — Orbitrap Q-Exactive Plus — Thermo
Fisher Scientific). L’analyse quantitative sans marquage a été réalisée par extraction des courants d’ions a 1’aide
du logiciel MaxQuant. L’analyse par RNAseq a été réalisée par méthode AmpliSeq (ThermoFisher Scientific),
associée a un séquencage de nouvelle génération.

Résultats : L’analyse protéomique a permis d’identifier 4774 protéines sur ’ensemble des 20 échantillons. Parmi
elles, 3101 ont pu étre quantifiées sur la base des intensités peptidiques selon une approche ” ridge robust ”
(Goeminne L et al, Mol Cel Proteomics 2016). Au total, 586 protéines avaient une expression significativement
différente entre les 2 groupes de patients. L’analyse par RNAseq a identifié 245 geénes différentiellement exprimés.
L’analyse conjointe a montré une expression différentielle concordante pour 22 genes/protéines, impliqués notam-
ment dans la voie de signalisation du récepteur des lymphocytes B.

Conclusion : Cette étude préliminaire démontre la faisabilité d’une approche multi-omique réalisée sur un matériel
tumoral commun pour la recherche de biomarqueurs associés a la réponse au traitement dans les lymphomes agres-
sifs.

Mots-Clés : omiques, lymphomes, biomarqueurs
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Currently, the identification of genomic abnormalities is still the main approach to establish tumors diagnosis,
prognosis and to predict resistance to some chemotherapies proposing in the near future of individualized ther-
apeutic approaches and better management of patients. However, proteins expression is the downstream result
of these combined genomic anomalies and thus relevant to identify new biomarkers and pharmacological targets.
That is why we implemented a method combining laser microdissection and mass spectrometry analysis, tailored
to compare protein expression levels in T and NT tissue derived from the formalin-fixed and paraffin-embedded
(FFPE) tissue sections from the same patient in order to identify new tumor biomarkers. Hepatocellular adenomas
(HCA) are rare benign tumors divided into three main subgroups defined by patho-molecular features, HNF1A (H-
HCA), b-catenin (b-HCA) mutated and inflammatory (IHCA). In the case of unclassified HCA (UHCA), which
are currently identified by default, a high risk of bleeding remains a clinical issue. The objective of this study
was to explore UHCA proteome in the purpose of identifying specific biomarkers. We compared T and NT pro-
teins expression levels in HCA, H-HCA, IHCA, b-HCA, UHCA and focal nodular hyperplasia (FNH). Using this
methodology we searched for proteins specifically deregulated in UHCA. First, we demonstrated that proteomic
profiles allow us to discriminate between known HCA subtypes by the identification of classical biomarkers of
each HCA subgroup. We revealed specific upregulation of the synthesis of the arginine pathway associated with
an overexpression of argininosuccinate synthase (ASS1) and arginosuccinate lyase (ASL) in UHCA. Moreover,
arginine is the substrate for nitric oxide synthesis, a factor involved in vascular permeability. ASS1 immunohisto-
chemistry identified all the UHCA, of which 64.7% presented clinical bleeding manifestations. Consequently, we
demonstrated the power of mass spectrometry coupled with laser microdissection to identify tumoral signatures
and robust biomarkers.

Mots-Clés : Laser capture, proteomics, liver cancer, tumor, biomarkers
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A native MS Study of RNA Kissing complexes and
their interaction with magnesium cations [O53]
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Magnesium is naturally presents in cells in the millimolar range. RNA often recruits Mg2+ cations
to achieve its proper folding and to stabilize the structure. Here we propose a direct method to analyze
the interaction between Mg2+ and RNA complexes using native” mass spectrometry (MS). Native MS
uses gentle conditions to maintain complexes from solution to gas phase. We started our investigations
using different RNA kissing complexes (KC) models: the TAR RNA element of HIV-1 viral genome and
its kissing complex with the aptamer R06, RNAIi and RNAII from E.Coli involved in the replication of
the ColE1 plasmid.

ESI-MS allowed us to detect specifically RNA-RNA KC that are present in solutions doped with mag-
nesium acetate up to 1 mM. We showed that adding Mg2+ in the solution helps to form larger amount
of dimers. We can deduce the number of cation adducts preferentially bound to the loop-loop kissing
motif, using reference sequences forming a duplex RNA of the same length and base pairs than the KC.
By mathematical subtraction of the non-specific adducts contribution to the signal, we can deduce the
number of preferential cations, and the quantities of complexes of each stoichiometry. Using titrations of
one hairpin by the other, we can determine the concentration of each species and then determine binding
constants for the formation of KC. By combining all the data, we can decompose the apparent dimer-
ization constants into individual thermodynamic constants of dimer formation and of binding of each
preferential cation. We show here that KC can have different cation binding patterns and affinity. Tan-
dem mass spectrometry and molecular dynamics will eventually allow us to determine the localization
of divalent cations.

In summary, we developed a method to observe RNA complexes using native MS and present new in-
sights into the role of magnesium cations in KC.

Mots-Clés : native MS, RNA, kissing complexes, magnesium
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Gilbert Richarme !, Thibaut Léger i 1 Cailing Liu 2 Mouadh Mihoub !, Jad
Abdallah !, Nicolas J oly I Jean-Claude Liebart !, Ula V. Jurkunas 2, Marc
Nadal !, Philippe Bouloc 3 Julien Dairou #, Aazdine Lamouri >

! Institut Jacques Monod (IJM) — Université Paris Diderot - Paris 7, CNRS : UMR7592 — Université Paris
Diderot, Bat. Buffon, 15 rue Héléne Brion, 75205 Paris cedex 13, France
2 Schepens Eye Research Institute — Massachusetts Eye an Ear Infirmary, Department of Ophtalmology, Harvard
Medical School, Boston, Massachusetts, Etats-Unis
3 Institut de Biologie Intégrative de la Cellule (I2BC) — Université Paris-Sud - Paris 11, CEA : DSV/I2BC,
Université Paris-Saclay, CNRS : UMR9198 — Batiment 21, 1 avenue de la Terrasse, 91198 Gif/Yvette cedex
4 Chimie et Biochimie Pharmacologiques et Toxicologiques, Université Paris Descartes, CNRS : UMR8601 —
Chimie et Biochimie Pharmacologiques et Toxicologiques, Université Paris Descartes-Sorbonne Paris Cité, UMR
8601, 75270 Paris, France
> Interfaces, Traitements, Organisation et Dynamique des Systémes (ITODYS UMR7086) — Université Paris
Diderot, Batiment Lavoisier, 15 rue Jean de Baif, case postale 7090, 75205 Paris Cedex 13, France

Glycation is an inevitable nonenzymatic covalent reaction between proteins or DNA and endogenous
reducing sugars or dicarbonyls (methylglyoxal, glyoxal). Protein glycation results in protein inactivation
whereas DNA glycation is associated with increased mutation, DNA strand breaks and cytotoxicity. Both
protein and DNA glycations are implicated in a large number of diseases among which neurodegenera-
tive pathologies, cancer and atherosclerosis. However, few mechanisms of protein glycation repair are
described and how glycated DNA is repaired remains undetermined. DJ-1 was reported to be a mul-
tifunctional oxidative stress response protein with poorly defined function. By using different mutants
for the protein DJ-1 (and its bacterial homologs Hsp31, YhbO and YajL) and LC-MS/MS analyses, we
demonstrated that DJ-1 and its homologs could repair methylglyoxal- and glyoxal-glycated amino-acids
(cysteine, arginine and lysine) (1) but also methylglyoxal- and glyoxal-glycated nucleotides and nucleic
acids (2). These results establish that DJ-1 and its prokaryotic homologs are major anti-glycation and
anti-aging proteins and constitute a major nucleotide repair system that we name Guanine Glycation Re-
pair.

(1) Richarme, G., Mihoub, M., Dairou, J., Bui, L. C., Leger, T., and Lamouri, A. The Journal of bi-
ological chemistry (2015).

(2) Richarme, G., Leger, T., Liu, C., Mihoub, M., Abdallah, J., Joly, N., Liebart, JC., Jurkunas UV.,
Nadal, M., Bouloc, P., Dairou, J., Lamouri, A. Science (2017).

Mots-Clés : glycation, DNA, protein, repair, chemical modification, post, translationnal modification, deglycase
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ASICS: an automatic method for identification and
quantification of metabolites in complex 1D 1H
NMR spectra [O55]
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One of the major challenges in NMR/mass spectrometry analysis of metabolic profiles relies on
the identification and quantification of metabolites in complex biological mixtures. These features are
mandatory to make metabolomics asserting a general approach to test a priori formulated hypotheses
on the basis of exhaustive metabolome characterization rather than an exploratory tool dealing with un-
known metabolic features. In this communication we propose a method, named ASICS, based on a
strong statistical theory that handles automatically the metabolites identification and quantification in
proton NMR spectra. A statistical linear model is built to explain a complex spectrum using a library
containing pure metabolite spectra. This model can handle local or global chemical shift variations due
to experimental conditions using a warping function. A statistical lasso-type estimator identifies and
quantifies the metabolites in the complex spectrum. This estimator shows good statistical properties and
handles peak overlapping issues. The performances of the method were investigated on known mixtures
(such as synthetic urine) and on plasma datasets from duck and human (plasma NIST SRM1950) using a
library of 175 pure metabolites. Results show noteworthy performances, outperforming current existing
methods (namely MetaboHunter, BATMAN, Bayesil or Chenomx) for the identification and the quan-
tification of metabolites. Furthermore, ASICS could easily be used routinely according to its reasonable
computational time (no more than 3 minutes for the whole analysis of a complex spectrum). In conclu-
sion, ASICS is a completely automated procedure for metabolites identification and quantification in 1H
NMR spectra of biological mixtures. It will enable empowering NMR-based metabolomics by quickly
and accurately helping experts to obtain metabolic profiles. ASICS is already available as a R function or
within the more user-friendly Galaxy/W4M interface developed by the MetaboHUB infrastructure and
IFB (French Institute of Bioinformatics).

Mots-Clés : Nuclear magnetic resonance, Identification of metabolites, Quantification of metabolites, Annotation
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13C NMR-based strategies [O56]
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The emergence of dereplication strategies over the last decades has brought new perspectives to
speed up natural product screening programs. Here is presented a 13C NMR-based dereplication method
dedicated to the chemical profiling of natural metabolite mixtures, without need for any fractionation or
purification steps [1]. It consists of a database searching approach that allows metabolite identification
by comparing experimental 13C NMR data of the studied extract to a set of predicted 13C NMR data
of known metabolites stored in a database. The comparison is performed by the mean of a developed
algorithm that evaluates the quality of the matching between experimental and predicted data. The algo-
rithm calculates a score value for each metabolite stored in the database and returns a list of metabolites
that are the most likely to be present in the metabolite mixture. As an example, this method was applied
on a crude alkaloid extract obtained from the leaves of Peumus boldus, resulting in the identification
of eight major alkaloids including isocorydine, rogersine, boldine, reticuline, coclaurine, laurotetanine,
N-methylcoclaurine, and norisocorydine, as well as three monoterpenes including p-cymene, eucalyp-
tol, and o-terpinene. [1] A. Bakiri, J. Hubert, R. Reynaud, S. Lanthony, D. Harakat, J.-H. Renault, and
J.-M. Nuzillard, "Computer-Aided 13 C NMR Chemical Profiling of Crude Natural Extracts without
Fractionation,” J. Nat. Prod., p. acs.jnatprod.6b01063, 2017.

Mots-Clés : natural product dereplication, 13C NMR, metabolomics
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L’analyse de mélanges complexes s’effectue classiquement par le couplage ” en ligne ”” d’une tech-
nique chromatographique avec une technique d’identification spectrale. Cette procédure est privilégiée
lors d’analyse ”de routine”, cependant, des lors que I’étape d’identification se complexifie, la procédure
nécessite un fractionnement de I’échantillon qui peut se poursuivre jusqu’a la purification d’un constitu-
ant afin d’aboutir a son élucidation structurale (1).

Dans le cadre de travaux de doctorat visant 1’étude de la diversité chimique des Bryophytes de Corse,
nous nous sommes intéressés aux métabolites volatils de Frullania tamarisci, une hépatique dont la par-
ticularité est de posséder des oléocorps riches en huile essentielle. Son huile essentielle est un mélange
complexe riche en composés sesquiterpéniques dont I’identification et la quantification sont délicates (2).

Cette communication illustre des stratégies analytiques intégrant la chromatographie sur colonne ou-
verte, les couplages CPG-FID et CPG/SM, la RMN et les séquences d’hémi-synthése mises en ceuvre
pour ’identification et la quantification des métabolites volatils de F. tamarisci dont les données spec-
trales ne sont pas disponibles ou sont décrites de facon incomplete. Ainsi, ces techniques ont été utilisées
pour identifier/quantifier, le pacifigorgiol un sesquiterpéne oxygéné totalement co-élué sur les colonnes
de CPG avec le tamariscol, autre sesquiterpene au squelette pacifigorgiane. La combinaison des tech-
niques d’analyse et la mise en ceuvre d’hémi-synthéses ont permis ’identification de quatre lactones
sesquiterpéniques, parmi lesquelles le dihydrofrullanolide dont la caractérisation complete par RMN
n’avait jamais été décrite et le g-dihydrocyclocostunolide reporté pour la premiere fois en tant que nou-
veau composé naturel. Par ailleurs, I’action phytotoxique des actifs identifiés semble prometteuse.

(1) Mariott P.J., Shellie R., Cornwell C., J. Chromatogr. A., 2001, 936, 1-22.
(2) P.D. Y. Asakawa, D. A. Ludwiczuk, D. F. Nagashima, "Chemical Constituents of the Bryophyta” in
Prog. Chem. Org. Nat. Prod., Springer Vienna, 2013, pp. 563-605.

Mots-Clés : Bryophyte, Hépatique, Frullania tamarisci, Cyclocostunolide, frullanolide, g, dihydrocyclocostuno-
lide
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Mass spectrometry and chemical labeling as a
powerful tool for peptide quantitation in
pharmacology [O58]
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Since peptides represent a class of biomolecules involved in many biological processes, they are
extensively studied for pharmaceutical developments as well as diagnostic tools. We have developed an
original approach to selectively detect Mass Spectrometry signals of targeted peptides thanks to a specif-
ically designed covalent labeling. Both molecular and elemental mass spectrometry techniques were
investigated. N-terminal peptide modification through reaction with a common MALDI matrix (HCCA)
was explored for MALDI-MS quantitation (1,2) whereas peptide selenium tagging was engaged for ICP-
MS measurement (3). This strategy based on quantitative MS associated with a specific peptide chemical
labeling was applied to quantify ligands at very low concentrations from cell cultures in pharmacological
experiments. The cornerstone of this analytical methodology relies on the production of very abun-
dant signals in MALDI- or ICP-mass spectrometry related exclusively to the peptide of interest that was
quantified according to appropriate standards (isotopic dilution protocols in MALDI-MS or external cal-
ibration in ICP-MS). The proof of concept will be illustrated on the vasopressin/AVP pharmacological
model, the targeted labeled ligands (HCCA-derivatized AVP or selenium-containing AVP) being quan-
tified in both saturation and competitive binding assays at sub-nanomolar concentration levels. These
results indicate clearly that these two MS-based methods represent a viable alternative to radiolabeling
which is still, up to now, the reference method commonly used in pharmacology laboratories despite the
environmental and health hazards of manipulating and storing radioactive materials.

(1) D. Paramelle et al., Angew. Chem. Int. Ed. 2010, 49, 8240
(2) M. Rossato et al., Chem. Med. Chem. 2016, 11, 2582
(3) E. Cordeau et al., Plos One, 2016, 11(6): e0157943.

Mots-Clés : Peptide, Selective detection, Sensitive quantification, Covalent labeling, MALDI, MS, ICP, MS
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Alpha-synuclein is a 14kDa protein that tends to aggregate and represents the main component of
Lewy bodies (intracellular protein inclusion in neurons). These inclusions are characteristic of the so-
called synucleinophathies that include Parkinson’s disease (PD), dementia with Lewy bodies and multi-
ple system atrophy. In France, Parkinson’s disease is the second most frequent neurodegenerative disease
after Alzheimer disease with about 100 000 affected people.

There have been some discrepancies about whether or not total alpha-synuclein level in cerebrospinal
fluid (CSF) is decreased in PD, suggesting it may be worth evaluating specific proteoforms (phosphory-
lated, nitrated and glycosylated) or truncated species rather than unmodified native o-synuclein. Also,
some studies have combined a-synuclein with other biomarkers involved in neurodegenerative diseases
such as tau and amyloid peptides with the aim of increasing its diagnostic power. In this context, the
high specificity offered by high resolution mass spectrometry represents a definitive advantage.

We have first developed a top-down assay on a quadrupole-Orbitrap mass spectrometer instrument with
an antibody free extraction protocol (protein precipitation step) for monitoring native ®-synuclein in
various biological fluids (CSF, plasma and red blood cells (RBCs)). A stable-isotope-labeled version of
synuclein was used as an internal standard. In the investigated matrices, synuclein concentrations ranged
from hundreds of pg/mL in CSF to tens of pg/mL in RBCs. The method was first applied to RBCs and
allowed the identification of intact ¢¢-synuclein and several other truncated forms. However, in CSF and
plasma, the method was not sensitive enough for detection of intact @-synuclein. Therefore, a more sen-
sitive bottom-up multiplexed quantification method was set-up and optimized for ¢-synuclein keeping
in mind the requirement of high sequence coverage to monitor distinct proteoforms. In addition, this
method was further extended to the simultaneous quantification of synuclein and tau protein species in a
single analytical run.

Mots-Clés : Proteins, Biomarkers, Neurodegenerative diseases, Top down, Bottom up, synuclein
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Altered brain energy metabolism in Alzheimer
disease: Linking peripheral and central metabolic
changes [060]

Tony Teav *' 1
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UNIL-CHUYV Rue du Bugnon 19, Suisse

Evolutionary emergence of unique cognitive skills in humans is associated with elevated metabolic
gene expression and specific brain metabolic activities that are sensitive to changes in energy homeosta-
sis. Neurodegenerative disorders, such as Alzheimer disease (AD), are thought to be associated with
and perhaps even caused by alterations in central energy metabolic pathways. However, these metabolic
alterations, beyond the reduced glucose metabolism, remain largely unexplored. Metabolomics, as phe-
notyping approach, in combination with orthogonal clinical approaches, has the potential to acceler-
ate the understanding of mechanisms that underlie complex diseases such as AD. Here the untargeted
UPLC-HRMS-based metabolomic profiling was combined with targeted quantification to unravel and
validate the metabolic signatures associated with AD in peripheral blood plasma and CSF of cogni-
tively impaired subjects with confirmed AD pathology (by CSF biomarkers) and healthy aged controls
without cerebral AD pathology (N=72). Results revealed distinctive metabolic phenotypes of plasma
and CSF with some shared patterns mainly outlining significant alterations in amino acid and acylcar-
nitine metabolism. Plasma profiles of AD patients mirrored significant depletion in the levels of basic
(histidine, lysine), aromatic (tryptophan, phenylalanine) and branched chain amino acids (leucine and
valine) while CSF profiles highlighted the accumulation of specific amino acid catabolites. Additionally,
both, plasma and CSF of AD patients showed the accumulation of long-chain acylcarnitines. Revealed
alterations imply amino acids’s catabolism as a compensatory strategy for reduced glucose supply in
AD, as well as the perturbed energy production in mitochondria with regards to fatty acid oxidation.
Observed changes at the metabolite and pathway level are being correlated with CSF markers (AB1,
tau, and P-tau), patient’s gender, BMI and blood-brain-barrier permeability. The association of periph-
eral metabolic changes with central metabolism and clinical meta-data will allow for the identification
of metabolic biomarker signatures of AD pathology and understanding of their impact on the clinical
manifestation.

Mots-Clés : Metabolomics, Alzheimer, UHPLC, HRMS
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Identifying autoimmune beta-cell epitopes in type 1
diabetes by HLA-peptidomics [061]

Sergio Gonzalez Duque * 12, Yann Verdierf I
Roberto MalloneET, Joélle Vinh !

I'ESPCI Paris, PSL Research University, Spectrométrie de Masse Biologique et Protéomique (SMBP), CNRS
USR 3149 — CNRS, UPMC, ESPCI - 10 Rue Vauquelin 75005 Paris, France
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Type 1 diabetes (T1D) is an autoimmune disease in which autoreactive CD8+ T-cells destroy pan-
creatic insulin-secreting beta-cells. This destruction is triggered by the recognition of peptide epitopes
presented at the beta-cell surface in the pocket of HLA Class I molecules. We aimed at identifying these
epitopes by HLA peptidomics. This strategy consists in purifying the peptide-HLA complexes from im-
mortalized human beta-cell lines and to analyze the eluted peptides by nanoLC-MS/MS.

This workflow was validated based on: 1) the 8-12-aminoacid length of most (93%) peptides identified,
which fits the HLA pocket constraints; 2) the peptide signature, which reflects the HLA haplotype ex-
pressed by the beta-cells; and 3) the identification of several preproinsulin peptides already described as
major CD8+ T-cell epitopes.

Thus we obtained a catalogue of 184 unique peptides derived from 109 beta-cell proteins. Fifty-two
peptides were derived from known beta-cell protein antigens (preproinsulin, GAD, IA-2, ZnT8, IAPP
and chromogranin-A), and novel candidate epitopes were identified within their sequences. The remain-
ing 103 proteins represent novel candidate antigens. One recurrent feature shared by several known and
putative antigens is their expression in insulin granules and their processing by proconvertases, which
cleave protein precursors to obtain bioactive products. Intriguingly, several of the peptides identified map
next to these proconvertase cleavage sites. The processing of protein precursors within the f-cell may
thus represent a major source of autoimmune epitopes. The candidate epitopes identified may lead to the
development of novel T-cell biomarkers.

Mots-Clés : Type 1 Diabetes, Biomarkers, T, cells, Epitopes, Peptidomics, Autoimmunity
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Compared effects of beta-hydroxybutyrate and
bear serum on the proteome of human muscle cells
[062-P99]
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We recently showed that winter bear serum triggers changes in cultivated human myotubes that mim-
ics a hibernation-like state. The identification of the active components in the bear serum would pave the
way for innovative solutions to fight human muscle atrophy, one of the main deleterious characteristics
of human ageing and physical inactivity. eta-hydroxybutyrate (betaOH) could be a good candidate as its
concentration is markedly increased in winter bear serum and betaOH-supplemented diets have positive
effects on human muscle mass preservation. Hence, human myotubes were incubated with either FCS
or bear serum in the presence of various betaOH concentrations (N=4/condition). After extraction, pro-
teins were separated on SDS-PAGE gels (4 bands) and tryspin-digested. Tryptic peptides were analyzed
using a quantitative label-free-based method on a nanoUPLC-system (nanoAcquity, Waters) coupled to
a Q-Exactive Plus (Thermo) before data analysis using MaxQuant (Swissprot Homo sapiens database).
Quality controls (spiked iRT peptides and repeated analysis of a same sample pool) indicated very good
reproducibility of retention times (median CV of 0.71%) and quantitative data (median CV of 20.2%).
3780 proteins (FDR 1%) were quantified, of which a hundredth exhibited a differential abundance across
groups (ANOVA+Tukey tests, p< 0.05). As expected, the bear serum induced the main effects, in line
with a decreased protein turnover in human myotubes and possibly reflecting a pro-inflammatory status
of muscle cells. The effects of betaOH, which may favor protein synthesis, were more marked when
added in FCS, but remained limited. These data suggest that the known beneficial effects of betaOH on
muscle mass preservation could be indirect, and that they could be masked by the already potent impact
of the bear serum on human muscle cell protein balance.

Mots-Clés : label, free, bear, proteomic, quantitative, betaOH, muscle
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Development of microsampling tools by laser
ablation and mass spectrometry for the
characterization of biological tissues [063]
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The characterization of biological tissues is an essential need to guide surgeons in their diagnosis
and decision making for patient outcomes. Mass spectrometry (MS) is an essential and powerful tool
for the characterization of samples to meet the clinical and pathological issues. Recent advanced am-
bient ionization sources facilitate the study of native samples, without any preparation required for MS
analysis. In combination with sampling methods, they allow identification of biomolecules while re-
taining their histological localization. In this context, we first of all interested in the development and
optimization of a 532 nm laser ablation strategy and capture the ablated material into a droplet solvent
as an alternative method in micro-sampling biological tissue. We started by the detection of an ablation
process not using the sample’s absorption properties applied to the study of proteins and lipids derived
from the ablation of tissue. The second point is the development of a new instrument called SpiderMass,
for real-time analysis of biomolecules by laser ablation at 2940 nm coupled to MS for the characteri-
zation of biological tissue ex vivo and in vivo. First, the development of this instrument was made and
optimized on the different parts that compose it. Molecular profiles generated in real-time show signals
corresponding to metabolites and lipids. The low-invasive and virtually painless nature of the laser ir-
radiation was obtained through in vivo studies on voluntary individual phalanxes. Finally, some of the
developments made on the SpiderMass was dedicated for clinical application, which is ovarian cancer,
to develop databases of molecular profiles corresponding to different grades of the disease.

Mots-Clés : mass spectrometry, laser ablation, proteomics, lipidomics, ambient ionisation sources, in vivo analy-
sis, dermatology, cancer
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De la classification moléculaire des gliomes a une
nouvelle stratégie thérapeutique de réactivation des
macrophages au sein de la tumeur [O64]
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Lille — Centre de Recherche INSERM : U1192 — Batiment SN3, Cité Scientifique
59650 Villeneuve d’ Ascq, France

Les tumeurs sont des régions tres hétérogenes a la fois au niveau moléculaire et au niveau de la diver-
sité cellulaire composant le microenvironnement tumoral. La classification des gliomes repose actuelle-
ment sur des critéres histologiques qui sont enclins a de fortes subjectivités inter- et intra-observateurs
ainsi que sur des marqueurs moléculaires utilisés en routine (mutation IDH1, co-délétion 1p/19q...). Au
sein du méme grade, des sous-groupes de tumeurs se différencient. Le but de ce projet est de réaliser
une classification moléculaire des gliomes de haut grade en se basant sur des données protéiques per-
mettant de localiser des biomarqueurs potentiels directement sur le tissu. Des sous-régions ayant des
profils moléculaires différents ont été mises en évidence et les molécules les composants ont ensuite été
identifiées de facon localisée. Les résultats démontrent que les annotations histologiques ne concordent
pas forcément avec la classification moléculaire. Cette hétérogénéité est également retrouvée dans le mi-
croenvironnement des tumeurs ol 1’on retrouve des cellules immunitaires telles que les macrophages.
Les macrophages sont détournés de leur fonction premiere par la tumeur pour lui permettre de se
développer. Une stratégie thérapeutique pour contrer sa croissance est de réorienter le phénotype des
macrophages vers un phénotype antitumoral. L’inhibition de la proprotéine convertase 1/3 s’est révélée
étre une stratégie prometteuse pour la réactivation des macrophages via les récepteurs TLR. Les facteurs
sécrétés par ces macrophages ont un effet sur la viabilité et I’'invasion de différentes cellules cancéreuses
(gliomes, cancer de I’ovaire et cancer du sein) en fonction des ligands des récepteurs TLR utilisés. La
premiere partie nous a permis d’identifier des sous-groupes de gliomes qui en fonction de leur profil
moléculaire pourront, dans une perspective a long terme, recevoir des traitements plus personnalisés
basés, par exemple, sur I'inhibition de proprotéines convertases en combinaison avec des ligands des
récepteurs TLR.

Mots-Clés : Gliome, Imagerie par Spectrométrie de Masse, Microprotéomique, Classification, Proprotéine con-
vertase 1/3, Macrophages, Récepteurs TLR, Oncoimmunologie

Programme

*Intervenant

123



Evaluation of metabolic alterations induced by
glutamate in a cellular model of amyotrophic
lateral sclerosis using a metabolomics approach

[O65]
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The selective degeneration of motoneurons that typifies amyotrophic lateral sclerosis (ALS) impli-
cates non-cell-autonomous effects of astrocytes. However, mechanisms underlying astrocyte-mediated
neurotoxicity remain largely unknown. According to the determinant role of astrocyte metabolism in
supporting neuronal function, we have explored the metabolic status of astrocytes exposed to two ALS-
associated conditions (mutation in the gene coding the superoxide dismutase-1 (SOD1); and excitotox-
icity induced by glutamate). We investigated for the first time, the metabolism of astrocytes and mo-
toneurons by LC-HRMS-based metabolomics approach completed by a 1H-NMR study of extracellular
medium. The main aim of this study was to assess the effects of co-culture system on the metabolism of
astrocytes and motoneurons. SOD1 astrocytes exposed to glutamate revealed a significant modification
of the crosstalk between astrocytes and motoneurons. Pathway analysis of discriminating metabolites re-
vealed interactive partners, involving metabolic dysregulation in both cell types. We found a significant
metabolic dysregulation including purine, pyrimidine, lysine and glycerophospholipid metabolism path-
ways in SODI1 astrocytes when co-cultured with motoneurons. We observed that SOD1 mutation and
stress-induced by glutamate impact the cellular shuttling of lactate between astrocytes and motoneurons.
Based on a metabolomics strategy, all this work provides novel insight for understanding metabolic dys-
function of astrocytes and motoneurons in ALS and opens the perspective of therapeutics targets through
focusing on these metabolic pathways
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Intensive fractionation and Click chemistry as a
powerful method for identification of
O-GIlcNAcylation sites [066]
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59120 LOOS, France

The O-linked N-acetyl-f-D-glucosaminylation (or O-GlcNAcylation), an atypical glycosylation,
corresponds to the transfer of a unique GlcNAc moiety on serine and threonine hydroxyl group of a
protein. Because of its dynamism, its reversibility and the swiftness of GlcNAc moieties transfer, O-
GlcNAcylation is akin to phosphorylation and responds rapidly to cell demands. This post-translational
modification is involved in a large amount of cellular processes, and its dysregulation is closely associated
to the etiology of several acquired pathologies, such as cardiovascular or neurodegenerative disorders.
However, the precise function of O-GIlcNAcylation remains often poorly understood because of the un-
awareness of the precise location of the modified sites. As for others post-translational modifications,
mapping of O-GlcNAcylated site remains challenging nowadays, and several approaches were developed
to determine directly or indirectly the serine or threonine amino acids which bear the O-GlcNAc moieties.
In a context of understanding the potential role of O-GlcNAc in the skeletal muscle physiopathology, we
attempt to localize O-GlcNAcylation sites on proteins isolated from C2C12 skeletal muscle myotubes.
Proteins were submitted to several fractionation steps (differential extraction, ammonium sulfate precip-
itation and fractionation according to the isoelectric point); each fraction was submitted to azide-alkyne
Click chemistry, permitting the coupling of O-GlcNAcylated proteins to agarose beads. Peptides result-
ing from proteolysis of proteins linked to agarose beads, or released from beads through beta-elimination
were sequenced on mass spectrometry, leading to the identification of proteins bearing O-GIcNAc moi-
eties and the O-GIcNAc sites mapping. Thus, 1835 O-GlcNAcylated proteins were identified while 620
dehydrated peptides were sequenced, bearing one or more O-GIcNAc sites. This data lead to the identi-
fication of sites on signaling proteins, on structural proteins, and in particular, some sites corresponds to
mutated site in muscular disorders. In conclusion, our approach, based on Click chemistry, is a promising
and powerful approach for localization of O-GIlcNAcylated sites.

Mots-Clés : O, GlcNAcylation, Click chemistry, O, GlcNAc site mapping, post, translational modification
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Quantitative analysis of redox modifications of
protein cysteines in biofilm and planktonic
Escherichia coli [067]
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The growth of bacterial biofilms on surfaces often leads to steep oxygen gradients, rendering deep
areas in the biofilm structure fully anaerobic. Redox signaling is likely to play important roles in the
development and functioning of biofilms. For instance, the signaling molecule nitric oxide (NO) which
is produced from anaerobic processes in mature biofilms has been found to trigger dispersal events and
restart the biofilm life-cycle.

One major mechanism by which redox signaling, including NO, can induce physiological responses is
the posttranslational reversible oxidation of protein cysteine thiols to form disulfide (-S-S-), sulfenic acid
(-SOH-) or S-nitroso (-SNO-). To determine if redox modification of proteins may play a role in bacterial
biofilms development, we used a bottom-up proteomics approach, using a modified OcSILAC strategy.
A biotin-switch method was adapted for the differential enrichment of oxidized and nitrosylated thiols
in cysteines coupled to a stable isotope labelling with amino acids in culture strategy.

This method was applied to study the redoxome of biofilms. Quantitative data processing allowed to
identify proteins with distinct redox modification profiles in Escherichia coli biofilms grown in micro-
fermentor cultures compared to planktonic cultures under both aerobic and anaerobic conditions. The
effects of oxygen availability on protein expression level and on the redox state of each protein were
discriminated. This study furnishes also a real example of data mining to quantify post-translational
modifications.

Mots-Clés : cysteine oxidation, ROS, S, Nitrosylation
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Large-scale proteomic analysis of SIRT1- and
tissue-dependent acetylproteome in mouse liver,
testis and muscle [068]
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Background: SIRT1 (NAD-dependent protein deacetylase Sirtuin-1) regulates the expression of genes
by deacetylating their transcription factors and co-regulators. These can be involved in a wide range of
functions such as cell cycle, DNA damage, metabolism, aging and spermatogenesis. Sirt/ is differen-
tially expressed in tissues and its activity can be regulated through post-translational modifications or
expression of tissue-specific isoforms. Furthermore, SIRT1 activity depends on NAD+ levels, which is
altered by starvation and metabolic changes associated with caloric restriction. In order to identify sub-
strates of SIRT1 in vivo and to gain insights into tissue- and diet-dependent regulations by SIRT1, we
analysed SIRT1-dependent acetylations in liver, muscle and testis of fed and starved mice.

Methods: Tissues were harvested from fed and starved wild-type control mice or mice with conditional
SIRT1-KO. After lysis and trypsin digestion, acetylated peptides were enriched by immuno-precipitation
using a specific antibody targeting acetylations before being injected onto a Q-Exactive Plus for label-
free quantification. The proteome (peptides before acetyl-enrichment) and the acetylproteome data sets
were then subjected to a statistical workflow developed for PTM analysis and integrated to identify po-
tential substrates of SIRT1 and diet- and/or tissue-specific acetylation events.

Results: We identified over 1,600 acetylation sites belonging to 719 proteins and their statistical anal-
ysis uncovered potential tissue independent and tissue specific SIRT1 substrates. Our integration of the
acetylome and proteome data sets shows major SIRT1-dependent changes of the acetylproteome upon
nutrient restriction in the liver and muscle.

Conclusions: This work allowed the identification of global acetylation changes due to SIRT1 extinction
in function of nutrient availability. We identified previously unreported potential substrates of SIRT1 pro-
viding clues on its cellular functions in different organs. Finally, the undergoing integration of our data
set with similar studies of other Sirtuins should enlighten on their inter-dependencies in a tissue-specific
fashion.

Mots-Clés : Sirtl, acetylation, PTM
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Proteomic study of histone acylations [O69]
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Histones H2A, H2B, H3 and H4, organized in tetramers within chromatin, are decorated by a great
diversity of post-translational modifications (PTMs) which contribute to numerous processes such as
gene expression regulation, DNA damage repair, etc. Acetylation and methylations of Lys and Arg
residues as well as phosphorylation of Ser and Thr have long been described and functional roles have
been attributed to a number of these modified residues. Over the past decade, a range of PTMs whose
structures are quite close to, but longer than acetylation, collectively referred to as acylations, were dis-
covered by the group of Yingming Zhao (Sabari BR et al, Nat Rev Mol Cell Biol. 2017). Specific effects
have started to be attributed to these acylations, such as the transcriptional active state marked by crotony-
lation in the post-meiotic phases of spermatogenesis (Tan M et al, Cell 2011). These new PTMs thus
aroused an increasing interest, because they largely expand the refinement level of epigenetic regulation
mechanisms. Our team works on yeast sporulation considered as a model for mammalian spermatogen-
esis. These processes share a meiosis step, followed by a progressive compaction of the genome that is
accompanied by dramatic changes in histone PTMs, and end with the removal of histones (Govin J et al,
Genes Dev 2010). We decided to study the acylations present on histones during yeast sporulation and
mouse spermatogenesis, to assess their conservation level. Mass spectrometry analysis allowed pinpoint-
ing conserved and possibly specific sites modified with propionylation, butyrylation and crotonylation.
Because histone variants emerged during evolution, we observe a very complex pattern of regulation dur-
ing mouse spermatogenesis, combining diverse acylations and histone sequence variants that differ by a
few amino acids only. These proteomic analyses are currently associated with metabolomics analyses of
acyl-coAs to assess the correlation between the levels of PTMs and of metabolites.

Mots-Clés : Post translational modifications, acylations, histones, proteomics
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Une approche combinée de lipidomique, d’imagerie
MS et d’imagerie TEP-Scan révele des différences
de fonctionnement cérébral chez le raton selon le
contenu lipidique de formules infantiles [O70]
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Nous avons évalué I’'impact de la qualité lipidique de formules infantiles sur la composition et
le fonctionnement du cerveau dans un modele de ratons allaités artificiellement avec des formules de
sources lipidiques différentes : matiere grasse végétale seule (MGV) ou en mélange avec des graisses
laitieres (MGLmix), supplémentées ou non en acide arachidonique (ARA) et DHA (ratio2:1). Les ré-
sultats ont été comparés a un groupe allaité (opérés Sham). Au sevrage ont été évaluées (i) I’activité
fonctionnelle cérébrale en imagerie TEP-scan, (ii) la composition en acides gras et en especes lipides
du cerveau par lipidomique, (iii) la richesse en DHA des différentes régions cérébrales par imagerie en
spectrométrie de masse.

Résultats : L’ activité fonctionnelle cérébrale devient comparable aux allaités avec les formules DHA+ARA.
La formule MGLmix induit des teneurs en DHA supérieures a la base végétale, mais inférieures aux té-
moins allaités. L’ajout de DHA+ARA dans les formules permet de normaliser le contenu cérébral en
DHA, mais sa distribution dans les différentes zones du cerveau, déterminée par imagerie MS, reste
différente des rats allaités : seule la formule MGLmix se rapproche au mieux des contrbles allaités.
L’analyse lipidomique a permis d’identifier plus de 700 especes lipidiques réparties dans 27 classes de
lipides. La PC(18:0/22:6n-3) est la plus modifiée en présence de DHA+ARA et la mieux corrélée pos-
itivement avec I’activité cérébrale (12=0,25 ; P< 0.05). Au-dela de la composition en acides gras, les
teneurs de certains lipides structuraux (LPC, céramides, sphingosine et cholestérol) sont modifiées par le
type de formules administrées.

Conclusions : les matieres grasses laitieres, le DHA+ARA des formules modulent I’activité cérébrale
post-natale. Le contenu en DHA cérébral peut étre normalisé par I’ajout de DHA+ARA, mais non sa dis-
tribution dans les zones cérébrales. La qualité lipidique des formules est capable de moduler le contenu
en certains lipides structuraux et fonctionnels du cerveau.

Mots-Clés : nutrition lipidique, lipidomique, imagerie MS, imagerie in vivo, nouveau, né
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Two-dimensional mass spectrometry patterns as a
tool for lipidomics: application to human blood
plasma with different oxidation states [O71]

Fabrice Bray i ! Caroline Tokarski !, Christian Rolando 2

! Miniaturisation pour la Synthése et I’ Analyse Protéomique (MSAP) — CNRS : USR3290 — Université Lille 1,
Sciences et Technologies Batiment C4 - Avenue Paul Langevin 59655 Villeneuve d’ Ascq, France
2 USR 3290 MSAP, Université Lille 1, Sciences et Technologies — USR 3290 MSAP, Université Lille 1, Sciences
et Technologies — 59655 Villeneuve d’ Ascq cedex, France

Two-dimensional Fourier transform ion cyclotron resonance mass spectrometry (2D FT-ICR MS)
is an innovative tandem mass spectrometry method that correlates precursor and fragment ions without
requiring prior ion isolation. 2D FT-ICR MS is therefore very well adapted to the structural analysis
of complex samples. Human blood triacylglycerols (TAGs) were extracted from one milliliter of human
plasma using two solid phase extractions on 50 mg DSC-NH2 columns. TAGs 50 microliter solution was
then diluted 500 fold in methanol/chloroform 2:1 (v/v) with 0.1% of lithium chloride. So the quantity
required for an analysis may be reduced to a drop of blood as only 10 microliter of solution are required
for the simpler analysis. Classical 1D MS analysis and bi-dimensional FT-ICR MS experiments were
performed on an Apex 9.4 Tesla fitted with an Infinity cell using gas-free fragmentation method IRMPD
as the lithiated TAG precursor ions are very cleanly fragmented by IMRPD allowing an easy determina-
tion of their fatty acids composition. Two set of parameters for 2D FI-ICR MS were used: in the first
one unit resolution was achieved for the precursor selection and high resolution for the fragments using
a fast acquisition (2k points, 60 minutes) whereas in the second one a high resolution for precursors was
achieved using a non uniform sampling acquisition (256k points, NUS 1/16, overnight). From the low
resolution 2D spectra, clear bidimensional patterns are obtained allowing to classify the oxidation by
family according to the transfusion plasma treatment (methylene blue, Amotosalem, untreated) or the
disease leading to an oxidative stress. From high resolution 2D spectra TAGs native and oxidized with a
total carbon of 46 to 56 and unsaturation numbers from 1 to 5 may be identified and their individual fatty
acid composition determined. The same information was obtained for the different families of lipids
including phospholipids.

Mots-Clés : Triacylglycerols (TAGs), 2D FT, ICR, human plasma, IRMPD, pattern
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Multilevel statistics applied to NMR/MS lipidomics
[072]

Jérémy Marchand i 1.2 Yann Guitton 2, Sébastien Déjean 3 Francois Bartolo
4 Estelle Martineau ', Bruno Le Bizec 2, Patrick Giraudeau !-°, Gaud
Dervilly-Pinel 2

! Chimie Et Interdisciplinarité : Synthese, Analyse, Modélisation (CEISAM) — Université de Nantes, CNRS :
UMR6230 — UFR des Sciences et des Techniques - 2 rue de la Houssiniere BP 92208 - 44322 Nantes Cedex 3
2 LUNAM Université, Oniris, Laboratoire d’Etude des Résidus et Contaminants dans les Aliments (LABERCA),
UMR INRA 1329 (ONIRIS-Laberca) — Ministere de I’alimentation de 1’agriculture et de la péche — Nantes
3 Institut de Mathématiques de Toulouse UMRS5219 (IMT) — Université Toulouse 1 Capitole, INSA - Toulouse,
Université Toulouse 2, Université Paul Sabatier - Toulouse 3, PRES Université de Toulouse, CNRS — UPS IMT,
F-31062 Toulouse Cedex 9, France INSA, F-31077 Toulouse, France UT1, F-31042 Toulouse, France UT2,
F-31058 Toulouse, France
4 Methodomics, SARL — 60 rue nationale 85290 Mortagne, France
5 Spectromaitrise, CAPACITES SAS, 26 Bd Vincent Gache, 44200 Nantes, France
6 Institut Universitaire de France (IUF) — Paris, France

Metabolomic -and by extent lipidomic- studies generate large amounts of data, which require tai-

lored statistical methods. Multivariate statistical analyses, such as Principal Component Analysis (PCA)
for data exploration, or Partial Least Square Discriminant Analysis (PLS-DA), for supervised analysis
are therefore commonly used (1). However, when the experiment design includes repeated measure-
ments (for instance several measurements acquired on the same individual at different time points), too
few available exploratory solutions enable dealing with such characteristic, resulting in biological noise
which hinders further interpretation. The so-called multilevel approaches, as included in the mixOmics
R package, make an efficient use of these repeated measurements and after subsequent multivariate anal-
ysis, better reveal the differences between sample groups and relevant variables (2-3).
We will demonstrate that a two-factor multilevel approach, followed by PLS-DA, can greatly simplify
the interpretation of the results from the statistical treatment of lipidomic data acquired with multiple
analytical methods. We will present a simple and efficient solution for relevant variable selection. The
strategy has been efficiently applied in a public health related project to highlight biomarkers of chem-
ical exposure in food producing animals on two data sets respectively acquired by Mass Spectrometry
and multidimensional Nuclear Magnetic Resonance fingerprinting. A distinct discrimination between
the sample groups was obtained, allowing a simple selection of the relevant variables, thus highlighting
potential biomarkers.

(1) E.Courant, J.-P. Antignac, G. Dervilly-Pinel, B. Le Bizec, Proteomics, 2014, 140: 2369-2388.

(2) J. Westerhuis, E. van Velzen, H. Hoefsloot, A. Smilde, Metabolomics, 2010, 6: 119-128.
(3) B. Liquet, K.-A. L& Cao, H. Hocini, R. Thiébaut, BMC Bioinformatics, 2012, 13: 325.

Mots-Clés : lipidomics, food safety, data analysis, biomarkers, NMR/HRMS
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Apport de la spectrométrie de masse dans la
caractérisation structurale et I’analyse des
phospholipides oxydés [O73]

*1 1

Spiro Khoury , Corinne Pouyet !, Bernard Lyan !, Estelle Pujos-Guillot !

! Unité de Nutrition Humaine UMR 1019 INRA / Université Clermont 1 Plate-forme d’Exploration du
métabolisme PFEM — Centre de Clermont - Ferrand -Theix 63122 Saint Genes Champanelle, France

Les phospholipides (PLs) sont des biomolécules complexes, de structures tres variées, et représen-

tent une classe de métabolites d’intérét pour évaluer les relations entre 1’alimentation et le développement
des maladies métaboliques. Vu leur richesse en acides gras insaturés, les PLs donnent lieu a la forma-
tion d’un grand nombre de produits d’oxydation. Ainsi, les phospholipides oxydés (PLs-Ox) sont de
plus en plus reconnus non seulement comme des marqueurs de stress oxydant, mais aussi des marqueurs
de différentes pathologies associées a I’inflammation, telles que le diabete. L objectif de ce travail est
d’acquérir de nouvelles connaissances structurales concernant les PLs-Ox afin de proposer une stratégie
analytique permettant d’analyser ces composés dans les matrices biologiques.
Etant donné la faible disponibilité commerciale des PLs-Ox, une méthode de synthése, en auto-oxydation
(1), a été mise en place a partir d’especes moléculaires, de structures variées, de Phosphatidylcholines et
Phosphatidyléthanolamines. Une méthode d’analyse par spectrométrie de masse (MS), en basse et haute
résolution, utilisant une source d’ionisation electrospray, a été développée pour caractériser la grande di-
versité structurale des formes oxydées. Le couplage avec la chromatographie liquide (LC) par Injection
en Flux Continu a permis la mise au point d’une méthode LC-MS.

La cinétique de formation des produits d’oxydation a été évaluée et I’effet de la structure des PLs sur la
nature des formes oxydées a été investigué. L’étude de la fragmentation des formes oxydées, a chaine
courte et longue, en MSn, a contribuée a générer davantage d’informations structurales, a confirmer les
structures proposées, ainsi qu’a localiser le site d’oxydation sur la chaine d’acide gras insaturée. Ces
résultats permettent d’envisager la mise en place d’une stratégie d’analyse lipidomique de ces composés,
et I’enrichissement des bases de données existantes par 1’annotation proposée.

(1) Spickett, C.M., A. Reis, and A.R. Pitt, Free Radic Biol Med, 2011. 51(12): p. 2133-49.

Mots-Clés : Phospholipides oxydés, Spectrométrie de masse, Identification, Fragmentation
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Microbiologie: bactérie, virus,
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Discrimination de biofilms marins par
métabolomique [O74]

Gérald Culioli * I Laurie Favre !, Annick Ortalo-Magné 1
I MAPIEM - Université de Toulon — CS 60584, 83041 Toulon Cedex 9, France

En milieu marin, les surfaces immergées sont sujettes a la colonisation par de nombreux organismes
(biofouling). Le développement de biofilms constitue une étape-clé de ce phénomene. La composition
des populations microbiennes (bactéries, diatomées, ...) formant ces biofilms est complexe et varie en
fonction des conditions environnementales et des propriétés physico-chimiques des surfaces. Les princi-
pales études menées a ce jour dans ce domaine ont porté sur la structure des communautés bactériennes
mais le questionnement scientifique en lien avec la ” dimension chimique ” des biofilms a été éludé.
Dans ce contexte, les travaux menés par notre équipe visent, d’une part, a développer des protocoles
d’analyse métabolomique (LC-MS) applicables aussi bien a des biofilms de bactéries modeles formés
in vitro qu’a des biofilms naturels et, d’autre part, a discriminer des biofilms marins collectés sur di-
verses de surfaces artificielles. Ce dernier volet nécessite la mise en ceuvre d’approches pluridisci-
plinaires liant I’analyse métabolomique a des études d’écologie microbienne (communautés), de chimie
de I’environnement (parametres environnementaux), de chimie des matériaux (physico-chimie des sur-
faces) ainsi que de biochimie (matrice exopolymérique).

Des protocoles dédiés spécifiquement a 1’analyse par métabolomique de biofilms marins ont été dévelop-
pés a partir de cultures d’une sélection de bactéries. Les résultats montrent que le profilage par LC-MS
lié a des analyses multivariées permet de différencier les souches étudiées au niveau spécifique et ce,
quel que soit le milieu, le temps ou le mode de culture (planctonique/biofilm). En outre, la construction
de réseaux moléculaires a conduit a la caractérisation de biomarqueurs de type aminolipides (1,2). Pour
les biofilms formés in situ, une nette discrimination est observée en fonction des surfaces et/ou des sites
d’immersion, et peut étre corrélée aux résultats obtenus par le biais des autres approches.

(1) Favre et al. J. Proteome Res. 2017 16: 1962.
(2) Favre et al. Biofouling soumis.

Mots-Clés : Biofilms marins, métabolomique, LC/MS, bactéries marines, réseaux moléculaires, amino, lipides
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Lysine modifications in Pseudomonas aeruginosa
PA14 [O75]

Charlotte Gaviard ﬂ I Isabelle Broutin 2, Pascal Cosette !, Emmanuelle Dé !,
Thierry Jouenne !, Julie Hardouin !

I CNRS UMR 6270 — Université de Rouen — Plateforme PISSARO, IRIB, Mont-Saint-Aignan, France
2 Laboratoire de cristallographie et RMN biologiques (LCRB) — CNRS : UMRS8015, Université Paris V - Paris
Descartes — Faculté de Pharmacie 4 Avenue de 1’Observatoire 75270 PARIS cedex 06, France

Post-translational modifications (PTMs) are crucial for regulating, on short timescales, almost all

cellular functions in various organisms. Hundreds of PTMs have been so far reported but, in contrast
to eukaryotes, PTM discovery in bacteria is quite recent. PTM diversity suggests their involvement in
important bacterial mechanisms (virulence, resistance...) to rapidly respond to both internal and external
signals, and thus allowing bacteria to adapt to its environment.
Pseudomonas aeruginosa is a Multi-Drug Resistant human pathogen largely involved in nosocomial in-
fections. However, effective antibacterial agents lacked. Explore its physiology at the PTM level may
contribute to the renewal of combat tactics. Although phosphorylation(1) and acetylation(2) are the most
studied, the recent discovery of lysine succinylation(3) appears to be an interesting PTM.

Here, we will present the characterization of succinylated and acetylated proteins in P. aeruginosa
PA14 in different carbon sources. We used a 2 dimensional immunoaffinity approach with high reso-
lution/accuracy mass spectrometry.

Overall, a total of 1530 succinylated sites (617 proteins) and 1109 lysine sites (526 proteins) were iden-
tified. Citrate was the carbon source in which we identified the higher number of succinylated proteins.

Interestingly, we noticed that 622 sites (312 proteins) can be either acetylated or succinylated on the
same lysine. The addition of these PTMs changes the residue charge that can affect the 3D structure. The
protein function/interactions can thus be affected too. Some of these proteins have interesting functions
like two-component regulatory systems, chemotaxis... So, we are looking to the structure of proteins
of interest to investigate the possible involvement of the modified lysine residue in a conformational
change.

This work provides the first repertory of succinylated proteins in PA14, a promising starting point for
further investigations on the biological role of lysine succinylation in P. aeruginosa.

Mots-Clés : Pseudomonas aeruginosa, Post translational modifications, Succinylation
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An integrated innovative top-down proteomics
workflow for the rapid discrimination of
enterobacterial pathogens [076]

Mathieu Dupre j 1 Diogo Borges Lima I Christian Malosse !, Magalie
Duchateau !, Dominique Clermont 2 Paulo Costa Carvalho 3, Julia
Chamot-Rooke !

! Unité de Spectrométrie de Masse Structurale et Protéomique, Institut Pasteur (USMSP) — 25-28 rue du Docteur
Roux F-75724 Paris Cedex 15, France
2 Collection de I'Institut Pasteur (CIP) — Institut Pasteur — Département Microbiologie - 25-28 rue du Docteur
Roux F-75724 Paris Cedex 15, France
3 Computational Mass Spectrometry and Proteomics Group, Carlos Chagas Institute — Rua Prof. Algacyr Munhoz
Mader, 3775 - CIC 81350-010 Curitiba/PR, Brésil

Pathogen identification is crucial to confirm bacterial infections and guide antimicrobial therapy. Al-
though MALDI-TOF mass spectrometry (MS) has proved a powerful tool for microbial identification,
clinical laboratories need more reliable methods since some bacteria remain difficult to identify (absence
of specific profile, lack of appropriate references in the database, no differentiation of sub-species).
Top-down proteomics (TDP) is an emerging technology based on the analysis of intact proteins using
very high-resolution MS. The major advantage of TDP, in comparison to the more usual bottom-up MS
approach, is its ability to address protein variations, characterize proteoforms arising from alternative
splicing, allelic variation, or post-translational modification, and negate the problem of protein inference.

Here, we developed a unique integrated approach, combining large-scale LC-MS/MS TDP with an in-
novative software tool, able to discriminate bacterial pathogens. As a proof of concept, we focused on
enterobacterial species that are difficult to unambiguously identify with MALDI-TOF. Briefly, 12 differ-
ent bacterial strains of E. coli, Shigella and Salmonella species were cultured. Following a lysis step,
intact proteins were extracted and analyzed by LC-MS/MS on an Orbitrap Fusion Lumos mass spec-
trometer using EThcD fragmentation. All data were processed with Prosight PD 2.1 and Diagno-TOP, a
new software tool developed in-house, which clusters spectra according to their similarity, without any
database search or protein identification.

In total, our dataset comprised 36 LC-MS/MS runs containing 200,744 MS/MS spectra corresponding
to 93,372 spectra clusters. From these data, Diagno-TOP pinpointed many spectral clusters shared by
several species. Besides those, specific spectral cluster were also identified. For instance, 1,605, 1,226
and 2,705 spectral clusters were respectively found as unique for E. coli, Shigella and Samonella. Taken
together, all species were correctly classified. Such discrimination would have been impossible with
MALDI-TOF.

Mots-Clés : Bacterial infection, virulence, resistance, mass spectrometry, proteomics, diagnosis, DiagnoTop
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NRPomics : Kendrick mass defect for molecular
formula assignment of non ribosomal peptides
(NRPs) [O77]
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Villeneuve d’Ascq Cedex, France
® TERRA Research Centre, Microbial Processes and Interactions (MiPI) — Gembloux Agro-Bio Tech University
of Liege, B-5030 Gembloux, Belgique

Among the key analytical techniques dedicated to the high-throughput analysis of microbial sec-
ondary metabolites and, more particularly, of non-ribosomal peptides (NRPs), the mass spectrometry
(MS) generally coupled to separative techniques, remains a tool of choice. As suggested by their names,
the NRPs structure cannot be read directly from the genome hence the protein databases contain very lit-
tle structural information about the NRPs. NRPs are, by nature, metabolites containing building blocks,
called monomers, including proteogenic and non-proteogenic amino acids and derivatives, aliphatic
chains, chromophores, fatty acids....Nowadays, more than 500 monomers... have been founds in NRPs
composition in the NORINE database that currently gathers more than 1200 NRPs structures (Caboche
et al., 2007; Flissi et al. 2016). The NRP synthesis occurs a long large enzymatic complexes called non
ribosomal peptide synthetases (NRPS) and lead to linear, cyclic, semi-cyclic or branched structures of
masses between 500 and 2,000 Da. NRPs have various activities ranging from anti-bacterial, antifungal,
anti-inflammatory, surfactants, siderophore and so one. According to their mass range, NRPs do not fully
belong to metabolomics or proteomics fields and the analytical methods developed in its respective fields
are not fully transposable for the "NRPomics” (defined as the systematic study of NRPs). Here, we will
illustrate that the combination of NORINE database information, the measurement accuracy using FT-
ICR mass spectrometer and the Kendrick mass defect (Kendrick, 1963) is an relevant way to recover the
molecular composition of NRPs and to propose potential structures for new NRPs, based on the NRPs
family phylogeny.

Mots-Clés : nonribosomal peptides
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Thermo Fisher Scientific : Orbitrap MS- repousser
les limites de la recherche Omics [W1]

Présentation 1 : Accelérer la recherche de biomarqueurs :
workflows (HRAM)MS pour la proteomique translationnelle

Claire Dauly **

Thermo Fisher Scientific — Courtaboeuf cedex, France

Les maladies comme le Cancer sont complexes — et requierent un autre niveau de discipline dans les
mesures analytiques. Aprés avoir été reconnues comme un standard pour la recherche de biomarqueurs
avec ’obtention de profils proteomiques complets, les dernieres avancées de la technologie Orbitrap et
les worflows associés permettent I’analyse & large échelle au travers d’un grand nombre d’échantillons .
Lors de ce séminaire nous partagerons les nouvelles technologies et approches qui permettent d’atteindre
sensibilité, précision, débit d’analyse, robustesse et reproductibilité nécessaires pour des résultats qui
comptent.

Présentation 2 : Chromatographie lonique couplée a la
spectrométrie de masse: un outil puissant pour 1I’analyse du
métabolisme

Floriant Bellvert %
Plateforme MetaToul, LISBP - INSA de Toulouse, France

L’étude du métabolisme central et énergétique requiert des séparations chromatographiques qui ne
sont possibles qu’en chromatographie ionique, en particulier la séparation des hexoses phosphates. Cou-
plé€ a un spectrométre de masse haute résolution Orbitrap, il est possible d’accéder a la fois a la quantifi-
cation absolue des metabolites et a I’analyse des isotopologues obtenus aprés marquage, deux éléments
essentiels dans les analyses métaboliques des flux.
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Optimisez le ceeur de votre laboratoire griace a un
générateur de gaz Peak Scientific [W2]

Sylvie Dos Reis i
Peak Scientific France, Parc Gutenberg Bat 2B, 2 bis voie la Cardon, 91120 Palaiseau, France

Que se passe-t-il a ce moment précis ou vous n’avez plus de gaz dans votre laboratoire ?

Le gaz devrait étre la derniere chose dont vous vous souciez lorsqu’il alimente vos équipements an-
alytiques. Avec un générateur de gaz Peak Scientific dans votre laboratoire, vous pouvez étre tranquille.

L’alimentation en gaz constitue le cceur de votre laboratoire, permettant a vos instruments d’analyse
d’effectuer et d’atteindre les résultats dont vous avez besoin. Nos générateurs, de par leurs différents
types de technologies, offrent une alternative plus stable, plus pratique et plus sécuritaire a la bouteille
de gaz. Ils travaillent & la demande et peuvent €tre activés ou désactivés en fonction de vos besoins.

Apres plus de 20 ans d’expérience dans le secteur du gaz, une marque unique et un service apres-
vente inégalé, vous pouvez compter sur Peak pour une solution pratique et sans contrainte pour votre
laboratoire.
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Agilent 6545XT AdvanceBio LC/Q-TOF: Designed
for BioPharma Workflows [W3]

Jérémy Jeudy, PhD **

LC/MS Field Applications Specialist, Agilent Technologies Parc Technopolis — ZA Courtaboeuf, 3 avenue du
Canada, CS 90263, 91978 Les Ulis Cedex

Les applications BioPharma imposent de nouveaux challenges analytiques, et des verrous tech-
nologiques qu’il est nécessaire de lever. Devant des échantillons toujours plus complexes et des limites de
quantifications toujours plus basses, découvrez comment le nouvel Agilent 6545XT LC/Q-TOF s’inscrit
dans les solutions BioPharma. Au-dela des innovations techniques qui seront présentées, différentes
applications axées sur I’analyse des macromolécules viendront illustrer ses performances.
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Workshop Bruker [W4]

TimsTOF™ et technologie PASEF™, nouveaux horizons en
analyse prot€éomique

Pierre-Olivier Schmit *T

Proteomics market area manager — Bruker Daltonics

L’échelle de temps nécessaire a la mesure d’une masse avec un analyseur a temps de vol rend cette
technologie compatible avec une séparation additionnelle par mobilité ionique via la technologie Tim™
Trapped Ion Mobility, introduites par Bruker en 2016. Aboutissement de 8 années de recherches et de
collaboration dans le domaine du couplage LC-TIMS -MS/MS, le TimsTOF™ et la stratégie PASEF™
(Parallel Accumulation Serial Fragmentation - PASEF, Meier et al., JPR 2015, PMID: 26538118) per-
mettent d’offrir un potentiel inégalé pour la recherche protéomique, avec des acquisitions dépendantes
des données de spectres MS/MS cinq a dix fois plus rapides. Nous illustrerons le potentiel de cette
technologie avec les premiers résultats obtenus a partir de mélanges complexes de protéines digérées.

Clinical metabolomics by NMR

Martial Piotto E

Application specialist, Bruker Biospin France

NMR is a powerful technique to analyze the metabolic profile of bio-fluids like urine, serum and
plasma. Analyzing such samples in a reliable manner requires the standardization of the NMR platform
as well as the introduction of well-defined protocols for sample preparation, data acquisition and data
analysis. The AVANCE IVDr platform is a 600 MHz-based NMR system that can achieve such a high
degree of standardization and automation.

In this presentation, we will describe two methods that have been implemented on the IVDr platform and
that can be used in full automation:

1) Metabolites quantification in human urine specimens. This method, based on the analysis of 1D NMR
spectra (and optionally 2D J-Resolved spectra) can detect and quantify up to 150 metabolites automati-
cally.

2) Lipoprotein subclass analysis in human serum/plasma specimens.

This method is based on the analysis of 1D NMR spectra of serum/plasma specimens and can provide the
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lipids concentration (cholesterol, free cholesterol, phospholipids, and triglycerides) and the apolipopro-
teins concentration (Apo-Al, Apo-A2 and Apo-B) in the following lipoprotein classes and subclasses:
o Plasma and Serum

e VLDL, IDL, LDL and HDL

e VLDL subclasses (VLDL-1 to VLDL-6)

e LDL sub-classes (LDL-1 to LDL-6)

e HDL-subclasses (HDL-1 to HDL-4)
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Workshop Waters [W5]

Caractérisation des biomolécules avec la plateforme Vion IMS
QTof et UNIFI

Christophe Siroit *¥

MS Specialist, Waters, BP 608, 78056 St Quentin en Yvelines, France

La spectrométrie de masse haute résolution seule n’est pas toujours suffisante pour répondre aux défis
de la caractérisation des biomolécules les plus complexes. En incorporant une cellule de mobilité dans
un spectrometre de masse, il est non seulement possible d’isoler les spectres des molécules d’intérét des
interférences de la matrice mais aussi d’observer les changements potentiels dans la conformation des
protéines induites par une modification ou un lien avec un ligand. En plus de cette extra-sélectivité, la
mobilité ionique permet de traiter les valeurs de CCS (Collision Cross Section) de chaque ion comme
critere physico-chimique additionnel. La mesure simultanée en routine des CCS en plus des masses
précises des protéines intactes, réduites et digérées permet d’obtenir des données plus fiables, indépen-
dantes de la matrice et de I'instrument réduisant ainsi le risque d’erreur d’identification. Au travers
d’exemples applicatifs, découvrez les stratégies de caractérisation de vos protéines, de leur structure 3D
jusqu’a I’échelle des peptides et glycanes, grace a la géométrie innovante du spectrometre Vion IMS
QTof combinée a la plateforme informatique UNIFI.

Du profilage non cibl€ a la quantification hautement sensible

Freddy Drouyé ﬁ

MS Specialist, Waters, BP 608, 78056 St Quentin en Yvelines, France

Panorama des solutions de Waters pour le screening et la quantification mettant en ceuvre le spectrometre
de masse Xevo G2-XS QTof et le nouveau tandem quadripdle Xevo TQ-XS. Alternatives innovantes aux
techniques d’ionisation conventionnelles, les nouvelles sources UniSpray et APGC montrent des gains
en efficacité d’ionisation qui permettent d’étendre la couverture des composés détectables en couplage
LCet GC.

Programme

*Intervenant

T Auteur correspondant: christophe_siroit@waters.com
Intervenant
§ Auteur correspondant: freddy_drouye @ waters.com

146


mailto:christophe_siroit@waters.com
mailto:freddy_drouye@waters.com

The benefits of targeted, standardized procedures
in metabolomics [W6]

Carmen Ludwig-Papst, PhD i
Biocrates Life Sciences AG 220414 p. Eduard-Bodem-Gasse 8 6020 Innsbruck Austria

Application of Metabolomics in Biomedical has experienced exponential growth in recent years. The
technology has proven to be a powerful tool to provide unique and relevant information. - on its own and
in combination with other “Omic” approaches, for example NGS. Standardized, quantitative assays have
increasingly been desired in metabolomics to enable large-scale, multi-center and longitudinal studies
and required for clinical applications.

As metabolites are very diverse with regard to their properties (e.g. concentration, polarity) no single
analytical technology can cover the whole metabolome. Therefore it is of high importance to carefully
plan a metabolomics project.

Targeted Metabolomics enables hypothesis driven selection of metabolites that are known to be
relevant in a given pathophysiological process of interest. Biocrates has been a leader in Targeted
Metabolomics for more than 15 years, providing a range of Metabolomics kits for Triple Quad MS
instruments and analytical and statistical services. The kits are designed to provide highly accurate and
reproducible results across instrument platforms, and have contributed to hundreds of scientific publica-
tions.

In collaboration with ThermoFisher Scientific™, Biocrates has developed the AbsoluteIDQ®) p400
HR Kit, bringing the benefits of standardized Metabolomics kits to High Resolution Mass Spectrometry.

The talk will address considerations for Metabolomics study design and analysis of Metabolomics
data. It will also highlight the benefits of standardization in Targeted Metabolomics as well as Biocrates’
solutions to major challenges in Metabolomics.
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Workshop Shimadzu [W7]

Thierry Legoupil i I Raphagl Delépée >~*

! Responsable Développement Biotech & Techniques MS, Shimadzu France - Le Luzard II, Bat. A. Bd Salvador
Allende. 77448 Marne La Vallée Cedex 2, France
2 Normandie Univ, UNICAEN, ABTE, 14000 Caen, France
3 Centre de Lutte Contre le Cancer Francois Baclesse, UNICANCER, 14076 Caen, France
4 PRISMM, SF ICORE, 14000 Caen, France

Ce workshop permet aujourd’hui a Shimadzu de présenter des solutions uniques et performantes
dédiées aux secteurs de la protéomique, métabolomique ou lipidomique.

Les chercheurs ont besoins de nouveaux outils comme nos spectrometres de masse de dernieres
générations avec la technologie «Ultra-Fast MS», pour la confirmation et la quantification des molécules
d’intéréts a faible concentration.

Nous introduirons a cette occasion nos dernieres nouveautés comme le mode d’acquisition «xMRM
Spectrum», I’automate de préparation en ligne avec le module LCMS CLAM-2000, la SFE-SFC-MS/MS,
I’imagerie Maldi. ..

Nous aurons également le plaisir d’avoir un retour d’expérience de nos technologies avec un utilisa-
teur : le Pr Raphaél Delépée, autour de I’analyse de biomarqueurs génotoxiques chez I’homme.
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Intégration des données et approches
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Integrated proteomic and transcriptomic
approaches towards the high-throughput discovery
of new bioactive molecules in venoms [P1]

Julien Giribaldi j ! Nicholas Casewell 2, Loic Quinton 3
Christine Enjalbal !, Sébastien Dutertre

! Institut des Biomolécules Max Mousseron, UMR 5247, Université de Montpellier — CNRS : UMR5247, Ecole
Nationale Supérieure de Chimie de Montpellier : UMRS5247 — Montpellier, France
2 Alistair Reid Venom Research Unit, Parasitology Department, Liverpool School of Tropical Medicine —
Liverpool, Royaume-Uni
3 Laboratory of Mass Spectrometry- MolSys, Department of Chemistry, University of Liege — Liege, Belgique
4 Institut des Biomolécules Max Mousseron, UMR 5247, Université de Montpellier - CNRS — CNRS :
UMRS5247, Ecole Nationale Supérieure de Chimie de Montpellier : UMRS5247 — Montpellier, France

Venomous animals produce potent venom made of diverse bioactive molecules comprising small
peptides, which is used to rapidly neutralize preys or deter predators. This lead to the evolution of toxins
that act with high selectivity and affinity towards key biological targets including ions channels, G-protein
coupled receptors, transporters and enzymes. Given these attractive properties, some toxins are widely
employed as pharmacological tools or even drug leads. However, the traditional activity-guided frac-
tionation method is time-consuming and consequently not adapted for high throughput discovery of new
compounds. In recent years, integrated approaches coupling mass spectrometry instruments, in particular
those running soft ionization methods, with transcriptomics databases and high throughput pharmaco-
logical screening assays have emerged to accelerate the discovery of venom derivative drugs. Moreover,
the advances in mass spectrometry and bioinformatic softwares now allow the identification of more and
more sequences with greater accuracy and reliability in very short time, which is highly beneficial to the
high-throughput discovery of new sequences of interest. Here we report the first whole venom analysis
of the common European adder (Vipera aspis), including some proteomic study by LC-MS/MS analysis
(Q-exactive and SYNAPT-G2) and fully validated transcriptomic sequences using PEAKS software. The
many sequence variants of various toxin classes as well as the putative novel toxins identified provide
new opportunities for the discovery of bioactives of interest.

Mots-Clés : Venom, peptides, proteomic, transcriptomic, PEAKS.
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Evaluation de méthodes statistiques pour
I’intégration de données métabolomiques, cliniques
et alimentaires [P2]

Marion Brandolini-Bunlon *7 !, Mélanie Petera !, Stéphanie Monnerie 2

Charlotte Joly I José Morais_3, Hélene Payette 45 Pierrette Gaudreau ©7,
Blandine Comte 2, Julien Boccard 8, Estelle Pujos-Guillot 12

! Université Clermont Auvergne, INRA, UNH, Plateforme d’Exploration du Métabolisme, MetaboHUB Clermont — INRA : UMR1019 —
F-63000 Clermont-Ferrand, France
2 Université Clermont Auvergne, INRA, UNH - INRA : UMR1019 — F-63000 Clermont-Ferrand, France
3 Division of Geriatric Medicine, McGill University — Montreal, Canada
4 Centre de recherche sur le vieillissement, Centre intégré universitaire de santé et de services sociaux de Sherbrooke — Sherbrooke, Canada
5 Faculté de médecine et des sciences de la santé, Université de Sherbrooke — Sherbrooke, Canada
6 Département de médecine, Université de Montréal — Montréal, Canada
7 Centre de Recherche du Centre hospitalier de I’Université de Montréal — Montréal, Canada
8 School of Pharmaceutical Sciences, University of Lausanne, University of Geneva — Geneva, Suisse

Du fait de la prévalence croissante des maladies métaboliques chroniques, la compréhension de leurs
mécanismes et du role de la nutrition dans leur développement et leur prévention est aujourd’hui un enjeu
majeur. Leur complexité (maladies de systemes) requiert une approche populationnelle, intégrée et mul-
tifactorielle. L’objectif de ce travail est de proposer une stratégie d’intégration de données afin de con-
struire des modeles multidimensionnels, descriptifs ou discriminants de pathologies pour la découverte
de biomarqueurs, et de contribuer & une meilleure compréhension des processus physiopathologiques
impliqués.

Pour cela, cette étude s’est basée sur des données et échantillons biologiques de sujets de la cohorte
NuAge du Réseau Québécois de Recherche sur le vieillissement : 123 hommes (68-82 ans) ont été
sélectionnés pour une étude cas/témoins (61/62 sujets) du syndrome métabolique. Ils ont été suivis an-
nuellement avec des prélevements biologiques, la mesure de parameétres cliniques et le recueil de données
par questionnaires. Des analyses métabolomiques ont été réalisées par spectrométrie de masse sur des
échantillons de sérum collectés en 2003-2005 (T1) et 3 ans plus tard (T4). Trois blocs de données ont
ainsi été identifiés : métabolomiques (863 ions), cliniques (29 variables) et alimentaires (41 variables),
par temps et par groupe de sujets. IIs ont été analysés avec le logiciel R, simultanément ou deux a deux,
apres normalisation UV ou Pareto, par des méthodes d’analyses multiblocs, a des fins descriptives (ACP
multiblocs et Analyse Factorielle Multiple (AFM)) ou discriminantes (PLS multiblocs). Les résultats
sont comparés sur la base de critéres statistiques (pourcentage de variance expliquée, Q?, R?, matrice de
confusion...) et de leur adéquation aux objectifs biologiques : discrimination cas/témoins, identification
de marqueurs, découverte de sous-groupes, adéquation aux connaissances du domaine...

Ce travail a permis d’établir une stratégie d’intégration de données pour mettre en ceuvre une approche
multidimensionnelle d’étude des pathologies systémiques.

Mots-Clés : intégration de données, ACP multiblocs, PLS multiblocs, AFM, maladies métaboliques chroniques,
nutrition, spectrométrie de masse, biomarqueurs
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ProteoRE, a Galaxy-based infrastructure for
interpreting and exploring mass
spectrometry-based proteomics data [P3]

Lien Nguyen I Maud Lacombe !, Sandra Derosier 2, Florence Combes 3, Lisa
Perus !, Olivier Rué 2, Christophe Caron 4 Virginie Brun , Valentin Loux 2
Yves Vandenbrouck *7 !

! Exploring the Dynamics of Proteomes (EDyP), BGE/U1038, INSERM/CEA/Université Grenoble Alpes (BIG) — INSERM :
U1038, CEA - Grenoble, Université Joseph Fourier, 17 rue des Martyrs, F-38054 Grenoble, France
2 Mathématiques et Informatique Appliquées du Génome a 1’Environnement (MaIAGE) — INRA : UR1404 — Batiment
210-233 Domaine de Vilvert 78350 Jouy en Josas Cedex, France
3 CEA Grenoble (BIG, Biologie 2 grande Echelle, EDyP) — INSERM U1038, Université Grenoble Alpes — 17 rue des Martyrs
38054 Grenoble Cedex 9, France
4 Ingenum — INRA — Toulouse, France

Background: Concurrently with the increased simplicity associated with producing MS-based pro-
teomics data, the bottleneck in many laboratories has shifted to reliable and reproducible interpretation of
the data to extract meaningful knowledge. The ProteoRE (Proteomics Research Environment) project is a
joint effort between the French proteomics infrastructure (ProFI) and the French bioinformatics Institute
(IFB). Its primary aim is to centrally provide the proteomics community with an online research service
enabling biologists/clinicians without programming expertise to explore their proteomics data through
the Web in a reproducible manner. ProteoRE is built upon the Galaxy framework, a well-maintained
software platform, providing simple interfaces to tools and online access to computational resources in a
collaborative and transparent way.

Methods: Starting from proteome software output files (e.g. MaxQuant, Proline), various components
have been designed driven by expertise and needs from our collaborators. These modules embedded into
Galaxy components have been implemented either by reusing tools (from the Galaxy Tool Shed) or by
wrapping Bioconductor packages and external code, and further beta-tested.

Results: We have set up two use cases scenarios derived from our own research projects: the first case
consists in interpreting a large proteins identification list while the second entails selection of biomark-
ers candidates based on biochemical criteria. Current components include customary data manipulation
(e.g. filtering, sorting, and ranking), annotation (e.g. information retrieval from public resources), down-
stream analysis (e.g. cross-comparison and enrichment analysis) and graphical representation. A first
ProteoRE instance integrating these components and tools, is now deployed for ergonomics assessment
before public release in early 2018.

Conclusions: While Galaxy-based tools offer services for primary proteomics data analyses (e.g. MS
data conversion, protein database tools, search algorithms), tools focusing on downstream analysis are
still lacking. The ProteoRE platform proposes to fill this gap with the hope of promoting proteomics data
in the Life Science community.

Mots-Clés : Computational workflow, Proteomics data, Bioinformatics, Annotation, Galaxy.
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Omics meets metabolic engineering for the
production of light olefins by recombinant
microorganisms : a highway to renewable plastics,
synthetic rubber and fuels [P4]

Samia Boudah * !

! Global bioenergies - Strain Construction Unit — Global Bioenergies
5 rue Henri Desbrueres , 91000 , Evry, France

Light olefins (ethylene, propylene, linear butylene, isobutylene and butadiene) are the core of the
petrochemical industry. However, these volatile compounds are not naturally produced by microorgan-
isms and no bioprocess to convert renewable resources to these molecules has been industrialized so far.
This limits the scope of industrial biology, and prevents the access to many of the chemistry’s largest
markets.

The purpose of Global Bioenergies is to develop innovative metabolic pathways for the production of
light olefins from renewable resources, by direct fermentation. To achieve this, Global bioenergies has
developed artificial metabolic pathways including all the necessary enzymatic reactions from feedstock
to isobutene. In contrast with most former approaches, the metabolic route leading to isobutene includes
non-naturally occurring reactions as key steps.

Nevertheless, designing efficient “cell factories” involves understanding the complex interactions that
occur between heterologous and native pathways in the host organism. To elucidate this, integrated ge-
nomics, transcriptomics, proteomics, metabolomics analyzes and genome-scale models of Escherichia
coli metabolism were conducted. Samples are collected at multiple fermentation time points to follow
up ARN, proteins (analyzed by LC/MS/MS bottom up approach) and intracellular metabolites (using
LC/HRMS fingerprinting). All together, these data enable to identify (i) relevant differences between
strains by highlighting perturbed metabolic nodes i.e. rate limiting enzymes, metabolites imbalance/ tox-
icity and (ii) the role of candidate genes, pathways, and biochemical reactions in observed experimental
phenomena. These approaches help to gain insights into strain characteristics i.e. glucose consumption,
growth rate, product titer and strain stability ensuring a rationally construction of more efficient indus-
trially mutant strain with increased bio-base isobutene yield. This facilitates the process scale up, from
laboratory bioreactors (1 to 10 liters) to our several cubic meters pilot plants (located in France and in
Germany).

Mots-Clés : Synthetic biology, metabolic engineering, LC/HRMS, metabolome, proteome
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Patchwork evolution of metabolic pathways in red
and brown macroalgae [P35]

Gabriel Markov * ! Jean Girard , Camille Trottier , Cédric Leroux , Elodie
Lacroix , Ludovic Delage , Jonas Collen , Simon Dittami , Erwan Corre ,
Catherine Boyen , Anne Siegel , Catherine Leblanc

I Station Biologique de Roscoff - UMR8227 (CNRS) — CNRS : UMR8227, Université Pierre et Marie Curie
[UPMCT] - Paris VI — Place Georges Teissier 29600 Roscoff, France

Genome-scale reconstruction of metabolic network is necessary to properly model biomass accu-
mulation and to infer synthesis pathways for signalling molecules that can regulate growth. Using an
integrative approach combining both genomic and metabolomic data in the model red alga Chondrus
crispus, and adding new metabolic data for the model brown alga Ectocarpus siliculosus, we show that
even quite conserved metabolic pathways undergo substantial turnover in terms of enzymes, catalytic
activities for orthologous enzymes, and succession of steps necessary to form final metabolites. This is
consistent with findings from other areas of evolutionary biology, indicating that a given phenotype can
be conserved even if the underlying mechanisms are changing.

Mots-Clés : macroalgae, genome, scale metabolic network, pathway evolution, targeted metabolic profiling
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Transgénese et leurs effets sur la santé humaine
[P6]

* 1

Yamina Bouatrous
! Université Biskra Algérie — Université Mohamed Khider, Biskra, Algérie

La transgénese est le transfere d’un géne ou plus d’un organisme a 1’autre de nature différente pour
obtenir les OGM.

Les OGM sont impliqués dans 1’agriculture pour I’amélioration des especes végétales vis-a-vis des
contraintes biotiques et abiotiques. L’utilisation des OGM soulévent certaines inquiétudes quant aux
risques potentiels qu’ils peuvent présenter pour la santé : on parle de réaction allergique lorsque le
systéme immunitaire réagit de facon inappropriée ou exagérée a 1I’absorption de substances dites ” al-
lergeénes . Certains allergénes peuvent étre nocifs pour les humains. Les allergies peuvent se manifester
sous forme d’asthme ou par une chute importante de la pression artérielle dans les cas séveres.

Les toxines et les allergenes sont des substances naturellement produites par les végétaux et certains
animaux. Les toxines, pour leur part, jouent un réle dans les mécanismes naturels de défense de tous
les organismes vivants. Or, un aliment avec OGM pourrait contenir une plus grande quantité de toxines
ou d’allergenes par suite des réactions possibles de la plante a I’insertion d’un ou de plusieurs geénes
introduits dans son génome, y compris pour ce qui est de la production de la ou des protéines.

Mots-Clés : : OGM, transgénese, santé, toxine
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Application d’une stratégie non ciblée par
LC-HRMS pour ’identification d’interférences aux
fluoroquinolones dans le miel révélées lors du
dépistage immunochimique [P7]

Sophie Mompelat i I Céline Hédou , Valérie Gaudin , Dominique
Hurtaud-Pessel

! Laboratoire de Fougeres, Laboratoire National et Européen de Référence pour les Résidus de Médicaments
Vétérinaires dans les Denrées Alimentaires d’Origine Animale (ANSES) — Anses — 10B rue Claude Bourgelat,
35306 Fougeres France

Les quinolones (Qs) et fluoroquinolones (FQs) d’origine synthétique forment une classe d’antibiotiques

dédiée a des usages vétérinaires et humains. Dans le miel, ces antimicrobiens sont considérées comme
des substances interdites car il n’existe aucune limite maximale réglementaire, ni recommandation émise
dans le rapport SANCO/2006/3228. Afin de garantir les qualités sanitaires des productions de miel,
des Plans de Surveillance et de Contrdle (PSPC) sont donc mis en ceuvre annuellement pour contrdler
I’absence de contamination d’antibiotiques.
En France, la stratégie analytique de contrdle des antibiotiques dans le miel repose sur un dépistage
immunochimique suivi d’une analyse de confirmation par spectrométrie de masse sur les échantillons
suspects. Au laboratoire, lors du PSPC de 2013, le test immunochimique de dépistage (AM II kit
Evidence®), Randox) s’est révélé positif aux FQs pour 10 échantillons de miel sur les 171 analysés. En
revanche, la présence de FQs dans ces échantillons n’a pas été confirmée lors des analyses LC-MS/MS
subséquentes.

L’objectif de cette étude est donc de rechercher voire si possible d’identifier la(les) molécules(s) qui
génere(nt) des faux positifs lors du dépistage des FQs dans le miel par la méthode immunochimique.
L’étude a consisté en la comparaison d’un groupe d’échantillons de miel faux positifs aux FQs avec un
groupe d’échantillons de miel témoin de méme origine florale. La procédure d’extraction des échantillons
a été développée afin de pouvoir extraire la(les) molécule(s) inconnues et d’obtenir un extrait analysable
par Chromatographie Liquide couplée a la Spectrométrie de Masse Hautement Résolutive (LC-HRMS)
et par analyse immunochimique. Le traitement statistique uni- et multivariée des empreintes acquises par
LC-HRMS en mode full-scan a permis de démontrer la présence de signaux discriminants. Une identifi-
cation des composés a I’origine de réponses croisées en immunochimie permettrait de contribuer a une
meilleure maitrise des techniques de dépistage pour le contrdle des résidus dans le miel.

Mots-Clés : Médicaments vétérinaires, Controle sanitaire, Recherche non ciblée, spectrométrie de masse haute
résolution
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Towards a foodomics approach of food chemical
safety assessment [P8]

Grégoire Delaporte * ! Mathieu Cladiere !, Delphine Jouan-Rimbaud
Bouveresse !, Valérie Camel' !

I UMR Ingénierie Procédés Aliments (GENIAL) — INRA : UMR1145, AgroParisTech, Université Paris-Saclay —
1 avenue des Olympiades, F-91744 Massy, France

Chronic exposure to small doses of chemicals is an important today’s public health issue, food be-
ing known to be an important contributor to the presence of exogenous hazardous substances in body
burden. Monitoring food chemical contamination currently relies on selective targeted approaches. The
need for more global untargeted approaches (“foodomics” approaches) has recently emerged, but their
development raises many analytical challenges, namely trace concentrations (down to pg/kg) structural
diversity of contaminants, and above all, the need for data treatment tools to work “blindly” (without any
structural information on potential contaminants).

In this context, we have developed a foodomics approach dedicated to food chemical contamination
assessment. Our methodology combines pillars from analytical chemistry, metabolomics and chemo-
metrics: (i) broad-range analytical method based on UHPLC-HRMS and minimal sample treatment; (ii)
feature detection based on XCMS (iii) blind discrimination of sample groups by Independent Component
Analysis; (iv) powerful data mining strategies for annotation and suspect variables highlighting.

Tea has been chosen as a development food matrix since it is the most consumed beverage over the world,
offering a high diversity and complexity as well. In addition, tea is regularly the subject of alerts on food
safety networks, mainly due to chemical contamination issues. Samples were spiked with a mix of con-
taminants (pesticides, mycotoxins, process-induced toxicants and packaging contaminants) in the range
10 to 100 ug/kg. Blind discrimination between control and spiked sample groups was achieved at levels
as low as 10 ug/kg. Annotation step appears to be the main challenge, but in-house data mining tools
make it possible to reduce data complexity and also provide the user a quick feedback about potential
identity of unexpected compounds. Our foodomics approach has been first developed on green tea, being
further applied to other types of tea (respectively black tea and smoked green tea) for its validation.

Mots-Clés : Chemical contaminants, Tea, Untargeted approach, UHPLC, HRMS, Chemometrics, Independent
Components Analysis
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Peptidomic approach to evaluate meat digestion in
elderly conditions using combined in vitro
mastication and gastric digestion [P9]

Thierry Sayd i I Christophe Chambon = !, Marie-Agnés Peyron 2, Jeremy
Pinguet < 3, Damien Richard = 3, Veronique Santé-Lhoutellier

I INRA : UR370 — INRA, UR370 Qualité des Produits Animaux, F-63122 Saint Genes Champanelle, France
2 INRA : UMR1019 — Unité de Nutrition Humaine, CRNH Auvergne, F-63000 Clermont-Ferrand, France
3 CHU - centre hospitalier universitaire [clermont ferrand] — CHU Clermont-Ferrand, Service de Pharmacologie
Meédicale, F-63003 Clermont-Ferrand, France
4 INRA : UR370 — UR370 Qualité des Produits Animaux, F-63122 Saint Gene¢s Champanelle, France

As regards demography, more than 20% of the population will be over 65 by 2030 in developed
countries. With age, muscle mass decreases, and one of the nutritional strategies to limit its size is to
consume protein that is rapidly digested and of high nutritional value. Meat is precisely the food that
fulfills these two conditions. Meat is known to be a source of protein of good nutritional quality in
terms of composition in essential amino acids and digestibility. In elderly, masticatory function often
presents failure in oral tasks due to impairment such as decline in muscular force, malocclusion or saliva
production. Moreover, in elderly physiological digestive conditions are changed with reduced gastric
acidification and digestive enzymes secretion.

Therefore, it was important to combine mastication and digestion to evaluate the fate of food in various
physiological conditions representing adult and elderly.

The main objective of this work was to identify and quantify the peptides generated in the gastric phase
after in vitro mastication mimicking food oral processing defiency. The meat model was frankfurter.
Two in vitro masticatory conditions were tested using the mastication simulator AM2: normal / defi-
cient. Two in vitro gastric physiological conditions of digestion were applied using DIDGI() : adult /
elderly. Three repetitions of each coupling mastication/digestion were done. Five sampling were realized
in gastric phase to analyze the kinetic peptide production. Identification and quantification of peptides
generated by gastric digestion of meat model were performed using LC/MS analyses (Q Exactive plus)
and Progenesis QI. A total of 632 unique peptides from 80 proteins were identified. The different kinetics
of meat protein digestion were studied and discussed across the different masticatory and physiological
digestion.

This combined approach was used for the first time to assess the consequences of masticatory deficiency
associated with aging for meat proteins digestibility.

Mots-Clés : peptidomic, label free, meat, digestion, gastric
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Organoleptic properties of dark chocolates
investigated by direct-injection mass spectrometry
(PTR-ToF-MS) and GC-MS-Olfactometry [P10]

Jean-Luc Le Quéré * I 70é Deuscher !, Isabelle Andriot !, Karine Gourrat !,
Elisabeth Guichard !, Marie Repoux 2 Sébastien Preys 3 Renaud Boulanger 4
Hélene Labouré !, Etienne Sémon !

I Centrte des Sciences du Goiit et de I’ Alimentation (CSGA) — CNRS : UMR6265, INRA : UMR1324, Université
de Bourgone, Agrosup Dijon — Dijon, France
2 Valrhona — F-26600 Tain-I"Hermitage, France
3 Ondalys — Ondays — 34830 Clapiers, France
4 CIRAD - 34000 Montpellier, France

Organoleptic properties and particularly aroma of dark chocolate depend on cocoa origin, cocoa
variety and fabrication process. A sensory analysis performed on 206 dark chocolates produced from
cocoa beans of different varieties and origins but with the same fabrication process classified them into
four sensory categories.

The objectives of this work were i) to assess whether the aromatic composition of the chocolates de-
termine the sensory category they belong to and ii) to identify the key odorants that allow the dark
chocolates discrimination.

For this, volatile organic compounds (VOCs) emitted from the samples were analyzed by dynamic
headspace coupled to a direct-injection mass spectrometry method using a Proton Transfer Reaction
— Time of Flight — Mass Spectrometer (PTR-ToF-MS). The average areas under the curves obtained for
314 significant ions present in the mass spectra during 2 mn release time were used to perform supervised
and unsupervised multivariate data analyses.

We showed this headspace PTR-MS analyses allowed retrieving the classification of the 206 samples
into the four sensory categories previously determined.

In a second time, to determine the key aroma of each sensory category, a Gas Chromatography-Olfactometry
(GC-0) study of extracts representative of each subset of chocolates was undertaken. Twelve samples
(3 samples per sensory category) among the 206 were selected. The chocolates extracts were submitted
to GC-O using the detection frequency method. The odour events identified by a panel of 12 assessors
were grouped into olfactive areas (OAs).

On average 50 OAs were found in the extracts and the most frequent associated olfactory descriptors were
floral, fruity, butter, sugary, cotton candy and peanuts. A correspondence analysis (CA) conducted on
the complete set of GC-O data allowed to distinguish samples and the sensory categories. The OAs were
further identified using GC-MS, with a particular emphasis on those allowing samples discrimination.

Mots-Clés : chocolate, PTR, MS, direct, injection mass spectrometry, GC, MS, GC, Olfactometry, classification
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Consequences of sunlight-induced aging on a
personal care emulsion containing ¢-tocopherol as
antioxidant [P11]
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! Laboratoire de chimie moléculaire (LCM) — Polytechnique - X, Université Paris-Saclay, CNRS : UMR9168 —
Ecole polytechnique 91128 Palaiseau Cedex, France
2 _EXPERTOX - 14 rue Godefroy Cavaignac, 75011 Paris, France

Vitamine E is a well-known mixture of eight forms, including four tocotreiols and four tocopherols
with high antioxydative proprieties. On a biological point of view, the most active component is -
tocopherol, which can be found in significant amount in cereals, vegetables, seeds, fruits and of course,
in their respective oils. Because of its antioxidant activity, @-tocopherol is widely used as an additive in
foods, cosmetics, and pharmaceuticals products.

The structural elucidation of by-products arising from UV-visible photodegradation of o-tocopherol has
been investigated by gas chromatography coupled with mass spectrometry and by liquid-chromatography
coupled with ultrahigh resolution tandem mass spectrometry. Their potential toxicities were estimated
using in silico calculations based on a QSAR (Quantitative Structure-Activity Relationship) approach
and by in vitro bioassays conducted on Vibrio fischeri bacteria.

Photolysis experiments were performed with a Q-sun test chamber equipped with a xenon arc lamp and
a natural light filter. Both model systems (solutions of a-tocopherol and a-tocopherol-d9 in acetonitrile)
and a cosmetic emulsion were irradiated up to 180 min.

Twenty-five photoproducts were detected, corresponding to nine isomer families. Six of them, corre-
sponding to the major ones, were separated and identified using LC-HR-MS/MS while the three minor
ones were characterized by GC-MS. Their chemical structures were elucidated on the basis of mass
spectra interpretation and isotopic labeling, which also permitted to suggest photo-induced degradation
pathways. Most photoproducts are different from those reported in previous studies devoted to degrada-
tion of tocopherol.

Finally, two photoproduct families were detected, after irradiance, in the cosmetic emulsion spiked with
3000 pg/mL of a-tocopherol.

In silico toxicity predictions showed that all photoproducts are potentially more toxic than the parent
compound with lower oral rat LD50 values. In vitro assays on Vibrio fischeri bacteria showed that the
ecotoxicity of the solution significantly increases with irradiation time.

Mots-Clés : Alpha tocopherol, Antioxidant, Photodegradation, In vitro tests, In silico tests

Programme

*Intervenant
T Auteur correspondant: stephane.bouchonnet@polytechnique.edu

163


mailto:stephane.bouchonnet@polytechnique.edu

Identification of food intake biomarkers using
metabolomics in the Metabo-Breast cancer project
[P12]
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The work presented is part of the Metabo-Breast cancer project (2015-2017, INCa, P.I. M. Tou-
vier), which aims at: discovering predictive biomarkers of breast cancer and biomarkers of the quality
of the usual diet and of specific foods using metabolomics, then relating these biomarkers to enhance
our understanding of the role of nutrition on breast cancer. Here we focus on the objective of discov-
ering biomarkers of food intake by the exploration of the food metabolome in serum samples from the
SU.VL.MAX cohort.

SU.VIL.MAX female subjects who filled at least ten 24h dietary records were stratified in deciles accord-
ing to their level of adherence to the guidelines of the French Programme National Nutrition Santé. 80
women was randomly selected in the 10th decile of the PNNS-GS distribution and 80 women matched
for age, BMI and others factors were selected in the 1st decile.

Plasma samples collected at baseline in the SU.VL.MAX study were analyzed using UPLC-ESI-QToF.
Metabolic profiles were acquired in positive and negative modes (scan range 50-1,000m/z). Data were
pre-processed using Galaxy (Workflow4Metabolomics). 1575 and 601 ions were detected (positive and
negative mode). Metabolomics profiles were compared using univariate and multivariate statistical meth-
ods to select the ions associated with the consumption of 58 foods/food groups.

84 and 30 ions (positive and negative mode) were found correlated with specific foods/food groups
(r> 0.3, p-value with BH< 0.1). A few of them were known as biomarkers like proline-betaine for orange
intake discovered in previous metabolomics studies. This demonstrates the relevance of our strategy. The
identification of the other candidate biomarkers is ongoing (online database, literature and LC-MS/MS
on LTQ-OrbiTrap).

This work will contribute to provide new biomarkers of food intake that are needed to improve the qual-
ity of dietary assessment in epidemiological studies.

Project grant: INCa_8085, PhD grant: INCa_11323 for L. Lecuyer

Mots-Clés : Metabolomics, UPLC QToF, Epidemiology, Food intake biomarkers
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One-Dimensional and Two-Dimensional LC-MS
Applied to the Characterization of Monoclonal
Antibodies and Antibody-Drug Conjugates [P13]
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Gerd Vanhoenacker !, Pat Sandra , Koen Sandraf 1

! Research Institute for Chromatography (RIC) — Kennedypark 26 B-8500 Kortrijk, Belgique

Monoclonal antibodies (mAbs) have emerged as important therapeutics for the treatment of life-
threatening diseases like cancer and autoimmune diseases. The knowledge that the top-selling mAbs
are, or will become, available to the market in the near future as generics” has driven an explosion of
interest in biosimilars. The successes of mAbs have furthermore triggered the development of various
next generation formats. In oncology, antibody-drug conjugates (ADCs) are particularly promising,
since they synergistically combine a specific mAb linked to a biologically active cytotoxic drug via a
stable linker. The promise of ADCs is that highly toxic drugs can selectively be delivered to tumor
cells thereby substantially lowering side effects as typically experienced with classical chemotherapy.
Monoclonal antibodies have a complexity far exceeding that of small molecule drugs, hence, unraveling
this complexity represents an analytical challenge. This challenge becomes even bigger in case ADCs are
considered since the heterogeneity of the initial antibody is superimposed with the variability associated
with the cytotoxic drug conjugation strategy. The current lecture will highlight the power of one and
two-dimensional liquid chromatography in hyphenation to high resolution mass spectrometry for the
characterization of mAbs, ADCs and biosimilars.

Mots-Clés : monoclonal antibodies, antibody, drug conjugates, biosimilars, characterization, LC MS, 1D/2D LC
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Liquid chromatography coupled to high resolution
mass spectrometry based metabolomics profiling of
serum responses to dietary supplementation [P14]

Alexis Ripoche *' !, Anna Gadaj !, Mark Mooney !

! Institute for Global Food Security (IGFS) — School of Biological Sciences, Queen’s University Belfast, BT9
5AG Belfast, Northern Ireland, Royaume-Uni

Previous studies have demonstrated that diets supplemented with saturated fatty acids (FA) can be
beneficial to both humans and animals, and FAs are known to play important roles in the regulation
of physiological and pathological functions such as intestinal mucosal defence and inflammation, en-
ergy metabolism and immune regulation, and generally contribute to improved overall health and perfor-
mance. However, little is known about the molecular mechanisms involved in these effects and the aim of
the present study was to determine if untargeted high resolution mass spectrometry-based metabolomics
could be used as a tool to identify serum markers associated with responses to supplementation. An
animal experiment was carried out on 24 sows during pregnancy and lactation, half of which were fed
with a diet enriched in fatty acids, and the other half fed normal non-supplemented diet. Serum was
collected from piglets at four weeks after birth during pre-weaning. Serum samples (n=12 per group)
were deproteinized by ice-cold methanol and analysed in a randomized order by LC-MS positive ion-
isation mode using an Acquity UPLC I Class System coupled to Xevo G2-S QTof. Chromatographic
separation was performed employing an Acquity HSS T3 analytical column (1.8 um 2.1x100 mm).
Generated LC-ESI(+)-HRMS data was processed with Progenesis software, and data analysed employ-
ing multivariate analysis including Principal Component Analysis (PCA) and Orthogonal Partial Least
Square - Discriminant Analysis (OPLS-DA) that were applied to build descriptive and predictive models.
PCA score plot showed a good grouping of pool injections and the fitness of the OPLS-DA model was
R2X(cum)=0.832, Q2(cum)=0.996 and CV-ANOVA (p-value= 5.16x10-30) confirming the robustness
of the established model. Ongoing work is focused on the identification and biological interpretation of
selected metabolite markers utilised within constructed models.

Mots-Clés : L.C, HRMS metabolomics, serum, fatty acids
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Capacité de ’huile d’olive a extraire les molécules
bioactives de différentes especes végétales
alimentaires et non alimentaires : Cas particulier
de ’absinthe (Artemisia absinthium) [P15]

Taous Allane * !, Salem Benamara = ¥ !

I Laboratoire de Recherche en Technologie Alimentaire,Université M’Hamed Bougara, Boumerdes — Avenue de
I’Indépendance, Boumerdes, 35000, Algérie

Cette communication concerne 1’étude de la capacité de 1’huile d’olive (HO) a extraire les molécules
bioactives des différentes parties constitutives (feuilles, tiges, pelure...) de 56 plantes alimentaires et non
alimentaires. Pour cela, le pouvoir réducteur d’infusions végétales a base d’HO a été d’abord déterminé.
Des 56 especes analysées, les feuilles d’absinthe (Artemisia absinthium) présentent le PR le plus élevé
(_~ 70 mg BHT.g-1 de masse seche (ms)) suivi de la pelure d’arbouse (Arbutus unedo) avec un RP
d’environ 53 mg BHT.g-1 de masse fraiche (mf)). Pour rendre compte des molécules extraites par I’HO,
un screening par spectrométrie de masse est en cours de réalisation sur I’infusion d’absinthe ainsi que,
a des fins de comparaison, sur I’huile d’olive brute chauffée et non chauffée. Notons que les données
completes de cette étude mais sans 1’analyse spectrométrique est soumise pour éventuelle publication a
la revue “Indian Journal of Traditional Knowledge”.

Mots-Clés : Huile d’olive, absinthe (Artemisia absinthium), pouvoir réducteur, spectrométrie de masse.
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I knew you were trouble: Expanding L.C methods
to include difficult GC compounds using a Novel
Ionization Technique [P16]

Freddy Drouyé *" !, Susan Leonard # ¥ , Eimear Mc Call = ¥
! Waters Corporation — Waters Corporation — Saint Quentin en Yvelines, France

Screening food samples for contaminants such as pesticides requires the use of GC-MS and LC-MS
techniques. In order to cover a full suite of regulated compounds, several LC and GC methods are usu-
ally required that separately incorporate large suites of compounds, single residues and ‘troublesome’
compounds. We assessed the use of a novel LCMS ionization technique (UNISPRAY) that has potential
to bridge the barrier between LC and GC amenable pesticides. This aids in a reduction of the number of
methods required to monitor a suite of compounds and offers advantages with certain compound matrix
pairs, such as captan in chlorophyll containing matrices. The evaluation was performed in various food
commodities. Spiked extracts of food samples were assessed by ESI and UNISPRAY using a UPLC
separation with a BEH C18 1.7 um, 2.1 x 100 mm column. The data was acquired using multi reaction
monitoring methods on a tandem quadrupole mass spectrometer. The data was first acquired in ESI+
mode and then in UNISPRAY mode to show the utility of the new ionization technique and compared
with relevant GC-MS/MS data. Multiple classes of compounds were targeted, including contaminants
from agricultural processes such as pesticides. Initial results show that traditional GC amenable com-
pounds can be added to LC acquisition methods, thus expanding the compound coverage of the method
for food screening. Linearity, reproducibility and robustness were assessed to ensure the methods met
local regulations.

Mots-Clés : contaminants, pesticides, GCMS, LCMS, ionization
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Exposition de la levare Saccharomyces cerevisiae a
la sélénométhionine : caractérisation des acides
aminés séléniés incorporés dans les protéines et

agrégation des protéines [P17]
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Les séléno-metabolites organiques comme la sélénométhionine (SeMet) et la sélénocystéine (Se-

Cys), fréquemment utilisés dans les compléments alimentaires administrés & I’homme et aux animaux,
présentent une toxicité a fortes doses. L’accumulation d’agrégats protéiques corrélée a cette toxicité a
été observée chez Saccharomyces cerevisiae exposée a des teneurs élevées en