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Le mot métabolisme provient du grec “petafo—
AMouox ”’ (metabo-lismo), qui signifie “‘changement.”

Concept du metabolisme par lbn al-Nafis (1213-
1288):

« Le corps et ses partis sont en état perpétuel de
dissolution et de reconstitution, de sorte qu’ils
subissent inévitablement un changement
permanent »




Quelques définitions.....

Métabolite
Est une molécule organique <1500 Da détectable dans un organisme, incluant des
molécules d’origine endogenes ou exogenes, issus des micro-organismes

Le Métabolome
Est un terme utilisé pour la premiere fois par Olivier et al en 1998 pour décrire un
ensemble de métabolites synthétisés par un organisme

La Métabolomique

A été formulée par Oliver Fiehn et est définie par une analyse compléte non sélective
dans laguelle tous les métabolites d’'un systeme biologique sont identifiés et
qguantifiés

La Métabonomique
Est définie par la mesure quantitative de la réponse métabolique multiparamétrique
des systemes vivants a un stimuli ou une altération génétique (Jeremy Nicholson)

Profilage des métabolites

Implique l'identification et la quantification d’un ensemble ou d’une classe
prédéfinis de métabolites d’identités connus ou inconnus et appartenant a des voies
métaboliques particulieres.



Le métabolome représente I'ultime réponse d’un organisme a une altération
génétique, une pathologie, une exposition a un toxique ou toute cause
environnementale. Le métabolome d'un systeme peut ainsi a la fois
permettre de lire la signature biologique d'une réponse adaptative ou
pathologique, et également étre le vecteur de cette réponse. Ce dernier
aspect souligne I'implication directe du métabolome dans le déterminisme
des phénotypes



nature Vol 463|7 January 2010

OPINION

2020 visions

For the firstissue of the new decade, Nature asked a selection of leading researchers and policy-makers where
their fields will be ten years from now. We invited them to identify the key questions their disciplines face, the
major roadblocks and the pressing next steps. Visit go.nature.com/htW8uM to respond and to add your vision.
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Les petites molécules sont présentent dans tous les systemes...
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Le Metabolome est Connecté a tous les
autres “Omes”

Small molecules (i.e. AMP, CMP, GMP, TMP) are the primary
constituents of the genome & transcriptome

Small molecules (i.e. the 20 amino acids) are the primary
constituents of the proteome

Small molecules (i.e. lipids) give cells their shape, form,
integrity and structure

Small molecules (sugars, lipids, AAs, ATP) are the source of all
cellular energy

Small molecules serve as cofactors and signaling molecules for
both the proteome and the genome

The genome & proteome largely evolved to catalyze the
chemistry of small molecules
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Comment j’en suis arrivé a la métabolomique... et autres omiques
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contexte pro-athérogene :J Jf‘-‘
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Conclusions

L' acide ruménique dans la matiere grasse laitiere est anti-
athérogene (hamster hyperlipidémique)
importance des dépots lipidiques (EC)




Est-ce suffisant?

Oui et non



Mécanisme moléculaires de la calcification artérielle (KEGG H01002)
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http://www.genome.jp/dbget-bin/www_bget?ds:H01002

Réseau des genes liés au sexe impliqués dans I'athérogénese (composante sexuelle)
Reconstitution « in silico » partir des données de la littérature

Diez D, Wheelock AM, Goto S, et al. The use of network analyses for elucidating mechanisms in
cardiovascular disease. Mol Biosyst 2010;6:289-304.



Blood lipids, CRP... CVD, diabetes...

« conventional » so-called bottom-up strategies:
explain complex phenotypes with only few targeted
molecular descriptors



Reality is much complex
than anticipated.....
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Need to adress the molecular basis of phenotypes
the « top down » approach.....
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The top-down approach
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http://masspec.scripps.edu/index.php




ap°

Need to assess the molecular basis of phenotypes .
the « omic» answer.....

GENOMES GENES PROTEINS

Information Expression ~ Structure
: Activity
Genomics Proteomics

Transcriptomics Metabolomics ~ F1€alth &

Disease |

Contrairement au transcriptome ou au protéome, le métabolome représente l'ultime
réponse d’un organisme a une altération génétique, une pathologie, une exposition a un
toxique ou a tout autre facteur susceptible de perturber son fonctionnement.




La métabolomique (en santé) pour

la découverte de biomarqueurs et détecter I'insoupgonnable

@ cartographier les voies métaboliques (mécanismes, flux)

<

« marché des biomarqueurs sont évalués a 694 millions de S en 2008, montant qui
pourrait atteindre 2,2 milliards de $ en 2015, avec des perspectives de croissance
annuelle de l'ordre de 12 a 13,5 %. »



History

The first paper was titled, “Quantitative Analysis of Urine Vapor and
Breath by Gas-Liquid Partition Chromatography”, by Robinson and
Pauling in 1971.

Many of the bioanalytical methods used for metabolomics have been

adapted (or in some cases simply adopted) from existing biochemical
techniques.

Human Metabolome project — first draft of human metabolome in 2007



Metabolomics

3000
Métabolites

Proteomics
7500 Enzymes

Genomics
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Differents Metabolomes

Tous les mammiferes

3000
métabolites

Tous les microbes
20,000
Chemicals

Toutes les plantes

20)0),010,0)
SHEMIGCAS




Pourquoi la métabolomique est difficile?

>

Diverstié chimique

Ne peut étre déduite du génome
Grande\diversité chimique
gamme dynamique 7 log

Metabolomics

2x10°
Chemicals

Proteomics

20 AMING acias

Genomics



Conzains larent infarmatioh

Plate-formes: Genotyping,| disease, Diet, Biffofical age |
NMR

LC/MS
GC/MS

Data acquisition

Sang, urines,
extrait tissulaire

MVA
bioinformatic



La métabolomique: quelle infrastructure.....
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Machine(s)

Biologistes

Ingénieurs
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Technologie & Sensibilité

4_
3
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NMR

GC-MS
Quad

# Metabolites or Features detected (Log,,)
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Sensitivity or LDL

|inconnus|

LC-MS or
DI-MS



Que peut-on mesurer?

NMR-based metabolomics (~¥50 metabolites
identified/quantified, uM sensitivity)

GC-MS based metabolomics (~70 metabolites
identified/quantified, <uM sensitivity)

DI-MS based metabolomics (160 metabolites
identified/quantified, nM sensitivity)

LC-MS based metabolomics (300 metabolites
identified/quantified, nM sensitivity)

Lipidomics (3000 lipids identified and semi-quantified, nM
sensitivity)

Specialty phytochemical, nutrient, drug and pesticide analysis
(mostly HPLC, nM sensitivity)
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Information = 700Mo = 1 CD Rom!



1 variable = 1 dimension

1000 variables = 1000 dimensions

GOAL= REDUCTION WITHOUT LOSING INFORMATION

| Reduced variables (latents) =
42 Linear combination of manifest variables
4 (1-4 VL= 1-4 dimensions)

K manifest variables = k dimensional space
(Hyperspace)

OR OR —
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q 1¢re principal
Orthogonal to PC1.: component

Max of variance Se_cor_1d
principal
component
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Observations map or « score plot »
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observations map :
« Score plot »

variables map :
« loading plot » (Cos 6i)




Pour aller plus loin....

Wletabaloarncs (20040 10561374
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REVIEW ARTICLE

Reflections on univariate and multivariate analysis
of metabolomics data

Edoardo Ssccent - Hoob C. J. Hoefsloot -
Ape K. Smilde - Johan A, Westerhuis -
Margrict M. W. B. Hendriks

Envirenmental and Molecular Mutagenesis 54:542=557 (2013)

Review Article

Deciphering the Complex: Methodological Overview of
Statistical Models to Derive OMICS-Based Biomarkers

Mare Chadeau-Hyam,'* Gianlsea Campanella,' Thibawt Jomban,”
Leonarda Bottols,? Lutzen Portengen,? Pasla Vineis, ' Benoit Liquet,? and
Roel CH.Vermeulen™”



Gut flora metabolism of phosphatidylcholine
promotes cardiovascular disease

Zeneng Wangl‘z, Elizabeth I{lip[elll'z, Brian JI. Bennetﬁ Robert K(Jethl, Bruce S. Levisunl‘Q, Brandon DuGarl, Ariel E. Feldsteinl‘z,
Earl B. Brittl'g, Xiaoming Ful'z, Yoon-Mi Chungl'z, Yuping Wu_‘l, Phil Schauer”, Jonathan D. Smithl'f’, Hooman Allayee?,
W. H. Wilson Tang"*®, Joseph A. DiDonato"?, Aldons J. Lusis® & Stanley L. Hazen"*®

7 APRIL 2011 | VOL 472 | NATURE

50 cas avec 3 ans suivi (infarctus, AVC, mort)
50 témoins

Métabolomique LC MS plasma
= 2000 analytes mesurés

L 5
L
|

J

40 analytes fortement discriminants



Cohorte 1 = cohorte d’apprentissage Cohorte 2 indépendante = cohorte de validation

50 cas avec 3 ans suivi (infarctus, AVC, mort) 25 cas avec 3 ans suivi (infarctus, AVC, mort)

50 témoins 25 témoins
Métabolomique LC MS plasma Métabolomique LC MS plasma
= 2000 analytes mesurés = 2000 analytes mesurés

Y~ Y~
| |

40 analytes fortement discriminants 24 analytes fortement discriminants

\ }

18 analytes en commun
Top 3 = choline, betaine, trimethyloxyde amine (TMAO)



choline, betaine, trimethyloxyde amine (TMAQO)= Métabolites de
la phosphatidylcholine

, » Heart attack
% |

- Stroke
. Death

Atherosclerosis

Fatty acid e Choline L=
Fatty acid WIS
0 y CHa
O—P O- ChO”ﬂG—PHO—CHg—CHQ-IlI CHgG—> -N CH3 HO - N CH3
o- CH3 flora CH3 :|
Phosphatidylicholine Choline Trimethyl amine ethylamlne N-oxide
(dietary) (TMA) (TMAO)

Validation sur modeéle souris athéromateux:
enourris avec ou sans choline
bétaine *Nourris avec ou sans TMAO
*Traités aux antibiotiques
*Cohortes humaines 1876 sujets avec angiographies



Dosage des métabolites « athérogenes » dans une cohorte de 1876 sujets a
pathologie cardiovasculaire variable (angiographie)

F = 0.001 rd F<0001 / al P<0001 /
E | F -_.I'
o 2 o
= n = = 4r
B ° 9 ®
& ol = o 2k
= = =
- o Q
1F 1+ .
8.5 - /
4 | | | | 1 1 | I:|5 R R T B SR S
0 15 30 0 S0 100
Choline (uM) Betaine (uM)

Implication = nouveaux marqueurs du risque cardiovasculaire, indépendant

des marqueurs lipidiques classiques
Identifications de cibles thérapeutiques: flore intestinale, FMOs hépatique



Diagnostic development process

a-hydrocybutyrate
X-12,063
Glyeine
Phasphate
1-palmitoyHEPE
Manmnose
Hippurate
Catechol sulfate
Trigonelline
Urate
Adrenate (22:4 nS)
X-8,E89
3-phenylpropionate
2-sleoyl-GPC
N-4,055
Creatine
RISC cohart 38 Decanayl-carniting
2,317 subjects diagnostic markers / H-11.793
Measure IR using “gold standard” :
Hyperinsulinernic clamp at baseline Eicosenoate (20:1 n9ar 11)
Cysteine
H. “H* Glutarmate
Discowery study Walictation study Octanoyl-carnitine
399 subjects 1,277 subjects
lsoleucine
— T ®-11,421
Training set Test set m Linalaay-LPC
854 !:h.gﬂd! 383 subjects : ¥-13.431
¥-7,EBB
Tahle 1 Biomarker candidates #-11,537
2-hydroxyburyrate Linoleic acid Stearare a-ketobutyrate
3-hydroxyburyrate Linolenic acid Threonine 1-aleoy-GPC
3-methyl-2-oxo-buryric acid Margaric acd Isovalerylcarinne
3-phenylpropionare Octanoyl carnitine Linoleoyl-LPC
Carechol sulfare Oleic acid 1,5 -anhydroglucitol
Creatine Oleoyl-LPC Stearoyl-LPC
Decanowl carnitine Palmirare 1-palmitoyl-GPE
Docosatetraenoic acid Palmiroleic acid Orernoylearniting
Glutamic acid Palmitoyl-LPC alpha-keroburyrate
Glycine Serine Cysicine

Milburn MV, Lawton KA. Application of metabolomics to diagnosis of insulin resistance. Annu Rev Med 2013,64:291-305.
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Couplage avec autres omiques
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Journal of

research articles p rOteO m e

sresearch

Statistically Integrated Metabonomic—Proteomic Studies on a
Human Prostate Cancer Xenograft Model in Mice

Mattias Rantalainen,’ Olivier Cloarec,” Olaf Beckonert,"* 1. D. Wilson,* David Jackson,$
Robert Tonge,5 Rachel Rowlinson,’ Steve Rayner,’ Janice Nickson,’ Robert W. Wilkinson,"
Jonathan D. Mills," Johan Trygg,*+ Jeremy K. Nicholson,” and Elaine Holmes*"

Multiple correlations between metabolites and proteins were found, including
associations between serotransferrin precursor and both tyrosine and 3-D-
hydroxybutyrate. Additionally, a correlation between decreased concentration
of tyrosine and increased presence of gelsolin was also observed. This
approach can provide enhanced recovery of combination candidate
biomarkers across multi-omic platforms, thus, enhancing understanding of in
vivo model systems studied by multiple omic technologies






Subnetwork of strongly interacting pathways to metabolites clusters
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: : Adipose Tissue IL-6 Content Correlates with Resistance
Proteasome Subunits mRNA Expressions to Insulin Activation of Glucose Uptake both in Vivo and

Correlate With Male BMI: Implications in Vitro
for a Role in Obesity The Journal of Clinical Endocrinology & Metabolism 87(5):2084 —-2089
Obesity (2009) 17, 1044-1049, A . o .
Conjugated Linoleic Acid Supplementation Reduces
Inflammatlon Adipose Tissue by Apoptosis and Develops

Lipodystrophy in Mice

Proteasome & ER stYess DIABBYES, VOL. 49, SEPTEMBER 2000

apoptt‘fﬁ ad pOptOSiS

Differential Expression of the Peripheral -7 \
Benzodiazepine Receptor and Gremlin During
Adipogenesis

OBESITY RESEARCH Vol. 13 No. 5 May 2005

Major impact of CLA
on adipocytes

neurophysiological_p

Neurotransmiter tone

transcription_role_o ochromatin_protein

Cell proliferation signali Gene regulation

Site-dependent differences in both prelamin A and

EGFR Tyrosine Kinase Inhibitor (PD153035) Improves  adipogenic genes in subcutaneous adipose tissue of

Glucose Tolerance and Insulin Action in High-Fat i i ili ial i
Dot Pod Mins patients with type 2 familial partial lipodystrophy

DIABETES, ¥OL 58 DECEMBER 2000 J Med Genet 2009;45140 48.
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MICS A Journal of Integrative Biology
Volume &, Number 1, 2004
© Mary Ann Liebert, Inc.

Integrative Biological Analysis of the APOE*3-Leiden
Transgenic Mouse

CLARY B. CLISH,! EUGENE DAVIDOV,! MATEJ ORESIC,! .
Transport et accumulation

THOMAS N. PLASTERER,' GARY LAVINE,! TOM LONDO,! MICHAEL MEYS,'
PHILIP SNELL,! WAYNE STOCHAJ,'! ARAM ADOURIAN,! XIANG ZHANG,!
NICOLE MOREL,! ERIC NEUMANN,! ELWIN VERHEIJ,> JACK T.W.E. VOGELS,? | H d H
LOUIS M. HAVEKES,> NOUBAR AFEYAN,' FRED REGNIER,’ | p' |q ues
JAN VAN DER GREEF,"2¢ and STEPHEN NAYLOR!
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Evaluer I'impact athérogénique de différentes matieres grasses laitieres
anhydres +/-décholestérolisées et appauvries en AGS

by

- ! " 1S
R ] )V
e A% pas-
.-:_:.. + M “i };‘ ‘{'\;\‘
MGLA std MGLA déchol  MGLA déchol MGLA std Palme natif
& dé-sat + colza + colza + colza
67% 41% 37% 37% 37%

~ S

20% fat (by weight), en régime semi-synthétique

J X 12 semaines

Athérogénese (Cholesteryl-ester aorte)



Régimes tests

Metabolome plasmatique n=701 (LCMS)

/ Metabolome urines n=1224 (LCMS)

Chimie du sang =26 (biochimie: TG, Chol,
HDLC, LDLC,...)

Acides gras foie & classes lipidiques du plasma
n=124 (fast-GC)

Expression genes foie et sang n=44 (QPCR)

Total = 1666 variables biologiques/hamster + 1 (mesure indice athérogénicité)



But

* identifier des biomarqueurs prédictifs de I’'athérogénese
sensibles aux régimes;

Lésions peu étendues Lésions étendues

\ }
|

Marqueurs biologiques des lésions (f(régimes)?)



1666 variables biologiques/hamster

Sélection selon critére VIP de
Vanalyse discrimante

multivariée PLS

127 variables biologiques discriminantes

Y 4 {4

38 métabolome 38 metabolome 23 acides gras 12 biochimie 16 genes
urine plasma (PL, CE, TG, sang
Lipides totaux)



AA metabolism | Regulation of lipid tran JeJelg:
and metabolism
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Observed atherosclerosis

Quantitative

contribution to
Biological clusters @ *® we® W gin disease outcome

Blood cholesterol related 5.1%
Endogenous derived fatty acids 6.3%
dairy fat derived fatty acids 6.6%
Regul. of lipid metab. & transp. 7.3%
mitochondrion function 3.3%
miscellenous & unidentified 1.2%
inflammation 3.7%
hemostasis 1.9%
Aminoacids metabolism 5.1%
Vitamin E metabolism 3.4%

Relative activation in dietary groups

Predicted Atherogenicity = 0.108091*[dairy jot derived fatty acids| +0.152669* [endogenous derived fatty acids] -
0.0340185*[mitochondrion function]+ 0.173429*[regul. Lipid metabol. Trans.}- 0.0751566* [vitaminE metabolism]
- 0.153142*[hemostasis] - 0.110259*[aminoacids metabolism] + 0.110269* [blcod cholesterol related]+
0.231903*[inflammation] - 0.00456344*[miscellenous & unidentified] + 4.06731.

87

ANOVA Pvalue < 0.001
ANOVA Pvalue < 0.001

Predicted atherosclerosis

1-
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Quelques applications en sélection cultivars, origine produits, qualité

Table 1. A selection of metabolomic studies on common foods summarizing the purpose of these studies, the methodologies used and the major conclusions reached

Purpose Plant/food Sample preparation Analysis Data analysis Outcome Reference
Metabolite diversityf Raspberries Acetic acid/acetonitrile DIMS-LC-MS PCA Variation attributed to Stewart et al. [26]
breeding anthocyanins
Metabolite diversity’ Tomatoes MeOH with HaOf GC-MS PCA ldentification of 889 metabolic loci, Schauer et al. [24]
breeding chloroform partition metabolites associated with
yield trait
Metabolite diversity! Potatoes MeOH with HoO/f GC-MS PCA Correlation Detected variation between Dobson et al. [27, 28]
breeding chloroform partition cultivars and landraces
Geographic origin Grapes/wine 95% EtOH NMR PCA/PLS-DA Grapes from different regions can  Son et al. [69]
be distinguished
Geographic origin Coffes MeOHMHLO GC-FID/LCMS PCA Samples from Asia, Africa, and 5. Choi et al [35]
America could be distinguished
Geographic origin Green tea Hot HzO NMR PCA/OPLS-DA  Growing region with high Lee et al. [70]
temperature, rainfall and sun
increased the anine
concentrations
Geographic origin Olive oil SPME GC-MS Linear Distinguished from different Cavaliere et al. [36]
discriminant productions areas within a
analysis region
Quality Green tea MeOHM;O/kchloroform GC-MS/LC-MS PCA/OPLS-DA  Tea grown on greater shade had  Ku et al. [71]
higher umami and less
astringency and these attributes
were related to sugars, amino
acid and phenolics
Postharvest disorder Apples GC-MS Rudell et al. [38]
Sensory Tomatoes Lyophilisation/SPMES GC-MS and LC-MS PCA/PLS (with Thissen et al. [21]
extraction H;O:MeOH validation)
Sensory Wine/grapes Wine directly added to MMR PCA/PLS-DA Metabolites related to sun/shade  Rochfort et al. [39]
MMR tubes treatments and mouth-feel
parameters
GM assessment Tomatoes B0% MeOH/H,0 GC-MS, LC-MS5S, ANOVAPCA GM lines were within traditional Kusano et al. [41]

CE-MS

cultivar variation




Characterization and classification of Western Greek olive oils according to
cultivar and geographical origin based on volatile compounds

Eirini Pouliarekou?, Anastasia Badeka?, Maria Tasioula-Margari?, Stavros Kontakos®,
Francesco Longobardi €, Michael G. Kontominas®+*
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Fig. 3. Classification of olive oil samples from Western Greece according to cultivar
using (a)53 variables and (b) 19 variables.



Metabolomics and molecular marker analysis to explore pepper
(Capsicum sp.) biodiversity

Yuni Wahyuni + Ana-Rosa Ballester « Yury Tikunov »
Ric C. H. de Vs - Koen T. B, Pelgrom - Awang Maharijaya -

Enny Sudarmonowati - Raoul L. Bino - Arnand G. Bovy v o
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Metabolite profiling of maize grain: differentiation
due to genetics and environment

Richard M. Rohlig - Joachim Eder -
Karl-Heinz Engel
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Apple Peels, from Seven Cultivars, Have Lipase-Inhibitory Activity
and Contain Numerous Ursenoic Acids As Identified by LC-ESI-QTOF-
HRMS

Tony K. McGhie,* Sébastien Hudault, Rona C. M. Lunken, and John T. Christeller

Table 3. Relative Amount of Each Compound Measured Normalized to Total Peak Area

micrOTOF QI mass spedrometer

“Granny OP. "Red “Cripps

no. compound mme average  “Braebum® Smith’ “Scinos’ Field Pink Fuji’ “Scilate
1 dihydroxy-urs-12-en-28-cic acid 013 0.14 000 022 024 007 012 007
2 unknown 164 137 013 053 124 639 073 059
3 e knowr 078 044 121 048 214 053 026 028
4 unknown 176 1.04 L6l 177 4.65 126 073 101
5 trihydrowy-wrs-12-en-2B-oie acid 248 203 188 063 0.49 410 ils EX)
L tribpdrowy-wrs-12-en-28-oie seid 011 028 001 026 024 0.00 0.00 000
7 unknown 250 100 191 363 b64 7S [Vl 249
8 i ko 345 175 156 EYirg 514 418 EX2) 156
9 tetralydrowy-us-12-en-28-pi acid 126 528 0.08 L1 168 038 020 023
W unkown 093 125 088 035 184 074 078 064
11 eoxo-L,10a-diliydrosy-us-12-en-28-gic acid 839 1232 508 927 890 879 640 7.80
(anmurcoi scid
12 unknown 335 522 335 L0z 569 277 335 204
13 unknown 238 EXS) 233 134 X ] L42 239 162
14 3eoxo-lo-hyd roxyurs-1 2-en-28-0ic acid 214 491 125 202 198 221 111 155
15 J‘I"-p;;xnmmuy]m-dﬂnwbuq -urs-12-en-28-aic 154 153 [N 023 051 L70 260 401
ac
16 3,1 G-y droscy-urs-1 2-en-28-0i sdd 186 173 L66 196 L78 L&Y 162 165
(pomolic acid)

- ;Granny A OP Red | ‘Crif»ps
‘Braeburn’ Smith’ ‘Sciros’ Field’ Pink’ ‘Fuji’ ‘Scilate’
total ursenoic acids peak area 3,630,859 3,110,778 4,243,395 4,381,954 4,207,580 4,753,673 3,507,671
% lipase inhibition 39 71 60 64 70 60 50

27 unknown [Tii] (i) [iTLh) [iTEA) [iTLi) [iTE4) D [iTLi)
2B oxo-urs-12-en-2B-oic acd 059 0.90 06l 0.81 051 037 049 051
29 unknows (dilydrovy-ws-12-en- 2800 acid) 1491 ENE) 173 138 186 139 159 135
30 oxo-ums-12-en-28-oic acd 196 321 204 339 133 L& 129 149
31 doxohydroxyurs 12-en-28-0ic acid 156 B3 Q00 000 231 o 328 179
32 doxo-hydroxy-urs 1 2-en-28-oie acid 204 LX) 193 297 157 194 115 242
33 ¥ -!l-";?comlmoy]uxy-]mimxy-m:i- 12-en-28-0ic 20 L& 194 283 121 149 21494 231
ac
34 A tmnepcoumaroplog 2aydmepurs 1 2en 634 167 494 894 418 529 895 765
2B-oie acid
35 -u.\-ll:_-‘immmuyhry- da-hydroxyurs 12en28 435 133 EATS 576 132 155 605 446
oic ac
36 oxo-un-12-en2B-oi acd 2183 3w 429 420 225 163 206 250
37 m-ln‘im-hp- 20(29)-en-28-0ic acid (betulinic 603 80 962 585 492 676 533 685
acid
38 3f-hydroxy-urs12-en-28-vic acid (ursolic acid) 541 448 856 536 395 556 455 645
39 unknown 129 031 000 007 440 285 012 L0
40 unknown 226 105 T4 190 1.79 2863 236 280
41 unknown Ay 378 978 a1 sS40 T8 612 THRE
42 3i-hydrosy-urs 12-en-28-0] (uvsal ) 508 153 642 2153 323 570 1170 ENE)
43 unknown 170 088 139 L36 125 240 197 260
total ursencic ackds peak arex 3630859 3110778 4,243,395 4381954 4,207 580 4,753,673 3.507,671
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Metabolomics-Driven Nutraceutical Evaluation of
Diverse Green Tea Cultivars

Yoshinori Fujimura'®, Kana Kurihara®®, Megumi Ida?, Reia Kosaka®, Daisuke Miura®, Hiroyuki
Wariishi'*?, Mari Maeda-Yamamoto®, Atsushi Nesumi®, Takeshi Saito®, Tomomasa Kanda®, Koji
Yamada?, Hirofumi Tachibana "3

Analyse métabolomique de Test biologique (dysfonction
différents cultivars de thé vert vasculaire in vitro) des différents

cultivars de thé vert

l

> Cultivars biologiquement actifs/non actifs

Métabolites discriminants

. Métabolites associés a 'activité biologique
des cultivars

\ / Validation = transfert de I'activité

biologique par ajout des
— métabolites suspectés actifs a un

cultivar initialement inactif (ex:

importance bio THEANIN)

Cultivars possédant les
métabolites actifs



Decoding genes with coexpression
networks and metabolomics -
‘majority report by precogs’

Kazuki Saito™?, Masami Y. Hirai' and Keiko Yonekura-Sakakibara’
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Sulfur-starved Arabidopsis
In-house
transcriptome
data . .
(10 000 genes) Co-expression de genes
N associés a I'assimilation du
h Combined __4 souffre avec O-acetylsérine
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Glucosinolate genes coaccumulated metabolites. A set of genes involved in the same metabolic
25 < PR L Antho Pathway and thus coordinately regulated under the sulfur-starved condition were
-4 g found as a cluster [e.g. genes of glucosinolate biosynthesis, genes and a
30 -

metabolite (O-acetylsering) of the sulfur assimilation pathway and genes of
anthocyanin biosynthesis]. These clusters contained novel genes for enzymes and

transcription factors to be further characterized [17,20]. O-Acetylserine, an
intermediary and regulatory metabolite of the sulfur assimilation pathway, was
found in the same clustar as the genes of this pathway [17].




CRIBIOM, une plate-forme de criblage biologique
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CRIBIOM
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Quels sont les éléments qui fragilisent
encore le développement de la
métabolomique?
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Despite a large differences in the number of features among the instruments, the
heterogeneity in the analytic conditions and data post-processing, the spectral
information within (NMR and MS) and across methods (NMR vs MS) was highly
converging (from 64% to 91% on average). No effect of the MS configuration (TOF,
QTOF, Orbitrap) was noticed



Facteurs humains: scepticisme et conservatisme des
@ biologistes, formation insuffisante
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De la découverte a la validation de nouveaux
biomarqueurs

De l'identification manuelle a
I'identification automatique a

haut débit ) o
Des biomarqueurs individuels aux

Du relatif au quantitatif biomarqueurs multiplexes

Des petites cohortes a
I'épidémiologie

De centaines de Du laboratoire R&D a la
composés a des milliers biologie clinique

Du groupe au
metabotype individuel

Du statique au dynamique

De la preuve de principe
a la routine
Du descriptif au mécanistique

I nfO rma Du spectral a 'imagerie

De l'interrogation manuel a -tique
I'automatisation

De l'instrument dépendant a
l'universel

Des voies métaboliques aux fonctions

. . . . biologiques
Des outils maisons aux outils universe
Des statistiques a I’intégration au

D’un acces restreint a un acces universel .. < e N
text-mining et a I'interprétation

(visualisation)
De la métabolomique a l'intégration omique



Spectro de masse

Banque de données

Identifier et annoter
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A New Biology for the 21st Century

Committee on a New Biology for the 21st Century:
Ensuring the United States Leads the Coming Biology
Revolution; National Research Council

ISBN: 0-309-14489-2, 112 pages, 6 x 9, (2009)
This free PDF was downloaded from:
http://www.nap.edu/catalog/12764.html



Que pensez-vous de la métabolomique?
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