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Les approches globales «omiques»
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Métabolites et métabolome
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Alimentation / Boisson

Pathologie

Environnement : 
xénobiotiques

(polluants, 
médicaments…)

Flore intestinale

Métabolisme «central»

Métabolites primaires Métabolites secondaires Xénobiotiques

Empreinte métabolique
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Acquisition des empreintes métaboliques

Empreinte métabolique
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RMN GC-EI-MS
- Simple, non invasif
- Rapide
- Applicable à des biomatériaux 
intacts et aux grandes séries
Mais :
- Sensibilité limitée
- Difficulté d’identification de 
composés inconnus

- Sensible
- Reproductible
- Bibliothèques de spectres de 
masse
Mais :
- Modification chimique requise 
pour les composés non volatils
- Composés non 
thermosensibles

API-MS
- Accès à la masse moléculaire 
(identification)
- Analyse des molécules 
thermolabiles
- sensible
Mais: 
peu reproductible
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Déroulement d’une analyse métabolomique

5

Fingerprinting

Biomarker identification 

Databases, MS/MS …
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GC/MS ESI/MS 

LC/MS

MALDI-TOF

NMR

1960 20102000199019801970

Imaging MS

In situ analyses

Metabolomics
Metabonomics: The metabolic response
of living systems to physiopathological
stimuli via multivariate statistical
analysis of biological NMR spectra. 
(Nicholson et al., 1999)

Intermap study (NMR)
4630 participants
(Holmes E., Nature, 2008)

«Metabolome Wide Association Studies»
(Holmes E., Cell, 2008)
(Gieger C, Plos Genetics, 2008)

Sarcosine as a biomarker of 
aggressive prostate cancers
(Skreekumar, Nature 2009)

Microbiome interaction

Chronobiology, epigenetics

Biomarker discovery (cohort size<100)
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Quelle information tirer de la métabolomique? 

Des biomarqueurs: 
de diagnostic, 
de suivi d’évolution (ex. agressivité de cancers…)
d’activité des thérapies
de toxicité des thérapies

Aspects mécanistiques: 
modèles cellulaires et animaux
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61 metabolites monitored using LC-MS/MS

1. Framingham study: 189 diabetes patients with 189 matched controls

2. Replication analysis (Malmö diet and cancer study): 163 cases and 163 controls

BCAA as modulators of insuline secretion
Circulating BCAA may promote insuline resistance / are an early manisfestation
of insuline resistance

(2011)
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(2008)

Polymorphism in the FADS1 (fatty acid delta 5 desaturase) gene

«Genetically determined metabotypes» Quantitative measurement of 363 
metabolites in 284 human serum samples
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Fecal and urinary samples from 7 chinese individuals (NMR  / 16S RNA gene
sequencing / multivariate statistical analyses)
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UC

CD Healthy

Disease induced changes in metabolic profiles
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Inborn Errors of Metabolism (IEM),
neurology and metabolomics

Pitié-Salpétrière Hospital: 593 patients referred f or a 
suspicion of «metabolic disease» without an initial  
diagnosis

P.H.R.C «SPECMET 2»

(Coll. Drs. F. Sedel, F. Mochel et F. Lamari, G.H. Pitié-Salpétrière ; Pr. F. Seguin, Poitiers)
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Glu-Phe

×

× ×

×

×

××

×

×

×

×

×

×

×

Glutamate

CSF metabotype of a Dihydropteridine
reductase (DHPR) deficient patient

Autosomal recessive genetic disorder.  
Hyperphenylalaninemia due to tetrahydrobiopterine
deficiency (malfunctioning Tyr and Trp
hydroxylases)

no change

not detected×

increased concentrations

Phenylalanine metabolism

Tryptophan
metabolism

Medication

Miscellaneous

(Coll. Dr. F. Sedel, G.H. Pitié-Salpétrière)
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XC96, 1073, 469, LM8: CAFSA
1199: Kearns-Sayre syndrome

Portosystemic shunt

Stratification de patients atteints d’encéphalopath ies 
inexpliquées. Analyses de LCRs
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• Cerebellar ataxia , with 
peripheral neuropathy and 
cognitive decline or 
behavioural changes

• Free sialic acid elevated only
in CSF, using NMR 
spectroscopy

• Significant hyposialylation of 
transferrin in CSF of all 
patients
�New free sialic acid 
syndrome

• Four candidate genes
sequencing did not reveal any
mutation
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sugar acid N-acetylneuraminic acid 0.9 0.5 1.0 0.5 1.1 1.4 0.3 1.0 1.2 1.0 0.9 5.9 7.7 7.8 4.4 5.0 1.5 0.8 0.6 1.2 0.5 0.8 0.9 0.7 1.2 0.7 0.8 0.7 1.2 0.7 0.8 1.2

Deoxyribose 0.6 0.4 0.5 0.5 0.6 1.5 0.3 10.2 1.0 0.8 0.7 9.1 6.3 8.1 4.0 5.0 0.9 0.7 0.5 1.0 0.4 0.7 0.5 0.7 1.7 0.5 0.6 0.7 1.3 0.5 0.5 0.7

Pentose 1.4 0.7 0.6 0.4 0.6 3.9 0.3 1.1 1.7 1.0 0.9 8.3 2.2 1.1 4.1 2.0 3.0 0.7 0.6 2.1 1.0 1.0 0.6 0.6 1.2 0.5 0.6 0.8 1.2 0.7 0.6 0.7

Mannitol or isomers 0.9 0.6 1.1 0.4 0.8 1.8 0.6 1.3 1.1 0.8 0.7 2.2 4.4 3.3 2.5 8.1 1.3 0.8 0.6 0.9 0.6 1.0 0.6 0.7 1.0 0.5 0.4 1.5 1.7 0.6 0.6 1.3

Threonic acid 0.8 1.1 0.7 0.6 0.9 2.5 0.5 1.1 1.3 1.0 0.8 1.2 1.9 1.6 3.3 3.3 1.1 0.7 1.0 1.7 0.8 0.8 0.7 0.6 1.0 0.5 0.9 1.1 1.2 1.4 0.6 1.1

Quinic acid 3.4 0.3 0.6 0.0 0.0 4.7 0.0 0.9 5.0 1.6 0.8 4.8 4.0 1.5 2.3 3.2 5.3 1.1 0.4 9.3 2.3 3.1 0.1 1.1 0.3 0.0 0.6 1.2 0.7 0.0 1.1 0.0

nucleoside derivative Succinyladenosine 0.8 0.6 0.7 0.5 0.8 1.7 0.4 1.3 1.2 1.0 1.1 8.0 3.9 6.2 4.1 2.3 1.5 0.9 0.7 1.3 0.6 1.0 0.7 0.8 1.2 0.8 0.9 0.7 1.4 0.6 0.6 1.3

Proline Betaine 0.7 0.5 2.5 0.5 0.8 2.1 0.4 1.7 3.0 2.3 0.1 0.1 5.7 0.1 4.1 0.8 0.1 0.9 1.9 4.3 0.6 1.0 0.9 0.2 0.9 0.1 2.3 0.8 0.7 3.2 0.3 2.1

Glutamic acid
0.6 0.5 0.9 0.5 0.9 1.5 0.4 1.2 1.1 0.8 0.8

3.6
0.7

3.4
2.3 2.8 1.8 0.9 0.8 1.2 0.7 0.9 0.7 0.8 1.1 0.8 0.9 0.7 1.2 0.8 0.9 1.1

Aminoadipic acid
0.8 0.6 0.8 0.6 0.9 1.4 0.4 1.1 1.2 0.8 0.8

2.2
1.8

3.2
2.6 2.9 1.7 0.9 0.8 1.2 0.7 0.9 0.7 0.9 1.2 0.6 1.0 0.8 1.5 0.7 0.8 1.1

N-acetyl-L-glutamic acid 0.5 0.5 0.7 0.5 1.0 1.4 1.0 2.8 1.2 0.8 0.8 48.6 0.6 11.9 0.7 2.0 0.8 1.2 1.4 1.0 0.4 0.9 0.7 1.6 1.3 1.3 0.8 0.4 0.8 1.3 1.3 1.2

N-Acetyl-D-allo-isoleucine
0.6 0.5 1.0 0.7 1.0 1.5 0.5 1.4 1.2 1.0 1.1

2.8 1.3 2.3
1.2 2.0 1.7 0.9 1.2 1.2 0.6 0.7 0.7 1.0 1.1 0.8 0.8 0.8 1.1 0.9 1.0 1.4

Pyrimidine derivated Dihydroorotic acid 0.9 0.7 0.8 0.4 0.9 2.2 0.4 1.3 0.9 0.8 1.0 1.6 5.5 2.7 2.2 5.0 1.3 0.5 0.7 1.1 0.8 1.0 0.7 0.5 1.4 0.6 0.7 1.1 1.4 0.5 0.6 1.3

Acetyl-carnitine 1.8 0.7 0.6 1.1 0.5 0.9 0.6 0.9 2.7 1.0 1.5 1.2 2.1 1.5 2.0 1.1 1.5 1.0 0.4 1.5 1.2 0.9 0.6 1.5 0.9 0.9 0.3 0.7 1.5 0.8 0.8 0.8

Propionyl-carnitine 1.9 0.5 0.5 1.0 0.5 1.6 0.8 0.8 2.3 1.3 1.5 0.8 3.7 1.2 2.1 0.8 0.8 1.0 0.7 1.3 1.2 0.8 0.6 1.9 0.8 1.0 0.2 0.4 1.8 1.1 0.9 0.9

Butyryl-carnitine 0.9 0.5 0.5 0.7 0.8 1.6 0.6 0.6 1.4 1.6 1.5 1.0 3.3 1.3 2.2 1.3 0.6 0.8 0.8 1.2 1.1 0.9 0.6 1.2 1.0 0.9 0.3 0.6 1.6 0.7 0.9 1.1

Methylbutyroyl-carnitine 1.3 0.4 0.6 0.9 0.8 1.9 0.5 0.9 1.5 1.4 1.3 1.0 2.5 1.1 2.4 0.7 0.7 0.8 1.0 1.3 0.9 0.7 0.6 1.1 0.8 0.9 0.3 0.4 1.7 0.9 0.8 1.0

Glycochenodeoxycholic acid
4.4 0.1 1.0 0.2 0.2 2.6 0.6 0.1 1.0 0.9 0.0

0.0 11.0 0.0
11.1 6.7 7.4 0.3 0.0 0.6 2.8 1.3 0.0 1.2 1.3 0.1 0.0 0.0 0.6 0.1 0.7 0.2

Glycocholic acid 1.7 0.0 1.0 0.2 0.2 5.5 0.1 0.0 0.6 0.6 0.0 0.0 16.0 0.0 9.6 4.8 6.2 0.1 0.4 0.4 1.9 2.2 0.1 0.5 1.8 0.2 0.5 0.0 0.2 0.2 1.2 0.9

Bile acids

Patients with unexplained encephalopathy

Carbohydrates

Hydroxy acids

Aminoacid and derivatives

Acylcarnitines

CAFSA

Kearns-Sayre syndrome

Values are fold changes 
related to control value

value >mean+2SD

Mean+SD<value <mean+2SD

(Coll. Dr. F. Sedel, G.H. Pitié-Salpétrière)
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Stratification de patients atteints d’encéphalopath ies 
inexpliquées. Analyses de LCRs
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To improve metabolite identification

Informatics and bioinformatics

To improve and standardize metabolite detection
and quantification

- Data analysis tools
- Data visualization tools
- Standard data formats
- Spectral databases
- Metabotype databases

- Data set annotation
- Spectral databases

Le futur? 
Le profilage métabolique à haut débit pour 
l’épidémiologie et la médecine personnalisée

The issue of confounding factors
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Few thousands of 
variables…

…Few hundreds of 
metabolites ??

Annotation of peak lists is required
to help for metabolite identification
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� Chemical and biochemical databases: KEGG ( www.genome.jp/kegg), 
Metlin ( www.metlin.scripps.edu), HMDB (www.hmdb.ca)

� spectral databases
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Pourquoi une base de données spectrale ?

Annotations 
(HMDB, KEGG, METLIN)
Deethylatrazine 
3-amino-2-naphthoic acid 
Indoleacrylic acid

189.0757 5.28 C10[13C]H10NO2 Tryptophan [(M+H)-(NH3)]+ (13C) Ethyl Oxalacetate
190.0787 5.28 C9[13C]2H10NO2 Tryptophan [(M+H)-(NH3)]+ (13C2)

Tryptophan
ethotoin
Vasicinol
Idazoxan
Nirvanol
N-Acetyl-D-fucosamine
N-Acetyl-D-quinovosamine

207.1051 5.28 C9[13C]2H13N2O2 Tryptophan [(M+H)]+ (13C2)
Gly Trp Phe (and isomers)
Lys Met Met (and isomers)
Tyr Leu Asp (and isomers)
Ile Tyr Asp (and isomers) 
Val Tyr Glu (and isomers)

410.1938

AttributionCompoundFormulaRTM/Z

[(2M+H)]+ (13C)TryptophanC21[13C]H25N4O45.28

[(2M+H)]+TryptophanC22H25N4O45.28409.1902

205.0975

[(M+H)]+ (13C)TryptophanC10[13C]H13N2O25.28206.1010

[(M+H)]+TryptophanC11H13N2O25.28

[(M+H)-(NH3)]+TryptophanC11H10NO25.28188.0709

Extraction des ions : liste de variables annotése
Pic d’intérêt

Une molécule = plusieurs ions = redondance du signa l

(Thèse Aurélie Roux 2008-2011)
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(Roux A. et al., Anal. Chem., 2012)

Annotation du métabolome urinaire humain
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Several LC/MS methods have to implemented in 
order to achieve an optimal metabolome coverage

Colonne RP-C8
149 annotations

Colonne ZICpHILIC

146 annotations Colonne PFPP

220 annotations

59

30

13 47

84
44

30

Mode positif

TOTAL de 307 molécules
RP-C8

142 annotations

ZICpHILIC

227 annotations

PFPP

166 annotations

Mode négatif

TOTAL de 334molécules

75

15

23

29

34
153

28

Annotation du métabolome plasmatique humain

(Thèse Samia Boudah, 2012-2013)
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Identification of pantothenic acid in rat urine
RT: 0.00 - 60 .00 SM: 7G
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16.52

18.35 31.12 44.1 234.74 56.093.19 6.65
16.53

22.54 23.365.0 1 15 .62 38.84 43.29 52.83

NL: 1 .03E7
Base Pe ak m/z= 
220.106 69-220.12871 F: 
FTMS + c ESI Full ms 
[75.00-1000.00]  MS 
070829-pos-05-urines

NL: 2 .43E7
Base Pe ak m/z= 
220.106 69-220.12871 F: 
FTMS + c ESI Full ms 
[75.00-1000.00]  MS 
070829-POS-04-melstd

NL: 2 .17E7
Base Pe ak m/z= 
220.106 69-220.12871 F: 
FTMS + c ESI Full ms 
[75.00-1000.00]  MS 
070829-pos-06-urinesurch
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Characterization of unknown metabolites using MS n

Proposed by CAS Proposed (MSn, H/D)

0

20

40

60

80

100
13 9.11 33 7

87. 045 86

1 55.1 08 191 13.0 61 50

2 01.1 13 58
7 1.0 509 6

10 1.0 615 1 16 5.0 914 6
196 .98 576

13 9.11 33 7

(Werner  E. et al., 2008)
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Les facteurs confondants:
S’affranchir des biais analytiques
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Les facteurs confondants:
Facteurs physiologiques

Impact du genre sur le 
métabolome urinaire

Impact de l’âge sur le 
métabolome urinaire

(Thèse Aurélie Roux 2008-2011)
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Les facteurs confondants:
Facteurs physiologiques

Red blood cell metabolomics in sickle cell disease patient s
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(Darghouth et al., Blood, 2011)

Signature de la drépanocytose 
ou de la différence d’âge des 
globules rouges entre les 2 
groupes??
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Related to the age of RBCs

Not related to the age of RBCs

Separation of metabolites directly related to 
SCD or to the age of the RBCs
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Contribuer au développement de la M-F

Favoriser les échanges entre les
chercheurs

Favoriser / structurer l'enseignement et
la formation

Organiser ou soutenir l’organisation de
congrès/colloques

Favoriser la participation des jeunes
chercheurs aux congrès

Créé en 2005
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Plant Biology & 

Biotechnology

Microbiology & 

Biotechnology

Nutrition and 

Health

Pharmacology & 

Clinical diagnostic

MetaboHUB: building a national infrastructure 

for metabolomics in France
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