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Metabolomics for nutrition and toxicology, in vivo, 
in vitro and in silico studies. Overview of the French 
metabolomics community

Fabien JOURDAN
INRA Toulouse
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Outline

• Metabolomics to study food contaminants

• Identifying biomarkers with high resolution mass
spectrometry

• Metabolic network analysis

• Metabolic network reconstruction for cell lines

• Metabolomics in France
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Metabolomics to study food contaminants
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From genes to metabolites

Using the metabolome shift as a 
phenotypic markerJ. Nicholson
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Food contaminants

Develop novel and efficient strategies to address modern 
toxicological challenges linked with food contaminants
- Chronic & low dose exposures issues
- Exposure during critical periods of the development

HO OH

Bisphenol A
Prod. ca. 3 Million T/yearPolycarbonates Epoxy Resins

Free monomer = model Xeno-estrogen

Effects / human health ?

MeX team (D Zalko), 
INRA Toulouse 
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Fingerprinting
Data acquisition

Spectrum bucketing

1.01.52.02.53.03.54.04.55.05.5 ppm

Numerical data

Variable 1 v1,v2…

Variable 2 v1,v2…

…

Multivariate statistics

Discrimiation of adult mice exposed in utero to low doses of 
xenobiotics
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TEM X 25ng

X 250ng
X 25µg

TEM

X 25ng

X 250ng

X 25µg

BrainLiver
Biomarkers
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From Biomarkers to System Biology
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Given a list of
biomarkers…

…find the processes involved
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Identifying biomarkers with high resolution
mass spectrometry
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Mass spectrometry 
• LC-MS
• GC-MS
• CE- MS

Mass spectrometry 
• LC-MS
• GC-MS
• CE- MS

High resolution MS :
• FT ICR
• Orbitrap

High resolution MS :
• FT ICR
• Orbitrap

NMRNMR

30

30.049160

CH4N

30.006100

NO

30.065484

C2H4

30.010565

CH2O

12.000000

1.0078251.007825

15.994915

High Resolution Mass Spectrometry
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Going from raw data to a metabolite list

Challenge : tenth of thousands of peaks
among which only few hundreds are relevant
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Complexity of LC-HRMS data

Retention time

m/z

Intensity
80 000 data points
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MetMS: implementation of LC-HRMS data treatment

Marc Dubois
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Computational Challenge
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Data treatment is a 
challenge in HRMS 
metabolomics
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Output of raw data treatment
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Metabolic Network Analysis



��������������������	����������������������

��
�������
�����
����

����������	��������������

������

��	
�� ��
�

��
�����
� ���


��
�	��	����� ��
��
�

�����
��
�

�������



��������������������	����������������������

��
�������
�����
����

����������	��������������

Filtered metabolic
network based on 
HumanCyc

883 reactions

1027 metabolites
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Aim : given a set of metabolites, extracting a “sparser” sub-network containing 
all the identified compounds.

Bioinformatics
algorithms
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Not all the metabolites are 
identified, it requires to fill the 
gaps

A

Purine Pathway

B

Pyrimidine Pathway

Jourdan et al. Metabolomics, 2010, 6, 312-321 
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Overview MetExplore

URL: www.metexplore.fr
Registered users:52
Metabolic networks:174
Reactions:19927



��������������������	����������������������

��
�������
�����
����

����������	��������������

Metabolic network reconstruction for cell
lines
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From genome to metabolic networks

Feist, et al.. Nat Biotechnol, 2008, 26, 659-667 

Genome sequencing Genome annotation Network reconstruction ������������������
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http://www.metexplore.fr

Nistec, Kismet

Cell lines annotation pipeline
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Annotation Project, manual curation

Florence Vinson
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Next step: Metabolic Flux Plasticity

Xenobiotics act on 
regulation of enzymes 
leading to changes in flux 
distribution.

In the case of cancer cells, 
these fluxes are different
from healthy cell lines
(Rupin et al.)

What are the flux 
distribution shifts when
cells are exposed to 
xenobiotics?

What are the long time
effects?
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Metabolomics in France
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French Metabolomics and Fluxomics network
BOARD:

D ROLIN (president, Bordeaux)

C JUNOT (Vice president, Saclay)

C DEBORDE (Secretary, Bordeaux)

JC MARTIN (Treasurer, Marseille)

C CANLET (Toulouse)

AM DELORS (Clermont-Ferrand)

F JOURDAN (Toulouse)

A PARIS (Paris)

JC PORTAIS (Toulouse)

E PUJOS-Guillot (Clermont-Ferrand)
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MetaboHub: creating a french metabolomics 
infrastructure

Developping and providing metabolomics analysis for large 
scale studies

Three scientific work packages
– Metabolomics (HT, standardisation, target metabolomics)
– Fluxomics (network, synthetic biology)
– Bioinformatics (data management)

Four facilities
– Paris (CEA)
– Bordeaux (INRA)
– Toulouse (INRA)
– Clermont Ferrand (INRA)
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Conclusion

• Metabolomics bioinformatics pipeline in HRMS is a 
challenging computational problem

• Metabolic networks can be used for system biology
interpretation of metabolomics data

• Genome based reconstructions have to be improved to 
provide better models

• Flux analysis will help to move towards dynamic studies

• French metabolomics is animated through the RFMF
• National facility project: MetaboHub
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France Metabolomics
INRA Toulouse : Florence Vinson, Marc Dubois, M 
Dussart, D Zalko (MeX team)
CEA Paris : C Junot
INSA Toulouse : Ludovic Cottret, JC Portais (Metasys
team)

International Metabolomics
University of Glasgow : M.P Barrett, D Wildridge
Sanger Institute : F Logan, M Beriman

France Bioinformatics
INRIA Lyon : MF Sagot, V Lacroix, V Acuña, P Milreu, C 
Klein
University of Évry : E Birmelé

International Bioinformatics
Università degli Studi di Firenze : P Crescenzi, A 
Marino
Univ. La Sapienza, Rome : A Marchetti-Spaccamela
Free Univ. Amsterdam & CWI : L Stougie

And thanks for your attention !
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Genome based reconstruction
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Genome based reconstruction

+ transcriptomics
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Genome based reconstruction

+ transcriptomics

+ metabolomics
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Qualitative Quantitative

Global Local

Where we stand ?
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Use of metabolic network models

cellule

ENVIRONNEMENT

?

?

?

?

precursor

precursor

precursor

precursor

CIBLE

Precursors : [4] Cottret et al. WABI 08 Proceedings, 2008, 233-244

Chocke points : [5]Yeh et al. Genome Res, 2004, 14, 917-924
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Sub-processes : [6] Antonov et al. FEBS J, 2009, 276, 2084-2094 
Sub-processes : [7] Jourdan et al. Metabolomics, 2010, 6(2): 312-321
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