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Metabolomics deals with the comprehensive analysis of the set of small molecules or metabolites

present in a given cell, tissue or organism



The metabolomic workflow
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Metabolites??? : Any small organic molecule detectable in the with a 

molecular weight generally less than 1000 Da (or slightly larger,…)

Aminoacids Sugars

Nucléotides

Organic acids

Hormones

Neurotransmitters

Drugs

Pesticides

Pollutants

http://www.genome.jp/ligand-bin/strsearch_view_compound?ENTRY=C00041
http://www.genome.jp/ligand-bin/strsearch_view_compound?ENTRY=C00078
http://www.genome.jp/ligand-bin/strsearch_view_compound?ENTRY=C00031
http://www.genome.jp/Fig/compound/C00002.gif
http://www.genome.jp/tools-bin/strsearch_view_compound?ENTRY=C00158
http://www.genome.jp/tools-bin/strsearch_view_compound?ENTRY=C00042
http://fr.wikipedia.org/wiki/Fichier:Cortisol.png
http://fr.wikipedia.org/wiki/Fichier:(S)-Thyroxine_Structural_Formulae.png
http://fr.wikipedia.org/wiki/Fichier:Noradrenaline.png
http://fr.wikipedia.org/wiki/Fichier:Gamma-Aminobutters%C3%A4ure_-_gamma-aminobutyric_acid.svg
http://www.genome.jp/Fig/compound/C07049.gif
http://fr.wikipedia.org/wiki/Fichier:DDT.svg
http://fr.wikipedia.org/wiki/Fichier:Dioxin-2D-skeletal.svg


We don’t know how many metabolites could be detected in 

biological media

Metabolomics is far more complex than metabolic pathway maps

Metabolites also range in concentration from fM to mM: 

~12 orders of magnitude !

Most MS features (≈ 90%) detected present in 

LC/MS data are not characterized. 



10,000+ variables… …Few hundreds of metabolites ??

Annotation of peak lists is required to help for 

metabolite identification
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1. Matching of experimental m/z to theoretical masses from chemical and 

biochemical databases: KEGG (www.genome.jp/kegg), Metlin

(www.metlin.scripps.edu), HMDB (www.hmdb.ca)

2. Matching of experimental m/z, CID spectra and RT to those of spectral 

databases





Identification of pantothenic acid in rat urines: 
based on reference compound, RT, accurate mass and MS²

LEVEL 1
(2 stereosisomers on HMDB) 

EIC at m/z 220 (ESI+, RP/LC-HRMS) MS² spectra
(LTQ-Orbitrap Discovery, at a mass resolution of 7500, FWHM)

RT: 0.00 - 60.00 SM: 7G
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5.40 23.4015.67 30.84 53.6845.0239.26

16.52

18.35 31.12 44.1234.74 56.093.19 6.65

16.53

22.54 23.365.01 15.62 38.84 43.29 52.83

NL: 1.03E7

Base Peak m/z= 
220.10669-220.12871 F: 
FTMS + c ESI Full ms 
[75.00-1000.00]  MS 
070829-pos-05-urines

NL: 2.43E7

Base Peak m/z= 
220.10669-220.12871 F: 
FTMS + c ESI Full ms 
[75.00-1000.00]  MS 
070829-POS-04-melstd

NL: 2.17E7

Base Peak m/z= 
220.10669-220.12871 F: 
FTMS + c ESI Full ms 
[75.00-1000.00]  MS 
070829-pos-06-urinesurch

Rat urine

Reference 

compound in 

solvent (1 µg/ml)
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142.08651
156.10193

116.0342790.05494

201.85446
72.04433

184.09723

142.08658
156.10229

116.0344290.05491

201.86206
72.04417

NL: 1.76E6

070829-pos-05-urines#817-
877  RT: 16.67-16.75  AV: 3 
F: FTMS + c ESI d w Full ms2 
220.12@cid35.00 
[50.00-235.00] 

NL: 3.70E6

070829-POS-04-melstd#793-
844  RT: 16.10-16.73  AV: 17 
F: FTMS + c ESI d w Full ms2 
220.12@cid35.00 
[50.00-235.00] 

x5

Rat urine spiked

with Reference 

compound

Rat urine

Reference 

compound in 

solvent (1 µg/ml)

(Werner E et al., J. Chromatogr. B, 2008)



Variable 

number
m/z

Retention 

time (min)
isotopes adduct pcgroup

1806 303.1443 9.33 ** ** 531 NA **

4663 593.3312 9.34 [681][M]+ ** 512 NA L-Urobilin

4668 594.3368 9.34 [681][M+1]+ ** 512 NA **

4679 595.3463 9.40 [650][M]+ [M-H]- 394 1.00 C-Curarine / L-Urobilinogen

4682 596.3514 9.40 [650][M+1]+ ** 394 0.98 **

4878 631.3256 9.40 ** [M+Cl]- 394 0.96 **

3797 481.2789 9.46 ** ** 552 NA GPCho(10:0/4:0) / GPCho(12:0/2:0)

2763 381.1910 9.53 ** ** 627 NA **

3834 485.1792 9.61 ** ** 544 NA Rutaevin / Nafenopinglucuronide

1255 253.1440 9.67 ** ** 556 NA **

XCMS output

Public database annotation

CAMERA output
Inter-sample 

correlation

Identification of L-Urobilinogen (or L-Stercobilinogen) in human urines
(m/z 595.3463)

(Roux A. et al., Anal. Chem., 2012 )

LEVEL 2 by diagnostic evidence
- No reference compound available in our library
- No MS² spectra in MassBank and mzCloud
- No isomers in HMDB and KEGG



Characterization of a dicarboxylic acylcarnitine in human urines 
(m/z 346.2215, ESI pos)

LEVEL 3
Could be sebacylcarnitine. However, the dicarboxylic acid moiety (C10H18O4) is not characterized



Non-targeted metabolomics: 

Metabolic phenotype (host-environment interactions)

Impact of the microbiota

Chemical exposome 

(Boudah S., J. Chromatogr. B, 2014) 

Metabolites detected in plasma using LC/HRMS based metabolomics

≈ 250-350 metabolites annotated/identified in humans

biofluids from several thousands of features



Why measuring metabolites?

van der Greef et al, Curr Opin Chem Biol 2004 

Biomarker discovery

Systems biology

Personalized medecine



Metabolomics in the field of hepatology

> 2000 publications (Pubmed database)

Search query: (metabolom*[Title/Abstract] OR metabonom*[Title/Abstract] 

OR metabotyp*[Title/Abstract]) AND ((liver disease)[Title/Abstract] OR 

hepatitis[Title/Abstract] OR cirrhosis[Title/Abstract] OR (liver

transplantation)[Title/Abstract] OR (hepatocellular

carcinoma)[Title/Abstract])
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Recent developments: multi-omics integrated studies ++

impact of the gut microbiota ++



Shotgun sequencing of fecal metagenome

Host phenome (hepatic transcriptome, plasma and 

urine metabolomics)

Molecular networks linking the gut microbiome and 

the host phenome to hepatic steatosis. 

Steatosis: low microbial gene richness, hepatic

inflammation, dysregulation of aromatic and 

branched chain AA metabolism. 

Microbiota transplants and chronic treatment with

phenylacetic acid trigger steatosis and dysregulation

of BCAA metabolism



Kynurenine pathway is activated in patient with acute decompensation and acute-on-
chronic liver failure

Confirmation by a quantitative LC-MS/MS assay for kynurenic acid, quinolinic acid, kynurenine and 
tryptophan on 234 samples (validation cohort)



Blood metabolomics uncovers inflammation-associated

mitochondrial dysfunction as a potential mechanism

underlying ACLF



The ACLF associated metabolite cluster 

correlates with systemic inflammation. 

It also reflects: 

- increased proteolysis and lipolysis, 

- changes in intracellular metabolism in 

response to the proliferation of innate

immunity cells,  

- Reduced mitochondrial oxydation, 



Reanalysis of the blood metabolomic

data of the CANONIC study

- Blood AA fuel protein and nucleotide synthesis

required for intense systemic inflammation.

- Extensive catabolism of ketogenic AA to 

produce energy substrates in peripheral organs



Which questions do we now address?

- Improve stratification power regarding the decompensation of cirrhosis

- Provide new insights into pathophysiology of ACLF (biomarkers of 

precipitants and organ failure)

- Response to treatment

- Pronostic biomarkers that could be translated into clinics



Take home messages

Improvement of data interoperability and reusability of untargeted metabolomic data 

is a key priority, which has to be addressed in a context of permanent and rapid

technological evolution.

Metabolomics tools are nowadays enough mature to be used in the field of clinical

research.

How to translate complex metabolomic signatures into clinics and care practice?
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