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RMN

- Simple, non invasif
- Rapide

Acquisition des empreintes meétaboliques

Empreinte métabolique

Se

o
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GC-EI-MS API-MS

- Sensible - Acces a la masse moléculaire
- Reproductible (identification)

- Applicable a des biomatériaux - Bibliothéques de spectres de - Analyse des molécules
intacts et aux grandes series masse thermolabiles

Mais :
- Sensibilité limitée

Mais : - sensible
- Modification chimique requise Mais:

- Difficulté d’identification de pour les composés non volatils  peu reproductible

composés inconnus

- Composés hon
thermosensibles
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Déroulement d’'une analyse metabolomique
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«Metabolome Wide Association Studies»
(Holmes E., Cell, 2008)
(Gieger C, Plos Genetics, 2008)

Intermap study (NMR)
Biomarker discovery (cohort size<100) 4630 participants

(Holmes E., Nature, 2008)

Sarcosine as a biomarker of

aggressive prostate cancers
(Skreekumar, Nature 2009)

Microbiome interaction

Chronobiology, epigenetics

] —>

| ] | |
1960 1970 1980 1990 2000 2010
GC/MS NMR ESI/MS Imaging MS
LC/MS In situ analyses
MALDI-TOF

Metabolomics

Metabonomics: The metabolic response
of living systems to physiopathological
stimuli via multivariate statistical

analysis of biological NMR spectra.
(Nicholson et al., 1999)
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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 mecanistiques:
modeles cellulaires et animaux
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Dysregulation of lipid and amino acid
metabolism precedes islet autoimmunity
in children who later progress

to type 1 diabetes J. Exp. Med. Vol. 205 No. 13 2975-2984

Matej Oresi¢,! Satu Simell,2 Marko Sysi-Aho,! Kirsti Ninto-Salonen,?
Tuulikki Seppinen-Laakso,' Vilhelmiina Parikka,” Mikko Katajamaa,'
Anne Hekkala,* Ismo Mattila,! Piivi Keskinen,’ Laxman Yetukuri,!
Arja Reinikainen,® Jyrki Lihde,” Tapani Suortti,! Jari Hakalax,?

Tuula Simell,?> Heikki Hyoty,”® Riitta Veijola,* Jorma Ilonen,??

Riitta Lahesmaa,® Mikael Knip,>!'” and Olli Simell?
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(2011)

nature,, .
q medicine
Metabolite profiles and the risk of developing diabetes

Thomas ] Wang!-3, Martin G Larson®4, Ramachandran S Vasan?3, Susan Cheng?%6, Eugene P Rhee!/7:8,
Elizabeth McCabe??, Gregory D Lewis!">®, Caroline § Fox>*!%, Paul F Jacques'!, Céline Fernandez'?,
Christopher | O’ Donnell38, Stephen A Carr®, Vamsi K Mootha®1314, Jose C Florez®13, Amanda Souza®,
Olle Melander'®, Clary B Clish® & Robert E Gerszten!28

Emerging technologies allow the high-throughput profiling of metabolic status from a blood specimen (metabolomics). We
investigated whether metabolite profiles could predict the development of diabetes. Among 2,422 normoglycemic individuals
followed for 12 years, 201 developed diabetes. Amino acids, amines and other polar metabolites were profiled in baseline
specimens by liquid chromatography-tandem mass spectrometry (LC-MS). Cases and controls were matched for age, body mass
index and fasting glucose. Five branched-chain and aromatic amino acids had highly significant associations with future diabetes:
isoleucine, leucine, valine, tyrosine and phenylalanine. A combination of three amino acids predicted future diabetes (with a
more than fivefold higher risk for individuals in top quartile). The results were replicated in an independent, prospective cohort.
These findings underscore the potential key role of amino acid metabolism early in the pathogenesis of diabetes and suggest that
amino acid profiles could aid in diabetes risk assessment.

61 metabolites monitored using LC-MS/MS

1. Framingham study: 189 diabetes patients with 189 matched controls
2. Replication analysis (Malmo 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
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Genetics Meets Metabolomics: A Genome-Wide

PLOS

Association Study of Metabolite Profiles in Human Serum

Christian Gieger'?, Ludwig Geistlinger’, Elisabeth Altmaier®?, Martin Hrabé de Angelis*>®, Florian
Kronenberg’, Thomas Meitinger®®, Hans-Werner Mewes>'?, H.-Erich Wichmann'?, Klaus M.
Weinberger'', Jerzy Adamski®®, Thomas lllig', Karsten Suhre

«Genetically determined metabotypes»
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Quantitative measurement of 363
metabolites in 284 human serum samples

(2008)

enumerator denominator mean ncases p-value estimate explained variance
Single metabolites (four double bonds)

PC a C20:4* 1 5.004 284 53x10°7 —0.293 8.58%
PC aa C344 1 3.249 284 33x10° —0.174 3.04%
PC aa C36:4 1 399.407 234 45x10 ® —0.318 10.11%
PC aa C384 1 209.050 284 49x10 ® —0.268 7.17%
PC ae (36:4 1 35.160 284 1.7x10° 3 —0.186 3.46%
PC ae C38:4 1 30117 284 14x10°* —0.224 5.03%
PE aa (38:4 1 5.357 284 013 —0.090 0.81%
Pl aa C38:4" 1 27.025 284 0.012 —0.149 2.237%
Single metabolites (three double bonds)

PC a C20:3* 1 2.461 208 0.86 —0.013 0.02%
PC aa (343 1 30.751 234 0.21 0.075 0.56%
PC aa C363 1 250.496 284 0.56 0.035 0.12%
PC aa C383 1 123.002 284 0.66 —0.027 0.07%
PC ae 363 1 19.697 284 017 0.081 0.66%
PC ae C38:3 1 10.641 234 0.74 0.020 0.04%
PE aa (38:3 1 1623 132 0.92 —0.009 0.01%
Pl aa C38:3* 1 779 21 0.077 0.120 1.43%
Ratios between metabolite concentrations

PC a C20:4* PC a C203* 2.224 208 29x10°° —0.374 13.98%
PC aa C344 PC aa C34:3 0.107 284 42x10°7 —0.295 8.72%
PC aa (364 PC aa (363 1.613 284 24x10 = —0.535 28.62%
PC aa (384 PC aa (383 1.708 284 21x10 ¥ —0.476 22.66%
PC ae (36:4 PC ae (363 1.832 284 73x10°" —0.313 9.81%
PC ae C384 PC ae C383 2888 284 97x10 ® —0.333 11.07%
PE aa C38:4 PE aa C38:3 3.693 132 0.013 —0.216 4,64%
Pl aa C38:4* Pl aa C383* 3.582 2 1.5x10°® —0.370 13.69%
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Symbiotic gut microbes modulate human m
metabolic phenotypes February 12, 2008

Min Li*, Baohong Wang!, Menghui Zhang*, Mattias Rantalainen*, Shengyue Wang$, Haokui Zhou*, Yan Zhang*,
Jian Shen*, Xiaoyan Pang*, Meiling Zhang*, Hua Wei*, Yu Chen?, Haifeng Lu?, Jian Zuo', Mingming Su*,
Yunping Qiu*, Wei Jia*, Chaoni Xiaol, Leon M. Smith*, Shengli Yang*, Elaine Holmes*, Huiru TangT**,

Guoping Zhao%**, Jeremy K. Nicholson***, Lanjuan Lit**, and Liping Zhao*-**

Fecal and urinary samples from 7 chinese individuals (NMR / 16S RNA gene
sequencing / multivariate statistical analyses)

Fhylogenstie DGGE Band Nearest Neighbor Correlation Metabolite linkage
grouping and Variable
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Fig.3. Dendrogram of OTUs from DGGE bands, which are well predicted by metabolic variation, labeled as the nearest known neighbor with similarity value.
Associations with specific urine metabolites are shown for each OTU with the direction of correlation indicated by red (positive) or green (negative) lines.
Gender-related bands predicted by OPL5-DA are denoted by bold text.
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Inflamm. Res. (2011) 60:831-840
GC/MS-based profiling of amino acids and TCA cycle-related
molecules in ulcerative colitis

Makoto Ooi * Shin Nishiumi * Tomoo Yoshie * Yuuki Shiomi + Michitaka Kohashi -
Ken Fukunaga - Shiro Nakamura - Takayuki Matsumoto - Naoya Hatano - Masakazu Shinohara -
Yasuhiro Irino - Tadaomi Takenawa - Takeshi Azuma - Masaru Yoshida

Disease induced changes in metabolic profiles

Materials and methods Colonic biopsy samples from 22
UC patients were used, as well as serum samples from UC
patients (n = 13), Crohn’s disease (CD) patients (n = 21),
and healthy volunteers (n = 17).
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Inborn Errors of Metabolism (IEM),
neurology and metabolomics

/ Pitie-Salpétriere Hospital: 593 patients referredf or a \
suspicion of «metabolic disease» without an initial

diagnosis

Confirmed Inborn
error of
83 (15%) metabolism

u Otheracquired
b) :
and genetic
38(6%) diseases

Secondary
metabolic
disturbances

« Patients withouta
defined diagnosis /

(Coll. Drs. F. Sedel, F. Mochel et F. Lamari, G.H. Pitie-Salpétriere ; Pr. F. Seguin, Poitiers)

P.H.R.C «<SPECMET 2»
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CSF metabotype of a Dihydropteridine
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Stratification de patients atteints d’encéphalopath

iInexpliquées. Analyses de LCRs
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Cerebellar ataxia with elevated cerebrospinal

free sialic acid (CAFSA)

F. Mochel,”? F. Sedel,>* A. Vanderver,** U. F. H. Engelke,” J. Barritault,® B. Z. Yang,?
B. Kulkarni,* D. R. Adams,” F. Clot,” J. H. Ding,” C. R. Kaneski,” F. W. Verheijen,®
B. W. Smits,” F. Seguin,® A. Brice,”"® M. T. Vanier,"” M. Huizing,” R. Schiffmann,?

A. Durr™'® and R. A. Wevers®

Free sialic acid (pmol/l)
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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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Cea

—_— Kearns-Sayre syndrome

CAFSA
Values are fold changes A

related to control value

Patients with unexpl'ained encephalopathy

value >mean+2SD B
Mean+SD<value <mean+2SD

1057.B_133

1018 55
1043 31
1047_127
1048_95
1050_71
1052_46
1057.A_88
1058_107
1061_32
1067_74
1074_80
1086_114
1087_27
1113 28
1114 50
1124 67
1134 43
1135 131
1136_39
1138 89
1140 68
1142_125
1148 77
1157_79
1161_90

1166_117

sugar acid N-acetylneuraminic acid 09|05|10|05]| 11|14]03| 10 [12]| 1000 08|o6]|12|05]08f00]07|12]07[08]07|12]07[08] 12
Deoxyribose 06|04]|05]|05[0.6 07| 05|10 |04]0.7]05|07| 17| 05]06|07|13]|05|05|07
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. Threonic acid 08| 11|07]o6]09 07]10|17]o8|o8|07]o6|10]|05[009|11]|12]14 |06
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Quinic acid 3403060000 11]04 23|31 01 11{03]00]06]|12|0.7|00
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(Coll. Dr. F. Sedel, G.H. Pitie-Salpétriere)
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Stratification de patients atteints d’encéphalopath
iInexpliquées. Analyses de LCRs
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Le futur?
Le profilage métabolique a haut débit pour
I'épidémiologie et la médecine personnalisée

To improve and standardize metabolite detection
and quantification

To improve metabolite identification _ Data set annotation
- Spectral databases

Informatics and bioinformatics - Data analysis tools
- Data visualization tools

- Standard data formats
- Spectral databases
- Metabotype databases

The issue of confounding factors
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Annotation of peak lists Is required
to help for metabolite identification

5T J5T J5T J5.T 5T J5T ‘?
Peak Ni | Ret{inin) = Mass | 06030302 06030303 06030304 06030305 06030321 06030322 =

153 100 1.8E+03 1.5E+03 24E+05 1.7E+03 2.0E+03 T.9E+04

1
2 13.98 100 1.8E+03 1.5E+03 2.0E+03 1.7E+03 2.0E+03 1.5E+04 ?
100 3 42.25 106 2.0E+05 4.3E+04 2.9E+05 3.5E+04 1.8E+05 20E+03 -
3 4 16.65 114 20E+03 3TE+04 4.5E+04 1.0E+04 3.9E+05 2.5E+04
907 5 16.92 m 2.0E+03 3.7E+04 4.5E+04 2.1E+05 8.3E+04 2.5E+04 ?
Eaf 6 17.26 114 2.0E+03 3TE+04 4.5E+04 1.6E+05 2.5E+05 1.2E+05 =
10 i 17.5 m 2.0E+03 3TE+04 2.3E+05 14E+05 4.3E+04 25E+04
70344 8 18.01 114 2.0E+03 3.7E+04 2.8E+05 1.0E+04 1.3E+04 2.5E+04 ?
% e 9 4.19 126 94E+04 1.6E+03 6AE+04 1.TE+04 2.3E+03 1.2E+04 =
' Jeo 10 4.66 126 14E+05 1.6E+03 1.3E+05 1.7E+04 2.3E+03 1.2E+04
3 507 70 1 493 126 2.1E+03 1.6E+03 24E+03 1.7E+04 2.3E+03 1.2E+04 ?
é A o 12 5.07 126 18E+05  1.6E+03 24E+03 1TE+04  23E403 15E+05
& g e 3 S0 126 13EH5  16E03  1AEs05  LTEWM  23E«03  22Es04 9
ool @ 1] 586 % | 24EW3 | 16EW03 | 1AEW05  1TEe0d | 23E03  49EeM S
L3 oo m 15 6.32 126 1.5E+04 1.6E+03 24E+03 1.TE+D4 2.3E+03 1.2E+04
3 o [0 16 10.56 126 19E+05  16E+03  20E+05  0.1E+03  23E+03  1.2E+04 ?
109 ) 17 11.05 126 2.1E+03 1.6E+03 24E+03 9.1E+03 23E+03 1.2E+04 !
o3 7o E 18 133 126 1.0E+05 1.6E+03 1.5E+05 9.1E+03 2.3E+03 1.2E+04
go 0 ] 19 180 126 24E+03  16Es03  24E+03  9AE«03  23E403  1.2F+04
i
St

Relative Abundan

-~

20 16.36 126 20E+03  1.6E+03 24E+04  9.1E+03  2.3E+03 1.2E+04
21 9.04 136 19E+03  3.9E+04 2.1E+04 1AE+04  23E403  2TE+04
z 13 143 | 29E405  24E+05 28E+03  29E+05  29E+04  25E+05
2 5.07 143 23E+03  21E+03 256405 2.3E+03 19E+05  3.2E+05

~3

w u 520 143 | 55Ed5  21E403  11E05  S6EWd  29E404  34E+05

(V] 5 143 13E+04  B3Ee04  58Es04  23Ee03  29Ee04  12Ee05

— % 153 AOE+08  1AE06  BIE04  99Es04  3AE+04  5E04

£ bl 702153 AOE+08 Z6E03  BIEe04  GAEDd  1IE+05  3TE04

5] b2} 672 150 42E05  S0E05  29E03 | 20Eed  3IE403  39E+04

2o 2o 0 4o o0 5o s ~ 2] 699 151 | 53Es05  20Es03  63Es05  20Esd  28Es05  21E+05
Time (min) @ 30 766 150 | 22E403  GJE«0d  29E03  20Ee0d  28E/05  2.1E+04

] 1750 150 | 23E403  20E403 286403 30E05 | 27E+03  38E+04

} v % 787 150 | 23Es03 | 20Es03  28Ee03 | 28Ee0d | 27Es03  1IEs05

n 1842 150 | 23E+03  20Ee03  28Es03 | 4.2Ee05  27E«03  38Ee04

Few thousands of ...Few hundreds of
variables... metabolites ??

» 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 ?

Retention time = t;

e _ . . _ . ‘
Une molécule = plusieurs ions = redondance du signa | o
O . Adducts
Li¢ O T ESI MS g
.. l-. ® () () —— (& Pseudo-molecular ion ~—p 3 O
- Q M+1
G Fr‘agmen't‘s | M+2
: I | >
5 f\ . . . . m/z
" / | Extraction des ions : liste de variables annotese
: | ‘ﬂ Pic d'interet Annotations
. | (M=) M/Z RT Formula Compound |Attribution
E n e P (HMDB, KEGG, METLIN)
’l . Deethylatrazine
s | 188.0709 | 5.28 |C11H10NO2 Tryptophan [(M+H)-(NH3)]+ 3-amino-2-naphthoic acid
‘ J N Indoleacrylic acid
’ TR 189.0757 | 5.28 |C10[13C]H10NO2 |Tryptophan [(M+H)-(NH3)]+ (13C) |Ethyl Oxalacetate
190.0787 | 5.28 |C9[13CJ2HIONO2 |Tryptophan |[(M+H)-(NH3)]+ (13C2)
Tryptophan
ethotoin
205.0975 | 5.28 |C11H13N202 Tryptophan [(M+H)]+ Vasicinol
Idazoxan
Ninanol
[(M+H)-(NH3)}+ N-Acetyl-D-fucosamine
188 07060 206.1010 | 5.28 |C10[13C]H13N202 | Tryptophan [(M+H)]+ (13C) N-Acetyl-D-quinovosamine
207.1051 | 5.28 |C9[13C]2H13N202 |Tryptophan  |[(M+H)]+ (13C2)
Gly Trp Phe (and isomers
180.07884 20710443 [2MeH)J 409.1902 | 5.28 |C22H25N404 Tryptophan [@M+H)]+ Ly); MFe)t Met( @nd isomers))
‘ 409.18134 -
Tyr Leu Asp (and isomers)
/ 410.1938 | 5.28 |C21[13C]H25N404 | Tryptophan [(2M+H)]+ (13C) lle Tyr Asp (and isomers)
| 196.15445 20116033 | | | 211 us7 /[ |410-18488 .
—— L Val Tyr Glu (and isomers)
180 200 a0 /) 4t

miz

(Thése Aurélie Roux 2008-2011)
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T
= b

. HMDB Urine |

Annotation du métabolome urinaire humain

r -

ST P N
. 258 \“-.\J el N
" identified |
_metabolites (

N . Reference
' compounds

-
— =

|

Distribution of the 258 identified metabolites among chemical families

héstaboiites not reportad i fiuman unne Mietabolibes already reported In human urins

Porphynng ()

Bile ackds [2)

Irdokes and deivalives (4]
Endagansus glucuronidas (5]
Sheroicls and denvalives [8)
Dipeplides (7)

Cartohydratas and conjugates (8]

=
|2
i

3

ik i

1

Alcahols end pohyals (11) |

Aoyl plycines (12)
¥enobiotics and their metebolites (19) |
Muclessides and conjugates (203 |

Biogers: amines and polyamines (21} |

Acyl camitines (30)

Amino scide end conjugates (46) [

Deganie scids and derivalives (B5) |

B

2

]

16
14
15

41

2 "

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



Laboratoire d’Etude du Métabolisme des Médicaments, DSV/iBiTec-S/SPI

Several LC/MS methods have to implemented in
order to achieve an optimal metabolome coverage

dx.dolorg/10.1021/ac 2030738 | Anal Chem. 2012, 84, 1994-2001

Evaluation of Coupling Reversed Phase, Aqueous Normal Phase, and
Hydrophilic Interaction Liquid Chromatography with Orbitrap Mass
Spectrometry for Metabolomic Studies of Human Urine

Tong leang,$'+ Darren J. Creek,*® Michael P. Barrett,* Gavin Blackburn,” and David G. Watson'

Annotation du metabolome plasmatique humain

Mode négatif
TOTAL de 334molécules

Mode positif
TOTALde 307 molécules
RP-C8
142 annotations

ColonneRP-C8
149 annotations

PFPP

ZICpHILIC 166 annotations

227 annotations

(These Samia Boudah, 2012-2013)

Colonne ZICpHILI
146 annotations

Colonne PFPP
220 annotations
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RT: 0.00-60.00 SM: 7G

ldentification of pantothenic acid

16.69

100

90

540 1567

22.57

| [2340 30.84 39.26 45.02

53.68

NL: 1.03E7

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

16.

Relative Abundance
u
T

3.19 6.65

52

L 18.35

STD

31.12 34.74 4412

56.09

NL: 2.43E7

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

16.

53

501

15.62 || , 2254 2336

US

38.84 43.29 52.83

NL: 2.17E7

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

[ e R B s B B s e e e B B R L

0 10

20

30
Time (min)

40

50

Relative Abundance

IN rat
MS?2

urine

100

x5

142.08651
156.10193
00.05494 116.03427

72.04433

\
184.09719

201.85446
|

STD

142.08658
156.10229

90.05491 116.03442

72.04417 ‘

184.09723

201.86206

T
200
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Characterization of unknown metabolites using MS "

. 139.11337
N 87.04586
80
60
40 113.06150 155.10819
20 201.11358
. 71.05096 196.98576
ol L \ ||/ 101.06151 \ 165.09146
n
Proposed by CAS Proposed (MS H/D)
A OH
o OH
=
(@]
A o
I's
. Q 3 < O=C‘;)H
O
" O}—“'D " ‘_CO?H lon-dipole complex Q -
o, w
= — m/z 155
m/z 201 " \
) W o
/\%\O = lon-dipole complex )\CH'/'
Ot mls.% o m/z 155
/O
HQ’—H
B, o
HO. .-a H (o] X
&H — OH |on,d.pi;|:c;mplex *<_5 >:O
x x ’ m/z 139
m/z 201 m/z 157
H 2 CH Q<>
CH> Jon-dipole ccmpl lo dp\ complex H
m/z 69 m/z71

(Werner E. et al., 2008)
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Metabolomics (2007) 3:211-221
DO 101007 /511 306-007 -0082-2

ORIGINAL ARTICLE

Proposed minimum reporting standards for chemical analysis

Chemical Analysis Working Group (CAWG) Metabolomics Standards Initiative (MSI)

Llovd W. Sumner - Alexander Amberg - Dave Barrett - Michael H. Beale -
Richard Beger - Clare A. Daykin - Teresa W.-M. Fan - Oliver Fiehn -
Royston Goodacre - Julian L. Griffin - Thomas Hankemeier - Nigel Hardy -
James Harnly - Richard Higashi - Joachim Kopka - Andrew N. Lane -
John C. Lindon - Philip Marriott - Andrew W, Nicholls - Michael D. Reily -
John J. Thaden - Mark R. Viant

l. ldentified compounds (see below).

Putatively annotated compounds (e.g. without chem-

ical reference standards, based upon physicochemical

properties and/or spectral similarity with public/com-
mercial spectral libraries).

3. Putatively characterized compound classes (e.g. based
upon characteristic physicochemical properties of a
chemical class of compounds, or by spectral similarity
to known compounds of a chemical class).

4. Unknown compounds—although unidentified or
unclassified these metabolites can still be differentiated
and quantified based upon spectral data.

[
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Les facteurs confondants:

Algorithmes de
correction des signaux gl
LOWESS
(Dunn WB, 2011) i

ALMB N 4 1199

S ARM70_
= 7l A 1073
o - - 1 A1074_4900.
Dimethyladipate 2] oA A_469
OLh v
AT 1057.
4” 127811134 41052
1.5e+08 6T 41199
8+ ~  A1073
E 1.0e+08 f f f f f f f f f f t t t t t t t t t t t t t t t t t t t t
__@ 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22
5.0e407 | | t[1]
0.0e+00
15 v
e e B e 5+ 41979973
.g S _ . _.‘..._-a__:__.//.
2 -at—d 0 A1199a 1199 A_469_
0.5
* N ALM8_ N
= 5l
0.0
] ] I I ! !
0 50 100 150 200 250
Analysis order -107
-15'*‘ | ARWTC
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Les facteurs confondants:

Impact du genre sur le Impact de I'age sur le
metabolome urinaire metabolome urinaire

300000
400000 ®HU_pos_086 =HU_pos._ o0§HU_Pos_050 |
Women Men 18-35 year old >46 year old
350000 250000
X Fppos_162 SH-pos =HU_pos_204
300000 #HU_Pos 16T 05 033 mHU_pos_160 -
®HU_pos_122 200000 #HU_pos_022
250000 ®=HU pos_128 ®HU_pos_03gHU_pds_138
HU_pos, 111 e
L 'ﬂé’%zﬂ%m J)DSHHSgOS 153 * P20 %0s 100 v ypos. b3s HlUPeg 006 =HU_pos_005
200000 ) b os 022 HU_pos, 18675~ 1 P08 U pos_0ss 150000 =HU_pos 013 mHy_pos_003 #HU_pos_002 #HU_pos e
=HU_posaPR9 pos_149 ®HU_pos_141 oHpo =HU_pgs402os_01 HU-Posu®$ pos_031
150000 =HUAg, S i pos e MRDSIRS 90 100000 6s_190 ) ot 9 mu -Huml%im os | 037 o P05 956
P @ HU_pod! !m% J_pos_( .
100000 »imoposli e s HU_pos_145, S iom #HUpos 070 mHU_pos 1oSHAEIEN o OTBIEP™
mHLpe %‘%@%& = -
nHY Jm{)iyal_’ﬁ 217 = HU_pos_160 'HU{“S 'Hulm' ‘ﬂal PO pos_08BU pos_078
50000 U pese E o "HU_pos 209, 'H%égf 207 ié‘:?Q-Hu pds 05081 o @5@5&5; 959 SHU_phbUZSS_105
=) . T HU_pos_148FU_POS_ 510 4y ey @4& 88 WLpgra<08
*HU_pos_ -y s oHU M, ° Iy ¥ PO 098" ) pos_1841U_pos_172
- FOPOg A0ttt pos Bt i T il 0 sl oo S ot g P
50000 -Huyo;u;lsa s, @ﬁihu pos_093 o =HU_pos_152 516, #HU_pos_119 HU_pos_150
8 1 = 50000 iRt pusmﬂ 8 U pos.178  #HU_pos_173
-100000 “ﬁigﬂ Fﬂ@b&%ﬁﬂ@ii o p°5*236Hu =HU_pos_215 #H pos 158 #HU_pos_102 .&Mmg
aHU_pos_179 P60 ;ﬁ 20143 =HU_pos_165
150000 . - Rt os® k4 pos_002 R0 pos 115
0 ~100000 wHUpoL 20 5 oo tss” P05 0 pos 161
966 gy P21 WHU_pos_190 =
-200000 i_pos_(128HU_pos._( Hpos_ E;%P 9 *HY 133
m posfﬁﬁ%*g%l oHU_pos 013 150000 m8) pes 'EZFZ ) pos DEUPos 177 e
-250000- =HU_pos_014 "~ @HU_pos_038 21{0314&03
HU_pos_108 -~ #HU_pos_200
-300000 ZE;UJUEON -200000
Ll N’m 1 o1y 908 [_pos_010
8
-350000
-250000
~400000 -250000 -200000 -150000 ~100000 -50000 0 50000 100000 150000 200000 250000
-180000 -160000 -140000 -120000 -100000 -80000 -60000 -40000 -20000 O 20000 40000 60000 80000 100000 120000 140000 160000 180000 @
o)
Spermine Paraxanthine
09
7. 2.0x1099 4
H , - d . 2.0x10 , -
ormones sterolidiennes —_— Hormones stéroidiennes T
- . 1.5x10°° 4 I
Nucléosides 150" Purines .
: 2 ) . 2 oo |
I —— c 1 E
Polyamine 2 10x07 Aminoacides 5 1
ayn = = I
Carnitines soa0n] [ ——
5.0x10° 1
[%I 0.0 . . :
M 0 T T
Peptides « > 2 R Ea
N & "
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(Thése Aurélie Roux 2008-2011) R
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Les facteurs confondants:

Red blood cell metabolomics in sickle cell disease patient S

SCD Control . Z
: i Signature de la drépanocytose
A - L yd ’I\
PR R ou de la difféerence d’age des
A A A u
A, A, A a
L TS globules rouges entre les 2
A A =
. ) _ groupes??
A n -
i ) ’ i 10004
1004
ﬁ*
100 B
104 ’*1: "
—* ] . H*M I*‘f* l*'f
™ - ™ ) ™ 1 f.'-a,- ﬁ* *-:ik'ii *H'*r F’i
: e r*ff ™ : f-n]oe - 273 b I*‘f _ (i e dr‘rr‘i#w‘ﬁﬁ
- >l e Y & ] 1
oA : 0.1
0.01-
LA , , . ; SRR R R R
&E¢ ¢ & ¢ & g &= > 2 =z BEEEENEEEEREREDEEEIEN N
¢ 5 5 ¢ ¢ 7 £ """ i35 ° I
z 'g'; % < £ 2 -
@ = o 2
Q (Darghouth et al., Blood, 2011) °
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Separation of metabolites directly related to
SCD or to the age of the RBCs

¢

M Mean of younger fraction values / Mean of all fractions values
B Mean of SCD values/ Mean of control values

Rat os 0! metabo Mesconcanirations

o Not related to the age of RBCs

Related to the age of RBCs
10 -
o m |

B vean of younger fraction values/Mean of all fractons values
B Mean of SCDvalues/ Mean of control values

Ratic s of metaboies concentations
.
1

2 -
0 -
S 2N K. & Q« 4" &
H’ 5"
A\‘? ;;f' & éle f
& &
K 4 &
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Créé en 2005

RESEAU FRANCAIS DE METABOLOMIQUE ET FLUXOMIQUE

Carte des sites de compétences

Cette carfe recense |es sites de compétences francais dans le domaine de l'analyse globale du métabolisme. Elle
regroupe les équipes, plateaux techniques et platsformes répertoriés dans le cadre du Réseau Frangais de

Contribuer au développement de la M-F

Wﬂﬂemﬁmﬁnue:
Favoriser les échanges entre les
®Lie
el chercheurs
g Srasbouig Favoriser / structurer I'enseignement et
Rennes Les centres peuvent étre I .I: .
Otldans identifié&s en cliquant sur a Ormatlon
les points représentant les
Mantes i villes et en sélectionnant le
L @ Dijon ou les structures qui s'y . ) . .
. ot ok Organiser ou soutenir 'organisation de
R o Lo congres/collogues
Bordeaux. Clermont-Ferrand - N . .
Grenoble Favoriser la participation des jeunes
Toulouse ® vignon chercheurs aux congres

Maontpellier
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MetaboHUB: building a national infrastructure
for metabolomics in France

‘~ Pharmacology &

Clinical diagnostic

Saclay =
-5 W S Nutrition and
> /23 9&5%
Clermont o D gty Health
rdeaux |
> Plant Biology &

Biotechnology

Toulouse

: Microbiology &
Biotechnology

| i l INRA Transfert
ﬁ !g Filiale de I'INRA
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