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** Analysis
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Metabolome & Physiology

** In plants
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Metabolome & Physiology

*¢* In health
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Nature of metabolites?

s*Polar metabolites = soluble in water Amino Acids
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Nature of metabolites?

s Apolar metabolites = lipids = soluble in organic solvant

(A) Glycerolipids (B) Sphingolipids (C) Sterols
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Diversity of metabolites

**High diversity of structures

Expected human metabolome
~ 118000 COMPOUNDS

Bl 79.35% Lipiis end lipid-like molscules

B 5.82% Flavonoids

B 2.85% Helerocyclic compounds

= 245% Organic acids (aas, pqﬁdn,
other carbowlic acids, ketoackss...

B 2.16% Benzenolds

2l 1.68% c-wmmu and conjugates
o 0.85% Organic oxygen compaunds

{aloohols, lwumu. ethers, aldehydes...)
0 0.28% Nucleoskdes, necleotides and analoguer
O 0.16% Aminsa and quatemary ammonium sait
4.60% Othe

v" Taxonomic classification (HMDB and KEGG )
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Roca, ACA, 2021

*»Large physical properties
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Large gamme of concentration

**Metabolites in human urine

Hl Active inorganic ions -
I Active metabolites / - T
I Passive metabolites —

| —
- Undre

mcare
Progrorate

260 most abundant urine metabolites

C <1 umol/dm3 <

naceacetale

Sacosee -

........
Matrtimagerae

Total A

10°® 107 107 10 1074 107
C (mol/dm®)

Takis, Nature, 2027
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*»Lipids in human plasma
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Which approaches in metabolomic?

‘*Analyse a complete metabolome/lipidome ?
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“*Analyse a complet metabolom/lipidome ? cmeicmm=iy =i 2,

Takis, Nature, 2027

Untargeted & targeted metabolomic

a
I Active inorganic ions
B Active metabolites

assive metabolites

metabolites

260 most abundant urine

v Untargeted method

No apriori

Statistic=>discriminant metabolite>
annotation

Most abundant metabolites

Relative quantification
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v’ Targeted method
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**Tracing and fluxomic

GfP
Pyruvate

$8 08y
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Explore dynamic of metabolism

MS: mass isotopomers (isotopic cluster)
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Alanine

NMR: Positional isotopomers (J.. couplings)
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Spacial metabolomic

**Mass spectrometry Imaging

O@
lCryomlcrotome

s

lDESI lsms lMALDl Lipidome

890.663 96.959
Min = my Max Min E— Max

Detector

Detector Detector

Glycome Clarke, Nature Com, 2025

 Localize a metabolite in a tissue

Non-Conductive Slide

@ Aarika, J Science S, 2025

e Spacal resolution 5-20pum



https://analyticalsciencejournals.onlinelibrary.wiley.com/authored-by/Aarika/Kanukolanu

The lipidomic workflow

** Metabolomic work flow

1.Sample 2.Separation
preparation Method

O Gas chromatography

‘ ‘L’-;'

O Liquid chromatography

O Supercritical Fluid
Chromatography

3.

Q
Q

Q

Detection i
4 .Annotation
method
Universal U Level
NMR U Confidence
MS

Low resolution MS

High resolution MS

5. Quantification

] Absolute

] Relative

7. Interpretation

O Statistic

L Metabolic
network
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Sample preparation
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Technics & instrument in metabolomic

** Nuclear Magnetic Resonance

El 14 17
= N, */O...
* Orientation in a magnetic field depending
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Good reproducibility
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Technics & instrument in metabolomic

** Mass pectrometry

Injector g
(sample) 2 Fragment 2
. o E
Pump ' . ‘0.0 o OO AFragment?
[ B N ‘HPLCcolumn. FOTTTICTOR TA ° OO @, o -
' e “ 0% e’ ®o% "% *ec ) ® ime .
- e o © : Seged ® -lon< ° O O—:‘e“'c’ed Detection
. .O ion fractionation O P fragment .
lonisation o O°
lons g |
Solvent i| . 20
Separate +/- Fragmentation
component miz
Chromatographic separation * Very sensitive
(Liquid, Gaz, Supercritical fluid) e (Can analyse complexe mixture

» Various instrument/technical options
* Very common

* Heavy data processing

* No robust
260 O



Annotation & identification

*» Computational annotation

MS/MS

(A) . (B) -
B -

Retention time

(E) QJ. ©

Sample spectra

; : [ [
Jy ) [ ) |
(@) . Database spectra
o " %0t |
R NI
¢ ¢ o9 - g
Molecular networking ‘
(D) - Database search
g o POL. . N D %
S YYY ¢ T

High score Low score

Trends in Plant Science

* A lot of software
* Fast...but need to be carefully check

260

** Manual annotation

* Time consuming

 Comparaison with
pure standard

e More confident

EOH ACer 68:3;04

- 28124885

A) [PG(34:1)-H]
% (A) [PG(34:1)-H]
£
i 25523307
60
50
0 74751966
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20 16288460
1

| 22120077 33382632 391.22616 48327345 60244551 65746053 71289680 | 70247006

18407364
100
002 (BILPC(16:01H]"
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gs8ggz8

134.36678 : 167.03454 zulsm m.:qqcno m.&e@?
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o a o
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Annotation & identification

Highest Level
of Annotation
Confidence

Level 1 £

Validated
Identification

Confirmed structure
Metabolon

Metabolite
Identification

Putative ID

MS2 match to literature

Level 2

Leve | 3 Tentative Structure Typical Metabolite
Database match to molecular formula \dentification
Molecular Formula
Leve I 4 Isotope distribution, charge state & adduct ion determination
Unique Feature
Level 5 'a

Mass measurement only

260

** Level of annotation

PC (758) PIS 184, LRMS

PIS 184, LRMS,
separation

LRMS with separation
HRMS

PC16:0_18:1 HRMS peg, ion mobility
PC 16:0/183:1 AT

Ozonolyse, MS3, EAD, OAD, UPVD...

PC 34:1 or PC 0-35:1

PC 34:1

Routine Analysis

Specific (complexe)
Analysis

MMNJJ\, n-"l |
Nwwwvg ,d-‘“-.f';.:_
PC 16:0/18:1(92) Adapted from Triebl, BBA, 2017 and Hoffman, JLR, 2025

Check them in publications !!



Quantification in MS

= Absolute quantification
= The pure metabolite of interest
= Aclose internal standard —

Area lipids 2000000 | —
of interest 25000 - 15-HETE

35000000 - p— p— COOH

N

OH

= Easy with « simple metabolites »

D D D D OH
— -~ COOH
=
D D D D
5-HETE d®

= And for complex metabolites/lipids ?
= 1 ormorelSTD
= Unavailability of all molecular species
= Prefer « relative or approached » quantities

260

— Area ISTD 2000000 |

——————————————————— I
OH

15000000 |
1 — COOH
I e
— - (T
1 I — —
5000000 - 1 I
1 1 5-HETE
o ] — .
0 1 2 2 4 - < 6
5-HETE

Concentration

~ Area of internal standard

Area of metabolite

x ISTD extracted quantity




Biological interpretat

*» Explore the metabolic network

* Explore different pathway
* Propose modellisation

e Quality & lack of network

‘etEprore As

Q WIKIPATHWAYS
111N

Pathways for the People

Metabolic Pathways
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Map metabolomic/lipidomic data on a network
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Integrate all OMICS ?

Multilayered Omics Integrated Analysis Understanding Biology
Genomics Ea
g et < Phenotypic differences
NFMFMI =
; ; Protein-protein \
Transcriptomics /| interaction networks AR
e Different of scale
: Signalling
Proteomics SRR Central'hubs,
qgﬁgb key drivers e How to modelized

Metabolomics I Regulatory complexe object

T flehwor Drug targets ]
/NMO'
([ ] -
Eliaiice A Specific tools for bio

O Metabolites
@ Transcription factor

Genome scale metabolic © Transcripts ) ¢ g
”’@ model O Proteins [ B'omarkers ] Statlstlcs
4
()

Azcan, Advanced Biosystem, 2022
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Metabolomic & Lipidomics : interests & limitations

Powerfull technics
Large metabolome coverage
All tissues/fluid, cell... Can be studied

Great improvement of sensitivity of
technics

« Static », « dynamic » and « spacial»
studies

More and more rapid

Can be quantitative

A\

104mol
10%mol

102 mol

10-%mol

Unknown
metabolome

CONS /POS of each technic
Identification and quantitification of metabolite
Robustness

Reproducibity : batch effect, instrument/lab
reproduchility

Still a lot of unknown metabolites
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