MAPPING METABOLITES IN METABOLIC NETWORKS: THE IDENTIFIER CHALLENGE
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Apports du CATI pour ...

e |'axe transversal du département Alimentation Humaine
— Animation des bio-info-math-stat du département
— Eviter les doublons dans les projets

— Lieu pour réaliser des projets communs et transversaux aux
questions de recherche AlimH

e MetaboHub

— Travailler sur des méthodes d’intérét pour les plateformes analytiques

— Assurer I'interopérabilité entre les systemes d’information
(PeakForest, W4M, MetExplore)

— ldentifier les futurs défis et fronts technologiques
* Vous

— Avoir un lieu d’échange méthodologique prenant en compte les
attentes de l'institut ... tout en se faisant plaisir!!!

— Suggestion: favoriser les hackathons, les partages
techniques/méthodologiques
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INTRODUCTION




Gathering metabolic knowledge — genome scale models

LTI g

3 U] i
Sy m
o Mgl g

® o

Network reconstruction Model refinenement

5% " e S uis=2 R
7 ot mmmm—— WA/ e
2 ,z% Y v \\\\\\:\\\\ 14
24 %, ;% L)
'll‘l’l/'l/(/;‘lli“]vllxllljl uy ‘\\} \:\\\\\\
Wy 1T £-"16
2.2 L

20 18
Thiele I, Palsson B@. A protocol for generating a high-quality genome-scale metabolic
reconstruction. Nat. Protoc. 2010; 5:93-121

stoichiometric

associations (-\

list of reactions list of genes
list of metabolites GLCtd Na, + gluce < Na. + gluc (6524) or (6526)
gluce HEX1 gluc.+ ATP, — ADP_ + gbp, (3098)
gluc Pal g6p. — fopc (2821)
Na ¢ G6PDH2r g6p. + nadp. = 6pgl. + nadph, (2539)
Na: GLCter gluc, < gluc,
ATP,
ADP,
g6p. )
f6p, "Essentially, all models are wrong, but some are useful."
6pgl. George E. P. Box, Norman R. Draper (1987) Empirical
nadp, Model-Building and Response Surfaces.
nadph,
gluc,
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Human genome-scale metabolic networks

25
Human metabolic network Rqﬁcon 1
Duarte NC,, gg al. PNAS. 2007"

3 188 metabolites

3 742 reactions
1 905 genes

¥
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Human metabolic network Recon 2.04
Thiele I., et al. Nat Biotechnol. 2013
5063 metabolites (2626 uniques)
7440 reactions
2194 genes

Human metabolic network Recon3D X
Brunk E., et al. Nat Biotechnol. 2018.
8 399 metabolites
13 543 reactions
3 697 genes
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Human Metabolic Reaction (HMR)
Mardinoglu A., et al. Mol Sys Biol.
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S A= 2013,
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MAPPING METABOLITES/LIPIDS IN NETWORKS




Metabolic model and lipidomics dataset used as example

Genome-scale metabolic network N\ 7 Lipidomics datas

Human metabolic network Recon 2.2 SCIENTIFIC RE PQRTS

Swainston et al. Metabolomics 2016

5324 metabolites (2652 uniques) OPEN Metabolism dysregulation

. _induces a specific lipid signature
7785 reactions W - of nonalcoholic steatohepatitis in

1675 genes |~ s Datients
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: PS(16:0118:1
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264 @ clupanodonyl camitine M_dpndern_c C18:1n-9 st onire]
265 : (72,102,13Z,162,192)-docosapentaenoic acid M_dpnd_c CE (C16) ~°°“c“,‘}° __________________
266 @ carbon dioxide M_co2_c
267 @ coenzyme A(4-) M_coa_c DG(16/16) clio cigib
268 @ N-acylsphingosine M_crm_hs_c Metabolite TG(14/16/16) . i . -
269 @ (R)-camitine M_cm_c . . 5 200 5 2om
270 @ (42,72,102,132,162,192)-docosahexaenoate M_crvne_c names < Cer(dls'l/ls'o) g mw £ 1500
271 @ decanoyl-Coa(4) M_dcacoa_c PC(16:0/18:0) 3 ‘: ' 5 1000
£ . E 500
272 @ decanoate M_dea_c PE(16:1/16:1) I -. 3% '
273 @ docosa-4,7,10,13,16-pentaenoyl coenzyme A M_desptnicoa_c H g
274 @ docosa-4,7,10,13,16-pentaenoyl carnitine M_dcsptnicn_c P|(1820/1820)
275 @ (42,72,102,132,162)-docosa-4,7,10,13, 16-pentaenoic acid M_dcsptn_c PS(16:0 /16:0)
SM(18:1/14:0)
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The metabolite identifier issue

e.g. C14:0 ¢> myristic acid

Genome-scale metabolic net k ,

List of names and
network-specific idenfiers
(M_met_cpt)

+ additional identifiers
from public databases
(LipidMAPS, ChEBI, HMDB ...)

myristate [M_ttdca_c] x

277 @ Dodecanoyh{acykcarrier protein]
278 @ lauroyl-CoA(4-)

M_ddcanc_c

M_ddeacoa_c

About metabolite =

Name

myristate

Formula
chebi

inchi 2/c1-2-3-4-5-6-7-8-9-10-11-12-13-
3y

H280;
14(15)16/h2-13H2,1H3,(H,15,16)/p-1

\, Iy | \,

C14:0
C16:1n-7
CE(C16)
DG(16/16)
TG(14/16/16)
Cer(d18:1/16:0)
PC(16:0/18:0)
PE(16:1/16:1)
PI1(18:0/18:0)
PS(16:0/16:0)
SM(18:1/14:0)

Metabolite
names <

Lipidomics dataset )

PS(16:0/16:0)
TG(16/18/18)
C16:0
Cer{18:1/24:0)
Cl6:inT
TG(16/16/18)
TG(18/18/18)

cer(18:1116:0) [

PE(16:1/16:1)
C18:1n-7
PC(18:2/18:2)
PC(18:0/18:1
TG(16/16/16)
PI(18:1/20:4)
PC(16:0/18:0)
PC(18:0/20:3)
SM(18:1/16:0}
C18:2n.
CE(C16)
PS(16:0/18:1
PI(18:0/16:0)
PI(18:0122:3
TG(14116/16)
PC(18:0/20:4)
PS(18:0/20:3)
PS(18:0/18:1
CE(C18)
SM(18:1/14:0)
PC(16:0/18:1
DG(16/16)

o) ?

| | ]
v 1

—
=)

n =32
FTRRSPR R Lt SR —

v

name Identifier CHEBI LipidMaps

myristate M_ttdca_c 30807 =

# @ matching with
network metabolites

Network Identifier Dataset name

M_ttdca_c C14:0

v

name

C14:0
—
CHEBI

name

30807 C14:0

*# ChEBI

Home | Advanced Search | Browse | Documentation | Download | Tools

About ChEBI

@ finding relevant
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i Name: Octadec-9-enoic acid
W/vd\ ChEBI ID: 36021

Name: Fatty acid anion
ChEBI ID: 28868

A\ is conjugate
ChEBI I base of

Name: Fatty acid
ChEBI ID: 35366

I

Name: Long-chain fatty acid
ChEBI ID: 15904

isa
I

Name: Octadecenoic acid
ChEBI ID: 25634

I

Name: Elaidic acid
ChEBI ID: 27997

Name: Oleic acid
ChEBI ID: 16196

is conjugate A A is conjugate
base of | base of

Name: Elaidate

Name: Oleate

ChEBI ID: 30823 ChEBI ID: 30825 -
1 H(/\/\/\/\f\/\/\/\)kg

Name: Fatty acid anion
- Recon ID: M_Rtotal

ChEBI: 28868

Lipidomics

Name: C18:1n-9
ChEBI ID: 36021

Distance: 3.1

Name: Oleate
Recon ID: M_ocdcea
ChEBI: 30823

Name: Elaidate

Recon ID: M_elaid
ChEBI: 30825

4
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Class network matching

phosphatidylcholine

AN
@
PC(16:0/18:1)

/
P
/

PC(16:0/18:0) PC(18:0/18:1) PC(18:0/20:3)

phosphatidyl-L-serine(1-)

"

PS(18:0/20:3) PS(16:0/16:0) PS(16:0/18:1)

PS(18:0/18:1) PI(18:0/18:0)

triglyceride
PC(18:0/20:4) PC(18:2/18:2) TG(18/18/18) TG(16/18/18) TG(16/16/18) TG(16/16/16) TG(14/16/16)

1-phosphatidyl-1D-myo-inositol(1-)

PI(18:0/22:3)  PI(18:1/20:4)

N-acylsphingosine

N
N
RN

Cer(d18:1/16:0) Cer(d18:1/24:0) SM(18:1/14:0) SM(18:1/16:0)

sphingomyelin d18:1(1+)
Q.

/
/
/
/
/
/

Class Matching

oleate elaidate  cholesterol ester
Q
\\ /
N/
C18:1n-9 CE(C16) CE(C18)
O network

O Fatty acids
@ Glycerophospholipids

@ Glycerolipids
@ Sterol lipids

phosphatidylethanolamine

PE(16:1/16:1)

diglyceride myristate
©)
[ )

DG(16/16) C14:0

linoleate

C18:2n-6

@ Sphyngolipids

Available in etEprore

@ M

trans-vaccenate

C18:1n-7

fatty acid anion palmitate

C16:1n-7 C16:0

Exact Matching
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Lipidomic library mapping

triglygeride

fatty acid anion phosphatidylethanolamine
O

e ——

crTT——————— s e

diglygg:ride phosphatpylcholine sphingomyelin d18:1(1+)
i v—-—-"""'———.\\_, B FON
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1-phosphatidyl-1D-myo-inositol(1-) phosphatidyl-L-serine(1-) cholesterol ester phosphatidylglycerol(1-) N-acylsphingosine monoglyceride
O, Q o! [0) o) @]

0000000000000000000 00000000000000000 0CO0000000000000 00000000000000 000000000000 0000000000

1-acyl-sn-glycerol
dihydroceramide phosphaﬁidate(Z—) 3—pho§phate
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MetExplore : omics data analysis in genome scale networks

Nucleic Acids Research

Issues Section browse ¥ Advance articles Submit v Purchase About v All Nucleic Acids Re

INRA
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Nuleic Acids MetExplore: collaborative edition and
esearch
G exploration of metabolic networks & d D
" Ludovic Cottret ™, Clément Frainay, Maxime Chazalviel, Floréal Cabanettes, I I I e ay
,MW Yoann Gloaguen, Etienne Camenen, Benjamin Merlet, Stéphanie Heux, PHARMACEUTICALS
— Jean-Charles Portais, Nathalie Poupin, Florence Vinson, Fabien Jourdan
= @) PhenoMeNal
Volume 46, Issue W1 Nucleic Acids Research, Volume 46, Issue W1, 2 July 2018, Pages W495-W502,
2 July 2018 https://doi.org/10.1093/nar/gky301

Published: 30 April2018 Article history v

The project Website

* Publications :
*Cottret et al (2018). Nucleic Acids Research
*Chazalviel et al (2017). Bioinformatics
*Frainay et al (2018). Bioinformatics

* Number of citations: >140

* Metrics:
* > 800 registered users, *
* > 1400 networks
* > 600 persons trained

* Involed in several national and EU grants

* 1 industrial partner (MedDay pharma)

e part of ELIXIR-FR Service Delivery Plan E'I%. 1 —

http://www.metexplore.fr/
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Work in progress

Python library to perform ontology mapping (done)

Implementation in MetExplore (done)

Publication (on its way)

Future directions: allows same thing on other ontologies (e.g.
Lipidmaps)
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Conclusion

* |n most networks we lack standardised identifiers
e Metabolomics data often come with no identifier

* Suggestion:

— Have on both sides two kind of identifiers:
e Chemistry based identifiers (SMILES, INCHI)
* Ontology based identifiers (ChEBI)

* Not only usefull for mapping, we also need identifiers for
computations (e.g. atom mapping in reactions)

* Expected role of the CATI on this aspect:

— Ensure this inter-operability upward by providing relevant identifiers
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