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Metabolome Mining

Annotation profiles
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Identify shared and unique metabolites between metabolomics data 

and a metabolic network for a given species.

Adaptability (custom parameters).

Facility of reproducibility.

Secondary metabolism

Generation of metabolomic-informed models of 

metabolism in complex microbial communities
Coralie Muller 1,2, Sylvain Prigent*2, Clémence Frioux*1 

1. Inria,Univ. Bordeaux, INRAE, F-33400 Talence, France

2. Univ. Bordeaux, INRAE, UMR1332 BFP, 33140 Villenave d’Ornon, France

??

Experimental studies are costly.

Serve as a proxy for experimental 

design.

Misses important functions related 

to the secondary metabolism.[2]

Generalist: built with generic database 

(Kegg, Metacyc …) main pathways.

Biased towards model organisms.

Combine metabolic modelling and metabolomic 

profile annotation in a virtuous cycle. 

Provide a methodological approach that fosters  

using metabolomic to capture the set of functions 

that are really active.
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fitting datatable
conversion datatable

manually-curated complementary file

<species id="M_CPD-12826_c" name="folate">

<species id="M_GLY_c" name="glycine">

...
...

57305

Use specific databases and methods to identify BGCs 

of interest in genomes.
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Fitting of metabolites between metabolomic data and metabolic network
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Take-home message

A routine analysis... 

Fitting step

but incomplete! Objectives

Construction of a datatable enabling rapid and automatic conversion of IDs 

between the main databases (Metacyc [10], ModelSeed [11], BIGG [12], ...) for 

the reconstruction of metabolic networks. 

Note

Perspectives

Further identification of secondary metabolites 

present in the metabolomic data and their pathways 

to integrate them to the metabolic network.

Developing a strategy to identify unknown 

metabolites in metabolomics data by gaining 

insights from metabolic networks.

Real complexity in identifying secondary metabolites due 

to their absence in generalist databases and in lesser-

known organisms.

Improving the quality of metabolic networks is essential if 

we want to be able to simulate secondary metabolism 

pathways.

Secondary metabolism represents specific pathways which 

are of great interest in many fields, but which are difficult 

to explore in models.
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Fig1: Comparison number of fit, unfit and unidentified between two species: 

one well-known Escherichia coli [13] and one lesser-known Penicillium 

polonicum [5]

Annotation profilesMass spectrometry
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Biosynthetic Genes Clusters
 (BGC) identification with

 dedicated annotation databases.     

New formalism for the representation 

of secondary metabolism

Metabolic Network Metabolic Modelling

Metabolome Mining

1. Build a datatable conversion file 2. Fit annotation profiles vs metabolic networks

 A real complexity 

Genome Mining

Genome Mining

Define a formalism for the representation of 

secondary metabolism obtained from the 

genome mining.

SMASH
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There is a real disparity between known and lesser-known species in the 

identification of metabolites due to the fact that they are less studied and 

their data is poorly referenced in databases.

Furthermore, finding metabolomic data for certain species can be a real 

challenge, in addition to the fact that there are many unidentified metabolites, 

as is the case here with Penicillium polonicum.

Create a formalism to standardise BGC information and 

integrate it into an existing metabolic network.
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One purpose of metabolic modelling [1] is to decipher 

the functions and interactions occurring in microbial 

communities, especially in complex environments. 
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To better understand how plants recruit microbes, it is 

essential to develop a comprehensive description of 

secondary metabolism, which is currently lacking.

The main challenge in this step is the heterogeneity of unique identifiers (IDs) for each metabolite across the various databases used to construct the metabolic 

networks. To address this, we will build a datatable that integrates information from multiple databases, enabling rapid and automated ID conversion. 

To identify new metabolites potentially linked to 

secondary metabolism, we carry out a fitting step. This 

compares the metabolites in the metabolomics data 

with those in the metabolic network. Metabolites that 

are present in the metabolomics data and absent from 

the networks are kept. 

Secondary metabolism 
(Specialised pathways: 

antibiotic, color, odour, taste, 
protection)

The absence of a metabolite in a 

metabolic network while it is 

present in the metabolomics 

data is a clue to define and 

explore secondary metabolism.
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Complete annotation profiles 

by defining the unknown 

metabolites 

 Complete and constrain 
metabolic networks with 
identified metabolites

Integration of the new formlism 

in existing metabolic network

Creation of new high-quality models

Improvement of models by genomics    and metabolomics    mining    [3,4]

[6,7]
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[8,9]
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Experiments

Data aquisition

Metabolic modeling

Complex ecosystem

Metabolic networks

Simulations

Primary metabolism

Metabolic networks

Genome Scale Metabolic network (GSMN) a solid tool 

…but with loopholes[2]

Build high quality models of microbial metabolism could be 

a key point in development of methods for simulating and 

describing secondary metabolic pathways.

Primary metabolism 
(Growth, cell division, 

respiration, photosynthesis, 
reproduction)
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