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Who am I?

● I'm not a computer scientist
● I'm not a mathematician
● I'm not a biologist

● I'm a PHD student



The metabolism: a very succint 
definition

Metabolism : set of chemical reactions 
that occur in living organisms in order to 

maintain life



What is a reaction ?

● Reversibility

● Stoichiometric coefficients 



A famous view of the metabolic 
network



Biological motivation
Some characteristics of Buchnera 
aphidicola:
● Located in some specialised cells of the 
aphid
● Nutritional symbiosis
● Genome very reduced (0.55 mb vs 6.5 
for E. coli) 
● Metabolic network very reduced (200 
reactions vs 900 for E. coli)
● Can not be cultivated
● Metabolic network of the aphid not yet 
known
● Evolutionary close to E. coli



Functionality of the Buchnera 
metabolic network: finding precursors
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Which metabolites are provided by the aphid 
to Buchnera so that the bacterium can ensure 

vital and symbiotic metabolic functions ?
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Given a metabolic network, a set of 
target compounds and a set of 

compounds defined as potential 
precursors, which are the sets of 

precursors enough to produce all the 
target compounds ?



Defining potential precursors for target 
metabolites

1: The topological potential precursors

Hypothesis

The metabolites supplied by the host are 
not produced by the bacterium.



Defining potential precursors for target 
metabolites

2: The user-defined precursors



Precursor identification in the bipartite 
metabolic graph: a small example
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Our method only uses the 
graph topology:

● doesn't need stoichiometric coefficients
● allows a qualitative definition of the 

reactions



How to deal with self-generated 
metabolites ?

B can be used as joker compounds for the solution 
[A, C] as it can be regenerated



Definition of the scope of metabolites

Scope(X, Y) = set of metabolites 
produced, using X as initial seeds 
and Y as bootstrap metabolites

The joker metabolites may be used 
when a reaction needs some of 
them, but not only them, in the 
process.

Examples :
Scope (G,∅) = {F, E}
Scope (C,∅) = ∅
Scope (C, B) = {D, E}
Scope (C, D) = ∅



Definition of the solutions

Let T be the set of the target metabolites and P the set of potential precursors. 
The set of metabolites S is a minimal set of precursors if:

• Condition 1: S ⊆ P

• Condition 2: S ≠ ∅

• Condition 3: S  T ≠ ∅

• Condition 4: Scope(S, Z) ⊇ (T ∪ Z), Z  P = ∅ 

• Condition 5: Minimality condition on S:  ∀S′ ⊂ S: Scope(S′, Z) ⊉ T ∪ Z



Backtracking in the graph: the 
replacement method
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Backtracking in the graph: the 
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Backtracking in the graph: the 
replacement method
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Backtracking in the graph: the 
replacement method
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Some results to analyse...

ARGININE CYSTEINE GLUTAMATE

GLYCINE ISOLEUCINE METHIONINE...



Other uses

● Finding inconsistencies in the metabolic 
databases

● Preliminary step of FBA or Elementary 
mode computing

● Defining nutritional mediums
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Muchas gracias !


