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High proliferation of bacterial pathogens
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è A way to overpass the host immune response

Plant cells Plant cells

Immunity molecules (e.g.: 
Reactive Oxygen Species)



Some pathogens remain strikingly 
slow-growing
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èUnknown specific nutritional/environmental requirements or intrinsic property 

of the pathogens ?

FASTIDIOUS GROWTH

Low growth rates
µ < 0.01 h-1

Low maximal
population levels

ODmax < 0.5

15j
High growth rates

µ  > 1 h-1 for E. coli

High maximal
population levels

ODmax > 2 for E. coli

CLASSICAL GROWTH

15h

Bordetella pertussis

Legionella pneumophila

Escherichia coli

Ralstonia solanacearum

Xylella fastidiosa



Systems biology approach

èUse of mathematical modelling to better understand plant pathogens 
growth and virulence

Metabolism

+

Mathematical models

Genome

Phenotype:
Growth and Pathogenicity

?
+
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Metabolic modeling in a nutshell

Genome Metabolic network !"
!# = %. '. (

Ordinary differential 
equation system

Matter fluxes

A better 
understanding of 

metabolic behaviours

Expérimentations

Sequencing

Reconstruction
Mathematical 
formulation

Simplification 
and simulationTests in silico
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Metabolic network reconstruction
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Sequences

X. fastidiosa Orthology with existing
models

1. E. coli
2. R. solanacearum
3. P. aeruginosa
4. R. eutropha
5. B. subtilis

« Draft 
model »

X. fastidiosa

~1000 reactions

Sequence Reaction

Work of Ludovic Cottret

Subpsecies multiplex 
CFBP 8418 strain



Metabolic network reconstruction
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« Draft 
model »

X. fastidiosa X False positives
X Gaps in pathways
X Errors in notation
è Non-functional network

5 months
è Reaction accuracy (databases, experiments, literature)
è Gap-filling in pathways
è Species specific reactions for EPS biosynthesis, O-antigen…

Manually
curated
model

è Functional network

Work of Léo Gerlin
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What makes Xylella fastidious ?

o Auxotrophies

o Robustness

o Efficiency
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Graph analysis

11

Auxotrophy is the inability of an organism to synthesize a particular organic compound
required for its growth (as defined by IUPAC).

Modeling
è 1 potential lack which 
could lead to auxotrophy

Is Xylella auxotroph? a complete network, but minimal



Where is the fructose-1,6-bisphosphatase?
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Fructose-1,6-bisphosphatase
EC 3.1.3.11

o A key enzyme of the gluconeogenesis pathway

o An enzyme conserved in « all » living organisms: 
« Same » enzyme for animals/plants/bacteria/etc

o Loss in all Xylella strains sequenced

Glycolysis / Gluconeogenesis

FBP

FBP
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FBP
ØEnzyme essential to generate hexose and grow
As experimented on S. cerevisiae and C. glutamicum (Sedivy et al., 1985; Rittmann et al., 2003)

Carbon 
substrate

Central 
metabolism Hexose

Biomass (growth)

Exopolysaccharides (virulence)

No FBP

First conclusion: 
Xylella needs a hexose (glucose, fructose…) to grow i.e Xylella is auxotroph to hexoses

Where is the fructose-1,6-bisphosphatase?



Is Xylella auxotroph to hexoses?
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Biolog Phenotype Microarrays:
growth assay (on/off) on 190 carbon sources

Xylella has no auxotrophy

Amino
acid

Organic
acid

GROWTHHexose

FBP activity

Second conclusion: 
Xylella can produce hexose without FBP
No FBP but « FBP activity »



o A side activity of an enzyme is different from its main activity and is
not optimal (100 times slower according to Notebaart et al., 2014)
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è Fastidious growth reproduced in silico with a non-optimal (side activity) FBP.

Main activity
Growth rate: 

0.39 h-1

In silico growth assay

Side activity
+ non-optimized FBP 

(optimal flux/3) 

Growth rate: 
0.016 h-1

24.36 times 
slower

2h doubling time
similar to Ralstonia

50h doubling time
FASTIDIOUS

Impact if  FBP activity is from the side 
activity of another enzyme



What makes Xylella fastidious ?

o Auxotrophies

o Robustness

o Efficiency
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Versatility (graph analysis / FBA)
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Absence of reactions for the
assimilation of alternative carbon
sources like lipids, carbohydrates, 

small organic molecules

Reaction distribution 
between E. coli, Ralstonia

and Xylella



Pathway and genetic redundancy (gene 
deletion studies)
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No enzymatic redundancy
compared to other

metabolic networks.

Enzyme per 
reaction

distribution
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No genetic redundancy
compared to other

metabolic networks.

Pathway and genetic redundancy (gene 
deletion studies)
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Fluxes are not flexible.

Flux flexibility (flux variance analysis)



How to counterbalance robustness ?
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BUT
Lack of robustness does not directly explain fastidious growth.



Closer look into the lack of functional
redundancy
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Closer look into the lack of 
functional redundancy
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Cobalamin (B12) vitamin example
The same metabolic reaction can be performed by cobalamin-dependent / 
cobalamin-independent enzymes.
Cobalamin-dependent enzymes are more efficient.

Cobalamin-independent enzyme

Cobalamin-dependent enzyme



Closer look into the lack of functional
redundancy

24

Cobalamin-independent enzyme

Cobalamin-dependent enzyme

X. fastidiosa:
Ø Cannot synthesize cobalamin
Ø Does not possess cobalamin-

dependent enzymes

Cobalamin (B12) vitamin example
The same metabolic reaction can be performed by cobalamin-dependent / 
cobalamin-independent enzymes.
Cobalamin-dependent enzymes are more efficient.



Closer look into the lack of functional
redundancy

èA similar observation was made about the cofactor molybdopterin
èGlobal absence of efficient enzymes.
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è Reduced fluxes which could decrease growth rate.



What makes Xylella fastidious ?

Ø Auxotrophies

Ø Robustness

Ø Efficiency
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Efficiency study
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è inefficient EPS production in Xylella (poor yield)



Efficiency study

prtA-: reduced biofilm (EPS)/protein secretion
è Enhanced growth
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Hypothesis: a high cost for virulence factors reduces the carbon
available for growth

(Gouran et al., 2016)
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Take home messages
Xylella fastidiosa
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Take home messages
Xylella fastidiosa

FBP Cobalamin
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Take home messages
Xylella fastidiosa

FBP Cobalamin

Technique used:
Graph analysis, FBA, 
FVA, GDS


