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Who is to blame?

„From the very beginning […] each country whose 

population was affected by the infection blamed the 

neighboring (and sometimes enemy) countries […]. So, the 

inhabitants of today’s Italy, Germany and United Kingdom 

named syphilis ‘the French disease’, the French named it 

‘the Neapolitan disease’, the Russians assigned the name 

of ‘Polish disease’, the Polish called it ‘the German disease’. 

The Danish, the Portuguese and the inhabitants of Northern 

Africa named it ‘the Spanish/Castilian disease’ and the 

Turks coined the term ‘Christian disease’. Moreover, in 

Northern India, the Muslims blamed the Hindu for the 

outbreak of the affliction. However, the Hindu blamed the 

Muslims and in the end everyone blamed the Europeans.“

(Tampa et al., 2014)
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Source: freeworldmaps.net
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The Aenigma of Syphilis and T. pallidum

✓ Diagnostic tests

✓ Antibiotic therapy

T. pallidum:

✓ poorly tolerates desiccation, high temperature, oxygen

✓ is an obligate parasite – i.e., is entirely dependent upon the host for surviving

✓ has a 1,14 Mb genome (one of the smallest among bacteria) - does NOT encode for enzymes 

for de novo biosynthesis of nucleotides, fatty acids, vitamins, cofactors, amino acids, TCA 

(tricarboxylic acid/Krebs cycle), oxidative phosphorylation

… but:

- No vaccine

- 2016: 8.7 cases per 100,000 population in the USA

… and moreover:

- early syphilis enhances the transmission of HIV
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Treponema pallidum ssp. pallidum
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• First isolated in 1912 (by Major J. H. Nichols of the US Army)

• Gram-negative

• One single circular chromosome with 1039 predicted ORFs

• Member of the Spirochetaceae family (phylum Spirochaetes)

Source: Public Health Image Library, Center for Disease Control, Susan Lindsley (1972)

6 to 15 μm

Escherichia coli
Source: wadsworth.org
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Why genome-scale modelling

Obtain 
information

Study
phenotypic 
functions

Make 
predictions
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• 113 predictive Genome-scale Models (GEMs) of Bacteria

• 57 predictive GEMs of Eukaryota

• 8 predictive GEMs of Archea

including multiple versions of GEMs of one same organism (e.g. 5 different GEMs are 

available for E. coli)
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Why genome-scale modelling of T. pallidum?

• fill knowledge gaps: how does he make a living?

• identification of potential drug targets

• no media for continuous culture available means:

- need for animals (T. pallidum has been propagated in rabbit 

testicles since 1912)

- no genetic manipulation possible
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How to do it, in 96 steps and 4 

stages:

1. Draft Reconstruction

2. Refinement of reconstruction

3. Conversion of the reconstruction 

into computable format

4. Network evaluation
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Stage 1: obtaining draft reconstruction
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Tool Reactions Metabolites Reaction ID

CarveMe 723 615 BiGG

RAVEN toolbox 318 402 KEGG

ModelSEED 599 738 ModelSEED

Kbase 526 685 ModelSEED

BIOMODELS 649 829 BIOMODELS

The drafts are diverse, but how?

Found a common core of 60 reactions, not all of 

which were organism-specific.

Conclusion? “[. . . ] it is both wise and necessary 

to not always trust the databases.” (Santos et al.)
Number of reactions compared for each draft

CarveMe RAVEN Kbase BioModels

254 318 297 280
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Stage 2: manual reconstruction and refinement
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. . .

. . .

source: genengnews.com

source: videoblocks.com

MavinSketch
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source: genengnews.com

source: videoblocks.com

Issues (among others):

• guarantee reaction specificity

• detect transport reactions

• identify cofactor usage

Stage 2: manual reconstruction and refinement
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&   ModelPolisher

KEGG translator

Consistent way of storing information

Automatically retrieving information from 

KEGG PATHWAYS

Annotation of the model

Stage 2: manual reconstruction and refinement
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Stage 2: manual reconstruction and refinement

Reactions 239

Metabolites 277

Genes 161

Subsystems 18

Pseudoreactions 53
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Stage 3 and 4: conversion of reconstruction into 
computable format and network evaluation

The network has been transformed into an SBML model has been written with COBRApy

and libSBML functions.

libSBML

Building the stoichiometric matrix of the 

network allowed detection (and resolution) 

of dead-end metabolites.

Stoichiometric matrix of glycolysis in T. pallidum
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SBML          JSON

. . . . . 

Stage 3 and 4: conversion of reconstruction into 
computable format and network evaluation
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Next steps:
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Stage 4: Network evaluation: retrieve biomass 
composition to formulate a biomass objective 
function to evaluate the model. Eventually 
compare in silico results with experimental data.
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Thank you!


