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« Syphilis and its etiologic agent
* Genome-scale metabolic models

e Genome-scale metabolic models reconstruction
process

 Tools and software used
 Results: current state of the work
 \What next?
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~From the very beginning [...] each country whose

population was affected by the infection blamed the

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

Z 3 - Russia

= vl e
Ireland ; o !
4 United

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 Portugal

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. /( Malta oM | ol

Source: freeworldmaps.net

(Tampa et al., 2014)
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The Aenigma of Syphilis and T. pallidum TUBINGEN

v Diagnostic tests
v Antibiotic therapy

T. pallidum:

v poorly tolerates desiccation, high temperature, oxygen
v is an obligate parasite —i.e., is entirely dependent upon the host for surviving

v" 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  “TORNGEQ

6 to 15 um

Escherichia coli

Source: wadsworth.org
l_) e "[

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

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)
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Why genome-scale modelling UNIVERSLLAT

Study
phenotypic
functions

Make
predictions

Obtain

Information

« 113 predictive Genome-scale Models (GEMSs) 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?  “N¥iSaea’

* 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)

- N0 genetic manipulation possible

source: care2.com
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e Genome-scale metabolic models reconstruction
pProcess

9 | Silvia Morini @2018 Universitat Tubingen



EBERHARD KARLS

A protocol for generating a high-quality UNIVERSITAT
genome-scale metabolic reconstruction

Ines Thiele* & Bernhard @ Palsson'

1. Draft Reconstruction Data assembly and Dissemination

1| Obtain genome annotation. 95| Print Matlab model content.
ﬁ 2| Identify candidate metabolic functions. 96| Add gap information to the reconstruction output.

3| Obtain candidate metabolic reactions.

4| Assembly of draft reconstruction. t

5| Collect of experimental data.

43-44| Test if network is mass- and charge balanced.
45| Identify metabolic dead-ends.

How to do it, in 96 steps and 4 ‘ ﬁ 4.Network evaluation

Stag es. 2. Refinement of reconstruction 46-48| Gap analysis.
. 6| Determine and verify substrate and cofactor usage 49| Add missing exchange reactions to model.
1 . D raft R eCO n Stru Ctl O n 7| Obtain neutral formula for each metabolite. 50| Set exchange constraints fora simulation condition.
8| Determine the charged formula. 51-58| Test for stoichiometrically balanced cycles.

1 1 9| Calcul tion stoichiometry.
2 . R efl n e m e nt Of re CO n Stru Ctl 0 n ||()| [i;cctll::inrcc a;;;%?fg?,lg?;imy, 60-65| Test if biomass precursors can be produced in standard medium

11| Add information for gene and reaction localization. 66| Test if biomass precursors can be produced in other growth media.

3 C O nve rS I O n Of th e re CO n St r u Ctl O n 12| Add subsystems information. 67-75| Test if model can produce known secretion products
. 76-78| Check for blocked reactions.

13| Verify gene-protein-reaction association.

1 b I f 14| Add metabolite identifier. 79-80| Compute single gene deletion phenotypes
I n tO CO m p U ta e O rm at 15| Determine and add confidence score. 81-82| Test for known incapabilites of the organism.
16| Add references and notes. 83| Compare predicted physiological properties with known properties.

4 N etWO rk eV al u atl O n 17| Flag information from other organisms. 84-87| Test if the model can grow fast enough.

- 18| Repeat Step 6 to 17 forall genes. 88-94| Test if the model grows too fast.
ﬁ 19| Add spontaneous reactions to the reconstruction.

20| Add extracellular and periplasmic transport reactions.

21| Add exchange reactions.
22| Add intracellular transport reactions.

23| Draw metabolic map (optional). 1 3. Conversion of reconstruction

24 -32| Determine biomass composition. | into computable format

33| Add biomass reaction. , 38| Initialize the COBRA toolbox.

34| Add ATP maintenance reaction (ATPM). v 39| Load reconstruction into Matlab.

35| Add demand reactions. 40| Verify S matrix.

36| Add sink reactions. i 41| Set objective function. —
37| Determine growth medium requirements. | 42| Set simulation constraints.
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Stage 1: obtaining draft reconstruction I oL T

CarveMe KBase

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.

BioModels

Conclusion? “[. . . ] it is both wise and necessary
— Ve — E—— to not always trust the databases.” (Santos et al.)
254 318 297 280
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Stage 2: manual reconstruction and refinement

GLYCOLYSIS / GLUCONEOGENESIS
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Consistent way of storing information
IISBtab SBtabVersion="1.0" TableType="Reaction" TableName="“Treponema Reactions”
a ! EC IEnzyme:Name IReactionFormula
2711 Hexokinase (D-glucose:ATP) M_atp c+M_ glc_ D c<=>M_adp_c+M_h_c+M_gbp_c

KEGG translator Automatically retrieving information from
KEGG PATHWAYS

Semantic
SBML

& ModelPolisher Annotation of the model
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300

9067 <reaction fast="false" fbc:lowerFluxBound="cobra_default_1b" fbc:upperFluxBound="cobra_default_ub" id="R_0OAADC" metaid="R_OAADC" name="

Oxaloacetate decarboxylase” reversible="true”
250 9068 shoTerm="SB0:0000375">
9069 <annotation xmlns:sbml="http://www.sbml.org/sbml/level3/versionl/core">
9070 <rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" xmlns:bgbiol="http://biomodels.net/biology-qualifiers/">
9071 <rdf:Description rdf:about="#R_0AADC">
200 9072 <bgbiol:is>
9073 <rdf:Bag>
9074 <rdf:1i rdf:resource="http://identifiers.org/bigg.reaction/OAADC" />
150 9075 <rdf:1li rdf:resource="http://identifiers.org/biocyc/META: OXALODECARB-RXN" />

9076 <rdf:1li rdf:resource="http://identifiers.org/ec-code/4.1.1.3" />
09077 <rdf:1i rdf:resource="http://identifiers.org/kegg.reaction/R00217" />

2078 <rdf:1i rdf:resource="http://identifiers.org/kegg.reaction/R00219" /> —
2079 <rdf:1li rdf />

:resource="http://identifiers.org/metanetx.reaction/MNXR3932"

100

9080 <rdf:1i rdf:resource="http://identifiers.org/rhea/15641" />
9081 <rdf:1i rdf:resource="http://identifiers.org/rhea/15642" />
50 9082 <rdf:1i rdf:resource="http://identifiers.org/rhea/15643" />
9083 <rdf:1i rdf:resource="http://identifiers.org/rhea/15644" />
9084 </rdf:Bag>
9085 </bgbiol:is>
0 9086 </rdf:Description>
9087 </rdf :RDF>
'0(\% .\06 QG(O 9088 </annotation>
c‘)é o\\ O@ 9089 <fbc:geneProductAssociation xmins: fbc="http://www.sbml.org/sbml/level3/versionl/fbc/version2"”>
Q;b’ ,{80 9090 <fbec:and>
Q‘ @Q) 9091 <fbc:geneProductAssociation xmlns:geneProduct="G_TP_0055" />
2092 <fbc:geneProductAssociation xmlns:geneProduct="G_TP_@056" /> —
0093 <fbec:geneProductAssociation xmlns:geneProduct="G_TP_0057" />
9094 </fbc:and>
Reactions 239 2095 </fbc:geneProductAssociation>
9096 <listOfReactants>
. 0097 <speciesReference constant="true" shoTerm="SB0:0000010" species="M_h_c" stoichiometry="1" />
Metabolites 217 0098 <speciesReference constant="true" shoTerm="SB0:0000010" species="M_ocaa_c" stoichiometry="1" />
9099 </listOfReactants>
Genes 161 9100 <listOfProducts>
9101 <speciesReference constant="true"” shoTerm="SB0:0000011" species="M_co2_c" stoichiometry="1" />

9102 <speciesReference constant="true" shoTerm="SB0:@000011" species="M_pyr_c" stoichiometry="1" /> ™
SUDSyStemS 18 9103 </listOfProducts>
9104 </reaction>
Pseudoreactions 53 *
4
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Stage 3 and 4: conversion of reconstruction into UNIVERSITAT
: TUBINGEN
computable format and network evaluation

The network has been transformed into an SBML model has been written with COBRApy
and libSBML functions.
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Stoichiometric matrix of glycolysis in T. pallidum
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Stage 3 and 4: conversion of reconstruction into UNIVERSITAT
: TUBINGEN
computable format and network evaluation

o glc_D_e

Glycolysis and pentose phosphate pathway

&= :

ppic @

To purine and pyrimidine metabolism

SBML—— JSON — \\

gip_c ®
pic @
@ nad_c
GAPD

\

PFK_ppl

K
[ ]
pic
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Next steps: T 2

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!
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