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The mother of all failed projects ...

 



… and one of its children

Mars climate orbiter



“Most of the published quantita-
tive models in biology are lost for 
the community because they are 
either not made available or they 
are insufficiently characterized to 
allow them to be reused.”

How to waste time and money in Systems Biology

Le Novere et al, (2005)
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Overview

● MIRIAM guidelines and SBML format for systems biology models

● Semantic annotations in SBML

● Model building and standard rate laws

● Open questions



MIRIAM and the SBML format



The MIRIAM rules for model publishing

MIRIAM resources http://www.ebi.ac.uk/miriam/ http://mibbi.org/
 

Quality aspects
● Quality of documentation (=paper)
● Correspondence model / documentation
● Accuracy and extent of annotations
● Encoding in a machine-readable form

Annotation schemes
● Attribution:                      
   Reference description, authors, creators
● External data resources:
    {data type, identifier, qualifier}



http://sbml.org/

Database of curated annotated models
http://biomodels.org/

JWS online: database of curated models
http://jjj.biochem.sun.ac.za/

<?xml version="1.0" encoding="UTF-8"?>
<sbml xmlns="http://www.sbml.org/sbml/level2/version3" level="2" version="3">
  <model id="model" name="model">
    <listOfCompartments>
      <compartment id="c" name="c" size="1"/>
      <compartment id="ext" name="ext" size="1"/>
    </listOfCompartments>
    <listOfSpecies>
      <species id="C00022_c" name="Pyruvate" compartment="c">  </species>  
       …
       …
       ...
      <reaction id="reaction_8">
        <listOfReactants>
          <speciesReference species="C00022_c" stoichiometry="0.03"/>
          ....
          <speciesReference species="O2_c" stoichiometry="0.01"/>
        </listOfReactants>
        <listOfProducts>
          <speciesReference species="C00008_c" stoichiometry="0.81"/>
           ...
        </listOfProducts>
        <listOfModifiers>
          <modifierSpeciesReference species="enzyme_reaction_8_c"/>
        </listOfModifiers>
      </reaction>
    </listOfReactions>
  </model>
</sbml>

Systems biology ontology
http://www.ebi.ac.uk/sbo/

SBML, the Systems Biology Markup Language 

One exchange format  -  about 180 tools
that understand each other



Systems Biology Operational Software

Ubuntu Linux 8.10 booting directly from DVD

Includes
● Preinstalled software tools for SBML models

● Models from the BioModels.net database

● Documentation and video tutorials

Allows for 

model building, layout, simulation, fitting,  annotation, 

merging

Licenses: 

All software free for non-commercial use 

For commercial use, licenses depend on the tools

Download of DVD image file 

and further information at http://www.sbos.eu/



Annotations and semanticSBML



<species metaid=".." id="ATP" name="ATP concentration" compartment="cytosol">
  <annotation>
    <rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 
                    xmlns:bqbiol=”http://biomodels.net/biology-qualifiers/"
                   xmlns:bqmodel="http://biomodels.net/model-qualifiers/">
      <rdf:Description rdf:about="#metaid_0000076">
        <bqbiol:is>
          <rdf:Bag>
            <rdf:li rdf:resource="urn:miriam:obo.chebi:CHEBI%3A15422"/>
            <rdf:li rdf:resource="urn:miriam:kegg.compound:C00002"/>
          </rdf:Bag>
        </bqbiol:is>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
...
</species>

 Species   Qualifier     Web resource      Identifier

"A simple scheme for annotating SBML with references to controlled 
vocabularies and database entries" Le Novere and Finney, 2005

Species called “ATP” represents KEGG C06262 (ATP)

<species id="enzyme_R00001" sboTerm="SBO:0000014"/>

Species called “enzyme_R00001” represents an enzymeSBO term

MIRIAM annotation

www.ebi.ac.uk/sbo/

Biological annotations in SBML

http://www.ebi.ac.uk/miri
am/

http://www.w3.org/1999/02/22-rdf-syntax-ns
http://biomodels.net/biology-qualifiers/


www.semanticsbml.org

SemanticSBML: Annotation and merging of SBML models

Stand-alone version Online version

… included in 
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Creating kinetic models



Gene annotation
Check topology
(Iterative process)

Assign kinetic 
laws and 
parameters

Assign constraints
(thermodynamic 
information?)

Constrained
optimisation

Simulation, parameter fitting, 
control analysis, optimal control

Genome
sequence /
textbook 
knowledge

Metabolic 
network

Dynamic
(kinetic) model

Constraint-based
stoichiometric
model

 Predict
 fluxes, product yields,
 viability of mutants

Predict
dynamic behavior
effect of perturbation (drugs)
variability of outputs

A dream: from genomes to models ...



R00014
R00200
R00224
R00268
...
…
...
R00243
Glycerol[ext] <=> Glycerol
Ethanol[ext] <=> Ethanol
beta-D-Glucose[ext] <=> beta-D-Glucose
Acetate[ext] <=> Acetate
ADP + GTP <=> ATP + GDP
ADP + C00030 + 0.50 O2 <=> ATP + H2O + C00028
ADP + NADH + 0.50 O2 <=> ATP + NAD+ + H2O
ATP <=> ADP
0.03 Pyruvate + … + 0.01 O2 <=> 0.81 ADP + ... + Biomass

<?xml version="1.0" encoding="UTF-8"?>
<sbml xmlns="http://www.sbml.org/sbml/level2/version3" level="2" version="3">
  <model id="model" name="model">
    <listOfCompartments>
      <compartment id="c" name="c" size="1"/>
      <compartment id="ext" name="ext" size="1"/>
    </listOfCompartments>
    <listOfSpecies>
      <species id="C00022_c" name="Pyruvate" compartment="c">  </species>  
       …
       …
       ...
      <reaction id="reaction_8">
        <listOfReactants>
          <speciesReference species="C00022_c" stoichiometry="0.03"/>
          ....
          <speciesReference species="O2_c" stoichiometry="0.01"/>
        </listOfReactants>
        <listOfProducts>
          <speciesReference species="C00008_c" stoichiometry="0.81"/>
           ...
        </listOfProducts>
        <listOfModifiers>
          <modifierSpeciesReference species="enzyme_reaction_8_c"/>
        </listOfModifiers>
      </reaction>
    </listOfReactions>
  </model>
</sbml>

Reaction list 
(KEGG Ids and reaction formulas) with annotations

Creating SBML models with semanticSBML

semanticSBML



1. Kinetic laws are often unknown 
Use simple yet plausible  standard rate laws

2. Models should obey the laws of thermodynamics 
Be aware of relevant constraints
Use independent parameters in fitting, sampling, optimisation etc 

3. Parameters show variation and may be uncertain 
Describe parameters by probability distributions
Infer probabilistic statements about model outputs, dynamics etc

4. Data may not suffice to determine the parameters 
Use prior distributions and Bayesian statistics for estimation

5. Parameter estimation in large models is expensive
Use direct sampling methods that avoid steady-state calculation

Problems in building large kinetic models



Collecting and combining kinetic data

Reaction list

MetNetDB
Structure 
model

Kinetic constants (balanced)

Kinetic constants (data)

Dynamic model 
(prior version)

Modelling workflow Convenience kinetics

Independent parameters
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Thermodynamic balancing

A C

B
enzyme

Dynamic model 
(fitted)

Dynamic data



Modular rate laws – form of rate laws

5 Types of rate laws (denominator)
● 'Reversible power-law':   mass-action, power law
● 'Common saturable': similar to convenience kinetics
● 'Direct saturable':  simplified version of common saturable
● 'Multiplicative saturable': simplified version of common saturable
● 'Force-dependent': nice thermodynamic properties

3 Thermodynamic  versions (numerator)
● Standard chemical potentials   (satisfy Wegscheider cond. )
● Equilibrium constants               (satisfy Haldane relationships)
● Catalytic rate constants

5 Types of regulation
● Inhibition (non-competitive)
● Inhibition (competitive)
● Inhibition (partial)
● Activation (essential)
● Activation (non-essential)

Apparent cooperativity
Thermodynamically correct formulas 
with Hill-like exponents

Reaction



Modular rate laws – parameter tables

Quantity  QuantityType                               Value  Unit     CompoundName  EnzymeName
scp 1       standard biochemical potential   -500    kJ/mol  fructose 6P
scp 2       standard biochemical potential   -500    kJ/mol  fructose 1,6P
scp 3       standard biochemical potential   -500    kJ/mol  ATP
scp 4       standard biochemical potential   -500    kJ/mol  ADP
hco 1       reaction cooperativity                  1        1                                      posphofructokinase
kcrf 1      substrate catalytic rate constant  0.1     1/s                                   posphofructokinase
kcrr 1      product catalytic rate constant    0.1     1/s                                   posphofructokinase
Kmc 1 1   Michaelis constant                       1         mM     fructose 6P          posphofructokinase
Kmc 1 2   Michaelis constant                       1         mM     fructose 1,6P       posphofructokinase
Kmc 1 3   Michaelis constant                       1         mM     ATP                      posphofructokinase
Kmc 1 4   Michaelis constant                       1         mM     ADP                      posphofructokinase
kic 1 5     inhibitory constant                       1         mM     ATP                      posphofructokinase
win 1 5    inhibition cooperativity                1         1         ATP                      posphofructokinase
con 1 1    concentration                              1         mM     fructose 6P
con 1 2    concentration                              1         mM     fructose 1,6P
con 1 3    concentration                              1         mM     ATP
con 1 4    concentration                              1         mM     ADP
coe 1       enzyme concentration                0.001  mM                                  posphofructokinase

Parameter table 
in SBtab format



Modular rate laws - implementation

Web interface for SBML models
http://semanticsbml.org/sbmlfill

Plug-in for CellDesigner by A. Dräger, Uni Tübingen



SemanticSBML: summary of features

● Match and translate of database identifiers, names, relations

● Add and edit semantic annotations in SBML models

● Annotate non-SBML models

● *Check model for semantics-related quality criteria

● Merge SBML models; detect possible inconsistencies

● Similarity/distance scores between annotations, model elements, models

● *Clustering of SBML models

● Build models from reaction sum formulas / database IDs

● Insert kinetic rate laws (with parameters)

● *Recognise kinetic rate laws by their formula

● *Determine consistent parameter sets from kinetic data



Open questions / future directions / collaborations ? 

● Wider usage of SBtab format

● Parametrisation of large-scale kinetic models with given flux patterns

● Combination of constraint-based and kinetic models

● Annotating the history of a model

● Further validity checks on models

● Computer-assisted model extension (with models from the public domain)

● Logging and replay of model processing

● Combinatorial model variants and optimisation

● Mapping of quantitative data (concentrations, fluxes, expression)

● Replacing submodels by effective reactions / reaction modules



Advertisement: text book “Systems Biology”
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SBtab: a proposal for standard table formats

Reaction*  ReactionFormula                     ID:kegg.reaction    GeneName   
EnzymeRegulation
R1             ATP + F6P <=> ADP + F16P   R00658                  pfk
R2             F16P + H2O <=> F6P + Pi      R01015                   fbp               + PEP – AMP

Compound*         CompoundID:obo.chebi   ’s1 Mean’    ’s1 Std’    ’s2 Mean’    ’s2 Std’
#Quantity                                                     s1                s1           s2               s2
#MathDescriptor                                          Mean           StdDev   Mean          StdDev
4abut                  CHEBI:16865                   27.5              0.1          28.2            0.1
fum                     CHEBI:18012                   0.13               0.1          0.15            0.1
succ                    CHEBI:15741                   0.17               0.1          0.19            0.1

● Online validator is still under construction ...

● We are still working on the format, suggestions are appreciated!!

Defined column 
names

Defined syntax for 
reactions and regulation

MIRIAM-compliant 
annotations

Structured:
easy to parse

Similar to 
existing formats

Compound* Name                                  ID:kegg.compound
F6P            Fructose-6-phosphate          C05345
ATP            ATP                                       C00002
ADP           ADP                                       C00008
F16P          Fructose-1,6-bisphosphate   C00354
H2O           Water                                    C00001
Pi               Inorganic phosphate             C00009
PEP            Phosphoenolpyruvate           C00074
AMP           AMP                                      C00020
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