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« Je tiens impossible de connaître les parties sans connaître 
le tout, non plus que de connaître le tout sans connaître 
particulièrement les parties »   Blaise Pascal, Pensées, 1660. 

“[A system consists of] a dynamic order of parts and 
processes standing in mutual interaction. [...] The 
fundamental task of biology [is] the discovery of the laws of 
biological systems" Ludwig von Bertalanfy, Kritische Theorie 
der Formbildung, 1928
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For us and for today ...

Systems Biology is the study of a biological systems 
taking into account all its constituents, their 
relationships and their evolution

Computational Systems Biology is the construction 
of quantitative models that describe the behaviour of a 
system, on its own, or in response to its environment



What is a model? A simulation?

A model is a mathematical description of the 
components of a system, their relationships, and the  
evolution of both.

ordinary differential equations (system evolution) dX/dt = f(X)

partial differential equation (system description) X = g(X)

algebraic equations (conservation laws) h(X) = 0

probability distributions PX = i(X)

master equation dPX/dt = j(PX)

cell automata/finite elements

...



What is a model? A simulation?

A simulation is the instantiation of a model over time, 
using a given algorithmic approach, and a particular 
software: A model can generate simulations giving 
different results!

Logical (boolean or discrete) approach

Deterministic approach

Stochastic approach

Fixed timesteps

Adaptative timesteps

...

Plus ... range of simulations

parameter scan

parameter search/optimisation

phase-plane analysis

bifurcation analysis 

...





What is SBML?

"The goal of SBML is to help people to disagree as precisely as 
possible". Ed Franck, Argonne National Laboratory



What is SBML?

SBML is a computer readable format for representing models 
describing the dynamical behaviour of biological entities 
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SBML and XML

The Systems Biology Markup Language is defined as a 
set of classes represented in the Unified Modelling 
Language (UML)

In practise it is used as serialised using

An XML schema 1) lists all the elements and attributes, 2) 
specifies the containment relationships between them, 3) 
precises the datatype of each

An additional set of constraints is listed in the specification and 
implemented as a list of consistency checks



What the heck is XML?

The eXtensible Markup Language (XML) is a text-format that 
allow to define languages to store structured information

An XML language is made-up of elements and attributes:

<element1 attribute1=”valeur1” attribute2=”valeur2”>
    <element2 attribute1=”valeur3” />
</element1>

An XML language can be defined in another XML language 
called XML schema. An XML file can be transformed into 
something else using other XML files called XML style-sheets

Thanks to a strict namespace system, one can build XML files 
using several XML languages

There are a constellation of tools to help processing XML 
languages

Most known example of XML language is XHTML, the language 
used to designed webpages.
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A more realistic example ...

<species 
    id=”A” 
    name=”­tubulin”
    compartment=”cell”
    initialAmount=”1000”
    substanceUnits=”item”
    hasOnlySubstanceUnits=”true”
    boundaryCondition=”true”
    constant=”false”
    charge=”0”
    metaid=”PX” >
  <notes>
    <body xmlns=”http://www.w3.org/1999/xhtml”>
      <p>One of the components of microtubule</p>
    </body>
  </notes>
  <annotation>
    <rdf:RDF 
        xmlns:bqbiol="http://biomodels.net/biology­qualifiers/" 
        xmlns:bqmodel="http://biomodels.net/model­qualifiers/"
        xmlns:rdf="http://www.w3.org/1999/02/22­rdf­syntax­ns#">
      <rdf:Description rdf:about="#PX">
        <bqbiol:is>
          <rdf:Bag>
            <rdf:li rdf:resource="http://www.uniprot.org/#P68370"/>
            <rdf:li rdf:resource=”http://www.geneontology.org/#GO:0045298”/>
          </rdf:Bag>
        </bqbiol:is>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>

http://www.w3.org/1999/xhtml
http://biomodels.net/model-qualifiers/
http://www.uniprot.org/#P68370


SBMLeditor

http://www.ebi.ac.uk/compneur-srv/...
http:/www.ebi.ac.uk/compneur-srv/



SBML is not limited to biochemistry!

Rate Rules can describe the temporal evolution of any 
quantitative parameter, e.g. transmembrane voltage;

Events can describe any discontinuous change, e.g. 
neurotransmitter release;

A species is an entity participating to a reaction, not 
always a chemical entity:

It can be a molecule

It can be a cell

It can be an organ

It can be an organism

Remember, Systems Biology is scale-free!  



New: SBML Level 2 Version 3

Released on June 16th 2007

Simpler and cleaner (units ...)

Generic entities (compartmentType, speciesType)
path to generalised reactions

Constraints and initialAssignments

Controlle annotations (MIRIAM + SBO)

Backward compatible with Level 2 Version 1

More detailed and bug-free  specification ... 164 pages, 
10pt, small margin. 



SBML Level 3

Modular SBML, with core + optional packages

Graph Layout 

Generalised reactions (probable) 

Model composition (probable)      

Complex species (probable)         

Arrays or sets (maybe)

Geometry (maybe)

Movements (maybe)

Dynamic compartments (maybe)

???



What is BioModels Database?

Store and serve quantitative models of biomedical interest

Only models described in the peer-reviewed scientific 
literature.

Models are curated: computer software check the syntax, 
while human curators check the semantics.

Models are simulated to check the reference correspondence

Model components are annotated, to improve identification 
and retrieval. 

Models are accepted in several formats, and served in 
several others.

Aims to be the “UniProt” of quantitative modelling.



Curation Annotation Public

Consistency
Check

MIRIAM
Curation

Non-curated 
Models

Curated 
Models

Non-curated
Models

Curated
Models

Annotations Annotations

Production pipeline

distribution

Submission



http://www.ebi.ac.uk/biomodels/









Different views of a model



Kholodenko 2000



BioModels DB and interoperability in CSB

BioPAX

Level 1 Version 1
Level 1 Version 2
Level 2 Version 1

Level 2 Version 1

Version 1.0
Version 1.1

Version 1.1

XPP-Aut
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The BioModels Database team

Development Curation



An international collaboration

EBI

Nicolas Le Novère
Mélanie Courtot
Marco Donizelli
Arnaud Henry
Christian Knuepfer
Chen Li
Lu Li
Camille Laibe
Nicolas Rodriguez
Alexander Broicher

SBML team (Caltech)

Michael Hucka
Andrew Finney
Benjamin Borstein
Harish Dharuri
Enuo He
Sarah Keating
Maria Schilstra
Bruce Shapiro

Journals supporting BioModels Database

Molecular Systems Biology
All PLoS Journals
All BioMedCentral Journals

Programs used for curation

CellDesigner/SBMLodeSolver
COPASI
Jarnac/JDesigner
MathSBML
RoadRunner
SBMLeditor
XPP-Aut

NCBS (Bangalore)

Upinder Bhalla
Harsha Rani

University of Washington
Herbert Sauro

Vienna TBI

Rainer Machne
Christof Flamm
James Lu

Systems Biology Institute (Tokyo)

Hiroaki Kitano
Akira Funahashi

JWS Online 
(Stellenbosh+Amsterdam)

Jacky Snoep
Hans Westerhoff

The community of Systems Biology for 
their contributions of models and comments.



We will use COPASI, developed by: 
Virginia Bioinformatics Institute
European Medial Laboratory

http://www.copasi.org/

Download:
http://www.copasi.org/tiki-index.php?page=SecureDownload

documentation:
http://www.copasi.org/static/userguide/copasi.xhtml

http://www.copasi.org/


Mitogen Activated Protein kinase
->mitosis, differentiation, cell survival, apoptosis
=> CANCER

Integration of many signalling pathways

Activation of many regulatory networks 

Model systems in computational biology

MAPK cascade



MAPK cascade
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History of MAPK models

Vayttaden, Ajay, Bhalla (2004) A spectrum of models of signalling 
pathways. Chembiochem 5: 1365-1374. 



Huang and Ferrell

Huang and Ferrell (1996) Ultrasensitivity in the mitogen-activated 
protein kinase cascade. Proc Natl Acad Sci USA 93: 10078-10083. 



Kholodenko

Kholodenko (2000) Negative feedback and ultrasensitivity can bring 
about oscillations in the mitogen-activated protein kinase cascades. 
Eur J Biochem 267: 1583-1588.
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Briggs-Haldane (Michaelis-Menten)

[E]=[E
0
]-[ES]



Briggs-Haldane

[E]=[E
0
]-[ES]

steady-state!!!


