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Models are becoming larger



Large-scale community curated pathways

2153 molecular species

1857 reactions

15 compartments

5928 cross-references

Many spin-off studies

5th iteration: 2573 
species, 2110 reactions



What is a “pathway”

Wikipedia (May 29th 2012): “In biochemistry, metabolic pathways 
are series of chemical reactions occurring within a cell. In each 
pathway, a principal chemical is modified by a series of chemical 
reactions. Enzymes catalyze these reactions [...]”

Different types: Signalling pathways, metabolic networks, gene 
regulatory networks ...

Many “pathway” databases:

Biocarta, Bio/MetaCyc, Ingenuity IPA, KEGG Pathway, Panther 
pathways, Reactome, STKE, Wikipathways etc.

Ü Detailed representation of reality based on observation



What is a “model”

Wikipedia (May 29th 2012): “A mathematical model is a 
description of a system using mathematical concepts and 
language.” 

A model is made up of variables, functions and constraints

Different types: Dynamical models, logical models, rule-based 
models, multi-agent models, statistical models ...

Different levels of granularity for the variables and precision for the 
functions based on the questions being asked and the data 
available

Ü  Abstract representation of reality based on needs



Aim of the project

 To provide a starting point to model as many biochemical 
pathways as possible in as many species as possible

 To provide pathways in a standard format readable by most 
systems biology software
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The Systems Biology Markup Language
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A very simple SBML file (A → B)





SBML Level 3 packages
 Core package – public specification

 Graph Layout – specification finalised

 Graph rendering – specification finalised

 Complex species – specification finalised 

 Groups - specification finalised

 Model composition – specification finalised

 Qualitative models – specification finalised

 Flux balance constraint – specification finalised

 Distributions and ranges - specification under 
discussion

 Spatial diffusion – specification under discussion

 Enhanced metadata – specification under discussion

 Arrays and sets – specification proposed

 Dynamic structures - needed

 ???



Systems Biology Graphical Notation

Activity flows

Process Descriptions

Entity Relationships









Process Descriptions

P1

P2

S1 S2

E

S3 P

 Directional

 Sequential

 Mechanistic

 Subjected to combinatorial explosion

 Process modelling

 Biochemistry, Metabolic networks

 KEGG, Reactome

 SBML core



Activity-Flows

ERK

MEK

RAF
 Directional

 Sequential

 Non-mechanistic

 Logical modelling

 Signalling pathways, 
gene regulatory networks

 KEGG, STKEs

 SBML qual



Workflow

http://www.ebi.ac.uk/
biomodels-main/path2models
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Flux balance analysis



Flux balance analysis models

 For any connected metabolic network, one can build the stoichiometry matrix 
S. m rows are metabolites, n columns are reactions. Sij is positive for products, 
negative for substrates and null of metabolite not affected by the reaction.



Network and stoichiometric matrix



Flux balance analysis models

 For any connected metabolic network, one can build the stoichiometry matrix 
S. m rows are metabolites, n columns are reactions. Sij is positive for products, 
negative for substrates and null of metabolite not affected by the reaction.

 V is the vector of velocities for all the reactions. Vi is constrained by lower and 
upper bounds. No need to know the rate-laws.

 The solutions of S.V = 0 (that is the set of chemical kinetics differential 
equations) provide the steady-states of the system. In general n>>m, resulting 
in a continuum of solutions

 One can add objective functions to find out single optimal fluxes. E.g. 
maximum growth rate, or maximum ATP production. 

 The system is solved by linear programming and the result is one vector of 
velocities.



KEGGtranslator workflow

KGML
core

layout
qual

KEGG API
reactions

layout
Modular 
rate laws

Logical
models

Mechanistic
rate laws



Common modular rate-law

Common rate law
Direct binding rate law
Simultaneous binding rate law
Force dependent rate law
Power Law

Liebermeister, Uhlendorf, Klipp (2010) Modular rate laws for enzymatic reactions: 
thermodynamics, elasticities and implementation. Bioinformatics 26: 1528-1534



Logical models in biology

 Variables can take a discrete number of values, at least 2

 Transitions of output are expressed as logical combinations of 
input values

 Simulations can be:
synchronous: all the nodes are updated at once
asynchronous: nodes are updated one after the other
mixed

 One can add delays, inputs etc. 
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Influence diagram state diagram



22nd BioModels Database release

 20th May 2012 – first release of Path2Models data 

 112 898 common modular rate law models of 
metabolic networks

 27 306 qualitative models of signalling pathways 

 1 836 whole genome flux balance analysis models

 239 models for human, 234 models for mouse

 444 133 925 cross references



http://www.ebi.ac.uk/biomodels-main/path2models
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Biochemical systems, spatial modeling

Single compartment and multi-compartment neurons

Neuronal networks

Development of neuronal systems

Software and standards for modeling neuronal systems
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