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(1)-The phenomenology

ƒ(x)dx∫
Inputoutput

Snapshot of the system          ⇒        Abstraction

Classical modelling technics



Classical modelling technics

(2)-The reductionism
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Emergent properties
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Systems Biology

Reconstruction of the dynamic systems from the properties 
of their elementary building blocks

Cybernetics properties are conserved across systems
(control theory: feedback, feedforward, robustness)
Relationships between building blocks are more important 
than their elementary properties. 
The theoretical treatment is already available

Made possible by large-scale data production 
& improvements of computing power and technics

A New Era:
Molecular Biology made Biology understandable
Systems Biology makes Biology predictive



Common (mis)conception 
of the synapse

One transmitter

One receptor

Homogenous distribution

Frozen in space and time



Pharmacological complexity

Tsen et al. (2000) Nat Neurosci, 3: 126-132



Structural complexity (1)

Shoop et al. (2002)
J Neurosci, 22: 748-756

Atlas of Ultrastructural Neurocytology 
http://synapses.mcg.edu/atlas/eurosci



Structural complexity (2)

Husi & Grant (2001) TINS, 24: 259-266



Barry and Ziff. (2002)
Curr Opin Neurobiol, 12: 279-286

Temporal complexity

Choquet & Triller (2003) 
Nat Rev Neurosci, 4: 251-265



Classical and current 
views of the synapse

One transmitter

One receptor

Homogenous distribution

Frozen in space and time

Several receptors

Heterogous distribution

Horizontal and vertical movements

Supra-macromolecular assembly



Need a System view?

  Signalling pathways exhibits non-linear features

 Interplay between different signalling pathways
 Presence of feedback and feedforward controls
 Sensitivity to cell environment 

⇒ Numerical simulations are mandatory 

The synaptic millenium revolution
 The synapses can contain several (interacting) types of 

receptors
 The spatial organisation of subcellular compartments is 

important
 Partners move across the membrane, are inserted and removed

⇒ Present models of synaptic transmission are no longer in phase 
    with the current biological knowledge 

 In silico cell pathology
 Realistic modelling of molecular diseases
 Identification of bottlenecks, robust modules, sensitive steps etc. 
 Analysis of the effect of pharmacological agents 



Heterogeneous quantitative data



Cellular Neurobiology today





First 

First level

Neuronal ontology:

Hierarchical vocabulary entirely
describing the system.
⇒ Database structure
⇒ Simulation objects 

Major neurotransmissions:

Literature mining for basic and 
quantifiable properties
  - abundance of molecules
  - subcellular location
  - elementary properties

Modelling and simulation:

Evaluation of available simulation 
tools. Development of inovative 
tools launched.

Second level
Major neurotransmissions:

Generation of missing or 
inaccurate data.

Extensions to other systems:

  - neurotrophins 
  - adhesion molecules
  - subsynaptic cytoskeleton 
  - second-messenger cascades
  - transcription factors etc.

Modelling and simulation:

Realistic simulations of local 
processes, like synaptic function, 
and signal integration. 

Third level

Generalisation to all missing molecules:

Not specific to the dopaminergic neuron, but 
crucial to its function.
  - post-translational machinery
  - intracellular targeting systems
  - protein recycling etc. 

Experimental data at the level of circuits:
 
Long term changes of the neuron activity.
Behavioural and clinical data.   

Modelling and simulation:

Large-scale models and simulations. Normal
and pathological situations.

Roadmap



Neuronal ontology



Molecule Pages



<moleculePage 
  DopaNetontology="DA:0000311" 
  abbreviation="TGFbR­I" />
  <listOfStates>
    <state name="active">
    <state name="inactive">
  </listOfStates>
  <ListOfLigands>
    <ligand 
      DopaNetontology="DA:0000279"  
      stateligand="TGFbRI_greedy">
      <listOfProperties>
        <property name="Kd" references="7"
          statemolecule="active">  
          <listOfValues>
            <value mean="6" sd="2" 
              unit="picomole per litre"/>
          </listOfValues>
        </property>
      </listOfProperties>
    </ligand>
  </listOfLigands>
  <listOfBibitems>
    <bibitem label="7" pmid="12729750">
      Crescenzo et al.
    </bibitem>
  </listOfBibitems>
</moleculePage>

<moleculePage 
  DopaNetontology="DA:0000279" 
  abbreviation="TGFb1" />
  <listOfStates>
    <state name="TGFbRI_indifferent">
    <state name="TGFbRI_greedy">
  </listOfStates>
  <listOfLigands>
    <ligand 
      DopaNetontology="DA:0000311"
      stateligand="active">
      <listOfProperties>
        <property name="Kd" references="9"

 statemolecule="TGFbRI_greedy">  
          <listOfValues>
            <value mean="6" sd="2" 
              unit="picomole per litre"/>
          </listOfValues>
        </property>
      </listOfProperties>
    </ligand>
  </listOfLigands>
  <listOfBibitems>
    <bibitem label="9" pmid="12729750">
      Crescenzo et al.
    </bibitem>
  </listOfBibitems>
</moleculePage>
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Whole-neuron
Cable theory
1µm-1m
1ms-1week

Signaling network
ODE
1µm-10µm
1s-1d

Dendritic spine
Diffusion, PDE
100nm-1µm
1ms-1s

Modular multi-scales
multi-algorithms program

Synapse
Stochastic algorithm
1nm-100nm
1µs-1ms



GUI
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Modular multi-scales
multi-algorithms program



VCell

E-Cell MCell
StochSim

Jarnac
Gepasi

Whole-cell

Gillespie

used to model neurons

All these programs speak SBML
(Systems Biology Markup Language)

deterministic stochastic

SBW

NEOSIM

BioSPICE

GRID, RPC

Existing efforts

GENESIS

Gene expression?

Cell remodeling?

CellDesigner - KEGG

DB interface



Systems Biology 
Markup Language
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A real situation: Stochastic
simulation of a nicotinic EPSP

  12 reactants

  17 reactions
  36 parameters
  2 events
  SBML: 867 lines


