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Neurobiology != Neuroscience

Computational Neurosciences
Modelling and simulation of neural phenomena, that is 
related to the nervous system.
e.g.: formal neural networks, behavioural models etc.

Computational Neurobiology
Modelling and simulation of neuronal phenomena, that 
is related to the neuron.
e.g.: modelling of signalling pathways, of synaptic 
function etc.
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(1)-The phenomenology

ƒ(x)dx∫
Inputoutput

Snapshot of the system          ⇒        Abstraction

Classical modelling approaches
in theoretical biology
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(2)-The reductionism

Classical modelling approaches
in theoretical biology
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Fundamental Neuroscience
Squire et al. 2nd  ed(2003)
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Fundamental Neuroscience
Squire et al. 2nd ed (2003)
Adapted from Greengard (2001)
Science 294: 1024
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Demo Genesis kinetikit

(http://www.ncbs.res.in/~bhalla/kkit/index.html)
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One transmitter

One receptor

Homogenous distribution

Frozen in space and time

Classical view of the synapse
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Pharmacological complexity

Tsen et al. (2000) Nat Neurosci, 3: 126-132
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Structural complexity (1)

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

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

(http://www.mcell2.cnl.salk.edu/)
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Husi & Grant (2001) TINS, 24: 259-266
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Barry and Ziff. (2002)
Curr Opin Neurobiol, 12: 279-286

Temporal complexity

Choquet & Triller (2003) 
Nat Rev Neurosci, 4: 251-265
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Demo Abstract Protein Simulator

(http://www.anc.ed.ac.uk/~fwh/protsim/index.php)
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E-Cell System 3 (Kouichi Takahashi)
shared mem, hyper-threading
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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
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Heterogeneous quantitative data
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Cellular Neurobiology today
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Cellular Neurobiology today
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In Computational Neurobiology 
the bottleneck is often the data, 

not the tool
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A minimal example: Stochastic
simulation of a nicotinic EPSP

  12 reactants

  17 reactions

  36 parameters

  2 events

  SBML2: 867 lines

Parsing can be an HPC problem ;-)


