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suomd I';'EBJM .ue  Classical modelling technics

(1)-The phenomenology

Snapshot of the system = Abstraction
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(2)-The reductionism
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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
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€W common (misiconception
| " - of the synapse

+# One transmitter

« One receptor

« Homogenous distribution
« Frozen in space and time
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Tsen et al. (2000) Nat Neurosci, 3: 126-132 L
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uropean Bioinformatics Inlsti'l:utn Stru ctu ral com pIeXity ( 1)

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

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

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

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

=

C nm_t:lt'.'itaﬂnna.f
Neurobiology




L-EBI 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
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¥ Signalling pathways exhibits non-linear features

4 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

4 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
d ldentification of bottlenecks, robust modules, sensitive steps etc.
4 Analysis of the effect of pharmacological agents &
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== DopaMet: The Meso-Telencephalic Dopamine Consortium - .Muzilm-
. File Edit View Go Bookmarks Tools Window Help

ul @QO @ G l'f:;; http://www . dopanet.orgfindex.htmil .I..[Cg__f';earc_h.']. ‘:550

x5 [fﬁsua list I% Dopalet: The Meso-Telence.., ] J

DopalMet is supported by:

L-EBI

ropaan Biolnfarmatics Instituts)

DopaNet: The Meso-Telencephalic Dopamine Consortium

What is Dopablet? Dopablet structure

Dopatlet members Open positions

Heuronal ontology Molecule Pages
How can | help? Contact

HEW  March 2004: The construction of the Molecule Pages, aimed to store detailed functional information about molecules present in Dopaklet target cells has heen
started. Everybody is invited to participate.

el‘ June 2003: The construction of an ontology of the neuronal cell has been started. Everybody is invited to participate.

s February 2003: The computing infrastructure of DopaMet will be hosted by the European Bioinformatic Institute {EBIY, outstation of the European Molecular Eiolo
INSTITUT PASTEUR RERRA i Lglbnratnr!{ {pEMBL}, . : =

Decernber 2002: Dopalet is accepted as a network of the European Science Foundation. A grant of S0 000 € is attributed for the period 2003-2005. (ESF booklet)

CENTRE NATIONAL
DE LA RECHERCHE
SCIENTIFIQUE

Micolas Le Movére
Last modified:; Wed Mar 24 14:50:53 GMT 2004
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First level

rNeuronaI ontology:
9 Second |—
Hierarchical vocabulary entirely Major neurotransmissions:
describing the system. Third lev
o Database structure Generation of missing or
o Simulation objects inaccurate data. - -
Generalisation to all missing molecules}

Major neur issi : Extensions to other tems: - , .

ajor neurotransmissions stons to other systems Not specific to the dopaminergic neuron, but
Literature mining for basic and - neurotrophins cruualtttc; 'ES Ifutnctloln. hi
guantifiable properties - adhesion molecules F;\c;ia-ce?l Taar Lona tmac miry

- abundance of molecules - subsynaptic cytoskeleton : rotein ru Iz?\rge ltng Systems

- subcellular location - second-messenger cascades - protein recycling etc.

- el i - transcription fact . . . .
(w anscription factors etc Experimental data at the level of circuits:

Modelling and simulation: Modelling and simulation:

Long term changes of the neuron activity.

Evaluation of available simulation | Realistic simulations of local Behavioural and clinical data.

tools. Development of inovative processes, like synaptic functio

tools launched. and signal integration. Modelling and simulation:

Large-scale models and simulations. Normal
and pathological situations.
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. File Edit View Go Bookmarks Tools Window Help

@DO @ O |'~1\,file:fffhomemicoIaSIDDpaNethWWfdopanet.orngntoIogyfdant-ontologyBrows HCL_Search] ‘::-:go

@ "is a" relationship = F)A:DDD.i_)i_I.ﬂD' dendrite Fshu:rw tree]"O_].Jen node] [Cnllet]gse tree] B}
® "part of" relationship TIPS A - T
#® DopaMet_Ontology [body.
l-’@ cellular_component [isd T
2D el partof ||DA:0000263
: E"@ plasma membrane \children 'EDA: 0000011, DA: 0000266, DA: 0000249, DA 0000012, DA 0000247,
g @ neuron |DA: 0000248
Ii: @ SRl Last modification: Thu Dec 4 19:11: 29 2003 GMT.
 ®axon hillock
=® somato-dendritic compartment
' L’?'@ perikaryon =
= ®xdeiidie
(® dendritic shaft
@ dendritic spine
® distal dendrite
-® dendritic spine

g@'pmximal dendrite Neu rOnal OﬂtO'Ogy

~® intermediate dendrite
=& gytoplasm
: D extracellular space
= ghsolete component
E":D molecular complex
=0 molecule
=® molecuar_function
|_—'.|fD ion channel
' @'{Dligand-gated ion channel
: L’? @ nicotinic acetylcholine-gated receptor
© 5473 receptor
@ gagaa receptor =

-

m]| [Q @“ﬁ[] file:/ijhome/nicolas/Dopaiet MWW/ dopanet. org/OntologyfTerms/DAQOO00 10, htm ' (=T =57 Z



Molecule Page Editor
File Tree

Ol (| B [t & [€ @] | home/nicolas/DopaNet/MolPages;XMLPages/DAT.xml |

@ ¥ maoleculePage
name: dopamine transporter
abbreviation: DAT
Dopakletontology: DA QQOO0S2
creation; 2002-02-20
modification: 2003-12-05
@ [T listOfMaintainers
@ [ listOfCantributars
@ listOfCompanents
D @& component
name: dopamine transporter protein
Dopakletontology: DA OODDZ 46
staichiometrny: 1
@ [ listOfResources
listOfStates
g listofCells
¢ & call
celifame: mesencephalic dopaminergic neuran
@ [ listofCompartments
@ [ listOfLigands
o listOfSubstrates
@ cubstrate
name: dopaming
origin: endogenous

CopaMetontology: DA QOQOLES M O | eC u I e Pa g eS

@ listOfProperties
¢ B property
name: kKm
references; 10
@ taxon
Homno sapiens
? listofyalues
@ wvalue
rmean: 2540
sol 221
Lnit: nd

@ cubstrate

(4]
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<moleculePage

<moleculePage

DopaNetontolodqy="DA:0000311" DopaNetontology="DA:0000279"
abbreviation="TGFDR abbreviation="TGFb >
<listOfStates>

<listOfStates
<state na <state name="TCFbRI indifferent">
<state name="inactive"> <state name="TGFbRI_greedy">

</listOfStates> </listOfStates>
<ListOfLigands> <listOfLigands>
<ligand <ligand
DopaNetontology="DA:0000279" DopaNetontole w
stateligand="Tm> statell
<listOfProperties> = <llStOfPrOp-' S
<property name="Kd" refe ence <property name="Kd" referenceg="9"
statemolecule="TGFbRI greedy">

statemole s
<listOfvalue <listOfValues>

<value mean="6" sd="2"

<value mean="6" sd="2"
unit="picomole per litre"/>

unit="picomole per litre"/>

</listOfvalues> </listOfvalues>
</property> </property>
</listOfProperties> </listOfProperties>
</ligand> </ligand>
</listOfLigands> </listOfLigands>

<listOfBibitems> <listOfBibitems>
<bibitem label mid="12729750"> <bibitem label mid="12729750">
. Crescenzo et &

Crescenzo et

</bibitem> </bibitem>
</listOfBibitems> </listOfBibitems> " -
</moleculePage> </moleculePage> Computational

Neurobiology



BL-EBI Modular multi-scales
R L e multi_algorithms program

Whole-neuron
Cable theory
Lum-1m

Ims-1week \»

Synapse

Stochastic algorithm Dendritic spine

1nm-100nm Diffusion, PDE

lus-1ms 100nm-1pm )

Ims-1s
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I.-EBI Modular multi-scales
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I'BEBJ.“ Existing efforts

used to model neurons

doterminist . e
/e erministic )\ StochSim stochastic
E-»IT!! | | MCell J
vCell Gillespie
GENESIS DB interface
SBW _
Wholecel ' BioSPICE CellDesigner - KEGG J
NEOSIM
Jarnac
Gepasi Gene expression?
\ GRID, RPC .
N . Cell remodeling?

All these programs speak SBML GML

(Systems Biology Markup Language) : : H :
um_uu =IO
Heull‘ubfu.fngy



e PN Systems Biology
Markup Language

Pxml version="1,0" encoding="I50-8855-1"7
=shml xmlns="http:/ www.sbml.org/sbml/levell” level="1" version="2"=
=model name="Example"=
=list0fReactions=
=reaction name="_0"=
<kineticlLaw formula="(kf * ¥ - kr * ¥] * compl"=
=list0fParameters:=
=zparameter value="3000" name="kf" /=
=zparameter value="15%00" name="kr" /=
=/listOfParameters=
=/kineticLaw=
=listOfReactants=
=speciesReference species="X" /=
=/list0fReactants=
<listO0fProducts=
=speciesReference species="Y" /=
=/1list0fProducts=
=notes>
<hbody xmlns="http:// www. w3 org/1999/xhtml "=
=p=Interconversion between ¥ and Y=/p=
=/body=
=/notes=
=/ reaction=
=/listOfReactions=
<list0fSpecies=
=gpecies units="mole" initialamount="le-Z1" compartment="compl" name="X"=
=notes>
<hody xmlns="http://www. w3, 0org/1999/xhtml "=
=p=the molecule under state X</p=
=/body=
=/notes=>
=/species=
=zgpecies units="mole" boundaryCondition="true" initialamount="0" compartment="compl' name="Y"=
=notes>
=hody xmlns="http:// www. w3 0rg/1999/xhtml"=
=p=the molecule under state Y=/p=
</ body=
=/notes>
=/ species=
=/list0fSpecies=
=list0fCompartments=
zcompartment volume="le-0Z1" name="compl" /=
</listO0f Compartments=
=/model=
=/shml=
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BL-EBI

¥+ 12 reactants
+ 17 reactions
+ 36 parameters
+ 2 events

¥ SBML: 867 lines ™
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1010+

A real situation: Stochastic
simulation of a nicotinic EPSP
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