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MBL-EBI

Diversity of questions and -

Three types of information conveyed:

Propagation of electrical signals (leave the spine)

Diffusion of chemical signals (leave the spine)

- Transitions between “states” (conformation, covalent

modifications, density etc.)

Diversity of modelling approaches:

electrical modelling
chemical kinetics
reaction-diffusion

single particle dynamics

etc.
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A Database of Annotated Published Models

BioModels Database is a data resource that allows biologists to store, search and retrieve published mathematical models of
biological interests. Models present in BioModels Database are annotated and linked to relevant data resources, such as
publications, databases of compounds and pathways, controlled vocabularies, etc.
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& 05th January 2007 - Seventh Release! [Ivlore] [Download All Models Under SBML L2 V1 Format]

@ 4th December 2006 - BioModels Database and DOQCS join forces [More]

@& July 2006 - PLoS Computational Biology supports BioModels Database [more]
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MBL-EBI

SBML is not limited to bioch-

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

Events can describe any discontinuous change, e.qg.
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

- Systems Biology is scale-independent!



Integration of Dopamine and
Glutamate signals by DARPP-32

Fernandez E, Schiappa R, Girault JA, Le Novere N (2006) DARPP-32 is a
robust integrator of dopamine and glutamate signals. PLoS
Computational Biology, 2(12): el76.
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31-EBI Chemical model of DARPP-32 regula

D + CDK5 « D_CDK5 — D75 + CDK5

D75 + PP2A < D75_PP2A — D + PP2A

*« D75 + PP2ACa < D75_PP2ACa — D + PP2ACa

*« D75 + PP2AP < D75_PP2AP — D + PP2AP

* D75 + PP2APCa < D75_PP2APCa — D + PP2APCa

79 species, 151 reactions

« D137 + CDK5 « D137 _CDK5 — D75-137 + CDK5 *D + PKA < D_PKA — D34 + PKA

« D75-137 + PP2A = D75-137_PP2A — D137 + PP2A * D34 + PP2B = D34_PP2B - D + PP2B

« D75-137 + PP2ACa « D75-137_PP2ACa — D137 + PP2ACa * D75 + PKA & D75_PKA — D34-75 + PKA

« D75-137 + PP2AP < D75-137_PP2AP — D137 + PP2AP *D34-75 + PP2B = D34-75_PP2B — D75 + PP2B

« D75-137 + PP2APCa  D75-137_PP2APCa — D137 + PP2APCa * D137 + PKA & D137_PKA - D34-137 + PKA

- D34 + CDK5 < D34 CDK5 — D34-75 + CDK5 « D34-137 + PP2B « D34-135_PP2B — D137 + PP2B

« D34-75 + PP2A © D34-75 PP2A — D34 + PP2A «D75-137 + PKA < D75-137_PKA — D34-75-137 + PKA
. D34-75 + PP2ACa = D34-75 PP2ACa — D34 + PP2ACS « D34-75-137 + PP2B < D34-75-135_PP2B — D75-137 + PP2B
« D34-75 + PP2AP < D34-75_PP2AP — D34 + PP2AP * PP2A + PKA = PP2A_PKA — PP2AP + PKA

« D34-75 + PP2APCa < D34-75_PP2APCa — D34 + PP2APCa * PP2ACa + PKA = PP2ACa_PKA — PP2APCa + PKA

« D34-137 + CDK5 « D34-137_CDK5 — D34-75_137 + CDK5 *@-Ca

« D34-75-137 + PP2A < D34-75-137_PP2A — D34-137 + PP2A N i .

« D34-75-137 + PP2ACa « D34-75-137_PP2ACa — D34-137 + PP2ACa * PP2Bi + 2Ca « PP2Bi_Ca2

e D34-75-137 + PP2AP < D34-75-137_PP2AP — D34-137 + PP2AP * PP2Bi_Ca + 2Ca < PP2B

« D34-75-137 + PP2APCa < D34-75-137 PP2APCa — D34-137 + PP2APCa °*PP2A + Ca = PP2ACa
- « PP2AP + Ca < PP2APCa

D + CK1 & D_CK1 —» D137 + CK1

« D137 + PP2C & D137 _PP2C — D + PP2C * R2_PKA2 + CAMP « cAMP_R2_PKA2

e« D75 + CK1 & D75 CK1 — D75-137 + CK1 e CAMP_R2 PKA2 + cAMP < cAMP2_R2 PKA2
« D75-137 + PP2C & D75-137_PP2C — D75 + PP2C * CAMP2_R2_PKA2 + cAMP < cAMP3_R2_PKA2
D34 + CK1 & D34 CK1 — D34-137 + CK1 e CAMP3 _R2 PKA2 + cAMP < cAMP4_R2_PKAZ2
« D34-75 + PP2C « D34-75_PP2C — D75 + PP2C * CAMP4_R2_PKA2 < cAMP4_R2_PKA + PKA

« D34-75 + CK1 © D34-75_CK1 — D34-75-137 + CK1 * CAMP4_R2_PKA < cAMP4_R2 + PKA

e D34-75-137 + PP2C « D34-75-137_PP2C — D34-75 + PP2C * PKA + PDE < PKA_PDE — PKA + PDEP

e« CK1 + CK1 < CK1 CK1 — CK1P + CK1 e CAMP + PDE « cAMP_PDE — AMP + PDE



WBL-EBI Choose the righ-
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kds kcat kap
E4+S<*—% ES —— » EP 4? E+P catalysis irreversible
as P
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- product is consumed
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K, K
D+CDK5 Ti» D CDK5 2 —» D-75P+CDK5

2

d[D}/dt = - k,[CDK5][D] + k,[D CDK5]

d[D-75P)/dt = + k,[D CDK5]
d[CDK5]/dt = -k [CDK5][D] + k,[D CDK5] + k,[D CDK5]
d[D CDK5)/dt = + k [CDK5][S] - k,[D CDK5] - k[D CDK5]
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wm' Dynamic simulations of DA_

cAMP calcium
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The three curses -







Different modelli_

Grand Probability function: P(X,t)



Different modelling -

Grand Probability function: P(X,t) typologic view of the world: (X)=f(t)

e i et



Grand Probability function: P(X,t) typologic view of the world: (X)=f(t)




Different modelling ap-

Grand Probability function: P(X,t) typologic view of the world: (X)=f(t)

L |

\
\
—
°
°

//\/ °

- oo
stochastic approach: P(X,t)/(X',t-1) deterministic approach: (X,t)=f(X"',t-1)
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Small numbers in the _

number of AMPA receptors in a PSD: 50-100

most kinases and phosphatases « 100

number of free calcium ions at rest state: 3-5






Combnaeo S

II I NMDA + CaMKIl <=> NMDA-CaMKII




II ssmmmmm NMDA + CaMKIl <=> NMDA-CaMKI|
NMDAC + CaMKllc <=> NMDAc-CaMKIIc
II I I RS NMDAOo + CaMKllc <=> NMDAc-CaMKllc
- NMDAc + CaMKllo <=> NMDAc-CaMKllo

NMDAo + CaMKllo <=> NMDAc-CaMKIlo



MBL-EBI Combinatorial e-

II ssmmmmm = NMDA + CaMKIl <=> NMDA-CaMKI|
NMDAC + CaMKllc <=> NMDAc-CaMKlic
II I I RS NMDAOo + CaMKllc <=> NMDAc-CaMKllc
- NMDAc + CaMKllo <=> NMDAc-CaMKllo

NMDAo + CaMKllo <=> NMDAc-CaMKIlo

NMDAc + CaMKllc <=> NMDAc-CaMKllc
NMDAo + CaMKllc <=> NMDAc-CaMKlIc
NMDAc + CaMKllo <=> NMDAc-CaMKllo
o NMDAo + CaMKllo <=> NMDAc-CaMKllo
PNMDAc + CaMKllc <=> pNMDAc-CaMKIllc
II I I PNMDAo + CaMKllc <=> pNMDAc-CaMKIlIc
— PNMDAc + CaMKllo <=> pNMDAc-CaMKllo
PNMDAo + CaMKllo <=> pNMDAc-CaMKlIlo
NMDAc + pCaMKllc <=> NMDAc-pCaMKIllc
I I SN P \MDAG + pCaMKIlc <=> NMDAC-pCaMKiic
m NMDAc + pCaMKllo <=> NMDAc-pCaMKllo
NMDAo + pCaMKllo <=> NMDAc-pCaMKllo
PNMDAc + pCaMKlic <=> pNMDAc-pCaMKllc
PNMDAo + pCaMKllc <=> pNMDAc-pCaMKIlIc
PNMDAc + pCaMKllo <=> pNMDAc-pCaMKllo
PNMDAo + pCaMKllo <=> pNMDAc-pCaMKllo



MBL-EBI Combinatorial -

II ssmmmmm = NMDA + CaMKIl <=> NMDA-CaMKI|
NMDAC + CaMKllc <=> NMDAc-CaMKlic
II I I RS NMDAOo + CaMKllc <=> NMDAc-CaMKllc
- NMDAc + CaMKllo <=> NMDAc-CaMKllo

NMDAo + CaMKllo <=> NMDAc-CaMKIlo

NMDAc + CaMKllc <=> NMDAc-CaMKllc
NMDAo + CaMKllc <=> NMDAc-CaMKlIc
NMDAc + CaMKllo <=> NMDAc-CaMKllo
o NMDAo + CaMKllo <=> NMDAc-CaMKllo
PNMDAc + CaMKllc <=> pNMDAc-CaMKIllc
II I I PNMDAo + CaMKllc <=> pNMDAc-CaMKIlIc
— PNMDAc + CaMKllo <=> pNMDAc-CaMKllo
PNMDAo + CaMKllo <=> pNMDAc-CaMKlIlo
NMDAc + pCaMKllc <=> NMDAc-pCaMKIllc
I I SN P \MDAG + pCaMKIlc <=> NMDAC-pCaMKiic
m NMDAc + pCaMKllo <=> NMDAc-pCaMKllo
NMDAo + pCaMKllo <=> NMDAc-pCaMKllo
PNMDAc + pCaMKlic <=> pNMDAc-pCaMKllc

ATP CaM PNMDAo + pCaMKllc <=> pNMDAc-pCaMKIlIc
_ PNMDAc + pCaMKllo <=> pNMDAc-pCaMKllo
(P @ﬁ PNMDAo + pCaMKllo <=> pNMDAc-pCaMKllo

co S IR



5x12 state variables=




5x12 state variables=

1152 900 000 000 000 000 states

(1 billion of billion)
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membrane

Cytoplasm




MBL-EBI Receptors for neurotransmitters -

Active synapsa Silent synapsa B a rry an d Zlff ( 2 OO 2 )

Curr Opin Neurobiol, 12: 279-286
%y:l%

GO TN

Equilibrium

Meaw
insartion

LTF Induction

Equilibrium
1

&D @ C@ @ Choquet & Triller (2003)

Nat Rev Neurosci, 4: 251-265

() GluR1/2 hateromar 0 GluR23 heteromer A Skot protain
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WBL-EBI Need another paradigm of sin-

Population-based simulation Particle-based simulation
Continuous representation of populations - Discrete representation of molecules
Generally deterministic algorithms to - Generally stochastic algorithms (but not
simulate the evolution of populations (but always: deterministic automata)

not always: Gillespie) _
Generally location of molecules (but not

Generally no representation of space (but always: StochSim v1)

not always: finite elements) _
Representation of the movements of

No movements (but not always: PDE or (some) molecules

reaction-diffussion) . _
Possibility of multistates molecules

Molecules under different states are
represented by different pools



NBL-EBI StochSim: Stochastic cellular-

Morton-Firth CJ, Bray D (1998) J. Theor. Biol. 192: 117-128.
Le Novere N, Shimizu TS (2001) Bioinformatics 17: 575-576

Particle-based stochastic simulations
Possibility of multistate complexes
Rapid equilibria to reduce stiffness problems

2D lattices of various geometry
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base

(???207?77) > (?771777)

P XPp
(0220777) —— 02 (0?271727?)

X
(1220??7?) Poase pre'“’i’ (1??1???)

'?' Flags do not affect the reaction

only 4 species are needed instead of 128



1BL-EBI Stochastic simulation of multistate complexe
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molecule abstracted = macroscopic scale

atomic details = microscopic scale

Abstracted but realistic geometry = mesoscopic scale
Relative size of object respected
Differential location of binding sites

realistic movements (velocity and topology)



31-EBI Existing so

Population based (“spatial Gillespie”)

- SmartCell, Mesord

- finite elements (voxels), no individual molecules

Single-particle based

- MCell: individual small molecules, ray-tracing. Immobile reactive surfaces. no
interactions between mobile molecules

GluT: 1,4
- Smoldyn: individual small molecules, reactions between them

- Meredys: Everything plus topology of molecules



The position of receptors affects the signl

T
‘m: ggtuuﬁr PSD
\ Annular PSD
\
0 . . .

0 10 20
Time (ms)

Open AMPARs
M
o

Franks et al. (2003) / Neurosci, 23: 3186-3195



Meredys: Particles, Objects and Clusters

Particles carry binding sites

Cluster class allows recording of Center Of Mass, radius, RMS displacement;
possibility of cluster state

Clusters are dynamically created and destroyed - transient.



Different diffusion spaces:

- Static; Free diffusion; Membrane diffusion; Above membrane; Below membrane
Two types of motion:

- Translational l’_ZZZDTFZkat

- Rotational é2:2DRt=2kbRt
random walk algorithm

| X

X t)=———exp—— ian wi o’=2D1
pl )M p 1Dt gaussian with
- Translational A(x,y,z)=y2D, tX gaussRand
V2D 1
- Rotational Af= X gaussRand

r

Two types of diffusion equations:

- unrestricted brownian motion — Low Trans/Rot

- intra-membrane diffusion (Saffman and Delbruck 1975) — High Trans/Rot

co S IR



Unrestricted brownian motion — Low Translation/Rotational

bT:L bR: 1 bT 42
67y 8 aur’ b, 3

Intra-membrane diffusion (Saffman and Delbruck 1975)
High Translational/Rotational




Reactions and co_



Reactions and com_










Template File:
my_syhapsel 5 tmpl

Object File:
my_syhapsel . obj

Timestep per frame:

| 1|| Microzecands .

Elapsed Time:

0.0 Microsecands

Frame Delay:

| 0 Millisecands

play render

clear

status

Simulation ready
Mat rendering

=

100







The “comp

L TS
.

1

calcium

Ml \iclanie Stefan . .
Camille Laibe

g Stuart Edelstein
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E-cell

Kouichi Takahashi
Kazunari Kaizu
Gabor Bereczki

COPASI

Stefan Hoops
Sven Sahle
Ralf Gauges

SBMLodeSolver

Rainer Machne

XPP-aut

Bard Ermntrout

Ao

Experimental Collaborators
(INSERM U536, Paris)

Jean-Antoine Girault

Denis Herve



European Bioinformatics Institute

British-outstation of the European Molecular Biology Laboratory

Databases
UniProt]|
- Sequences, structures [MBI 6'.’ seuvonat: |
DATARASE Ensembl protefnresource_
- Transcriptomics, Proteomics ’"”'“‘”7 IntAct) ‘/‘*
pathways, models — —
1 o ] —
- Controlled vocabularies N ;;-f'f:';fﬂ' [fit&FPro
and dictionaries L @

Research groups

— Structural Genomics (Thornton)

- Molecular Evolution (Goldman)

- Text-Mining (Rebholz-Schumman)

- Computational Systems Biology (Le Novere)

- Statistical array analysis (Huber)

- Genomic analysis of regulatory systems (Luscombe)
- Systems Biology of ES cells (Bertone)

Marie Curie Training site Fellowships: PhD 3-6 months. Fully funded.
Undergraduate trainees: 5-6 months.



