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EMBL-EBI i the Medium Spiny Neuron of the striatum

Copyright @ 2002, Elsevier Science (USA). All rights reserved. ie: SIEIRE
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EMBL-EBI A spiny dendrite

Atlas of ultrastructural neurocytology (http://synapse-web.org/)
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Atlas of ultrastructural neurocytology (http://synapse-web.org/)
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EMBL-EBI i Diversity of questions and methods

m 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 (neural-network, cable approximation)
chemical kinetics (deterministic, stochastic ...)
reaction-diffusion (PDE, finite elements ...)

single particle dynamics

etc.
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EMBL-EBI | i The research of the group
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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. e T
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EMBL-EBI I i Biological model of DARPP-32 regulation
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Choose the right formalism
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EMBL-EBI | i Chemical model of DARPP-32 regulation

« D + CDK5 = D_CDK5 — D75 + CDK5 . .

+ D75 + PP2A = D75_PP2A — D + PP2A 79 species, 151 reactions
- D75 + PP2ACa = D75_PP2ACa — D + PP2ACa

« D75 + PP2AP & D75_PP2AP — D + PP2AP

- D75 + PP2APCa < D75 _PP2APCa — D + PP2APCa

- 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 + PP2ACa « 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 . Ca** - @

- D34-75-137 + PP2ACa « D34-75-137_PP2ACa — D34-137 + PP2ACa - PP2Bi + 2Ca <« PP2Bi _Ca2

« 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 o PP2ACa

* PP2AP + Ca < PP2APCa
*D + CK1  D_CK1 - D137 + CK1

* D137 + PP2C « D137_PP2C —» D + PP2C ¢« R2 PKA2 + cAMP < cAMP R2 PKA2

* D75 + CK1 » D75_CK1 — D75-137 + CK1 « CAMP R2 PKA2 + cAMP < cAMP2 R2 PKA2
« D75-137 + PP2C < D75-137_PP2C — D75 + PP2C « CAMP2_R2_PKA2 + cAMP < cAMP3_R2_PKA?2
* D34 + CK1 < D34_CK1 — D34-137 + CK1 « CAMP3_R2 PKA2 + cAMP < cAMP4 R2_PKA2
* 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 F PKA

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

* CK1 + CK1 < CK1_CK1 — CK1P + CK1 * CAMP + PDE = cAMP_PDE — AMP + PDE

« CK1P + PP2B < CK1P_PP2B — CK1 + PP2B « CAMP + PDEP < cAMP_PDEP — AMP + PDEP

-n-nrﬁa":‘ _II“:



EMBL-EBI & i+ E-Cell3, a multi-algorithm simulator
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EMBL-EBI i i Mathematical model

K
K
D+CDK5 ?(1 D CDK5 3 » D-75P+CDK5
2
dID/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]



EMBL-EBI Different modelling approaches

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

L |

stochastic approach: P(X,t)/(X',t-1) deterministic approach: (X,t)=f(X"',t-1)



EMBL-EBI i i Mathematical model

K, K
D+CDK5 ? D CDK5 2 —» D-75P+CDK5

2

d[Dl/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]

[X]




EMBL-EBI i Dynamic simulations of DARPP-32 function
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Some parameters are sensitive
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Some parameters are robust
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EMBL-EBI I i DARPP-32 as a robust integrator
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Heterozygous DARPP-32 +/- do not display phenotypes



EMBL-EBI i Mutation in silico
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EMBL-EBI i Mutation in silico
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EMBL-EBI i Mutation in silico
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EMBL-ER &1 DARPP-32 as a coincidence detector
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Q
s
7

dendritic remodelling

J STEP

Collaboration
Jean-Antoine Girault, Paris
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PKC

ACYII v\ DAG <«— PLCBly
PDE3/4 cAMP PDE1* — CaM IP3

& \
Raf

Regulation of PKA | CCKI < pp.2B  CaMKII l

gene expression \
PP2A — °| [ CDK5 / I\IEK

'ERK —> Regulation of gene expression

dendritic remodelling

J STEP

Collaboration
Liliana Minichiello, Monterotondo
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|

Acym \:\ DAG <—— PLCBly
PDE3/4 — 1cAMP PDE1 < CaM 3

\/ A T

Regulation of PKA | C K14 PP2B  CaMKII
gene expression \ T

PP2A — ©| ° CDKS5 MEK
—»
s+ (D |
T 'ERK —> Regulation of gene expression
i} | dendritic remodelling

Ol O
B ? &
Thr34 .

J STEP
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EMBL-EBI On small numbers

Substrate _
1015 litres

. 1016 |itres

Concentration (uM)

. 1017 litres




On determinism and reproducibility

EMBL-EBI

s

\ \ \ \ \ \ \ deterministic result

2 0e-03 4.0e-03 6.0e-03 8.0e-03 1.0e-02

-¥Y1
=Y2

stochastic result

20e-03 4.0e-03 6.02-03 8.0e-03 1.0e-02
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EMBL-EBI Small numbers in the dendritic spine

= number of AMPA receptors in a PSD: 50-100

. most kinases and phosphatases « 100

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






EVBL-EBI Combinatorial explosion

I NMDA + CaMKIl <=> NMDA-CaMKIl
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Combinatorial explosion

NMDAC + CaMKllc <=> NMDAc-CaMKIIc
II I I RS NMDAO + CaMKllc <=> NMDAc-CaMKlIc
- NMDAc + CaMKllo <=> NMDAc-CaMKllo

NMDAo + CaMKllo <=> NMDAc-CaMKllo

NMDA + CaMKIl <=> NMDA-CaMKIl



EMBL-EBI Combinatorial explosion

NMDA + CaMKIl <=> NMDA-CaMKIl

NMDAC + CaMKllc <=> NMDAc-CaMKlic
II I I RS NMDAO + CaMKllc <=> NMDAc-CaMKlIc
—

NMDAc + CaMKllo <=> NMDAc-CaMKllo
NMDAo + CaMKllo <=> NMDAc-CaMKIllo

NMDAc + CaMKllc <=> NMDAc-CaMKllc
NMDAo + CaMKllc <=> NMDAc-CaMKllc
NMDAc + CaMKllo <=> NMDAc-CaMKiIlo
e NMDAo + CaMKllo <=> NMDAc-CaMKllo
PNMDAc + CaMKllc <=> pNMDAc-CaMKllc
II I I PNMDAo + CaMKllc <=> pNMDAc-CaMKllIc
— PNMDAc + CaMKllo <=> pNMDAc-CaMKllo
pNMDAo + CaMKllo <=> pNMDAc-CaMKllo
NMDAc + pCaMKllc <=> NMDAc-pCaMKlic
I I ESSEESS P/ MDA + pCaMKiic <=> NMDAC-pCaMKilc
m NMDAc + pCaMKllo <=> NMDAc-pCaMKllo
NMDAo + pCaMKllo <=> NMDAc-pCaMKIllo
PNMDAc + pCaMKllc <=> pNMDAc-pCaMKlic
PNMDAo + pCaMKllc <=> pNMDAc-pCaMKllc

PNMDAc + pCaMKllo <=> pNMDAc-pCaMKllo
PNMDAo + pCaMKllo <=> pNMDAc-pCaMKIlo
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Calmodulin

Ry :
b, binding site

y
e

Thr286P
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5x12 state variables=




Combinatorial explosion
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5x12 state variables=

1152 900 000 000 000 00O states

(1 billion of billion)
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Complex post-synaptic machinery

-‘\
CASK K Cynamin
Wl
—_—
Kunc18-1 Q %
Syntaxin
Mint-1 [-Meurexin
‘ +Shaker
Kainate K. -channel
’ MUk,
Ca® -ATPase
: misluR
KAZ m Neumhgm Ta
GlURG Kol G-proteins
PEA-C
PSD_—E}E .
¢ f Shank
PKA-RZp o-actinin2/ 1_(" O ¢ )
PP1 - cliT Eegain
spectrin '
i ) g S \w'
ChapSyn110 T
il

F-actin 0) it _)
. itron
Myosin - Motor protein Phospho- S0 Cortactin
fructe-  MAP Sapl1oz
ki
nase ﬁa Tubulin
. Cortactin

0D ez
MAPZE
CortEP1

|
i o F-actin
Husi & Grant (2001) TINS, 24: 259-266
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Receptors for neurotransmitters are moving

Active synapse Silent synapse

Equilibrium

LTF Induction

Equilibrium

() GuR1/2 hateromar 0 GluR2/3 hetaromer A Skot protain

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

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



EMBL-EBI © Need another paradigm of simulation

Population-based simulation Particle-based simulation

m  Continuous representation of populations ®m Discrete representation of molecules

m  Generally deterministic algorithms to m  Generally stochastic algorithms (but
simulate the evolution of populations not always: deterministic automata)

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

m  Generally no representation of space not always: StochSim v1)

(but not always: finite elements) _
m  Representation of the movements of

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

reaction-diffussion) o _
m  Possibility of multistates molecules

m Molecules under different states are
represented by different pools



EMBL-EBI i StochSim: Stochastic cellular automata

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

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

m 2D lattices of various geometry
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EMBL-EBI | i StochSim algorithm
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EMBL-EBI © Multistate reactions

= '?' Flags do not affect the reaction
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Multistate reactions

base

>

P

base X preI(O,O)
- 0221222

pbase X prel(o,l)
.

= '?' Flags do not affect the reaction
m only 4 species are needed instead of 128

= only 2 reactions are needed instead of 64
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# of CaMKIl molecules

450

400

w

($)]

o
L

300+

250+

200+

150

100+

50+

Stochastic simulation of multistate complexes

+calm

# active monomers

-calm

ot

b
ot

\\ open
\ P286
\\ P306
\\ calm_bound

15 17.5

20

g



EMBL-EBI i i} Meredys: Particles, Objects and Clusters

wgan”

l

Particles carry binding surfaces

Cluster and object classes allows recording of Center Of Mass, radius, RMS
displacement, state

Clusters are dynamically created and destroyed - transient

Tolle D, Le Novere N (2006)
Particle-based stochastic simulation in systems biology
Current Bioinformatics 1 (3): 315-320




EMBL-EBI © Molecule diffusion

» Different diffusion spaces:

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

Translational r_2=2DTt=2kat

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

| X

P(XJ): CXp——— aussian with o'=2Dt
J4zDt 4Dt 9
Translational A(x,y,z)=\/2DTt><gaussRand
V2D, ¢
Rotational Af= X gaussRand

r

m Two types of diffusion equations:

unrestricted brownian motion — Low Trans/Rot

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



EMBL-EBI © Molecule diffusion

= Unrestricted brownian motion — Low Translation/Rotational

bT:L bR: 1 bT 42
67y 8 aur’ b, 3

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




EVBL-EBI Reactions and complex formation
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EMBL-EBI i i} Mesoscopic simulations of receptor diffusion
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wgan”
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EMBL-EBI Single-particle model




EMBL-EBI Whole-cell model
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g(X'y O h(xly)

\/—

Integration

f(x,y) u(x,y)
Q>0 @ @

g(X.)}th(XrY)
\/— \/—
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g(X'y O h(xly)

\/—

Integration

f(x,y) u(x,y)
Q>0 @ @

g(x.;% 4\(x.y)
e L~

Encapsulation

(i)
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o' 285 781
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f(x,y) u(x,y) - L/_
Q> Q=<0 . ) -
o Communication

g(X:y O h(X,y) :

\/-— :
Integration

f(x,y) u(x,y)
Q>0 @ @

g(x.;% 4\(x.y)
e L~

Encapsulation
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¢'Liz 878N
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Communication
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Integration
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e~

Encapsulation

Standards of representation

Interfaces (ontologies)

af(i,j)
@ <@ Data resources
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Community activities of compneur

Systems Biology Markup Language (SBML) and associated tools

(e.g. SBMLeditor)

Hucka et al. (2003). The Systems Biology Markup Language (SBML): A Medium for
Representation and Exchange of Biochemical Network Models. Bioinformatics, 19: 524-531.
Rodriguez et al. (2007) SBMLeditor: effective creation of models in the Systems Biology
Markup Language (SBML). BMC Bioinformatics, 8:79

Systems Biology Graphical Notation (SBGN)

Ontologies: the Systems Biology Ontology (SBO), the
TErminology to Describe Dynamics (TEDDY)

Le Novere N. (2006) Model storage, exchange and integration BMC Neuroscience, 7: S11.

Minimal Information Requested In the Annotation of Models
Le Novere et al (2005) Nature Biotechnology,

Le Novere et al. (2005) Minimum Information Requested In the Annotation of biochemical
Models (MIRIAM) Nature Biotechnology, 23: 1509-1515.

BioModels Database

Le Novere et al. (2006) BioModels Database: A Free, Centralized Database of Curated,
Published, Quantitative Kinetic Models of Biochemical and Cellular Systems Nucleic Acids
Research, 34: D689-D691.
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( ML Systems Biology
Markup Language

Goc Jgkf |

Search this site

home °* contacts * documents * downloads * FAQs * forums * Level3 * models * news * online tools * wiki * workshops

The Systems Biology Markup Language (SBML) is a computer-readable format for representing models of
biochemical reaction networks. SBML is applicable to metabolic networks, cell-signaling pathways, regulatory
networks, and many others.

Internationally Supported and Widely Used

SBML has been evolving since mid-2000 through the efforts of an international group of software developers and
users. Today, SBML is supported by over 110 software systems, including the following (where "' indicates
SBML support in development):

BALSA Dizzy Vicleculizer SBMLSIM
BASIS E-CELL vVionod SBMLToolbox
BIOCHAM ecelld MNarrator SBO
BioCharon ESS MNetBuilder SEToolbox
ByoDyn FluxAnalyzer Oscillg SBW
BioCyc Fluxor FPAMTHER Pathway SClpath
BioGrid Gepasi FathArt Sigmoid”
BioModels Gillespie2 Fathway Analyser SigPath
BioketGen HSME FathwaylLab SigTran
BioPathwise HybridSBML FPathway Tools SIMBA

Bio Sketch Pad INSILICO discovery  PathwayBuilder SimBiology
BioSens JACCBIAN FATIKAweb Simpathica
BioSPICE Dashboard  Jarnac FaVESy SimPheny™
BioSpreadsheet JDesigner FET SimWiz
BioTapestry JigCell P SloppyCell
BioUML JSim Fotters\Wheel SmartCell
BSTLab JWS Online FrocessDEBE SRS Pathway Editor
CADLIVE laryote® PROTOM StochSim
CelDesigner KEGG2SENL pysbml Stochkit
Cellerator Kineticon PySCeS STOCKS
Cell lllustrator Kinsolver® Reactome TERANCODE Suite
CelML2SBML libSBML RSBML Trelis
Cellware MathSBIML runsENL VANTED
CL-SBML MesoRD SABIO-RK Virtual Cell
CLEML Vieta-All SBML CODE Solver  WebCell
COPASI VietaF luxet SBML-FET WIiNnSCAMP
Cyto-Sim IR TAM SEMLeditor Xhaolon
Cytoscape T2 SEMLmMerge APPAUT
DEsolve Modesto SBEMLR

A Free and Open Language

- H F i | 1 F I | T e 'y | - |

' COPASI 4.1 Build 21 Released

(May 21, 2007) COPASI version 4.1 (build 21) has
been released. COPASI is a free, general simulator
for systems biology with a large number of features.

read mare

'SBML Hackathon 2007!

i3, 2007) This year's SBML Hackathon will
be held at the University of Newcastle, UK. Please
jain us and don't forget ta register ASAF’l

read more

'vnNTED supports SBML

(April 3, 2007) VANTED is a netwark editing and
visualizatlon system with features far
network-integrated visualization of data from
experiments and simulations.

read more

[ RSBML, a package for R

n

(March 29 2007) RSBML is a package that allows
SBML to be |mp0rted into R either as an S4 object
ar a Biocanductar graph object.

read mare

[ Xholon suppor‘ts SBML

n a7

(March 27, 2007) Xhelen is an apen-source,
general-purpose maodeling and simulation tool It can
read models created using UML, among other
things.

read mare

See

I

4]

Al H | -y L 1 1
m =) g g |http:.r.rwww.jst.go.jp}lvcisohenrsorst.l'
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<?xml version="1.0" encoding="UTF-8"?>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>
<listOfCompartments>
<compartment id="cell” />
</listOfCompartments>
<listOfSpecies>
<species id="A" compartment="cell” initialConcentration="1"/>
<species id="B” compartment="cell” initialConcentration="0"/>
</listOfSpecies>
<listOfParameters>
<parameter id="kon” value="1"/>
</listOfParameters>
<listOfReactions>
<reaction>
<listOfReactants>
<speciesReference species="A" />
</listOfReactants>
<listOfProducts>
<speciesReference species="B"” />
</listOfProducts>
<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times />
<ci>kon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math>
</kineticLaw>
</reaction>
</listOfReactions>
</model>
</sbml>


http://www.sbml.org/sbml/level2
http://www.w3.org/1998/Math/MathML

Proposed guidelines for
curation of quantitative models

Specifically about encoding &
annotation

Limited to models that can be
simulated

Effort arose from a meeting
organized by Andrew Finney
during ICSB 2004

Not specific to SBML;
applicable to any structured
model format

MIRIAM

Mest of the published quantitative models in biology are
lost for the community because they are sithar not mada
available or they are insufficiently characterized to allow
tham to be reused. The lack of a standard description format,
lack of stringent reviewing and authors’ carelessnass are

the main causeas for incomplete medal descriptions. With
today's increased interest in detailed biochemical models,

it is necessary to define a minimum quality standard for

the encoding of those models. We propose a set of rules for
curating quantitative medels of biological systems. These
rules define procedures for enceding and annotating madels
represented in machine-readable form. We believe their
application will enable usars to () have confidence that
curated medels are an accurate reflection of their asseciated
reference descriptions, (i) s2arch collections of curated
models with precision, (i) quickly identify the biclogical
phenomena that a given curated modal or madel constituant
@ represents and () facilitate madel revse and compasition

élmn large subcellular modals.,

2005 Nature Publishing Group hitp-#fawee nature.c ominaturebloechnology

LEwopaan Bicinformatics Institule, Hincdon, CE10 LED, UK.

ZPhysizmics PLC, Magdalan Carkra, Coord Scianca Fark, Dadord,

Q%4 4GA K. Jcontrol and Cynamical Syslams, Caliornia Inskduba of
Tachnology,Pasadena, Caliornia $112%, LSA *Mational Cantra for Biokgical
Sciancas, TIFR, UAS-GHVE Campus, Bangalers 550065, India. Sinstiuta
for Computational Eiomedicing, Welll Medical Collaga of Cormall Universiy,
Maw York, Haw York 10021, UsA. “canker for Genomic Soancas, Univarsidad
Macional Autznoma de México, Av. Universidad s, Cuamavaca, Morclos,
52100, Maxico. "Biosnginasring | etiuty and Departmant o1 Engnasring
‘Eclanca, Tha Universiy of Aucdand, Frivata Bag 32019, AucHand, Haw
Zaaand. "Wax-Planck | nstiiuba for Molkcuar Genatics, Bsrin Cantar for
‘Ganoma bassd Einformatics (ECE], Ihnestr. 72, 14155 Earlin, Garmany.
Mirginia Bioimormatics Instiube, ¥Wirgink Tach, Washington 31., Blacksburg,
Wirginia 2406 1-0477, USA. Keck Graduaba Instiiuta, 532 Walson Drive,
Clarement, Gallfornia 1711, USA. IList Propulsion Laboratory, Galifomia
Instituks of Tachnolegy, Pasadena, Galitornia 1109, USA. 12Triple-J Group
“or Wolezular Gell Physiciogy, Dspartment of Biozhamistry, Stallanbaseh
Univarsty, Privaia Bag X1, Watialand 7E02, South Africa. T*Dapartmant of
Sciantinc Compubing & Mathematical Modaling, GRASMANKIInG Rasaarch
& Dawalopment Limitsd, Medicines Ressarch Candrs, Gummals Wood

Foad, Sbavanags, Harts, 561 2MY, UK. “Purdu Univarsty, Capartmant of
Bigkgical Sdances, Lilly Hall of Lifa Sciences, 215 W Sale Stract, Wast
Lafayetlg, Indiana 475072054, W34, *Thase authars hava condributed
agually bo tha work. Comsspondanca should ba addressad 1o NLLLNH.

-l lana vsshi a0 ukl.

Pubdishad onling & Decamber 2304; dad: 10.103EmbA112E
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PERSPECTIVE

Minimum information requested in the annotation of
biochemical models (MIRIAM)

Nicolas Le Novere"!™, Andrew Finney™', Michael Hucka®,
Julic Collado-Vides®, Edmund ] Crampin”, Matt Halstead?, Edda Klipp®, Pedro Mendes®, Poul Nielsen?,
Herbert Saura, Bruce Shapire'!, Jacky L Snocp!?, Hugh It Spence! * & Barry L Wanner'#

Upinder 5 Bhalla®, Fabien Campagne®,

Diuring the genomic erawe have witnessed a vast increase in availakil-
ityof large amounts of quantitative data, This is motivatinga shift in
the fozus of malecular and cellular ressarch from qualitative descrip-
tiems of bicchemical interactions towards the quantification of such
inberactions and their dynamics. One of the tenets of systems biology
isthe use of quantitative models (see Box 1 for definitions) asa mech-
anism Bor capturing preciss hypothesss and making predictions!?.
Many specialized models exist that attempt to explain aspects of the
cellular machinery. However, as has happened with other types of bio-
legical informaticmn, mach as ssquences, macromalecular structures or

Box 1 Glossary

Some termis are used In a very specific way throughout the article.
‘W= provide hare a praciss defintion of each one.

Quantitative blochemical model. A formal model of abiclogical
systern, basad on the mathematical description of Its melecular
and cel lular components, and the interactions betwesn thoss
componeants.

Encoded model. & mathematical madel written in a formal
machingTeadale langUags, SUCh that It can ba systematically
parsad and emplayed by simulation and analysis software without
further iuman branslation.

MIRIAM-compllant model. & mode| that passes all the t=skz and
fulmiE all the conditions (Eted In MIRIAM.

Reference description. A uniqus document that describes, ar
reterences the description of the model, the stnicturs of the
model, the numerical values necesary to Instantists 3 simulatian
from the medel, or to parform a mathernatical analysis of the
model, and the results one expects from sUch 8 simulation ar
analysis.

Curatlon process, The process by which the compliance of an
ercoded model with MIRIAM 15 achisved andsor verifisd. The
Curation process may SncOMpEss same of &1l of the fallowing
tazks: encoding of the modal, venncation of the raference
COMEspondenca and annatation of the model.

Reference cormespondence. The fact that the structuore of a
model and the results of a simulation ar an analysls match the
Irformation presant In the referencs desciption,

1500
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MIRIAM guidelines

requirements for scheme for
reference correspondence encoding annotations
model attribution annotation of
and generation model components
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MIRIAM guidelines

requirements for scheme for
reference correspondence encoding annotations

model attribution
and generation




EMBL-EBI

MIRIAM annotation

tegrated Enzyme Database (IntEnz) - Iceape m [F|E7]

<reaction id="r3b"
name="phosphorylation of MAPKK"
metaid="_506913">
<annotation>
<rdf :RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rd ...
xmlns:bgbiol="http://biomodels.net/biology ...
xmlns:bgmodel="http://biomodels.net/model- ...
<rdf:Description rdf:abou
<bgbiol:isVersionOf>

<rdf:Bag>
<rdf:1i
rdf:resource€EE£}p://Www.ec—code.org/ .7.11.25"/>
</rdf:Bag>

</bgbiol:isVersionOf>

C0T DAL dDd>Es ETTEVTIES TTTLETTS

EC 2 - Transferases
EC 2.7 - Transferring phosphorus-containing groups

EC 2.7.11 - Protein-serine/threonine kinases

EC 2.7.11.25 - Mitogen-activated protein kinase kinase kinase

> [ [ T

Data-type: Enzyme Nomenclature &

Identifier MIR:00000004
Name Enzyme Nomenclature
Enzyme Classification
Synonyms EC code
EC

Official URL
Official URN
Deprecated

http: //www.ec-code.org/
urn:lsid:ec-code.org
http://www.ebi.ac.uk/IntEnz/
Information
The Enzyme Classification contains the recomfnendations of the
Committee of the International Union of Biocljemistry and Molec
nomenclature and classification of enzyme-cgtalysed reactions.
\d+ \dH\. (- [\d+) [\d-ANDH\ (- [\d+) [\d+H\N\d+
Physical Location-
Data Entry http://www.ebi.ac.uk/intenz/querylgfid=SearchEC&ec=5id
Data

Definition

Identifier Pattern

http://www.ebi.ac.uk/intenz/

I INntEnz view ENZYME yi

IntEnz Enzyme Nomenclature

EC 2.7.11.25

NC-IUBMB view

Mames

Accepted name: mitogen-activated protein kinase kinase kinase
cMos
cRaf

MAPKKK

Other name(s):

Resource
Information IntEnZ (Integrated relational Enzyme database)
Institution European Bioinformatics Institute, United Kingdom
Data Entry http://www.genome.jp/dbget-bin/www_bget?ec: $id

#1

Resource Dat http://www.genome.jp/dbget-bin/www_bfind?’enzyme

#2 Resource
Information KEGG Ligand Database for Enzyme Nomenclature
Institution Kyoto University Bioinformatics Center, Japan
Data Entry http://us.expasy.org/cgi-bin/nicezyme.pl?$id

Resource Dat http://us.expasy.org/enzyme/

23 Resource
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MAP3K

MAP kinase kinase kinase
MEKK

MEKK1

MEKEK2
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@ guantitative parameter
= @ modelling fraRework < Definition
= @ mathematical exp i Rate-law presen .E. Briggs and J.B.S. Haldane (1925) A note on the kinetics [al
) of enzyme action, Biochem. 8: 338-339". It is a general rate equation that does
= O rate law not require the restriction of e ibrium of Henri-Michaelis-Menten or irreversible
0 . N reactions of Van Slyke, but instead m the hypothesis that the complex
mass action kine enzyme-substrate is in quasi-steady-state.SJlthough of the same form than the
= @ Hill equation Henri-Michaelis-Menten equation, it is semantMsglly different since Km now represents
- a psudo-equilibrium constant, and 1s equal to th®&ratio between the rate of =
= @ enzyme kinetics consumption of the complex (sum of dissociation of “ubstrate and generation of ha
MathiL
N B
= @ kinetics of non-modula E
@ Henri-Michaelis M4
© van Slyke-Cullen g
O Briggs-Haldane eq
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Comment
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BioModels Database

Curated Models

If‘llog-ﬁurated A Database of Annotated Published Models /
VIoaels

Search BioModels Database is a data resource that allows biologists to store, search and retrieve published mathematical models of biological S
Simulate in Jws  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.

Submit Your [ Browse curated models ] [ Browse non-curated models ] [ Search ] [ Simulate in JWS Online ]
Model

o @ 05th June 2007 - Eighth Release! [IViore] [Download All Models Under SEML L2 V1 Format] -] E
Sign-in ‘Model of

17th April 2007 - BioModels Database ranked first data resource for Systems Biology [vlore] [Criginal article]

News & the month
:"’:Od;_ll of the (@ 4th December 2006 - BioModels Database and DOQCS join forces [\vore] T
on
Meetings Acknowledgements
Support . . . . . .
Contact BioModels Database is developed by the teams of ['icolas Le Novere (EMBL-EBI, United-Kingdom) and Michael Hucka (SEML Team, Caltech, USA) in

collaboration with Upinder Bhalla (COQCS, National Center for Biological Sciences, India), Herbert Sauro (Keck Graduate Institute, USA), Hiroaki Kitano
BIOMODELE.NET  (Systems Biology Institute, Japan), Hans Westerhoff and Jacky Snoep (JWS Cnline, Stellenbosch (ZA) and Manchester (UK) Universities and Stellenbosh
] .--- University, ZA), as part of the Biolviodels.net initiative. BioModels Database development has benefitted from funds of the European Molecular Biology

Eompitationat

Neufabiolagy Laboratory (Le Novére team), the [ational Institute of General Medical Sciences (SBML team), and the DARPA (Sauro team)

Model curators and annotators: Harish Dharuri, Enuo He, Nicolas Le Novére, Lu Li, Rainer Machne, Bruce Shapiro (Alumni: Maria Schilstra)

Developers: Mélanie Courtot, Camille Laibe, Chen Li (main developer), Lu Li, Nicolas Rodriguez (Alumni: Marco Donizelli, Arnaud Henry)

External contributors: BioModels Database would not exists without the continuous support of many people, whether by their contribution of models, of
software, or by their constructive comments and criticisms. It is unfortunately impossible to acknowledge all of them here, without risking to be unfair.
Therefore, a big collective thank-you all.

BioModels Database is built thanks to many third-party free software such as libSBML, Jakarta Tomcat, Xindice, Lucene, Xalan, Xerces, Axis, Jena and
JWS MySaL, plus all the free software coming with the GNU/Linux systems.
online

Main software used to curate models: CelDesigner, COPASI, Jarnac, MathSENL, RoadRunner, SEMLdeSolver, SBMLeditor, SENMLmerge and XPP-ALL.

Terms of Use : EBl Funding : Contact EBl © @ European Bioinformatics Institute 2006-2007. EBI is an Outstation of the European Molecular Biology Laboratory.
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BIOMD0000000056 - Chen2004_CellCycle CDC14.8
1.8
[ SBML L2 V1 | CellvL | SciLab | XPP | BioPAX i CDC20.12
2 Simulation Result | GIF Reaction Graph | SVG Reaction Graph | Dynamic Reaction Griiff, . S
i
@ Submit Model Comment/Bug k
lan Zon 200 00
a
= I ] |
= Done - /|

Publication ID: 15159868

20 m

Original Model: Unspecified
Submitter: Nicolas Le MNovere
Submission Date: 2006-05-10T13:47:09

Creation Date: 2006-05-08T12.05:34

Creators: Harish Dharuri
lvatherine C Chen

cell
Referred to as: cell_0

[+ i+ +]

BCK2

Compartment: czll
Referred to as: BCK2 1

Last Modification Date: 2007-06-08T12:28.24

WMol Biol Cell 2004 Aug;15(8):3641-62.

Integrative analysis of cell cycle control in budding yeast.

Chen KC, Calzone L, Csikasz-Nagy A Cross FR, Novak B, Tyson JJ.

Department of Biology, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061-0406, USA.
kchen@vt.edu [more

[+

KEGG Pathway sce(4111
Taxonomy Saccharomyces cersvisiae

bgbial:is set #1

bagbiolisVersionOf set #1 Gene Ontelogy mitotic cell cycle
bobiclisHomologTo set #1 Reactome REACT 152
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babicl:is set #1 UniProt BECK2 YEAST
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Daniel McGreal _ R Antonia Mayer Christian Knuepfer

NL)AR

calcium Nicolas Rodriguez g

Eric Fernandez 5

Chn Li

Y Dominic Tolle
A Melanle Stefan

DARPP34

Lu Li




EMBL-EBI Collaboration on model development

m  E-cell developers m  StochSim developers
(Institute of Advanced Biosciences, (Cambridge University)
Tsuruoka)

Karl Morton Firth
Kouichi Takahashi

Tom Shimizu
Kazunari Kaizu

(Yale University)
Gabor Bereczki

Thierry Emonet

= Collaborators _ (Argonne National Laboratory)
(INSERM U536, Paris)

. . Michael North
Jean-Antoine Girault

Denis Herve



EMBL-EBI | i An international collaboration
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Méelanie Courtot _ .
Lu Li B Keck Graduate Institute BioMedCentral Journals
Camille Laibe Herbert Sauro B Programs used for curation
Arnaud Henry
Enuo He - i
Alexander Broicher Rainer Machne COPASI
Jarnac/JDesigner
B SBML team B Systems Biology Institute MathSBML
SBMLeditor
Michael Hucka Hiroaki Kitano XPP-Aut
Andrew Finney Akira Funahashi
Bruce Shapiro . .
Benjamin Borstein m WS Online Thg comm_unlt.y of Systems Biology for
Maria Schilstra their contributions of models and comments.
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