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Modélisation systémique de la transduction du
signal dans les neurones.
Changements d'échelles et niveaux d'analyse
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groupe Computational Neurobiology
EMBL-EBI, Cambridge, UK
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L-EBI

Neurobiologie != Neuroscience (s)

+ Neurosciences computationnelles

- Modélisation et simulation des phénomenes liés au
systeme nerveux (neural)
i.e. : réseaux de neurones formels, modeles
comportementaux, sciences cognitives etc.

+ Neurobiologie computationnelle

- Modélisation et simulation des phénomenes liés au
fonctionnement du neuron (neuronal)
i.e. : Modélisation des réseaux de signalisation, des
fonctions synaptique, du remodelage dendritique etc.
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L-EBI

Simulation en neurobiologie

+ Hodgkin and Huxley

= "A Quantitative Description of Membrane Current and its Application to
Conduction and Excitation in Nerve". ] Physiol 1952, 117: 500-544

+ Rall

= "Branching dendritic trees and motoneuron membrane resistivity". Exp
Neurol 1959, 1: 491-527

+ [NEURON] Hines

= "A program for simulation of nerve equations with branching
geometries". Int ) Biomed Comput 1989, 24:55-68

+ Changeux, Courrege, Danchin

= "A theory of the epigenesis of neural networks by selective stabilization
of synapses". Proc Natl Acad Sci USA 1973, 70: 2974-2978

+ Land, Salpeter, Salpeter

-+ "Kinetic parameters for acetylcholine interaction in intact
neuromuscular junction". Proc Natl Acad Sci USA 1981, 78:7200-4

+ [MCell] Bartol, Land, Salpeter, Salpeter

= "Monte-carlo simulation of miniature end-plate current generation in the
vertebrate neuromuscular-junction”. Biophys ] 1991, 59: 1290-130
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Approches classique de
modélisation

(1)- L'approche phénoménologique

Enregistrements d'états du systeme = Abstraction

100 ~

75 A

Sortie Entrée

50 A

25

-12.5 -10.0 -1.5 -5.0
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Approches classique de
modélisation
(2)-Le réductionisme

— — _ Closed

Computational
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I'-EBI Cocaine,
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Dopamine /
.-w--""'.r
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Fundamental Neuroscience  \ea /

Squire et al. 2" ed (2003) N ¢
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Science 294: 1024 Lca? - ComptatNe]
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L-EBI (Mis)conception commune
de la synapse

Un neurotransmetteur

Un récepteur

Distribution homogene

Spatialement et temporellement figée

+
+
+
+
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Tsen et al. (2000) Nat Neurosci, 3: 126-132 L
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Cerebral cort
L-EBI @utamate)

-

Medium spiny neurons
(GABA)

Substantia nigra
(dopamine)

Large aspiny heurons

Fundamental Neuroscience (acetylcholine)

Squire et al. 2" ed(2003)

Axon ®

. _ _ ] Eﬂmﬂl:itatfﬂnar'
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Atlas of Ultrastructural Neurocytology
http://synapses.mcqg.edu/atlas/eurosci

)\ | A y | Shoop et al. (2002)
| < ~ LS J Neurosci, 22: 748-756

Computational
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MBL-EBI

Complexité temporelle

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

MNew
ingartion

abws

ip!

0 GIUR2 hateromer 0 GluR23 heleromer A Skl prolain

LTP Induction

Equilibrium

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

Whole-neuron
Cable theory
Lum-1m

Ims-1week \»

Synapse

Stochastic algorithm
1nm-100nm
1us-1ms
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multiples échelles
multiple algorithmes

Dendritic spine
Diffusion, PDE
100nm-1pm B

Ims-1s
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31-EBI E-Cell System 3 (Kouichi Takahashi)
mém partagée, hyper-threading

translation k *
. »>ke
potentiation k LA J inhibition k
translation i > i >
catalyse j
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MBL-EBI E-Cell System 3 (Kouichi Takahashi)
mém partagée, hyper-threading

translation k *

.. »>ke
potentiation k LA J inhibition k
translation i > i >

catalyse j

variable |

variable i

variable k
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WBL-EBI E-Cell System 3 (Kouichi Takahashi)
mém partagée, hyper-threading

translation k *

.. »ke
potentiation k U J inhibition k
translation i > i >

catalyse j

catalyse j
\(ExpressionFquProcess)

- .
translation i

(GillespieProcess) variable k

~
%
translation k
(GillespieProcess)
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WBL-EBI E-Cell System 3 (Kouichi Takahashi)
mém partagée, hyper-threading

translation k *

.. »ke
potentiation k U J inhibition k
translation i > i >

- .
translation i

(GillespieProcess) variable k

~
%
translation k
(GillespieProcess)
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wl-ial E-Cell System 3 (Kouichi Takahashi)
mém partagée, hyper-threading

translation k *
. >ke
potentiation k U J inhibition k
translation i > i >

catalyse j

catalyse j read
\(ExpressionFquProcess) write
inhibition k A

(MassActionFluxProcess)|

variable i

_

potentiation k
(MassActionFquProcess)

e

translation i
(GillespieProcess)

~
%
translation k
(GillespieProcess)
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wl-iﬂl E-Cell System 3 (Kouichi Takahashi)
mém partagée, hyper-threading

translation k *

.. »ke
potentiation k U J inhibition k
translation i > i >

catalyse j
catalyse j read
\(ExpressionFquProcess) \ write
*®)
Stepper A L \
inhibition k \
(ODE45Stepper) : A\
5t1 (MassActionFluxProcess) \\ variable j
L D \
potentiation k
control \(\MaSSACtionFIUXPrOCGSS) \
g translation i A _
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NBL-EBI E-Cell System 3 (Kouichi Takahashi)
mém partagée, hyper-threading

translation k *

.. »ke
potentiation k U J inhibition k
translation i > i >

catalyse j
catalyse j read
k(ExpressionFquProcess)
ockepperA L nhibitonk
01 (MassActionFluxProcess)

/

e L \
potentiation k o
control ( MassActionFquProces@ Ry \

e SRR
translation i _
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(NRStepper) >
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WBL-EBI

Tentatives actuelles

used to model neurons

doterminist . e
/e erministic P\ StochSim stochastic
E-\.ZT!! | | 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 F?ML .”
(Systems Biology Markup Language)
ormpLtaLion e
Neurobiology
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00 e home site for g ems: Biology kda

ndow Help

m @Q O @ Q ](3http:ffsbml.orgfindex.psp 3 [@ksearch_] 550

. File Edit View Go Bookmarks Tools Wi

i

C ML Systems Biology
Markup Language

home | contacts | documents | downloads | FAGs | forums | wmodels | news | onlinetools | wiki | workshops

A Tool-Meutral Exchange Format i KEGG2SBML 1.0 Released!

The Systems Biology Markup Language (SEML) is a computer-readable farmat for representing models of (March 26, 20041 The fiest full version of
biochemical reaction networks. SBEML is applicable to metabolic networks, cell-signaling pathways, genomic KEGG2SEML, the KEGG-to-SEML converter, is now
requlatory networks, and many other areas in systems biology. available. It supports SEML Level 2, KEGD releass 29,

LIGAMD release 28 and KGML w0.3:
Internationally Supported and Widely Used read more

SBML has heen evolving since mid-2000 through the efforts of an international group of software developers -
and users. Today, SERL is supported by over 50 software systems, including the following (where ™ MathSBRL 2.3.0 Released!
indicates SBML support in development):

(Maren 15, 20041 The latest version of MathSEBML has

BALSA CellDesigher  Gepasi MathSEML SClpath J;Sttﬁgeﬁnhgf'emd: and 'tt's Ch'f;;f”" of feat”ref- :
BASIS Cellerator ~ Jamac  Modesto SigPath el
BioCharon Cellware JDesigner  MORMA™ SigTran |
biocycZSBmML COPASI JigCell konod Simpathica
BioGrid Cytoscape J3IkA MetBuilder StochSim i s - —
Bio Sketch Pad  DBsolve Jws Patharnt STOCKS sysbio’ survey results are in
Biospreadsheet Dizzy k.aryote® PathScout Trelis (Febvusy 25, 20041 The results are in, and people
BiolriL keggZshml  PathwayBuilder  Vidual Cell woted to expand the role of the ‘syshio’ mailing list. The
BSTLab ecelld Kinsolver®  ProcessDB® YLK Suite chianges take effect immediately.
CADLIVE Ess lihSBML SBW WinsCarMP .
A Free and Open Language "sysbhio’ mailing list survey
Advances in hiotechnology are leading to larger, more complex models. The systems hiology community needs (FEbuay 10, 2004) 'We are running a survey to find out o
information standards if models are to be shared, evaluated and developed cooperatively. SBhL's widespread “rf_’lhat t':'.d!i ‘t“;th the 35’3“":'(‘—?'33”3?“-3“” mtal"”g ligk:
El.dl:lptil:ln offers many henefits: ease VISl 2 EUFYEY PDade 10 cast Your vote.

reac more
« Enahling the use of multiple tools without reswriting models for each tool '
« Enabling models to be shared and published in a form other researchers can use even in a different

sofbware environment
« Ensuring the survival of models (and the intellectual effort put into them) beyond the lifetime of the

sofbware used to create them
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Exemple minimum: Simulation
stochastique d'un EPSP nicotinique

1010 = - closed
- desen
909 - interm
w-—1mlig
8084 —bilig
monolig
open
<+ 12 reactants 789
& 17 reactions 606
¥ 36 parameters 505
<+ 2 events sad
* SBML2: 867 lines 3034
202
=> Parsing 101+
=> Storage _ |
0.0e+00 5 B
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WBL-EBI

La neurobiologie cellulaire aujourd'hui

'_
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1-EBI | _

neurobiologie cellulaire aujourd'hui
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aujourd'hui
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NBL-EBI

En neurobiologie systémique
le facteur limitant est la donneée,
et non l'outil de simulation
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NBL-EBI

if (remaining time < 15 min) {
remerciements();

} else {
DopaNet () ;
}

=
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Dopaiet: The Meso- lelencephalic. Bopamine Consor . Mozilla, B S BT

e

File Edit %iew Go Bookmarks Tools Window Help

@ O @ O |"'\§ http:/fwww.dopanet.org/
-l (% ] ;
k|

| [ search | ‘:3*_;0

Dopahlet is supported by:

Sy

INSTITUT PASTEUR

CENTRE NATIONAL
| DE LA RECHERCHE
SCIENTIFIQUE

DopaNet: The Meso-Telencephalic Dopamine Consortium

What is DopaMet? Dopabet Structure
Dopaiet Members Open Positions
Hows Can | Help¥ Heuronal Ontology
Molecular es Mailing Lists
Contact Sign In

NEW July 2004: The Dopaet day will take place at Lille on tuesday May 177, as a satellite o the 7" congress of the french saciety
far neurosciences. The meeting is open to everyane

Farch 2004: The construction of the Molecular Pages, aimed to store detailed functional information ahout molecules present in DopaMet

target cells has started. Everybody is invited to paricipate.

June Z003: The construction of an ontology of the neuronal cell has started. Everybody is invited to paricipate.

Eebruary 2003: The computing infrastructure of DopaMet will be hosted by the European Bioinformatic Institute (EBD, outstation of the
European kolecular Biology Laboratory (ERABLY.

December 2002: Diopaklet is accepted as a network of the European Science Foundation. & grant of 80 000 € is attributed for the period
2003-2005. (ESF leaflef)

Micins Le MNovdre

F s
—

1

| |




wl-EBI Le systeme dopaminergique
méso-télencephalique

cortex frontal

striatum

dépendance L
aux drogues
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Plan d'action

Firstlevel

Neuronal ontology:

Hierarchical vocabulary entirely
describing the system.

o Database structure

o 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.

=
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Plan d'action

Firstlevel

Neuronal ontology:

Hierarchical vocabulary entirely
describing the system.

o Database structure

o 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.

Secondlevel

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.

Atelier épigénomique - 24 Septembre 2004
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Plan d'action

Firstlevel
Neuronal ontology:
9 Second le—
Hierarchical vocabulary entirely Major neurotransmissions:

describing the system. Third leve

o Database structure Generation of missing or
o Simulation objects inaccurate data. - -
Generalisation to all missing molecules}

Major neurotransmissi : Extensions to other tems: - . .

ajor neurotransmissions o other systems Not specific to the dopaminergic neuron, but
Literature mining for basic and - neurotrophins cruualttto Its Ifutnctloln. hi
guantifiable properties - adhesion molecules .pc;S J r?InT a Lona tmac miry

- abundance of molecules - subsynaptic cytoskeleton In r:qe ular Iz?\rge ltng Systems

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

- elementary pr rti - transcription factors etc. . . .

ementary properties P crors et 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 function

tools launched. and signal integration. Modelling and simulation:

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

=
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Plan d'action

Firstlevel
ewronalontelesy: 7 ['Second level Y
Major neurotransmissions:

Third lev

Hierarchical vocabulary entirely
describing the system.

o Database structure
o Simulation objects

Major neurotransmissions:

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

J

Modelling and simulation:

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

started

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.

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 circuit

Long term changes of the neuron activity.
Behavioural and clinical data.

Modelling and simulation:

Large-scale models and simulations. Normal
and pathological situations.
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Plan d'action

Firstlevel
\

N .
euronal ontology:
9 Second le—
Hierarchical vocabulary entirely Major neurotransmissions:
describing the system. Third leve
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 ensions to other systems Not specific to the dopaminergic neuron, but
Literature mining for basic and - neurotrophins cruualtttc; Its Ifutnctloln. hi
guantifiable properties - adhesion molecules 'F;]c;?a-ceilaln?aar 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 tc. . . .
elementary properties 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 Modelling and si lation:
@ols launched. and signal integration. odelling and simulation:
Large-scale models and simulations. Normal
and pathological situations.
EBI group

=
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ﬁeuronal ontology: )

Hierarchical vocabulary entirely
describing the system.

o Database structure

o Simulation objects

Major neurotransmissions:

Literature mining for basic and
quantifiable properties

- abundance of molecules

- subcellular location

\.- elementary properties /

Pl

Firstlevel

an d'action

Second l—
ajor 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:

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

Third lev

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.

Modelling and simulation:

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

Long term changes of the neuron activity.
Behavioural and clinical data.

Modelling and simulation:

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

forthcoming european project

Atelier épigénomique - 24 Septembre 2004

Experimental data at the level of circuit
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| :File Ed|t View Go Bookmarks Tools Window Help

@ O @ Q ]'i:} http:/fwww.ebiac.ukf/compneur-sry/dopanet/Ontology/dant-ontologyBrowser i | [@L E‘rearch

<, [l

@' Dopalet_Cntology
=3 =E0) cellular_component

H’:D cell
: "ﬂ@' plasma membrane
=20 neuron
2 ® axon
: @ initial segment
- =® terminal button
-® varicosity
_ @ axon hillock
5 w8 somato-dendritic compartment
=48 eytoplasm
: {D extracellular space
E{D obsolete component
H{D molecular complex
' =40 protein
: E{D protein phosphatase inhibitor
|-+_1{D cytokine receptor
E.(D heterotrimeric G-protein complex
E{D ligand-gated ion channel
E'{D receptor tyrosine kinase
IH(D neurotrophin
E.(D serinefthreonine protein kinase
E{D neutransmitter degradation enzyme
=D acetylcholinesterase
' : @ acetylcholinesterase T subunit
@ proline-rich membrane anchor
D{D transforming growth factor
m @ adenylyl cyclase
m @ G-protein counled recentor

| DA:D000431; acetylcholinesterase [show tres] [Open node] [Collapse tree]

[Functional form of the ENZVIe degraging acetﬁc-ﬂtﬁine in the
{extracellular space. It is considered to be made up of only the 'T' subunits.
|'R! is expressed only under stress or during the muscle differentiation,

definition | lwhile 'H' is present only in the hematopoitic system. Only tetramer of 'T'
:llnked to PRiMA are considered. The monomers, dimers or tetramers
{without PRiMA would be assembly intermediates.

lisa |DA.0000430

|part of =1 i

!children |D4A: 0000426, DA: 0000423

a

Last modification: Tue Apr & 08:34:03 2004 GMT.

D=6 0]
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What Is Dopaiet?
DopaNet Sthucture

DopaNet Members

Open Positions

Howr Can | Help?
Heuronal Ontology
kMolecular Pages

Madling Lists

Contact

Sign In

Current Molecular Pages
Forthcoming Molecular Pages
Adopted Molecular es
Flanned Molecular es
search Molecular Pages

Create/Edit Molecular Pages

- Bun MPeditor {Java Plug-in}

- Bun MPeditor for Java 1.3 {Java Plug-in}
- Bun MPeditor { Java policy)

- Bun MPeditor for Java 1.3 {Java policy)
- MPeditor User Guide

Molecule Hame ‘Ontology
(alpha) 12 calciumdcalmodulin-dependant protein kinase :

type | DA:0000561

[alphady Zibetas) Zalphas nAChR Da:0000421
(alphady 2ibeta?) 3 nAChE D&:.0000027
(alphaf) fibeta?) 3 nAChR Da:-0000031
&1 adenosine receptor DA 0000047
A adenosing receaptar DA 0000045
alpha olf G-protein subunit Da:0000215
alphay homomeric nAChR DA:0000023
calciumscalmodulin-dependant pratein kinase type 1Y DA000056:
calmaodulin DA:0000565
dopamine transporer DA 0000092
I41 muscarinic acetylcholine receptar Dra:00a0040

k2 muscarinic acetylcholine receptar Da:0000041
k3 muscarinic acetylcholine receptor DA 0000042
k4 muscarinic acetylcholine receptor DA 0000045
IS muscarinic acetylcholine receptar DA 0000044
transforming growth factor heta receptor type | Da:0000311
transforming growth factor heta receptor type |l Dra:0nnonat e
transforming growth factor betal DA:0000279
transforming growth factor betaz D& 0000250
transforming growth factor betad DA 0000251

Current Molecular Pages

Abbreviation

Camklla_12

naChRad 2bE Zab

n&ChRad. Zhe 3
nachRab_Zhe_ 3
A1R
AZaR
Gaolf
nacChRa?_5
Cahkdkly
Cakd
DaT
1R
MER
3R
hlF
h15H

TGFBR-I
TGFERR-II
TGFb1
TGFhE

TGFb3

Last
Modified

2004-08-03

2004-08-03
2004-07-05
2004-07-06
2004-06-22
2004-06-22
2004-06-22
2004-07-06
2004-05-03
2004-08-03
2004-06-22
Z004-06-22
2004-06-22
2004-06-22
2004-06-22
2004-06-22

2004-06-22
2004-06-22
2004-06-22
2004-06-22

2004-06-22

The following Molecular Pages have already been released. To view a Molecular Page as a web-page, complete with byperlinks to
the various relevant resources, click on the Page maolecule name (first colummn). & click on the ontology code of the second column
should redirect to the relevant "leaf of the Dopallet Neuronal Ontology. Flease contact the Page maintainers (Gth column) should

you wish to correct or complete a Page.

Maintainers

Micolas Le Movere

Micolas Le Movére

Blicolas Le Movére

Bicolas Le Movére

Serge Schiffmann

Serge sSchifffmanh
Denis Herye

Micolas Le Moyers

Micolas Le Movére

Micolas Le Movére

Bruno Giros
Yeronigue Bernard

Yeronigue Bernard

Yéronigque Bernard

Yeronigque Bernard

Yeronigque Bernard

Amelia Sanchez
Capelo
amelia Sanchez
Capelo
Amelia Sanchez
Capelo
amelia Sanchez
Capelo
Amelia Sanchez
Capelo

4]

[l &F




. LA E

AZa adenosine receptor [DA:0000048]
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Structure

1 X A2a adenosine receptor subunit [DA:D000224]

Genbank Homo saplehs (1)
Genbank Mus muscutss (2

Genbank Ratius ralius (3

active
inactive

Distribution

cell soma [DA:0000137]

imrnunocytochermistry
optical

Fatius
Rarvegius

very few cells in the SN with a very weak expression, not qualified as DA neurons.

(4

Comrent: Available functionnal data arquing for the presence

terminal button [DADOOD0D0G] of A24 receptor in dopaminergic neuronsfterminals (facilitation
of doparnine release); no proof at the molecular level

cell soma [DA:0000137]

e e : ; ; : Ralius (35,
in situ hybridisation All striatopalidal neurons expressing D2F ahd enkephalin s B

in situ hybridisation Mus swssoutes (2
imrnunocytochermistry ; Ralius

ey Strong labeling. rvegicus 4]
terminal button [DA:DDODOOG]

L”:JEEQJDW tachemistry  piesium to strong labeling. fatius {43

HEVERCLS

cell soma [DAD000137]

immunocytochemistry wery few cells in layer % in cingulate cortex (as in other cortical areas ) with a very weak Hatius (43
optical expression, not qualified as pyramidal neurons Heedicus =

Comrment: Available functionnal data arguing for the presence
terminal button [DA:D00D006] of A2A receptor in cortical neuronsiterminals (facilitation of
glutarnate release ), no proof at the molecular level

Function

adenosine [DA:D000195]
Comrent: ECS0 in a adenylyl cyclase assay inrat PC12 cell

membranes. Mo available data for the affinity properties (R, ki,
ECEO 150 nanomoale per litre £ 17.3 Fatius norvegious L) ICE0Y of this endonenous ligand to the receptor since all
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DopaNetontolo§y="DA:0000311"
abbreviation="TGFDbR

<listOfStates
<state na w
<state name="inactive">

</listOfStates>
<ListOfLigands>
<ligand
DopaNetontology="DA:0000279"
stateligand="TGFbRI g 7>

<listOfProperties>

<property name="Kd' refe ence
statemolecule="active">

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

unit="picomole per litre"/>

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

<listOfBibitems>
<bibitem label mid= "12729750">
Crescenzo et a

</bibitem>
</listOfBibitems>
</moleculePage>
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abbreviation="TGFb
<listOfStates>
<state name="TCFbRI indifferent">
<state name="TGFbRI_greedy">
</listOfStates>
<listOfLigands>
<ligand

DopaNetontole w
statell
<llstOfProp-' =
<property name="Kd" reference£:E£>
statemolecule="TGFbRI greedy">
<listOfvalues>
<value mean="6" sd="2"
unit="picomole per litre"/>
</listOfvalues>
</property>
</listOfProperties>

</ligand>
</listOfLigands>

<listOfBibitems>
<bibitem label mid=" 12729750">
Crescenzo et s

</bibitem>
</listOfBibitems> "
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