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We need to reuse computation-

- Non-specialists need to use models relevant for their research, directly
with their simulation software, without messing with their structure.

As such

- Modelling literates need to reuse existing models rather than rewrite them
from scratch.

- Various software that are used during the modelling process, such as
graphical designers, simulation engines and plotters or renderers, should
be able to communicate.
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We need to reuse computation-

For integration purpose

- Very large pathways cannot be built in one shot. We need to built on pre-
existing efforts

- Different approaches: time-series (continuous, discrete), MCA, FBA, logical
descriptions etc.

- Different spatial scales: nanometer (channel) to meter (axon)
- Different real time scales: microsecond (channel opening) to weeks (LTP)

- (Different simulation time scale: single-particle tracking to ODE)
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"ﬂl-iﬂl Requirements for a success-

We need to encode the models in a computer-edible way

- Structured formats = easily “parsable”; mirror the model structure;
- Public formats - Published specifications, freely re-usable

- Community-developed formats ...
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’ﬂil-iﬂl Requirements for a successfl-

We need to make the content human-edible = semantics

- You want other people to appreciate your work!
- Standards of content and annotation

- Ontologies to relate model components and biological information
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’WI-EBI Requirements for a succes

We need to make the models available

- Personal websites
— Publisher's websites

- Curated repository/databases
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’m-zm Standard of r-

http://www.cellml.org/

|.ﬂL:.'
.:l [:EIIML Fixed specification; Based on modules;

iogy math, det.koowedye, scalable; ... complex

: w"““‘ http://www.neuroml.org/

N mo rpl-lml http://www.neuroml.org/

Flexible (expendable set of classes/schemas); scalable;

. BrainML.org nttp://brainml.org/

Models are XML-schemas

BioPAX http://www.biopax.org/

No kinetics; deep semantics;
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The Systems Biology Markup Language (SBML) is a computer-readable format for representing models ot
blochemical reactlon networks. SEML is applicable to metabolic networks, cell-signaling pathways, regulatory

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 80 software systems, including the following (where
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Advances in hictechnology are leading to larger, more complex quantitative models. The systemns hiology community
needs information standards if models are to be shared, evaluated and developed cooperatively. SBML's widespread

eniriting models for each tonl
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SEW 2.5.5 Released

(Al 9 20081 A new release of SEW (the
Systems Biology Workbench) is now available.
It feature s significart rew capabilities and new
modules.

read more

WebCell Suppors SEML

(Aer! 19 2008 WebCell is a web-tased
simulation ermviranmet for biozhemical
retworks. It supports explorationandaralysis
of steady-state and cyramic behaviors.

read more

SEML Hackathon 2006

(April 4, 2008) Visit the SEML Hackathon
2006 page for more imfo about the event
happening this week in Mowe Hrady, Czech
Fepublic.

read more

Introducing CLEML

(farch 27, 2008 The Carbon Labeling
Ewparimernt Markup Languace (CLEML)
annotate s SEML with formal ge scriptions of
structure and states of systems incarbon
labeling experimerts. A software library,
[IbCLEML, is available.

read more

Hew SEML Online Validator!

(harch & 2008) SBML.org has a slick new
online SEML validator, complete with remote
ARl Check it out!

read more

See older news items.
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compartments
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species

protein' protein
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@ What con we S

reactions

protein' = protein
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@ What con we S

reactions

protein' = protein
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@ What con we S

modulations

protein' = protein
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et con e S

rules

protein' = protein
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@ What con we S

events

protein' = protein
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s

the Systems Biology Markup Language is defined as a set of
classes represented in the Unified Modelling Language (UML)

In practise it is used as serialised using

An XML schema 1) lists all the elements and attributes, 2) specifies the

containment relationships between them, 3) precises the datatype of
each

An additional set of constraints is listed in the specification and
implemented as a list of consistency checks
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WBL-EBI What the heck is-

The eXtensible Markup Language (XML) is a text-format that
allow to define languages to store structured information

An XML language is made-up of elements and attributes:

<elementl attributel="valeurl” attribute2="valeur2”>
<element2 attributel="valeur3” />
</elementl>

An XML language can be defined in another XML language
called XML schema. An XML file can be transformed into
something else using other XML files called XML style-sheets

Thanks to a strict namespace system, one can build XML files
using several XML languages

There are a constellation of tools to help processing XML
languages

Most known example of XML language is XHTML, the language
used to designed webpages.
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L-EBI

<?xml version="1.0" encoding="UTF-8"?>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>

</model>
</sbml>
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L-EBI

<?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>

</model>
</sbml>
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L-EBI

<?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>

</model>
</sbml>
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L-EBI

<?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>

</reaction>
</listOfReactions>
</model>
</sbml>
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L-EBI

<?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>

</reaction>
</listOfReactions>
</model>
</sbml>
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BL-EBI

<?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>
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http://www.w3.org/1998/Math/MathML

31-EBI A more realistic

<species
id="a"
name="0-tubulin”
compartment="cell”
initialAmount="1000"
substanceUnits="item"”
hasOnlySubstanceUnits="true”
boundaryCondition="true”
constant="false”
charge="0"
metaid="PX" >
<notes>
<body xmlns="http://www.w3.0rg/1999/xhtml”>
<p>0One of the components of microtubule</p>
</body>
</notes>
<annotation>
<rdf :RDF
xmlns:bgbiol="http://biomodels.net/biology-qualifiers/"
xmlns:bgmodel="http://biomodels.net/model-qualifiers/"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf:Description rdf:about="#PX">
<bgbiol:is>
<rdf:Bag>
<rdf:1i rdf:resource="http://www.uniprot.org/#P68370"/>
<rdf:1i rdf:resource="http://www.geneontology.org/#G0:0045298"/>
</rdf :Bag>
</bgbiol:is>
</rdf:Description>
</rdf :RDF>
</annotation>
</species>
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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.q.
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-free!
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Example 2: neuron diffe

<listOfCompartments>
<compartment id="brain” />
</listOfCompartments>
<listOfSpecies>
<species id="glia” compartment="brain” initialConcentration="1"/>
<species id="neuroblast” compartment="brain” initialConcentration="1"/>
<species id="neuron” compartment="brain” initialConcentration="0"/>
</listOfSpecies>
<listOfParameters>
<parameter id="K” value="1"/>
</listOfParameters>
<listOfReactions>
<reaction>
<listOfReactants>
<speciesReference species="neuroblast” />
</listOfReactants>
<listOfProducts>
<speciesReference species="neuron” />
</1listOfProducts>
<listOfModifiers>
<modifierSpeciesReference species="glia” />
</listOfModifiers>
<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
[eoo]
</apply>
</math>
</kineticLaw>
</reaction>
</listOfReactions>
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http://www.w3.org/1998/Math/MathML

Example 1: Hod

<rateRule metaid="metaid 0000048" variable="V">
<notes><p xmlns="http://www.w3.0rg/1999/xhtml">dv/dt = (I - (i Na + i K + i L))/Cm</p></notes>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<divide/>
<apply>
<minus/>
<ci> I </ci>
<apply>
<plus/><ci> i Na </ci><ci> i K </ci><ci> i L </ci>
</apply>
</apply>
<ci> Cm </ci>
</apply>
</math>
</rateRule>
<assignmentRule metaid="metaid 0000042" variable="i Na">
<notes><p xmlns="http://www.w3.0rg/1999/xhtml">i Na = g Na * m"3.0 * h * (V - E Na)</p></notes>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times/>
<ci> g Na </ci>
<apply>
<power/><ci> m </ci><cn> 3.0 </cn>
</apply>
<ci> h </ci>
<apply>
<minus/><ci> V </ci><ci> E Na </ci>
</apply>
</apply>
</math>
</assignmentRule>
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’m-zm An example of piecewise

calcium flux depends on glutamate concentration

<listOfRules>
<assignmentRule variable="calcium influx">
<math xmlns="http://www.w3.0rg/1998/Math/MathML">

<apply>
<piece>
<cn>15</cn>
<apply>
<gt/>
<ci>glutamate</ci>
<cn>1</cn>
</apply>
</piece>
<otherwise>
<cn>0</cn>
</otherwise>
</apply>
</math>
</assignmentRule>
</1listOfRules>
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’Wl-EBI An exa

release of neurotransmitter if [Ca]i intra gets above
threshold

<listOfEvents>
<event id="release”>
<trigger>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<gt/>
<ci>calcium</ci>
<ci>100</ci>
</apply>
</math>
</trigger>
<listOfEventAssignments>
<eventAssignment variable="glutamate">
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<cn>e-3</cn>
</math>
</eventAssignment>
</listOfEventAssignements>
</listOfEvents>
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http://www.w3.org/1998/Math/MathML

’lﬂl-EBI

Level 1 (March 2001)

Predefined kinetics functions
One type of reactive substance
ISO646 encoding

Level 2 (June 2003)

Function definitions
Modifier species
Events

All math in MathML

Unicode encoding

Level 3 (?)

Hucka et al (2003)
Bioinformatics 19: 524-531

Hucka et al (2004)
IEE Systems Biology 1: 41-53
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SBML Level -

Finalised on April 8™ 2006
Simpler and cleaner (units ...)

Generics (compartmentType, speciesType)
> path to generalised reactions

Constraints and initialAssignments
Backward compatible with Level 2 Version 1

More detailed and bug-free specification ... 130 pages
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_—

Modular SBML, with core + optional packages (probable)
Generalised reactions

Graph Layout (certain; already in use in Level 2 as
annotation, shared by several software)

Model composition (probable)
Complex species (probable)
Arrays or sets (maybe)
Geometry (maybe)
Movements (maybe)

Dynamic compartments (maybe)
77?7
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Format to represent metabolic networks and signalling
pathways

Set of classes representing the physical entities and their
relationships

- Subclassing allows different levels of abstraction/precision
Defined using the Ontology Web Language (OWL)

- BioPAX classed are defined in OWL
- Each BioPAX file is an OWL file

- Rich semantics allowing complex treatments (e.g. searches)

OWL is based on an XML serialisation of the Resource
Description Framework (RDF)

- Explicit relationships between elements rather than only containment
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entity

[
isa iza isa

physicalEntity interaction pathway
123
complex protein dna A srmalllvlolecule physicallnteraction
15a \sa
COLWET 51011 control
iza 15a iza T is;\a
biochermicalkeaction complexfissembly transport catalysis modulation

iza /is;

transportWithBiochernicalR eaction
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utilityClass

_‘_'_'____'_,_,_:—'—_'____‘-:ﬂ_,_,_ﬂ-"ﬁ .q\-\-\-\_::_\__\__‘_——______\__-\_
isa — isa _—" iz;a ' . isa T——__ isa
e — isa Tee—
evidence experimentalt orm pathwaystep 153 sequenceF eature confidence
hermical5truct
externalk eferencel Rility Clazs . FHEE FHE
I~
fﬁ i5a P 1sa 1sa 15a sequenceLocation
dataSource =ref bioSource openControlledVocabulary f’fi' e isa
7 /
isa iza isa
sequencelnterval sequencesite
unification¥ref relationship Xref publicationref

physicalEntityParticipant

(__,—f/v '!1 1""\-\.-"-\..___‘_\_\_&
f 153 153 153 153 "“'H-m_ﬁ_q_iShEl

protemParticipant complexParticipant rnaParticipant dnaParticipant stnalllvloleculeParticipant
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enzyme

substrate » product
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A catalysis i

<!-- physicalEntities -->

<bp:smallMolecule rdf:ID="smallMoleculel" />
<bp:smallMolecule rdf:ID="smallMolecule2" />
<bp:protein rdf:ID="proteinl">

<!-- physicalEntityParticipants -->

<bp:physicalEntityParticipant rdf:ID="substrate">
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:STOICHIOMETRIC-COEFFICIENT>
<bp:PHYSICAL-ENTITY rdf:resource="#smallMoleculel” />
</bp:physicalEntityParticipant>
<bp:physicalEntityParticipant rdf:ID="product">
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:STOICHIOMETRIC-COEFFICIENT>
<bp:PHYSICAL-ENTITY rdf:resource="#smallMolecule2” />
</bp:physicalEntityParticipant>
<bp:physicalEntityParticipant rdf:ID="enzyme">
<bp:PHYSICAL-ENTITY rdf:resource="#proteinl” />
</bp:physicalEntityParticipant>

<!-- physicallInteractions -->

<bp:biochemicalReaction rdf:ID="biochemicalReactionl">
<bp:LEFT rdf:resource="#substrate”>
<bp:RIGHT rdf:resource="#product”>
</bp:biochemicalReaction>
<bp:catalysis rdf:ID="catalysisl">
<bp:CONTROLLER rdf:resource="#enzyme” />
<bp:CONTROLLED rdf:resource="#biochemicalReactionl”
</bp:catalysis>

OKINAWA COMPUTATIONAL NEUROSCIENCE COURSE 2006
June 26 - July 7, 2006 Okinawa, Japan e i et



A catalysis i

<!-- physicalEntityParticipants -->

<bp:physicalEntityParticipant rdf:ID="substrate">
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:STOICHIOMETRIC-COEFFICIENT>
<bp:PHYSICAL-ENTITY>
<bp:smallMolecule rdf:ID="smallMoleculel" />
</bp:PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>
<bp:physicalEntityParticipant rdf:ID="product">
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:STOICHIOMETRIC-COEFFICIENT>
<bp:PHYSICAL-ENTITY>
<bp:smallMolecule rdf:ID="smallMolecule2" />
</bp:PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>
<bp:physicalEntityParticipant rdf:ID="enzyme">
<bp:PHYSICAL-ENTITY>
<bp:protein rdf:ID="proteinl">
</bp:PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>

<!-- physicallInteractions -->

<bp:biochemicalReaction rdf:ID="biochemicalReactionl">
<bp:LEFT rdf:resource="#substrate”>
<bp:RIGHT rdf:resource="#product”>
</bp:biochemicalReaction>
<bp:catalysis rdf:ID="catalysisl">
<bp:CONTROLLER rdf:resource="#enzyme” />
<bp:CONTROLLED rdf:resource="#biochemicalReactionl”
</bp:catalysis>
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A catalysis i

<!-- physicallInteractions -->

<bp:biochemicalReaction rdf:ID="biochemicalReactionl">
<bp:LEFT>
<bp:physicalEntityParticipant>
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:STOICHIOMETRIC-COEFFICIENT>
<bp:PHYSICAL-ENTITY>
<bp:smallMolecule rdf:ID="smallMoleculel" />
</bp :PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>
</bp:LEFT>
<bp:RIGHT>
<bp:physicalEntityParticipant rdf:ID="product">
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:STOICHIOMETRIC-COEFFICIENT>
<bp:PHYSICAL-ENTITY>
<bp:smallMolecule rdf:ID="smallMolecule2" />
</bp:PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>
</bp:RIGHT>
</bp:biochemicalReaction>

<bp:catalysis rdf:ID="catalysisl">
<bp : CONTROLLER/>
<bp:physicalEntityParticipant rdf:ID="enzyme">
<bp:PHYSICAL-ENTITY>
<bp:protein rdf:ID="proteinl">
</bp:PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>
</bp : CONTROLLER>
<bp:CONTROLLED rdf:resource="#biochemicalReactionl”
</bp:catalysis>
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A catalysis

<!-- physicallInteractions -->

<bp:catalysis rdf:ID="catalysisl">
<bp:CONTROLLER/>
<bp:physicalEntityParticipant rdf:ID="enzyme">
<bp:PHYSICAL-ENTITY>
<bp:protein rdf:ID="proteinl">
</bp :PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>
</bp:CONTROLLER>
<bp : CONTROLLED>
<bp:biochemicalReaction rdf:ID="biochemicalReactionl">
<bp:LEFT>
<bp:physicalEntityParticipant>
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:STOICHIOMETRIC-COEFFICIENT>
<bp:PHYSICAL-ENTITY>
<bp:smallMolecule rdf:ID="smallMoleculel" />
</bp:PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>
</bp:LEFT>
<bp :RIGHT>
<bp:physicalEntityParticipant rdf:ID="product">
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:STOICHIOMETRIC-COEFFICIENT>
<bp:PHYSICAL-ENTITY>
<bp:smallMolecule rdf:ID="smallMolecule2" />
</bp:PHYSICAL-ENTITY>
</bp:physicalEntityParticipant>
</bp:RIGHT>
</bp:biochemicalReaction>
</bp:CONTROLLED>
</bp:catalysis>

OKINAWA COMPUTATIONAL NEUROSCIENCE COURSE 2006
June 26 - July 7, 2006 Okinawa, Japan e i et



Semantics and visual r_

A > B

A activates B?
A converts into B?

A causes the production of B?
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Semantics and visual re-

A > B

A activates B?
A converts into B?

A causes the production of B?

A | B

A inhibits B?
A inhibits the production of B?
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Semantics and visual repr-

A > B

A activates B?
A converts into B?

A causes the production of B?

A | B

A inhibits B?
A inhibits the production of B?

A ® B

A modulates B?

A catalyses the production of B?
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Systems Biology Graphical Notation

Home | Contacts | Workshops

A Visual Notation for Network Diagrams

Svetems Biology has become an ezsential part of 21zt century biological rezearch, It is an
approach that haz been accepted internationally evervwhere from academic research
departments to industrial pharmaceutical companies. & conerstone of this movement i=
the uze of camputational modeling, a crucial toal for helping us cope with the vast zize
and complexity of natural organizsmz. The uze of guantitative computational models by
experimental scientizts promizes to pave the way for more rgorous analvses of biological
functions, and ultimately will lead to new and better trestments for dizease. But far this
to happen, the computational models themselves must reach a wider audience,

dn important first step iz to reach agreement on how to communicate models, For
models at the level of cellular biochemical reaction networks, the Systems Biology
Markup Language haz become a de facto machine-readable format for exchanging models
between software tools, SBAL iz 3 crtical enabler of rezearch in computational svstems
biology, but it works at the software level; is not intended for humans to read and wiite,

fbhout thiz Site:

Thiz zite iz devoted ta the
Systems Biology Graphical
Motation (SBGM). The
international SBGM project aims
tao bring conziztency and
unmiformity to the graphical
expreszion of netwark diagrams
in bigolagy, in the zame way that
electronic circuit diagrams are
standardized in electrical
engineering,

sSearch
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Kurt Kohn's entity relationships's Diagram

Kohn et al. Molecular Interaction Maps of Bioregulatory
Networks: A General Rubric for Systems Biology. ...

CellDesigner's Process Diagrams

Kitano et al. Using Process Diagrams for the graphical
representation of biological networks. Nat Biotech, 23:
961-966.
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Entity relationship rep

Elementary molecular species Reaction symbols
(a) A molecular species named “Protein A”. (a) <€—> Non-covalent binding (reversible)

(b) =———> Covalent modification.
(b’) =————= Covalent bond (see Figure 13 & text).

(b)  Protein A (domain 1 domain 2 )

Domain representation of Protein A.

© A DNA site named “promoter A" (c) —-  Stoichiometric conversion
(d) ——{> Products appear without loss of reactants.

Complex molecular species

d) (A)< .x > Node .x is the A:B complex (the (e) [ Transcription
consequence of A binding to B);
$y node y s the (A:B):C complex. (f) ——=__ Cleavage of a covalent bond.
o 2
(99 — 1 Degradation
X
() P—8—»{A) Nodaxisphosphorylated A; (h)y ——~A— Reaction in trans.
node Y is phosphorylated A
y bound to B.
Contingency symbols
® @ Y X Theisolated node X is an abbreviation (i) C Stimulation
f <> for another copy of A. Node y . :
X —I- Requiremen
is the homodimer A:A. () - equirement

(k) ———] Inhibition
X ) State-combination symbol:
(9) *—eo—o z is the combination of states defined 0
by x and y (see examples).

() Enzymatic catalysis
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Entity relationship rep-

P various
substrates
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State node symbols

Protein protein_name

Receptor receptor_name

il

lon channel narne
(closed)

lon channel
{open)

C)-

narme

Truncated
pratein

=
o
3
o

Gene name

RNA

Anti-sense
RNA

lon

Simple
molecule

Unknown

Phenotype

Homeodimer /

M-mer with protein_name
M stacked
symbols

Active
protein ; protein_nam :

B O00epl

Arc symbols
(Transit node and edges)

State transition

Known transition
omitted

Unknown transition

—_—

Bidirectional transition  ff—

Translocation

Association

Dissociation

Truncation

Promote
transition

Inhibit
fransition

Add reactant

Add product

AND

OR

—_—

e
—

Reduced notation symbols

Category-l reduced notation

Degradation @—b ¢
Transcription —--—--_..E
Translation E-—-—-—-—@

Module J:l i J‘]Di

Category-ll reduced notation (viewer only)

Activation/ index
inhibition/ I%@
modification

Node structure

Residue
modification ZZ;?:I;TE“"‘“

O ubiquitinated
emply methylated
() don't care @) " i e
(*) unknown ©) hydroxyla

Complex complax_name
state
node

—— Connectivity

{Rinding, etc)

Promotor
and coding AO@{ region] | regionZ |—- coding |—
structure gens_nams
for gene

-1 -emre
Exon structure =20
far RMNA ma-nams
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No ...

Work in progress: Agreement on the existence of two
notations. Ontologies are on their way to define the
concepts behind the glyphs

First draft should be agreed in the second meeting at
the ICSB in Yokohama
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Home | Contacts | FAQs | Database | MIRIAM | SBO | Forums | Hews

The Next Step After Standard Formats

For computational modeling to become more widely used in biological research, researchers must be able to exchange and
share their results. The development and broad acceptance of common model representation formats such as SEML is a
crucial step in that direction, allowing researchers to exchange and build upon each other's work with greater ease and
ACCUracy.

The Biokiodels net project is another step: an international effort to (11 define agreed-upon standards for model curation, (2
define agreed-upon vocabularies for annotating models with connections to biological data resources, and (3) provide a free,
centralized, publichy-accessible database of annotated, computational models in SBML and other structured formats.

Helping to Define Community Standards

To facilitate assembling useful collections of guantitative models of biological phenomena, it is crucial to establish standards
for the wocabularies used in model annotations as well as criteria for minimum guality levels of those models. The
BioModels net project aims to bring together a community of interested researchers to address these issues. WYe are working
towards defining these standards through white papers and process definitions. All of the products of our efforts are open and
freely available through this site.

Standards and Processes Developed Hand-in-Hand with a New Database

The database component of BioModels net is especially designed for working with anhofafed computational models: each
model is carefully reviewed and augmented by human annotators on the BioModels.net team to add metadata linking the
model elerments to other biological databases and resources. The BioModels database at the EBI system goes far beyond
other collections of models by being a frue database, featuring browsing, cross-referencing, searching, and (coming so00n)
facilities for visualization, exporting models in different formats, and remote AP access.

=earch

RSS / Atom




Minimum Information Requested In
the Annotation of biochemical Models

Le Novere N., Finney A., Hucka M., Bhalla U., Campagne F., Collado-Vides }.,
Crampin E., Halstead M., Klipp E., Mendes P., Nielsen P., Sauro H., Shapiro B.,
Snoep J.L., Spence H.D., Wanner B.L.

Nature Biotechnology (2005), 23: 1509-1515



MBL-EBI Reference correspon.

The model must be encoded in a public, standardized,
machine-readable format (SBML, CellML, GENESIS ...)

The model must comply with the standard in which it is
encoded!

The model must be clearly related to a single reference
description. If a model is composed from different parts,

there should still be a description of the derived/combined
model.

The encoded model structure must reflect the biological
processes listed in the reference description.

The model must be instantiated in a simulation: All
guantitative attributes have to be defined, including initial
conditions.

When instantiated, the model must be able to reproduce all
results given in the reference description within an epsilon
(algorithms, round-up errors)
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Attribution ann-

The model has to be named.

A citation of the reference description must be joined
(complete citation, unique identifier, unambigous URL). The
citation should permit to identify the authors of the model.

The name and contact of model creators must be joined.

The date and time of creation and last modification should
be specified. An history is useful but not required.

The model should be linked to a precise statement about
the terms of distribution. MIRIAM does not require “freedom
of use” or “no cost”.
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MBL-EBI External resource anno-

The annotation must permit to unambiguously relate a piece of
knowledge to a model constituent.

The referenced information should be described using a triplet
{data-type, identifier, qualifier}

- The data-type should be written as a Unique Resource Identifier (URI). Either
a URL (webpage) or a URN (e.g. LSID). Not necessarily a physical location.

- The identifier is analysed by the software within the framework of the data-
type.

- Data-type and Identifier can be combined in a single URI
http://www.myResource.org/#myldentifier
urn:lsid:myResource.org:myldentifier

- Qualifiers (optional) should refine the link between the model constitutent
and the piece of knowledge: “has a”, “is version of”, “is homolog to” etc.

’

The community will have to agree on a set of standard valid
URIs. A database and the associated APl (WebServices) have
been developed at the EBI.
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mir_synonym

+ synonym_id : int
+ name : string
+ ptr_resource : int

0..n

1

mir_resource

mir_uri
+ uri_id :int
+ uri : string
+ uri_type :int 1.2
+ ptr_resource :int | deprecated
+ deprecated : bool
mir_user

+ user_id :int

+ username : short
+ password : string
+ role : int

+ resource_id : int
+ name : string

+ pattern : string
+ definition : string

1

+ uri_type : int
+ ptr_element : int
+ ptr_type :int

mir_location
+ location_id : int
l.n + url : string
1 + url_root : string
+ ptr_resource :int
1
..Nn 0..n
mir_doc
+ doc_id :int
+ uri : string
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getURI(name, ID)
{uniprot,P12345} » http://www.uniprot.org/#P122345

getURL(URI)
{http://www.ec-code.org/#1.1.1.1} ~»

http://www.ebi.ac.uk/intenz/query?cmd=SearchEC&ec=1.1.1.1
http://us.expasy.org/cgi-bin/nicezyme.pl?1.1.1.1
http://www.genome. jp/dbget-bin/www-bget?ec:1.1.1.1

validate(URI)
{http://www.uniprot.org/#P123Z5} -»
“Invalid URI! Either the root URI or the accession is wrong ”
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PIP2
IPBaSB
I 4———PLCt<———G
ac q
v
) «— 1P3 Ca
\ out ~
~ \
N 7
4 Vs

.

d[Ca,u] _ ki[IP3R] * ([Cain] — [Cavu]) _ [IPY"

ki=ko=ks=1s"1

_ ) B d[IP3]  ko[PLCy.] % [PIP2]  ks[IP3...] * [[P3]
Kmi=10"7 M, Kmy = 108, Kms = 2.10°¢ M - -
. AT T dt Kms + [P1P2] Kms + [IP3]
B d[PLC,..] G]"
Ka=10""m =4,n = 3,a = 0.001 _ PLC,,
A y M y 1T y & dt Q—F[Gq}n*[ ff]

[Ca;,] = [IP3R] = [PLCy,,] = [PIP2] = [IP3,..] = 0.001 M

[G,] = 0.01 M, [Cavu] = [IP3] = [PLC..] =0 M
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creators

creation date

Joe User (juser @eden.com), Anne Other (aother@eden.com)

01 January 0000

last modification 31 May 2005
Constituent Data Type Identifier Qualifier Meaning
model http://www.pubmed.gov/ 0000000
http://www.ncbi.nlm.nih.gov/Taxonomy/ 9606 Homo sapiens
http://www.geneontology.org/ GO0O:0007204  IsVersionOf positive regulation of cytosolic [ca**]
http://www.geneontology.org/ GO0:0051279  IsVersionOf  regulation of release of sequestered ca’* into cytop
http://www.genome.jp/kegg/pathway/ hsa04020 IsPartOf Calcium signaling pathway - H sapiens
http://www.genome.jp/kegg/pathway/ hsa04070 IsPartOf Phosphatidylinositol signaling system - H sapiens
compartment ER  http://www.geneontology.org/ G0O:0005790 smooth endoplasmic reticulum
reactant Ca;, http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
cytoplasm http://www.geneontology.org/ GO:0005737 cytoplasm
reactant Ca. http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
reactant IP3 http://www.ebi.ac.uk/chebi/ CHEBI: 16595 ID-myo-inositol 1,4,5-tris(dihydrogen phosphate)
reactant PIP2 http://www.ebi.ac.uk/chebi/ CHEBI: 18348 1-phosphatidyl- 1 D-myo-inositol 4,5-bisphosphate
reactant IP3R  http://www.uniprot.org/ Q14643 HasVersion  [Inositol 1,4,5-trisphosphate receptor type 1
http://www.uniprot.org/ Q14571 HasVersion  [nositol 1,4,5-trisphosphate receptor type 2
http://www.uniprot.org/ Q14573 HasVersion  [nositol 1,4,5-trisphosphate receptor type 3
reactant PLC..  http://www.uniprot.org/ QINQO6 IsVersionOf  PIP2 phosphodiesterase Pl
reactant PLC..:  http://www.uniprot.org/ QINQ66 PIP2 phosphodiesterase Bl
reactant IP3,.  http://www.uniprot.org/ Q14642 Type 1 inositol-1,4,5-trisphosphate 5-phosphatase
reactant G http://www.uniprot.org/ QO6NT27 Guanine nucleotide binding protein Gq
reaction Caelease http://www.geneontology.org/ G0:0005220 IP3-sensitive calcium-release channel activity
http://www.geneontology.org/ GO:0008095  IsVersionOf [P3 receptor activity
reaction IP3pcaeion  http://www.geneontology.org/ GO:0004435 IsVersionOf  phosphoinositide phospholipase C activity
http://www.ebi.ac.uk/intenz/ 3.14.11 IsVersionOf  phosphoinositide phospholipase C
reaction IP3egraaion  http://www.ebi.ac.uk/intenz/ 3.1.3.56 IsVersionOf  inositol-polyphosphate 5-phosphatase
reaction PLC ,mion  http://www.geneontology.org/ G0:0007200 G-protein signaling coupled to IP3 2nd messenger




creators

creation date

Joe User (juser @eden.com), Anne Other (aother@eden.com)

01 January 0000

What is common?

last modification 31 May 2005
Constituent Data Type Identifier Qualifier Meaning
model http//www pubmed gov/ 0000000
http://www.ncbi.nlm.nih.gov/Taxonomy/ | 9606 Homo sapiens
http://www.geneontology.org/ GO:0007204  IsVersionOf positive regulation of cytosolic [ca**]
http://www.geneontology.org/ GO0:0051279  IsVersionOf  regulation of release of sequestered ca’* into cytop
http:/f'www.genome.jp/kegg/pathway/ hsa04020 IsPartOf Calcium signaling pathway - H sapiens
http://www.genome.jp/kegg/pathway/ hsa04070 IsPartOf Phosphatidylinositol signaling system - H sapiens
compartment ER | http://www.geneontology.org/ G0O:0005790 smooth endoplasmic reticulum
reactant Ca;, http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
cytoplasm http://www.geneontology.org/ GO:0005737 cytoplasm
reactant Cay http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
reactant IP3 http://www.ebi.ac.uk/chebi/ CHEBI: 16595 1ID-myo-inositol 1,4,5-tris(dihydrogen phosphate)
reactant PIP2 http://www.ebi.ac.uk/chebi/ CHEBI: 18348 1-phosphatidyl- 1 D-myo-inositol 4,5-bisphosphate
reactant IP3R  http://www.uniprot.org/ Q14643 HasVersion  [nositol 1,4,5-trisphosphate receptor type 1
http://www.uniprot.org/ Q14571 HasVersion  [nositol 1,4,5-trisphosphate receptor type 2
http://www.uniprot.org/ Q14573 HasVersion  [Inositol 1,4,5-trisphosphate receptor type 3
reactant PLC..  http://www.uniprot.org/ QINQO66 IsVersionOf  PIP2 phosphodiesterase Bl
reactant PLC...  http://www.uniprot.org/ QINQO6O PIP2 phosphodiesterase Bl
reactant IP3,.  http://www.uniprot.org/ Q14642 Type I inositol-1,4,5-trisphosphate 5-phosphatase
reactant Gg http://www.uniprot.org/ QO6NT27 Guanine nucleotide binding protein Gq
reaction Caelease http://www.geneontology.org/ G0:0005220 IP3-sensitive calcium-release channel activity
http://www.geneontology.org/ GO:0008095  IsVersionOf [P3 receptor activity
reaction IP3pcaucion | http://www.geneontology.org/ GO:0004435  IsVersionOf  phosphoinositide phospholipase C activity
http://www.ebi.ac.uk/intenz/ 3.14.11 IsVersionOf  phosphoinositide phospholipase C
reaction IP3egradaion | http://www.ebi.ac.uk/intenz/ 3.1.3.56 IsVersionOf  inositol-polyphosphate 5-phosphatase
reaction PLC iyaion | http://www.geneontology.org/ GO0O:0007200 G-protein signaling coupled to IP3 2nd messenger




MBL-EBI Some defir-

Controlled Vocabularies

“Organized lists of words and phrases, or notation systems, that are used to
initially tag content, and then to find it through navigation or search.”

Amy J. Warner. A Taxonomy Primer.
http://www.lexonomy.com/publications/aTaxonomyPrimer.html

“A set of codes, managed by some authority (eg a person or an organisation),
employing some mechanism”. Misha Wolf on IPTC internal developer forum
for the News Metadata Framework WG

“An indexed dictionary”. Nicolas Le Noveére. This presentation.

Ontology

“(Computers) A systematic arrangement of all of the important categories of
objects or concepts which exist in some field of discourse, showing the
relations between them. When complete, an ontology is a categorization of
all of the concepts in some field of knowledge, including the objects and all
of the properties, relations, and functions needed to define the objects and
specify their actions. A simplified ontology may contain only a hierarchical
classification (a taxonomy)” The Collaborative International Dictionary of
English v.0.48

A set of elements of knowledge linked with sense-bearing relationships.
Nicolas Le Noveére. This presentation.
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Elall : all { 218850 ) &
[+ @ GO0:0008150 : hiological_process { 145098 )
@ G0:0009987 - cellular process { 91236
@ G0:0007154 - cell communication { 15496
[ @ GO:0007267 : cell-cell signaling { 1894 )
[+ @ GO:0019226 : transmission of nerve impulse { 12303
£l ® GO:0007268 : synaptic transmission { 1124 ) &
@ GO:0007270 : nerve-nerve synaptic transmission { 92)
« @ GEO0007E274 - neuromuscular synaptic transmission { 33 )

Graphical View

H® GO:0045213

[+ @ G0:0001505

[ @ G0:0050803
[ @ GO0007582 : physiological process [ 96419 )

: heurotransmitter receptor metabalism ( 32 )
: regulation of neurotransmitter levels [ 547 )
: regulation of synapse structure and function {439

[+ @ GO:0050874 - organismal physiological process ( 9314 )
[+ @ GO:0050877 : neurophysiological process { 4743)
® GO:0019226 : transmission of nerve impulse {1230
-] @ GO:0007268 : synaptic transmission { 1124 ) L
@ GO:0007270 : nerve-nerve synaptic transmission { 92
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Set Filters

« @ GO0007274 -
[ @ GO:0045213

[ ® 30:0001505
[ ® G0:0050803
[El @ GO:0005575 : cellular_component { 131714 ) &
[E] @ GO:0005623 : cell { 96196 ) &

neuromuscular synaptic fransmission [ 33)
neurotransmitter receptor metabolism { 32 )

:regulation of neurotransmitter levels [ 347 )
: regulation of synapse structure and function (439

[+ ® GO:0045177 - apical part of cell { 293 )

@ G0:0043130 : ATP-binding cassefte (ABC) transporter complex { 145 )
® 500045175 : basal part of cell { 35

[ @ G0:0005933 : bud (294 )

[+l ® GO:0000267 : cell fraction { 2034 3

[l @ G0:0042995 : cell projection { 1119 ) &

® G0:0005930 :

® GO:0005932
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200053219

200375
200713867
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GO0:0043005 : neuron projection { 236 ) “
@ GOe0030424 : axon (1157
[ @ GO:0030425 : dendrite ( 106 ) &
« @ GO:0043795 : dendritic shaft (5
« @ G2:0043197 : dendritic spine { 5)
@ G0:0031143 : pseudapodium { 20
« @ GO:0001726 : ruffle ( 76 )
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2 ChEBI

Quick Search

—

Example: water

Search I Help ?

* ChEEI Home

= Anvanced Search

* |ser Marwal
* FAQ's

Dowenloads

* SourceForge Forum
Contact CHEEI

Resul http://www.ebi.ac.uk/chebi/

GeneralInformation e

ChEE| Mame acetylcholine
ChEEI IC CHEBI:15355

CHEE:23091 chemical_ontalogy
I\ CHEBI24432 grouped_by_functions
£ CHEEI:25512 neurotransmitters
2\ CHEBIN 5355 acetylchaline
L CHEBI:24431 grouped by chemistry
L CHEBI25367 molecules
' CHEBI:25700 organic molecules
2 CHEBI:32952 amines
£ CHEBI:22879 hiogenic amines
£\ CHEBI22227 acylcholines

£ CHEBI1 5355 acetylcholine
FParents and children

IUPAC MNane

Z-acetylozy-M A A-trimethylethanaminium

acetylcholine IntEnz
Acetylchaling KEGG COMFOUMD
O-acetylcholine ChEEI
S-acetylchaoline IntEnz
O-Acetylchaline KEGG COMFOUMND

Database Lk

CO1996 KREGG COMPOUMD
Registry bumber T T
L1-84-3 Ca&S Registry Mumber KEGG COMFOURMD




EBI Home About EEBI

Hame

Mews

Advanced search
Proposed enzymes
Display information
About [ntEnz

Future developrent

EC 3
EC 31
EC 311

—

2 show clagsification

& Printer-friendly view

Groups Services

Common name:

Reaction:

Other name(s):

Systematic name:

Comments:

Links to other databases:

References:

Toolbox Database Downloads Submissions

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

IUBME Enzyme Momenclature

EC3.11.7

acetylcholinesterase

acetylcholine + H2III = choline + acetate

Az:CholE

acetyl B-methylcholinesterase
acetylcholine hydrolase
acetylthiocholinesterase
choline esterase |
cholinesterase

true cholinesterase
acetylcholine acetylhydrolase
Acts onoa variety of acetic esters; also catalyses transacetylations.

EREMDA, ERGO, GO, KEGG, MIST 74

CAS Registry Murnber: 9000-31-1

1. Augustinsson, k.-B. Cholinesterases. A study in comparative enzymology . Acia Phusisf, Scand. 15 (1948)

2. Bergrmann, F., Rimon, 5. and Segal, R, Effect of pH on the activity of eel esterase towards different substrates.
Biocher, £ 65 (19553 493-499,

3. Cilliv, G. and Dzand, P.T. Hurman erythrocyte acetylcholinesterase purification, properties and kinetic behavior. Siccfins.

Siopfivs. Acta 264 (19723 136-156. [FMID: 2073755

4. Leuzinger, ., Baker, & L. and Cauvin, E. Acetylcholinesterase. 1. Crystallization, absorption spectra, isoionic point.
Froc. Mali. Acad. Sof, 34 58 (1968 620-623. [FMID: 5235984

5. Machmansohn, D. and Wilson, 1.E. The enzymic hydrolysis and synthesis of acetylcholine. Adv. Exzvmad. Selad. Sy,
Hiocherm. 12 (19513 258-339.

G. Zittle, C.A , DellaMonica, E.5., Custer, J.H. and Krikorian, . Furification of human red cell acetylcholinesterase by
electropharesis, ultracentrifugation and gradient extraction. Arch. Slechen. Siopfes. 56 (19551 469-475,

[EC 3.1.1.7 created 1961]
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I Inter Pro home

Text Search

InterProScan

Databases

Documentation

FTF site

Protein of the month

Search: I

I Search Entries

j Search InterPro I I

Parent-Child tree for InterPro Entry IPR00&201

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

Inter Pro entries can be related to each other in a parent-child relationship. See the user manwal for mare information.

Ay domains Inter Pro entries ) in which an entry in this tree is found or contains is shown. Click on the accession number to go to the primary entry, click on the name 1o go to that entry’s parent-child tree.

-I:_—__:)—IPHEIEIEEIZH : Meurotransmitter-gated ion-channel COMNTAIMS: (IPRO0E029: Meurotransmitter-gated ion-channel transmerbrane region, IPRO0E202: Meurotransmitter-gated ion-channel ligand-binding )

—D—IPHDDESB4 » Micotinic acetylcholine receptor COMTAINS: (|PRO0S023: Meurotransmitter-gated ion-channel transmernbrane redion, |FPROOG202: Meuratransmitter-gated ion-channel ligand-binding )

—E}—IPHDDEDEB . Gamnz-aminobutyric acid A receptor CONTAINS: {|FRO0OE029: Meurotransmitter-gated ion-channel transmernbrane region, |PROOG202: Neurotransmitter-gated ion-channel ligand-kbindiog )

IFRO0H 380 Gamma-aminobutyric-acid A receptaor, alpha subonit COMNTAINS: (IPRO0G029: Meurotransmitter-gated ion-channel transmembrane region, |FROOG20:2: Meurotransmitter-gated

)

ion-channel ligand-binding )

IFRO0228S - Gamma-aminobutyric-acid A receptaor, beta subunit COMTAIMS: (P RO0E023: MNeurotransmitter-gated ion-channel transmembrane region, |PRODG202: Meurotransmitter-gated

ion-channel ligand-binding )
IPRO0S437 : Garnma-arninobutyric-acid A receptor, garmma subunit COMTAINS: (1P RODS029 :Meurotransmitter-gated ion-channel transmembrane region, 1PRO0OE202: Meurotransmitter-gatec

ioti-chaninel ligand-hitding )
IPROOB0SY : Garnma-arninobutyric-acid A receptor, Rho CONTAIMS: (IPRODGE029: Meurotransmitter-gated ion-channel transmernbrane region, |PRODE202 - Meurotransmitter-gated ion-channel

licjand-kiteding s
IFROOS0SS : Gamma-aminokbutyric-acid A receptar delta subunit COMTAINS: (1P BO0B029: Meurotransmitter-gated ioh-channel transmembrane redion, |FRO0G202: Meuratransmitter-gated

ion-channel ligand-hinding )
IPRODS03S : Garrma-aminobutyric-acid A receptor epsilon subunit CONTAINS: (IPBOOED29: Neurotransmitter-gated ion-channel transmernbrane region, |FRO0E1E2: Phosphopantetheine attachiment

site, IFROOE202: Meurotransmitter-gated ioh-channel ligand-binding )
IFROOS100 ; Gamma-aminobutyric-acid A receptor pi subonit COMNTAINS: (IPROOE029: Neurotransmitter-gated ion-channel transmembrane region, [FROOE2Z02 :MNeurotransmitter-gated ion-channel

0000 ® @ 0

ligand-binding )
IFROOS101 : Gamma-aminobutyric-acid A receptor theta subunit CONTAIMS: (IPRO0DE029: Meurotransmitter-gated ion-channel transmembrane region, 1P ROODE202:Meurotransmitter-gated

ion-channel ligand-bindincg )

O—IPHDDEDED : Glycine receptor beta CONTAINS: {|PREOOG029: Meurotransmitter-gated ion-channel transmernbrane region, |FRO0E202 : Neurotransmitter-gated ion-channel ligand-kinding )

—D—IF‘HDDB1 28 ;. Glycine receptor alphal COMTAINS: (IPRO0E029: Meurotransmitter-gated ioh-channel fransmembrane redion, |FRO0S202: Meuratransmitter-gated ion-channel ligand-kinding )

—D—IF‘HDDB1 29 : Glycine receptor alphaz2 COMTAINS: (IPRO0E029: Meurotransmitter-gated ioh-channel transmembrane redion, |FRODS202: Meuratransmitter-gated ion-channel ligand-kinding )

—D—IF‘HDDB1 30 : Glycine receptor alphas COMTAIRS: (IFRO0E029: Neuratransnitter-gated ion-channel transmembrane reqion, |PRODE202: Meurotransmitter-gated ion-channel ligand-binding

—E:I—IPHIIIEIEHSE » S-hwdrozytryptamine 3 receptor CONTAINS: (IFROOG029:Meurotransmitter-gated ion-channel transmembrane region, |PROOG202: Meurotransmitter-gated ion-channel ligand-hinding

N

IFROOS1 33 : S-hwydrosytryptamine 3 receptor, & subonit COMNTAINS: (IPRO0E02S: Meurotransmitter-gated ion-chantel transmerbrane redion, [FROOG202: Meurotransmitter-gated ion-channel

licjand-hitcding )
IFROOS134 ; S-hydrosytryptamine 3 receptor, B subunit CONTAINS: {IPRO0E029: Meuratransmitter-gated ion-chantel transmemnbrane redion, [FROOG202: Meurotransmitter-gated ion-channel

R
N
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Enter search benn: Makch: Query:

Include all synonyms
p complete word - A
UniProt Taxonomy Browser _ and misspellings .

Home archaes Bacteria Eukaryota Viroids YirLses

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

Homo sapiens (Human)

Lineage Taxonomy identifier | 9606 External information
Organism
identification code HUMARN
« Eukaryota N Homo
, Metazoa Scientific name sapiens
. —Char!data Common name Human
e Craniata
« Yerehrata SyNonym -
« Euteleostomi Other NCEBI
« MMammalia SyNONyms man hitp:dweey ebiac ukfintegra/QuickSearch.do?action=doCrgSearch&organismiMame=homo+sapi
« Eutheria . hitpddueew . mnh.si.edufanthro/humanorigins/ha‘sap.htm
« Euarchontoglires | Fank SPECIES
s Primates MNumhber of
« Catarrhini UniProtfSwiss-Prot | 12835
« Hominidae entries
» Homo Mumber of
LIniProtTrEBL 5751k
entries
Taxonomy navigation
LIp taxonomy tree Down taxonomy tree
Homo « Homo sapiens neanderthalensis

Source of data » Swiss-Prot  MOET taxonomy for this taxon

UniProt Swiss-Prot@ExPASY Swiss-Proti@EBlI  Species list  HCEI Taxonomy
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Freface
FPreamble
Frinciples
Fule=
Articles 1-3
Articles 4.5
Article &
Article 7
Article 2
Article 9
Article 10
Article 11
Article 12
Article 13 —
Article 14 b
Article 15
Article 16
Article 17 The PhyloCode is a formal set of rules governing phylogenetic nomenclature. It is designed to name the parts of the tree of life by
EEE ig explicit reference to phylogeny. The PhyloCode will go into operation in a few years, but the exact date has not yet been determined. It is
article 20 designed =o that it may be used concurrently with the existing codes hazed on rank-based nomenclature (ICBM, ICZM, etc.). We
rticle 21 anticipate that many people whose research concerns phylogeny will find phylogenetic nomenclature advantageous.
ﬁfﬁ—rerm The PhyloCode grew out of a worlishop at Harvard University in August 1988, where decisions were made about its scope and content.
Appendit A IMany of the workshop participants, together with several other people who subsequently joined the project, have served as an advisory
Appendix B group (see the PhyloCode preface for a list of the people involved). In April 2000, a draft was made public on this web site and comments
Index welre solicited from the scientific community. All comments were forwarded to the advisory group, and many of them elicited discussion.
Download A second workshop was held at Yale University in July 2002, at which some modifications were made in the rules and recommendations
Current Draft of of the PhyloCode. An important decision made at the Yale workshop is that the rules governing clade names and those governing species
PhyloCode names will be published in separate documents, and the timing of implementation of the two documents will be independent. The rules
E,I.?..Em‘"”ﬂ'mmﬁl&l} for clade names will almost certainly he implemented before those for species names because the latter have not vet been drafted. Cnly
Word Version tlade names are covered hy the current version of the PhyloCode. As a result, the examples in the current wersion use hinomials governed
. by the rank-based codes when species names are cited in the phylogenetic definitions of clade names.
Previous Drafts:
;E;‘Li':;i draft The First International Phylogenetic Nomenclature Meeting, which took place July -G, 2004 in Paris, was attended by about 70
Word wersion systermnatic and evolutionary biologists from 11 nations. The program can be downloaded from the left side of this page. The participants
are grateful to the Organizing Committee, and particularly its Chair, Michel Laurin, for the care and effort that was devoted to making
October 2003 draft the meeting an enjoyable and stimulating event. This was the first open, multi-day conference that focused entirely on phylogenetic
FDF version nomenclature. Papers presented at the meeting will form the core of a book whose publication, tentatively scheduled for 2008, will
Plicpd] wzein coincide with the implementation of the PhyloCode. This book will represent the official starting peint of phylogenetic nomenclature as
e e TS implemented in the PhyloCode. The Paris meeting also provided the wenue for the inauguration of a new association, the International
draft Society fc:r Ph}rlngenetlc Nnmenclature (ISPNI' The ISPN memhershlp Wlll elect the Cnmmlttee on Ph}rlngenetlc Nnmenclature the =

I I =] E’ D http:itwanm. u:-hlu:uu eduiphylncude!PhylnCndeEb pdf = ==y




k k
1 p
E+S =ES - E+P ; Rapid equilibrium
|<-1
- . _ _EkS] o,k
Henri-Michaelis-Menten: V= TS Km_k_1
k, k

1 p

E+S » ES » E+P; Total duration equal sum of duration

Ek, 5] K,
Van Slyke-Cullen: Vs Kn=%
Kk
E+S =ES » E+P ; Quasi-steady state
I<-1
_ _ Ek,[S] _ (k_+k,)
Briggs-Haldane: V= K= ¢
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<reaction>
<listOfReactants>
<speciesReference species="S" />
</listOfReactants>
<listOfProducts>
<speciesReference species="P" />
</listOfProducts>
<listOfModifiers>
<speciesReference species="E" />
</listOfModifiers>
<kineticLaw>
<listOfParameters>
<parameter id="Km"/>
<parameter id="kp”/>
</listOfParameters>

Hidden assu

E+S > E+P

Import in a discrete simulator

?

<math xmlns="http://www.w3.0rg/1998/Math/MathML"”>

<apply> K K
<divide/><apply> 1 P
<times/><ci>E</ci> E+S=ES > E+P; k, =k /K
<ci>kp</ci> 1 - m
<ci>s</ci> K,
</apply> K, K,
<apply>
<plus/><ci>Km</ci> E+S > ES-> E+P; kl = kp/Km
<ci>S</ci> K
) </apply> kd .
</apply> 1
</math> E+S=ES » E4+P; k, = (k,+k )/K
</kineticLaw> S 1™ -1 P m
</reaction> k

&
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The Systems Biology Ontology

a€.uk/compneur-srv/sbho/



Each term is associated to a perennial identifier. Once
created a term is never destroyed. It can be merged with
other, or made obsolete, but it still exists.

An ontology is an evolving structure: It can cope with an
increase or refinement of knowledge. No need to reconstruct
everything as with the taxonomies.

An ontology is a Direct Acyclic Graph, and not a hierarchy. A
term can possess more than one parent.

Ontologies are stored in standard machine-readable formats.

They can be subjected to automatic treatments.
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A taxonomy of the roles of reaction participants, including
the following terms: “substrate”, “catalyst” etc.

A CV for parameter roles in quantitative models. This CV
Includes terms like “Michaelis constant” , “forward
unimolecular rate constant”etc.

A classification of rate laws. This CV is a taxonomy of kinetic
rate equations. Examples of terms in this CV are “mass
action kinetics”, “Henri-Michaelis-Menten equation” etc.
Each term contains a precise mathematical expression
stored as a MathML lambda function. The variables refer to
the CVs described above.

A list of modelling framework to precise how to interpret the
rate-law. E.g. “continuous modelling”, “discrete modelling”
etc.
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id

name
def

is_ a
part_of
synonyms

mathml
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SBO:\d{7}
unicode string
unicode string
SBO:\d{7}
SBO:\d{7}

unicode string

minOccurs=1
minOccurs=1
minOccurs=0
minOccurs=0
minOccurs=0

mMinOccurs=0

MathML lambda function minOccurs=0

maxOccurs=1
maxOccurs=1
maxOccurs=1
minOccurs=n
maxOccurs=1
minOccurs=n

maxOccurs=1



[CP"SBEO-"Systems Biology Ontology - Mozilla B Bk
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Browse

Edit tree

FAQ
=B0 mailing-list
Search

Contact

RIONODELS.NET

Computational
Newfobiology

ML
OBO

apen biomeedical anlisgin

Ontology Browser

S80::Systems Biology Ontology

bo

= (D guantitative parameter

7 & kinetic constant
& Michaelis constant
9 thermodynarmic ternperature

9 ternperature difference

& rumber of substrates

7 & ohsolete parameter

=LF participant role

7 & reactant

@ product
- @ modifier

- € catalyst
€ enzyme
@ inhihitor
@ patentiatar

€9 ohzolete species role

71 @ rmodelling frarmework

= (@ mathematical expression

- 69 rate law

7 & rmass action kinetics

SBO:0000031 Briggs-Haldane equation

Crefinition

the kinetics of enzyme action, Biochem. J., 19 339-338", It is a
general rate equation that does not reguire the restriction of =
equilibrium of Henri-Michaelis-Menten or irreversible reactions of Van
Slyke, but instead make the hypothesis that the complex
enzyme-substrate is in gquasi-steady-state. Although of the same form
than the Henri-Michaelis-Menten equation, it is semantically different
since Km now represents a psudo-eguilibrium constant., and 1s equal to

hd athhiL

=math xmlns="http:/ www. w3, org/1968/Math MathHL" »
<semantics definitionURL="http://biomodels. netSBO/#SE0: OQOGGEEZ" ~
=lambda=
<hvar=<ci
definitionURL="http:/sbilomodels.net/SBO/#5BO: 0OO0E2S" ~kcat</ci=</bvar=
<hvar=<ci
definitionURL="http://biomodels net/SBO/#5B0: BEOEE14" ~Et</ci==/bvar=
<hvars=<ci

Comment

Rate-law presented in "G.E. Briggs and J.B.S. Haldane {1825} & note on[a]

_|]EEE! Done

o €% nor-interacting reactant enzyme kinetics

- &9 kinetics of unireactant enzymes

& Henri-Michaelis Menten equation

© “an Slyke-Cullen equation

€ Briggs-Haldane equation

&9 kinetics of non-interacting hireactant enzymes




Complete description of a rate-|

[ Term]
id: SBO:0000031
name: Briggs-Haldane equation
def: "Rate-law presented in "G.E. Briggs and J.B.S. Haldane (1925) A note on the kinetics
of enzyme action, Biochem. J., 19: 339-339". It is a general rate equation that does not
require the restriction of equilibrium of Henri-Michaelis-Menten or irreversible reactions
of Van Slyke, but instead make the hypothesis that the complex enzyme-substrate is in
quasi-steady-state. Although of the same form than the Henri-Michaelis-Menten equation, it
is semantically different since Km now represents a psudo-equilibrium constant, and is
equal to the ratio between the rate of consumption of the complex (sum of dissociation of
substrate and generation of product) and the association rate of the enzyme and the
substrate.
is_a: SB0:0000011 ; kinetics of unireactant enzymes
MathML: <math xmlns="http://www.w3.0rg/1998/Math/MathML"”>
<semantics definitionURL="http://biomodels.net/SBO/#SBO:0000062">
<lambda>
<bvar><ci definitionURL="http://www.biomodels.net/SBO/#SB0:0000015">S</ci></bvar>
<bvar><ci definitionURL="http://www.biomodels.net/SBO/#SB0:0000014">E</ci></bvar>
<bvar><ci definitionURL="http://www.biomodels.net/SBO/#SB0:0000025">kp</ci></bvar>
<bvar><ci definitionURL="http://www.biomodels.net/SBO/#SB0O:0000008"”>Km</ci></bvar>
<apply>
<divide/>
<apply>
<times/><ci>E</ci><ci>kp</ci><ci>S</ci>
</apply>
<apply>
<plus/><ci>Km</ci><ci>S</ci>
</apply>
</apply>
</lambda>
</semantics>
</math>
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New SBML attrib_

syntax: <elementX sboTerm="SBO:ddddddd” >

present in:

- model

- initialAssignment (new element of L2V2)

- rule

- constraint (new element of L2V2)

- reaction

- speciesReference and modifierSpeciesReference
- kineticLaw

- parameter
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31-EBI Revealed as

<reaction>
<listOfReactants>
<speciesReference species="S" />
</listOfReactants>
<listOfProducts>
<speciesReference species="P" />
</1listOfProducts>
<listOfModifiers>
<speciesReference species="E" />
</listOfModifiers>
<kineticLaw sboTerm="SB0O:0000031">
<listOfParameters>
<parameter id="Km"/>
<parameter id="kp"/>
</listOfParameters>
<math xmlns="http://www.w3.0rg/1998/Math/MathML"”>

<apply>
<divide/><apply>
<times/><ci>E</ci>
<ci>kp</ci>
<ci>S</ci>
</apply>
<apply>
<plus/><ci>Km</ci>
<ci>S</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>
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3L-EBI Revealed ass

<reaction sboTerm="SB0:0000062">
<listOfReactants>
<speciesReference species="S” sboTerm="SB0O:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="P” sboTerm="SBO:0000011"/>
</1listOfProducts>
<listOfModifiers>
<speciesReference species="E” sboTerm="SBO:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="Km” sboTerm="SB0O:0000008"/>
<parameter id="kp” sboTerm="SB0O:0000025"/>
</listOfParameters>
<math xmlns="http://www.w3.0rg/1998/Math/MathML"”>

<apply>
<divide/><apply>
<times/><ci>E</ci>
<ci>kp</ci>
<ci>S</ci>
</apply>
<apply>
<plus/><ci>Km</ci>
<ci>S</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>
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S1-EBI Automatic ¢

<reaction sboTerm="SB0:0000062">
<listOfReactants>
<speciesReference species="A" sboTerm="SBO:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="B” sboTerm="SBO:0000011"/>
</1listOfProducts>
<listOfModifiers>
<speciesReference species="C” sboTerm="SB0:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SBO:0000008"/>
<parameter id="V"” sboTerm="SB0O:0000025"/>
</listOfParameters>

</kineticLaw>
</reaction>
continuous simulator discrete simulator
k 1%
_cvi(al vi=2 A C)
(U+[A])

v2=k_| D]
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& [ “» Eurocpean Bioinformatics Instit... I*’c} Browse the OBO Ontologies ] %

Main Criteria Ontologies Browse Project (VS Subscribe Contact

OBO Ontology Browser

Browse the tree by clicking on the category names; click on an ontology name to view mare information on it.

anatomy

animal natural histony and life histany

[=] chemical
chemical entities of biological interest
physico-chemical methods and properties
physico-chemical process

systems biology

development
ethology
evidence codes
[-] experimental conditions
biological imaging methads
microarray experimental conditions
physico-chemical methods and properties
[-] genomic and proteomic
gene product
sequence types and features
QOBO relationship types
phenotype
taxonomic classification
vocabularies

Please submit any updates ar corractions to the OBQ webmaster

[l & | http:#obo.sourceforge. net/browse. htmil# N == e



MBL-EBI

P-
This list is incomplete and biased! Use it as a starting point

Signalling pathways and metabolic networks

- KEGG: http://www.genome.jp/keqgqg/

- Reactome: http://www.reactome.org/

- BioCyc: http://biocyc.org/
Functional parameters

- BRENDA: http://www.brenda.uni-koeln.de/
- SABIO-RK: http://sabio.villa-bosch.de/SABIORK/

Morphology

- Cell-Centered Database: http://ccdb.ucsd.edu/
- Synapse Web: http://synapses.mcg.edu/

Electrophysiology

- Neurodatabase.org: http://neurodatabase.org/
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[GENESIS]] i ]
!
éw ModelDE of SenseLab [NEURON, GENESIS ...][ ]
-.ﬂL:-' | |
models repository [CellML][curation...
acellML posttory [CelMLI e

. biology. math, data. knowledye.

JWS online [SBML, Pysces][curation]

Developer Network [E-Cell, SBML]

/S BioModels Database [CellML, SBML][curation...][
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Database of Quantitative Cel_

Main page: http://dogcs.ncbs.res.in/

Location: National Center for Biological Sciences
(Bangalore, India)

Team: Upinder Bhalla
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Q Q O \3 |% http:ffdoges .nebs res.in/ |[Q5earch] ng
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5| [ % European Bioinformatics Instit..., ]% DOQCS database I% Model DB ] O

Enter a Search String
Spacizl character and spaca not allawed in the query term. Search string should be at least 2 characters long.

Search in: IALL j Search for Match I,ﬂ\nything j Ev I Mame j sUbmit |

The Database of Quantitative Cellular Signaling is a repository of models of signaling pathways. It includes reaction schemes, concentrations, rate constants, as well
as annotations on the models. The database provides a range of search, navigation, and comparison functions.

Quick Pathway Navigation

General cellular signaling|

NCES Home page
Accession List

Pathuway List
Search Regulator/

Authorized User Hormone

Help

Mews archives
GPCR

MAPK [V

cascade

Click on the pathway block to view pathway parameters.

Database compilation and code copyright () 2005, Upinder 5. Bhalla and NCES/TIFE
This Copyright is applied ta ensure that the contents of this database remain freely available. Please see FAQ for details.
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.
OO @O O \3 | % http:ffdoges.nehs res.inf~dogesftemplate phpt&y=spath&m=exact&.col=name&.str=mapk | [CL Search ] ‘:Zgo
FY
R
& [ % European Bininformatics Instit. .. ]% DOQCS database I% ModelDB ] 5|
FY
Enter a Search String
Specizl character and space not allowed in the query term. Search string should be at least 2 characters long.
Search in: ALL =l Search for Match | Arything = By | Name | submit |
Result: 1 - 12 of 12 rows are displayed
Pathway List for mapk
Drefault ordering is done according to Pathw ay Wame Table header can be used for changing the default ordering.
NCES Home page i indicates that ordering i= done according to ascending or descending order.
Accession List Entries are color tagged depending on Wetwork l:l or Pathway n
Pathwray List Pathway Name® Accession Name Accession Related . . Source N
— —Y—Pathwa No. Acoession No. Type Pathway Pathway statistics | mapk statistics Entry Date
Authorized Users MAPK fig2_eqgfr 2%, 39, 36, Molecule = @ Molecule = 1 Ehalla US and Ivengar B. Science (1989)
igs_eqir E1, 75, 129
Help 1 Metwork Ez _1;:;2_153 Enzyme = 4 Enzyme =10 28305400):381-7. [ peer-reviewed publication )/
Mews archives Pathway Mo. 5 Accession Mo, 1 ;‘ E' = Feaction =0 Feaction =0 2001-11-07
This network was used to generate figure 2 in Bhalla 115 and Ivengar B. Science [1353) 283[5400):381-7 . It consists of the MAFFE cascade in a feedback loop with FEC, and receives input from the EGFE in the synapse.
Demonstration seript files for generating the fiqures in the paper. including figure 2. are available here.
MAPK figd synapse g; 3?—55’ E;—Sa’g Molecule = 9 kMolecule = 1 Bhalla US and Iyengar B. Science (1999}
2 Metwork Eé _152_153 Enzyine = 4 Enzyme =0 283(5400):381-7. [ peer-reviewed publication )/
Pathway MNo. 24 wreession Mo, 3 E E’ = Reaction =0 Feaction = 0 2001-11-07
This iz the composite model of 4 kinases: PEC, MAPE, PEA and CalMEIL and n;uar;regﬂatory pathw ays inwvolved in =ymaptic =ignaling. From Ehalla TS and Iyvengar . Science (1993) 283(5400].:3281-F Thi= model comes
from fiqure 4 of that papar.
Dremonstration script files for generating the figures in the paper. including figure 4. are available here.
MAP £, 2¢, 56, _ _ Ehalla US et al. Science (2002 |
2 MAPK ;Hme_L-—_]:tsl feedback Network |&l 25 138, 7%4;13;'25 _ jée 7241?133'23 _ ]é 29705583):1018-23. [ peer-reviewed publication
Pathway No. 35 Lie, 182, 193, Reaction — B Peaction =0 |
v Accession Mo, 4 2l 2= - - 2001-11-07
The Mitagen Activated Protein Einaze [MAPE) cascads model here inclndes both the MAPE cascads and its requlation by two forms of MEP. MEP-1 i= induced upon MAFPE activation, whereas MEP-2 iz treated as a steady
lewel of protein. The phosphatase Protein phosphatase 2 A [PP2A) is also included in this model to balance the activity of the kinases.
MAPK 2d_fold model g; %5 %‘39 IMolecule = 9 Molecule = 1 Ehalla US and Iyengar B. Science (1999)
4 Metwork Ez _1;32_153 Enzyme = 4 Enzyme =0 283(5400):381-7. [ peer-reviewed publication )/
Pathway No. 58 dccession Mo, B ;‘ E' = Feaction =0 Feaction =0 2001-11-08
This model is an annotated version of the symaptic signaling network.
The primary reference iz Bhalla S and Ivengar F. Science (1393) 282(5400).321-7 but several of the model pathw ays have been updated Bhalls US, Bam PT, Ivengar B, Science. 2002 Ang 9;297(5583):1012-23,
MAPK + MAPK_MEP1 2 = Molecule = 15 Molecule = 1 Ehalla US, Iyengar B. Chaos (2001}
5 oscillation Metwork 4w 1me. 139 Enzyme =9 Enzyme =0 11013:221-226, [ peer-reviewed publication )
Pathway No. 61 vrn Eeaction =7 Feaction =0 2001-11-08
Accession Mo, 9 al. =0
This model relates to figure 5 in Ehalla 175, Ivengar B. Chaos [2001) 13101 1:251-336. Tt includes the model used for figures 24 and al=o has MEP-1 induction by MAFE activity in the synapse. FF24 is set to 0.16 ub and MEF
=ynthesic iz varied from Sx 1o 40 x basal to get a range of interesting behaviours.
MAPK + aptic gé 2;’1 351’39 Molecule = 9 Molecule = 1 Bhalla US and Iyengar B. Science (1998)
5 Network Metwrork Lan 122 193 Enzyme = 4 Enzyme =0 283(54000:381 -7, ( peer-reviewed publication ¥
Pathway No. 75 2“’ 230’ * Feaction =0 Beaction =0 2001-12-12
wceession Mo, 16 !
The Mitogen Activated Protein Kinase [MAFE) cascade model here inclndes both the MAFE cascade and its requlation by MEF-1. MEP-1 i= induced npon MAFPE activation, whereas MEF-Z is treated as a steady lewvel of
protein. For the purposes of this version of the model, MEF-1 is kept at a fixed starting wvalue. The phosphatase Protein phosphatase 2 A [FP2A) is also included in this model to balance the activity of the kinazes.
MAPK MAPK osc gé %’1 %‘5 Molecule = 15 Molecule = 1 Boris M. Eholodenko Eur | Biochern. (20003 =
Tim il T, E ]l i L i 1 1ali s
1 ) &4 E] | Done ==t
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E—’l [ % European Bioinfarmatics Instit... I% DOQCS database I% ModelDB |
= . z —
Parameters for MAPK (Pathway Number)
Pathway Layout
HNCES Home page
Accession List —
.. EGF + EGFR —— L EGFR — Intermal L EGFR MAPK*
Pathway List TR
She & She* Gib2 Grib2
Search Gib2.Sos 508 Sos* Gib2. Sos*
Luthorized Users
Help She*.Chib2.So8
Mews archives FEA FEC GOP. Ru PEC
Accessi Imct_GEF*— GEF ¢—— GEF+ [ 0%l w,
cession Type:
S — Cad.CaM + Iract GEF —— CaM.GEF Achmty
Gfy+Imct GEF — > Gpy.GEF
= L JEGFR_MAPE
5O FEC TP .Ras GTP.Ras.cRaf*
:!—_;I. .
Shared_Cbject £ b —
e £ Raf cRaf* MEK/_\ o * *k
EGFE_MAPE MEE MEK MEE
e TN R A TN .
— L‘:“MAPK FP2A MAPE* EPIA EPIA MAPE ¥_ MAPE
0 |.r_/ I\_/
P IMolecule cRaf* MEKP-1 MEP-1
{7 Enzyme
& D .
Bas Pathway Basic Parameters
4 peFR | |
; Pathway Mame MAPE =
- 10O 506 N
- Pathway Entry Number 230
Accession Mumber 58
|Accession Name |EGFR_MAPE
Species Generic mammalian
Tissue Meuronal
| CellCompartment | Synapse
Related Pathways 6,24, 35,56, 61, 75,136, 142, 182, 163, 211
Notes Model of MAPE. activation by EGFR in the synapse. Demonstration prograrms using this model are availahle here.
Primary citation:Bhalla US. Biophys J. (2004) 87(2):745-53,
Statistics
Molecules Enzyine sites Reactions
a k) o]
Conversion format
This pathway is part of accession 58 and is completely specified in the file acchB.g.
There is no separate files for just this pathway. n
Format File
Mative Format (GEMESIS format) acchBs.g
GEMESIS Format (Annotated version) Anno acchs.q
MATLAE format ACCEE.In
|

ol = & £ |http:ffdoqcs.ncbs.res.inf~doqcsftemplate.php?&y=disp|aypar&mid=l823&an=58

ey
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Enter a Search String
Spacial character and space not allow ed in the query term. Search string should be at least 2 charactars long.

Search in: ALL j

Search for

Match IAnything = By IName = Submitl

Enzyme List for pathway MAPK (Pathway Number 230)

HCES Home page
Accession List

Pathwray List
Search
Authorized Users

Help
Newrs archives

Accession Type:
Network

=~ L JEGFR_MAPK
+ O
EGFE_MAPE

Molecule Name/
Site Name

Km (ul)

kcat (s-1)

Ratio
(le2/k3)

Enzyme Type

Substrate

Product

Enzyme Activity:
MAPKEEthr

Enzryme Moleculea:
MAPEE*

0.0452963

explicit E-S complex

MAPE-tyr

MAPE*

Fate consts same as for MAFEELyT.

Enzryme Activiby:
MAPEE YT

Enzyme Molecula:
MAPEE*

0.0462963

explicit E-S complex

MAPE

MAPE-tyr

The actual MAFEF iz 2 forms from Seger et
L3=0.15=ec, scale to get k2=0E. ki=0.75/4

E Eni=27a5

al JBC 267:20 14372(1992) Vmax = 150nmolimin/mg F

rom Haystead et al FEBS 2068(1):17-22 we get Fm=48.6nM for at least one of the phosphs. Putting these together:

Shared Ohbject

Enzryme Activiby:
Raf-GTP-Ras«.1

Enzyme Molecula:
Raf-GTP-Ras*

0.158081

0.105

explicit E-5 complex

MAPEE

MAPEE -cer

Finetics are the same as for the craf-1% activity, ie., kl=1.1e8, k2= 42, k? =0.105 These are baze
the affinity, ie, raize k1 103 to 1.1e5 Lets take it back down to where it

was. Back up to 5X: 5.5e-5

d on Force et al FPNAS TISA 91 1270-1274 1994, These parms cannot reach the observed 43 stim of MAFE. So lets increaze

Enzyme Activiby:
Raf-GTP-Ras*.2

Enzyme Molecula:
Raf-GTP-Ras*

0.152081

0.105

explicit E-5 complex

MAPKE -ser

MAPEE*

Same kinetics as other craf activated forms. See Force et al PNAS 91 1270-1274 1994 k1 = 1.1e6, k2 = 42 k3 = 1.05 raize ki to 5526

Pathwray Details Molecule List Enzyme List Feaction List

Database compilatinn and code copyright (€1 2005, Upinder . Ehalla and NCBES/TIFR

This Copyright is applied to ensure that the contents of this database remain freely available. Flease see FAQ for details,
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SENSELAB

ModelDB

{

Main page:
http://senselab.med.yale.edu/senselab/modeldb/

Location: Yale University School of Medicine (New
Haven, USA)

Team: Gordon Sheperd
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Soneran] | | ModelDB

|

ModelDB provides an accessible location for storing and efficiently retrieving

computational neuroscience models. ModelDB is tightly coupled with MeuronDBE. Models can be
coded in any language for any environment, though ModelDB has been initially constructed
for use with NEUR.ON and GEMESIS, Model code can be viewed before downloading and browsers

can be set to auto-launch the models. Help

Submit a new model entry

Find models by Find models for Find models of
+ model name + Meuron type + Metworks
« first author « Current « Meurons

+ each author + Receptor + Synapses
« Transmitters « Meuromuscular Junctions

« Topic - Axons
« Simulators « lon Channels

Search for models by author name or accession number |

Search |

Find models containing the following |

Search for publications in ModelDB or in PubMed

Reqister for an account
Login to aocess your models
Related Resources

Total site hits since January 1, 2005: 637,222

ModelDE Home Senselab Home Help

Questions, comments, problems? Email the Moderts ddministrator

How to cite ModelDE
This site iz Copyright 2008 Shepherd Lab, ¥ale University

Search |

] 6 & £3
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Models that contain the Model Type | Newron or other electrically excitable cell
(An electrically excitable cell such as a Neuron, Heart, Muscle, Sensory, or Endocrine cell.)
Models | Description
A Model for Interaural This model simulates responses of neurons to interaural time difference (ITD) in the medial superior olive (M50) of the mammalian brainstem. The model
Time Difference has a bipolar cell structure and incorporates two anatomic observations in the MSQ: (1) the axon arises from the dendrite that receives ipsilateral inputs
sensitivity in the Medial |and (2} inhibitory synapses are located primarily on the soma in adult animals. Fine adjustment of the best ITD is achieved by the interplay of somatic
Superior Glive (Zhou et |sodium currents and synaptic inhibitory currents, The model suggests a mechanism for dynamically "fine-tuning" the ITD sensitivity of MS0 cells by the
al 2005 opponency between depolarizing sodium currents and hyperpolarizing inhibitory currents,
Active dendrites and We create multi-compartment maodels of an Griens-Lacunosum/Moleculare (Q-LMY hippocampal interneuron using passive properties, channel kinetics,
spike propagation in a densities and distributions specific to this cell type, and explore its signaling characteristics. We find that spike initiation depends on both location and
hippocampal interneuron (amount of input, as well as the intrinsic properties of the interneuran. Distal synaptic input always produces strong back-prapagating spikes whereas
(Saraga et al 2003) proximal input could produce both forward and back-propagating spikes depending on the input strength. Please see paper for more details.
Fernanda.Saraga@utoronto.ca
Activity dependent
regulation of pacemaker ) ) ) ) ) ) . . )
B e T Demonstration of the physiclogical consequences of the cyclic allosteric gating scheme for Th mediated by HCNZ in thalamocortical relay cells.
et al 20027
Artificial neuron model  |& model is presented that reproduces spiking and bursting behavior of known types of cortical neurcns. The model combines the biologically plausibility of
{Izhikevich 20037 Hodgkin-Huxley-type dynamics and the computational efficiency of integrate-and-fire neurons, Using this model, one can simulate tens of thousands of
spiking cortical neurons in real time {1 ms resolution) using a desktop FC.
Auditory nerve model A method for calculating psychophysical performance limits based on stochastic neural responses is introduced and compared to previous analytical
with linear tuning (Heinz |methods for evaluating auditory discrimination of tone frequency and level, The method uses signal detection theory and a computational model for a
et al 20013 population of auditory nerve (AM) fiber responses, Flease see paper for details,
w ) _ |[The present modeling study suggests that persistent, low-threshold, rapidly activating sodium currents have a key role in breakdown of accommodation,
accmmodation in nerve: ) : . i . o
2 possible role for INAD and that breakdom{n of accommodation can be used as a tool for studying persistent sodium current under normal and pathological conditions. See paper
(Hennings et al 2005) for more and details,
Bursting activity of AN equivalent circuit model of the R15 bursting neuron in Aplysia has been combined with a fluid compartment model, resulting in a model that incorporates
neurcn R15 in Aplysia descriptions of most of the membrane ion channels that are known to exist in the somata of R15, as well as providing a Ca2+ balance on the cell. ... {from
{Canavier et al 1991, the second paper) we have implemented proposed mechanisms for the modulation of two ionic currents (IR and 151D that play key roles in regulating its
Butera et al 1995) spontaneous electrical activity, The model was sufficient to simulate a wide range of endogenous activity in the presence of various concentrations of 5-HT
or DA, See papers for more and details,
CAl Pyramidal Meuron:  |London and Segey (20017 discuss location dependent and location independent synaptic scaling in a maodel CA1 neuron with passive dendrites, The freely
Synaptic Scaling available text iz followed by a critique by Maggee and Cook who comment that the London and Segey model is accurate and informative and however needs
{London, Segev 2001%  [to be augmented by active channels in dendrites. Mote: the zip files for this model are stored at the nature neuroscience website - Click above
Supplementary Source Code in the readme.html in the model files
CAl Pyramidal Meuron:  |Model files from the paper: M, Migliore, Modeling the attenuation and failure of action potentials in the dendrites of hippocampal neurons, Biophys. 1.
slow Ma+ inactivation 71.:2394-403 (1998). Flease see the below readme file for installation and use instructions. Contact michele migliore@pa.ibf.cnr.it if you have any guestions
(Migliore 1996&) about the implementation of the model,
CAl pyramidal neuron Hippocampal Al pyramidal neuron model from the paper M.Migliore, D.A Hoffrman, J.C. Magee and D, Johnston (1999) Role of an A-type K+ conductance in
{Migliore et al 1999) the back-propagation of action potentials in the dendrites of hippocampal pyramidal neurons, 1. Comput, Meurosc. 7, 5-15. Instructions are provided in the
below README file.Contact michele.migliore@pa.ibf.cnr.it if you have any questions about the implementation of the model,
CAal pyramidal neuron:  |We developed a CAl pyramidal cell model calibrated with a broad spectrum of in vitro data. Using simultaneous dendritic and somatic recordings, and =
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Dopaminergic cell bursting model {(Kuznetsov et al 2006}

Citations Citation Browser

Model Information (Click on g ink to find other rmodels with that property)
Model Type:

Cell Type(s):

Channel{s):

Receptor(s):
Transmitter(s):
Simulation Environment:
Model Concept(s):
Implementer(s):

Meuron or other electrically excitable cell:

[ K, Ca; I Calcium;
AMPA MNMDA;

pluing
Activity Patterns; Bursting; Oscillations; Action Potentials;

Search NeuronDB for information about: AMEA, NMDA; [ Calcium; I K, Ca;

Dopaminergic neurans of the midbrain fire spontaneously at rates <10/s and ordinarily will not exceed this range even when driven with somatic current injection. Curing spontaneous bursting
behaving animals, and bursts generated by dendritic application of N-methyl-D-aspartate (NMDA) agonists, transient firing attains rates well above this range. We suggest a way such highfreqgu
We have extended the coupled osdillator model of the dopaminergic neuron, which represents the soma and dendrites as electrically coupled compartments with different natural spiking frequen
(voltage-dependent) synaptic conductance, Both soma and dendrites contain a simplified version of the calcium-potassium mechanism known to be the mechanism for slow spontaneous oscillaf]
of its voltage dependence, NMDA receptor activation acts to amplify the effect on the soma of the high-frequency oscillation of the dendrites, which is normally too weak to exert a large influendg
Reference: Kuznetsov AS, Kopell M1, Wilson CJ (2005) Transient high-freguency firing in a coupled-oscillator model of the mesencephalic dopaminergic neurcon. 7 Mewrophysiol | - [PubMed]
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Model files Download zip file | Cownload the below displayed file | Help downloading and running models
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b screenshot.jpg

#this is the two compartment model with a brief WMOA activation

alphaniy]=-0.0032%tk*(y+5_ ) /(exp (- (V+5.)/10.1 - 1.}
betan(y)=0.05*tk*exp (- ((¥+10.)/16.))

O EuzkopWil2006 ode |alpham(v)=-0,32*(V+31.) /(exp (- (¥+31.)/4.) - 1.)

betam(V)=0.28*(V+4.) flexpl{W+4.)/5.) - 1.3}
minf (vi=alpham{v)/Ctalpham{v)+betamivi)
alphah(v]=0.2%th*exp(-((¥+47.1/18.))
betah(w)=25.*th/(1.+{exp(-(W+24.3/5.11))

gMal(wv,h)=gbarNal*{minf () **3)*h
gK2inl=gbarkK2#{n**4)
gklix)i=gbarkl/ (1. + exp(-(x-wHK) /vsk))

wl'=1l+gCaliwl)*(ECa-v1)+{gKCal(ul)+gkl{v1l)+gk2(nl))*(EK-w1)+gL1*(ELL1-w1)+gNal{vl,hl)*(ENa-v1)+nd*gc*(v2-v1)*rl*r2*r2/(rl*rl+r2*r

ul'= 2.*bufl*(gCal(vl)=*(ECa - v1)/H - ul/tCl)/rl

nl'= alphani{¥1l)*(1.-nl)-betan(vl)*nl

hil'= alphahiv1l)*{1.-hl)-betahi{v1li*hl

\.f2':gCal(VE)*(ECa—vz)+(gKCal(u2)+gK1(v2)+gK2(n2))*(EK—VE)+g|_1*(EL1—V2)+gNal(\.f2,h2)*(ENa—V2)+gc*(v1—v2)*rl*rl*rE[(rl*r1+r2*r2)+gnm:
1| N | S el £ e 1 e o e R AW e Wl | f e ™y | |’|_
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Requirements for a unified model r-

Neither focussed on a particular biological substrate or
process, nor specialised on a given modelling approach

Real “searchable” database rather than mere repository

Models thoroughly verified, structure and results,
and annotated

International collaboration rather than a one-group effort
Long-term commitment and secure funding

Freely available and reusable
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BioModels Database: A Free,
Centralized Database of Curated,
Published, Quantitative Kinetic Models
of Biochemical and CeHular Systems

Le Novere N., Bornstein B., Broicher A.; Courtot M., Donizelli M., Dharuri H.;.Li
L., Sauro H., Schilstra M., Shapiro B., Snoep J.L., Hucka"M.
Nucleic Acids Research, (2006), 34: D689-D691

http.://www.ebl.ac.uk/biomodels/
| AueZe COMBEPFATIO
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What is BioModels Dat-

Store and serve guantitative models of biomedical interest

Only models described in the peer-reviewed scientific
literature.

Models are curated: computer software check the syntax,
while human curators check the semantics.

Models are simulated to check the reference correspondence

Model components are annotated, to improve identification
and retrieval.

Models are accepted in several formats, and served in
several others.

Aims to be the “Swiss-Prot” of quantitative modelling.
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WBL-EBI Where are the models comi-

|) Repositories
SBML repository
JWS Online
E-Cell Developer Network

CellML repository

II) Individuals
Members of the SBML community (developers+modellers)

Authors (prior to grant application, before publication etc.)

lIl) Supported by Nature Publishing Group. MSB advices
deposition, and forward supplementary material

V) BioModels DB curators encode new models from literature

OKINAWA COMPUTATIONAL NEUROSCIENCE COURSE 2006
June 26 - July 7, 2006 Okinawa, Japan e i At
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Search
keyword &(eyword
External DB 1..n GO, UniProt Oracle database
search 4 ChEBI, PubMed WebServices
External ID External ID

Y

Model DB 1..n
search

y

Annotation DB 1..n [jAnnotation DB 1..n
search search

- BioModels MySQL database

BioModels ID ioModels ID BioModels ID

~
_ “Xpath: // sbmi : *[ cont ai ns(@d, ' TEXT' )]
B'DMD&EI\']SD)',QSR)MEFQE | //sbm:*[contai ns(@ane, ' TEXT')]
| //xhtm:*[contains(text(),' TEXT )]
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= [ % European Bioinformatics Instit... I% BioModels Database ] 5]

I

EEI Home

Submit Your Model
i Curation tips

Muodel of the month
Terrns of Use

Related Software
Meetings
Contact

BIONAODELS. NET
b

o
Camputatioral
Neufoblolagy

ML
BV

—

=le]
JWS

About EBI

Groups Services Toolbox Databases Downloads Submissions
BIOMODELS D
LIl Database
A Database of Annotated Published Models /f’
Biokodels Database is a data resource that allows biologists to store, search and retrieve published mathematical models of biological interests. Models present in BI ] s
BioModels Database are annotated and linked to relevant data resources, such as publications, databases of compounds and pathways, controlled vocabularies, etc.

[ Browse | [ Search |

@ﬁth June 2006 - Fifth Release! [More] [Download All WModels Under SBML L2 %1 Farmat|
@'ﬂﬂﬁth January 2006 - publication of a paper describing BioModels Database [Mucleic Acids Res.|

@H]ﬁth December 2005 - publication of MIRIAM, a standard for model curation and annotation [Press Release][aricle in Nature Biotechnology]
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Developers: Melanie Courtat, Arnaud Henry, Camille Laibe, Chen Li, Lu Li (alumni; Marco Donizelli)

Model curators and annetators: Harish Dharuri, Micolas Le hovere, Lu Li and Bruce Shapiro.

@3 Summer Internships

Ve are [ooking for summer interns to work on the curation of our BioModels Database. These internships are not part of a university training. Mevertheless, this is an opportunity for the
postholders to gain experience in an international ervironment. A limited funding is provided to cover for living expenses.

Successful candidates have experience in working with GNU/Linux operating system, and have a good knowledge of the main data resources used in biology. Curation of Biotdodel
Database requires solid bases of mathematics and a good knowledge of chemical kinetics. Candidates with a dual training in physics and caomputing would be ideal.

External contributers. Upinder Bhalla, Christoph Flamm, Ryan Gutenkunst, Adam Halasz, Ken Lau, Rainer Machné, Marc Poolman, Tomas Radivoyevitch, Birgit Schoeberl, Cleg
Sokaolsy, Molecular Systems Biology (models), Ben Bornstein, Sarah Keating, Joanne Matthews, Nicolas Rodriguez, Maria Schilstra (software), Samuel Bandara, Alexander Broicher, Les
Grivell, Noriko Hiroi, Boris Kholodenko, Ursula Kummer, Adrian Lopez Garcia de Lomana, Yukiko Matsuoka | Robert Phair, Tjeerd Olde Scheper, Henning Schmidt, Paul Smolen
{miscellaneous).

onllne The BioModels Database makes heawy use of third-party free software such as likSBML, developed by Ben Bornstein and Sarah Keating, Jakarta Tomcat, Kindice, Xalan, Xerces and MyS0L.
Top Last modification: Thu Jun 8 16:31:47 BST 2005 Contact
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EBI Home About EBI Toolbox Databases Downloads Submissions

BIOMODELS DATA
Models

Text Search

*ou can search BioModels Database for models using one or more of the following criteria:

Bruce Shapiro or Shagiro, Edelstenn ar Novak).

Reactome).
Muodel of the month

Terms of Use

Related Software

Meeti
eelings least one of the criteria will be returned.
Contact
.............................................. BioModels ID: |
BIONAODELS. NET
Person: I
,ﬂmkmm SBML Elements: |
Neufobiofogy .
Resource: !Gene Ontology j IMAF’K
= F
BML Resource: Publication I
ChEBI
— Resource: O I
£ v J Taxonomy -
'\ Resource ID: UniProt = I
JWS Resource ID: IBII\ID j |
on”ne Resource ID: IBIND j I

Compose by, & and ¢ or
Search | Reset |

Top Last madification: Fri May 28 02:36:06 BST 2008

* BioModels [0 - Search Biohodels Database for exact BioModels identifiers (for example BIOMDO000000007 or BIOMDOOOO00002E).
+ Person - Search BioModels Database for model submitter andfor creator(s) names, or model reference publication author(s) names (for example Micolas Le Movere, Micolas,

+« SBML Elements - Search BioModels Database for SEML elements by either name or nofes content (for example Edglstein or micofinig).

+ Resolree — Search BioModels Database for related information found in the models reference publication or third-party resources, by either publication/resource identifier or text
(far example 8256450 or cyelin for publication, GO:0007049 or cell cycle for Gene Ontology, PO4557 ar cell division for UniProt).

+ Resowrce 1D - Search BioModels Database for annotations, by third-party resource identifiers (for example (PRO02394 far InterPro, Hsal4080 for KEGG Pathway, 68970 for

A part from the BioModels 1D -based search, for every other criteria the search operates on a confains the enfered siring basis, case-insensitive. That is, searching Person for Shao or
shapiwill return the same results as searching for Shagino or shagiro. In addition, since search strings are treated as words, do not enter regular expressions.

MUItiple criteria can be combined with either ahd or or. If ahd is selected, only those models satisfying all the criteria will be returned. If instead oris selected, all the models satisfying at
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BioModels

The search returned 13 models.

i Browse
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Submit Your Model
i Curation tips Show 10 Only
BioModels ID - Hame Publication 1D Last Modified

BlOMDOO0000000S Huang1996_MAPK_ultrasens 8516754 2006-06-13T23:09:10 SBML L2 %1

BIOMDO000000010 Khalodenko2000_MAPK_feedback 107125587 2008-04-07 T22:02:49 SBEML L2 W1
;:?el of the marnth BlOMDO00000001 1 Levchenko2000_MARK_noScaffold 10823939 2006-01-31T10:04:06 SBML L2 %1
Terms of Use BIOMD0000000014 Levchenko2000_MAPK_Scaffold 10823933 2008-01-31T10:08: 48 SBML L2 1
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BIOMODELENET BlOMDOO00000030 hlarkevich2005_MARK_AlIRandomElementary 14744939 2006-04-02T18:57:56 SBML L2 %1
:;mm:ﬂnﬁmni ElOKDO0000000351 Markevich2004_MAPK_orderedMMZkinases 14744959 2008-04-02T18:58:15 SBEML L2 W1

e BIOMDOO00000032 kofah[2004_phermaone 15300679 2006-03-24T13:34:26 SBML L2 %1
‘IBML BIOMDO000000033 Brown2004_MGF_EGF_signaling 14525003 2008-05-03T13:02:33 SBEML L2 W1
kB' J BlOMDOO00000043 Sasagawa2005_ MAPK 15793571 2006-03-07T11:36:34 SBML L2 %1
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Eur J Biochem 2000 Mar, 267 (B):15835-8.

Publication ID: 10712587 Megative feedback and ultrasensitivity can bring about oscillations in the mitogen-activated protein kinase cascades.
—— Kholodenko BM.

Departrment of Pathology, Anatomy and Cell Biology, Thomas Jefferson University, Philadelphia, PA 19107, USA. Boris.Kholodenko@mail tju. edu
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Release

11 April 2005
01 June 2005

28 July 2005

30 January 2006

05 June 2006

# models

20
30
44
50

54

# reactions
631
736
943
1163

1307

Around 30 models in the curation pipeline

Important legacy from JWS Online (~20), CellML Repository
(~200) and DOCQS (~200)

—

#annotations
1084
1609
2373
3126

3542
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Other

holism

rhythm

Cell cycle
Neurobiology-related: 1, 2 (channel conformation), 20 (HH), 33 (EGF/NGF)

+ circadian rhythms?
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’lﬂl—EBI unso-

CellDesigner:
http://www.systems-biology.org/cd/features/BioModelsNet.html

SIGMOID:

http://www.sigmoid.org/models/ModelBrowse.do

JSIM:

http://nsr.bioceng.washington.edu/cgi-bin/butterw/jsquery.cgi?d=biomodels

We are happy about that! Feel-free to do the same!
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Non-MIRIAM compliant models
- SBML is correct

quantitative

simulatable

structure is not correct; results are not correct; missing information
Non time-series: Ex models from B Palsson:

- SBML is syntactically correct

quantitative

SBML is semantically incorrect

- non-simulatable
Spatial models: e.g. VCell, SmartCell, MesoRD
- SBML is correct

- only part of the information is in SBML
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Version 1.0 \ Graphs
Version 1.1
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Marco Donizelli, Chen Li: Melanie Courtot:
Tomcat/Xindice/Web interface MySQL/Tomcat

Lu Li:

Curation plus Graph, CellML,
XPP and SciLab exports

s o -lul
I

A=)

Nicolas Le Novere:
Design and curation

Arnaud Henry:
BioPAX export
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