EMBL-EBI &

EBI is an Outstation of the European Molecular Biology Laboratory.




Outline

BioModels Database:

* In general (Growth, Model Diversity, Source of Models)
*  Model Production Pipeline

*  Submission

*  Curation & Simulation

* Annotation

* Browse, Search & Retrieval
*  Model components, features and Submodel creation.

EMBL-EBI




- In General.....
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BioModels Database

first launched on 11t April 2005.

data resource that allows biologists to store and serve
quantitative models of biomedical interest.

stores only models described in the peer-reviewed scientific
literature.

Models are curated and then annotated by linking the model
elements to relevant data resources, such as publications,
databases of compounds and pathways, etc. to improve
identification and retrieval.

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

% Partial/Sub models can be created and downloaded.
% online simulation available.
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Database Growth
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Types of Models in the BioModels
Database

6%

B signal tranduction (G0:0007165) M response to stimulus (GO:0050896)
B metabolic process (GO:0008152) M cell death (GO:0008219)
B multicellular organismal_process B |ocalization (GO:0051179)

(G0:0032501)
6% O rhythmic process (GO:0048511) M channel activity (G0O:0015267)
B cell cycle (GO:0007049) B others (notably includes cellular

developmental process
(G0:0048869); catalytic activity
(G0:0003824) and entry into host cell

0 (G0:0030260) among few others)

8% B homeostatic process (G0:0042592)

9%
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BioModels Database: interface

BIOMDO000000271 - Becker2010_EpoR_CoreModel

Download SEML | Other formats (auto-generated) | |Actions | Curation Comment

Mode] | Overview || Math || Physical entities " Parameters || Curation |

Becker, Schilling M, Bachmann J, BEaumann U, Raue A Maiwald T, Timmer J, Klingmiuller U

Covering a broad dynamic range: information processing at the erythropoietin receptor.

Science 2010 Jun;328{5984):1404-8.

Division Systems Biology of Signal Transduction, DKFZ-ZMEH Alliance, German Cancer Research Center, 689120 Heidelberg, Germany. [more

Publication ID: 20458988

Original Model: BIOMDO000000271 xml origin ol Lexonomy Hurinas
g babiol:occursin g e s Tissue Ontology BTO:0001035

LI S s, set#1 bgbiolisVersionOf Gene Ontology erythropoietin receptor activity

. KEGG Pat ko04640
bobiolisP artOf KEGG Pathway koD4630

Submission ID: MODEL1005260000

Submission Date: 26 May 2010 135838 UTC E—
Last Modification Date: 29 Cct 2010 115813 UTC
Creation Date: 26 May 2010 1612:55 UTC

Encoders: Vijayvalakshmi Chelliah

Marcel Schilling
Verena Becker

Thisisthe core model described in the anicle:

Covering a Broad Dynamic Range: Information Processing at the Erythropoietin Receptor

Verena Becker, Marcel Schilling, Julie Bachmann, e Baumann, Andreas Raue, Thomas Maiwald, Jens Timmer and Ursula Klingmidller; Science Published Online May 20, 2010; DOE10.11 26/science. 1184913 PMID: 20458988
Abstract:

Cell surface receptors convert extracellular cues into receptor activation, thereby triggering intracellular signaling networks and controlling cellular decisions. A major unresclved issue is the identification of receptor properties that criti
processing of ligand-encoded information. We show by mathematical modeling of quantitative data and experimental validation that rapid ligand depletion and replenishment of cell surface receptor are characteristic features of the e
receptor (EpoR). The amount of Epo-EpoR complexes and EpoR activation integrated owver time corresponds linearly to ligand input, cowering a broad range of ligand concentrations. This relation solely depends on EpoR turnover indep
binding, suggesting an essential role of large intracellular receptor pools. These receptor properties enable the system to cope with basal and acute demand in the hematopoietic system.

SBEML model exported from PottersWheel.

% Pottersiheel model definition file

function m = BeckerSchilling2010 EpcR CorsModsl()

- — e Tl AT F N
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BioModels Database: Production
pipeline
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Where do models come from?

*  From authors prior to publication

supported (advocate submission to BioModels

Database in instructions for authors) by journals that
includes:

Molecular Systems Biology
PLOS journals
BioMedCentral journals
* RSC journals
* Submitted by curators
* reimplemented from literature

* imported from supplementary materials of the
article

* Exchanged with other repositories (DOQCS, CellML,
JWS online..)

* Provided by other people encoding models for their
research.

EMBL-EBI




Model import/export format
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BioModels Home Models Submit Support About BioModels Contact us

BioModels Database - A Database of Annotated Published Models

BioModels Database is a repository of peer-reviewed, published, computational models. These mathematical models are primarily from the field of systems biology, but more generally are those s
of biological interest. This resource allows biclogists to store, search and retrieve published mathematical models. In addition, models in the database can be used to generate sub-models, can
be simulated online, and can be converted between different representational formats. This resource also features programmatic access via Web Services.

All unmodified models in the database are available freely for use and distribution, to all users. This resource is developed and maintained by the BEiolModels.net @ initiative. More information about
BioModels Database can be found in the Frequently Asked Questions.

| Advanced E) Model of the month
Search
| search || Go to model | ppril, 2012

The implication of quering theory in isansatea pro
biological processes, has been L&OQQ CW

Browse models demonstrated guantitatively by Cookson C>®
etal. (2011), by cbserving significant
cross-talk between two networks that are % %

* Curated models (409) indirectly coupled through a common set N

of processors.. Read more
* Browse models using GO

* Non-curated models (420) G News

R - . 12 spril zo12 New web services available!
Simulate in JWS Online Mew methods are now provided and the version 1.20 of the Java

library has been released.
Read more...

Submit a model

eth February zo12 Twenty-first Release of BioModels
Database!

Impaortant changes are happening or announced, please read
more..
Download models archive

Links

= Maininstance at EMBEL-EBI, UK

= Mirror at Caltech, USA 15t september zon Twentieth Release of BioModels Database!
Dgwnlogd all models in the SBML format

rrepaosaeres hittp:llwww.ebi.ac.uk/biomodels/

= Web Services

= Download archived models

bbsrc

brteche gy erd Boopesl
sowaces ressarch counol
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Submit - Step 1

You can submit here models to be included in the BioModels Database. The following formats are currently accepted:

* S5EML Level 2 Version 3
® SEML Level 2 Version 2
® SEML Level 2 Version |
* SBEML Level | Yersion 2
® SEML Level | Version |
® CellL 1.1

® CellML1.0

If you wish to submit a model under a different format, please contact us.

The submitted models will not be incorporated into the Biolodels Database straightaway, since they have to undergo a curation phase before. During this curation phase, the models will be first converted to the
SBML Level 2 Version 2format in case they were subritted under a different forrnat, and then tested to werify that they both are consistent and reproduce the results published in the respective reference publication.
To actually facilitate this curation phase, prior to submitting a model, please do the following:

® Enter all the relevant information you believe is necessary for the curation (Relation between the model and publication, modifications or clarifications of the model, etc.) either directly into the model file if
possible (for example using the nofes elements if your model is under one of the SBML formats), or into the Curafion comment text field provided by the form in step 3.

* |f you created the model, or collaborated to its creation, and you are not an author of the reference publication, add to the model elerment a do:creafor annotation containing your data (first and last name,
organisation, email), sothat your contribution can be acknowledged. Click here to view an example of a do:creafor annotation which you can re-use (skip blue part if alreacly present).

* Choose a meaningful walue for the attribute name of the modef element. Examples of good model names are NameAuthorYear Topic Method, Levchenko2o00 MAFK noScaffold or
Edelsteiniasg EPSFP AChEvert.

* Check the validity of the rmodel (for exarmple by using this online validator if your model is under one of the SBML formats). All the models undergo a prirmary XML waliclity check upon submission armyway, and,
as mentioned before, a more thorough testing during the curation phase, but an alreacdy valid model is of great help nevertheless!

Thanks a lot for your contribution to the BioModels Database!

Please enter the |D of the reference publication associated with the model, and then click Corfinue if unpublished the ID is optional.

Publication ID: |18312?0 (® PubMed (Sesarch Medling) () DOI (Fesolve a DOI) (O URL () Unpublished

Continue | Reset |

Ceveloped by BioModels Team of Computational Meurobiology Group in European Bicinformatics Institute. @ TermsofUse @ ContactUs
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Submit - Step 2

Below is the surmmary for the publication with PublMed 1D:

1831270
If the publication surnrnary is not what you expected, click Back to enter a different PubMed 1D.
Ctherwise click Corfinue to go on submitting the rnodel to the curation phase.

Click Cancefto return to the models submission page.

Proc MNatl Acad Sci U S A 1991 Aug;B8(16):7328-32.

Maodeling the cell division cycle: cdc2 and cyclin interactions.
TysonJJd.
Departmert of Biclogy, Wirginia Polytechnic fnstifute and Stale University, Blackshurg 24061,

The proteins cde 2 and cyclin form a heterodirmer (maturation promoting factor) that controls the major events of the cell cycle. A mathematical rmodel for the interactions of cde2 and cyclin is constructed. Sirmulation
and analysis of the modlel show that the control systern can operate in three modes: as a steacly state with high maturation prormoting factor activity, as a spontaneous oscillator, or as an excitable switch. We
associate the steady state with metaphase arrest in unfertilized eggs, the spontaneous oscillations with rapid civision cycles in early ernbryos, and the excitable switch with growth-controlled division cycles typical
of nonernbryonic cells.

Backl Continuel Cancel

EMBL-EBI




Submit - Step 3

“ou can submit here modeks to be included in the BioModek: Database. The following formats are currently accepted:

SEML Lewal 2 Vamion 2
SEML Lewsl 2 Warsion 2
SEML Lewsl 2 Viarmion 1
SEML Lewal1 Wamion 2

SEML Lewal 1 Warzion 1
CalldL 1.1
CollL1.0

If you wish to submit a model under a different format, please contact 1=,

The submitted modeks will not be inconorated into the BioModetks Database straightaway, since they have to undergo a curation phase before. During this curation phase, the modeks will be first converted to the SEML Leve! 2 Vension 3 format in case they were
submitted under a different format, and then tested to verify that they both are sometent and reproduce the results published in the respective reference publication. To actually faciltats this curation phass, prior to submitting a medel, please do the follewing:

* Enter all the relevant information vou believe s necessary for the curation (reference publication, medifications or chrifications of the model, etc.) etther directly into the model fie f alowsd (for example using the notesslements £ yvour model is under one of
the SEML formats), or inte the Curakion comment text field provided by the form balowr.

* |f you created the model, or colkborated fo its creation, and vou are not an author of the reference publication, add to the modsielement a docreatorannotation containing your data (first and kst name, organisation, email), so that your contribution can
be acknowledged. Click hem to wiew an example of a deareator annotation which you can re-use (skip blue part i alveady present).

* Chooss a meaningful value for the attribute name of the maedel/siement. Examples of good model namss ars MameduthorYear_Topie_Method, LevahenkaZ000_MAPK_noScaffold or Edeldlein 1 238 _EFPSF_AChEwent

* Check the valdity of the model (for example by using this cnline walidator i your model i under one of the S8ML formats). Allthe modek undergo a primary XML validity check upon submission anyway, and, as mentioned before, a more thorough testing
during the curation phase, but an already vald medel i of great hele nevertheless!

* |f the model was not created directly in SEML, or if it requirss a specific software to be simulated adequately, please enter in the Criginal Mode! form a URL pointing to the medel in the original repositony. Fefrain from entering a generic URL to the
reposiory tsef.

Fleass enter your personal details and any comment ussful for thecuration step (underlined fislds are required), and then click Subriit.

Firat neme: |Vija','alak5hmi
Lasgt name: |C|"|E||ia|’1
Crganimstion: |EB|—E|’\I'|BL
Email: [viji@ebiac.uk

Ce11 division cycle mmemmes........

Comment:

Crriginal model:|

Model file: IfautomountfnasICIb_\-'oI—\-'oI1—homesfviji,{work_vijifbiomodels,‘modelS,‘ceIIcycIe.me Browse. .. |

Submit | Reset |
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Submit - Step 4

Dear Vijayalakshmi, your request to subrnit the rmodel contained within the file:

celicycle.xml
and with name:
Tyson1991_CeliCycle_Gvariable

has been successfully completed.

The rmodel has been assigned the unigue 1D:

MODELS232600906

5 Submit Another Model

model accession ID is unique and perennial
and can be used as a reference in publications
and for searching and retrieving the model

= Subject: BioModels Database - Notification of New Model Submission
From: hiomodels-database-mailer@ehbiac.uk
Date: 0S5:30

To: vii@ehiacuk

PLEASE DO NOT REPLY TO THIS EMAIL

Dear submitter,
Thank you for submitting the model Tysonl991 CellCycle bwariable, published in

Proc Natl Acad Sci U 8 & 1001 Aug:88(16) . T328-32
Modeling the cell diwvision cycle: cdc2 and cyclin interactions.
Tyson JJ.

The model is now in the process pipeline with the unique accession MODELE232600906) This identifier is unique and can be vsed, for instance in

scientific publications or grant applications. Our team of curators will now verify the syntax and the semantic of the model. You will he notified
when this is done and the model enters the annotation phase.

We welcome any updates, comments, or other notices about this or any other models. Please feel free to contact us at:

The BioModels Database team
Computational Neurohiology
EMEL-EBI

Wellcome-Trust Genome Campus
Hinxton Cambridge

CELD 15D

United-Kingdom

E-mail: biomodels-cura AT ebi.ac.uk

Tel: +44 (031223 434521
Facx: +44 (031223 434468

Thank you,
The EioModels Database Team

BioModels Datshase is developed in collshoration by the tesms of Micolas Le Nowvére (EMBL-EBI, United-KEingdom), Michael Hucka (SEML Team, Caltech,
USk), Herbert Sauro (Eeck Graduate Institute, USA) and Jacky Snoep (JWS Online, Stellenbosch Uniwersity, ZA), as part of the BioModels. net

initiative. BioModels Database development is funded by the European Molecular Biology Laboratory and the National Institute of General Medical
Sciences.

Please quote the reference publication associated with the model, when quoting a model present in the BioModels Database.

EMBL-EBI
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Nature Publishing Group mtp:resw nature.commnatureblotechnology
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PERSPECTIVE

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

Nicolas Le Movére''?, Andrew Finney™", Michael Hucka®, Upinder 5 Bhalla®, Fabien Campagne®,
Tulie Collade-Vides®, Edmund | Crampin®, Matt Halstead”, Edda Elipp®, Pedro Mendes®, Poul Nielsen”,
Herbert Saura'®, Bruce Shapire!'!, Jacky L Snocp'?, Hugh I Spence!® & Barry L Wanner'd

Most of the published quantitative models in biology are
lost for the community because they are either not made
available ar they are insufficiently characterized to allow
them to be reused. The lack of a standard description format,
lack of stringant reviewing and authors' carelessness are

the main causes for incomplete model descriptions. With
today's increased interast in detailed biocharmical madels,

it is necessary to define a minimum quality standard far

the encoding of those models. We proposs a set of rules for
curating quantitative models of biological systems. These
rules define procedures for enceding and annotating models
reprezented in machine-readable form. We believs their
application will enable users to (i) have confidence that
curated medels are an accurate reflection of their associated
reference descriptions, (i) s=arch collections of curated
mesdels with precision, (i} quickly identify the biclogical
phenomena that a given curated model or model constituent
represants and (iv) facilitate model reuse and composition

é. into large subcellular medels.

LEwopaan Bisimormatics Instiuta, Hirdon, SE10 15T, UK,

2physiomics FLE, Magdalan Cantra, Owtord Seianca Fark, Ciord,

X4 AGA K. Hcontral and Cynamical Systams, Calidornia Instiuta of
Tachrology Pasadena, Calfornia 31129, USA *National Gantra for Biokogical
Sciancas, TIFR, UAS-GHVE Campus, Bangalors 550065, India. Sinstiuta
for Computational Elomedicing, Welll Medical Collaga of Cornall University,
Maw York, Naw Vork 10021, USA. *Canter 1or Genomic Soancas, Univarsidsd
Macional AubSnoma e México, Av. URNGrs|dad s, Cuamavaca, Morelos,
2100, Maxico. 7Bioengiraering | nstituta and Departmant of Enginasring
Scianca, Tha Universily of Auckland, Frivata Eag 32015, Auckand, Maw
Zaadand. TWaz-Planck | nstituta for Mokcouar Genatics, Badin Carmar far
Ganoms bassd Eiinformatics (BCE], Ihnesir. 72, 14135 Earlin, Garmany.
Mirginia Bioimermabics Instiuta, Virginia Tach, Washingion 1., Blacksburg,
Wirginia 24061-0477, USA. 10Heck Graduata Instiuta, 535 Watsan Drivs,
Clarsment, California S1711, USA. TLict Propulsion Laborastary, Calitzmia
Irstituts of Tachnology, Pasadena, Galifornia 1109, USA. 12Triple-J Group
*or Molgzular Gell Physisiogy, Dspartment of Binzhamiztry, 5tellanosch
Uniwarsity, Privata Bag X1, Watialand 7602, South Africa. T*Dapartmant of
Sciantifc Camputing & Mathematical Madaling, GlamsmHnKins Resaarch
& Davalopment Limibed, Medicines Ressarch Cantra, Gummals Wood

Foad, Stevanags, Harks, 5G1 2N, UK. “Purdue Univarsty, Capatment of
Biokgical Sdances, Lilly Hall of Lifa Sclkencas, 215 W Saie Stract, Wast
Lafayctin, Indiana 475072054, UZA, P*Thaese authors haw contributed
agqually to tha work. Comaspondanca should ba addressed 1o H.L.H.

fe-mail: laroven|. 5. UK.

Putlishad onling & Cacamber 2005; dai:10.103ENM11%S

MATURE BIOTECHMOLDGY WOLUME 22 WUMEER 11 DECEMBER 2003

Diuring the genomic erawe have witnessed a vast increase inavailakil-
ityof large amounts of quantitative data. This is motivatinga shift in
the forus of molecular and cellular ressarch from qualitative descrip-
tioms of bicchemical interactions towards the quantification of such
interactions and their drnamics. Ope of the tenets of systems biology
isthe use of quantitative models (see Box 1 for definitions) as a mech-
anism for capturing precise hypothesss and making predictions'?.
Many specialized models exist that attempt to explain aspects of the
cellular machinery, However, as has happened with other types of bio-
logical information, such a5 sequen ces, macromalecular structures or

Box 1 Glessary

S0me tEITE are UsSd In @ very specific way throughout the article.
‘W provide hare a praciss definition of each one.

Guantitative blochemical model. A formal model of abiclogical
system, basad on the mathematical description of s mokecula
and cel lular components, and the interactions betwesn thoss
COMponEnts.

Encoded model. & mathematical madel written in a formal
machine-readable language, such that It can ba systematically
parsad and emplayed by simulation and analysis software without
further human trars stion.

MIRIAM-compliant model. & model that paszes all the tests and
fullllks all the conditions (kted In MIRIAM.

Reference description. A uniqus document that describes, ar
rElerences the description of the model, the stnicturs of the
model, the numerical values necessany to Instantiats 8 simulatian
fram the medel, or to parform a mathernatical analysis of the
model, and the results ane expects from sUch 8 simulatan or
analysis.

Curation process. The process by which the compliance of an
ercoded modal with MIRIAM 15 achisved andsor verifisd. The
CUMLIDN process May SNCOmpEss sams of &1l of the fallowing
tazks: encoding of the modsl, venncation of the raference
cofmespondenca and annatation of the model.

Reference cormrespondence. The fact that the structore of a
model and the results of a simulation ar an analysls match the
Intormation presant In the referencs desciption.

1500

MIRIAM

The Minimum Information
Required
In the Annotation of a Model

https://biomodels.net/miriam

EMBL-EBI




MIRIAM compliance

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

model must :
0 be encoded in a standard format (CellML, SBML)

0 contain link to a single reference description (peer reviewed for
BioMdDB)

0 reflect the structure of the biological processes described in the
reference paper

0 be able to reproduce the results given in the reference paper
(all quantitative attributes should be defined)

0 contain creator’s contact details.

EMBL-EBI
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Why are annotations important?

Annotation of model components are essential to:
unambiguously identify model components
iImprove understanding the structure of the
model
- allow easier comparison of different models
- ease the integration of models
allow efficient search strategies
add a semantic layer to the model
Improve understanding the biology behind the
model
- allow conversion and reuse of the model
- ease the integration of model and biological
knowledge

EMBL-EBI 25:




BIOMDO000000271 - Becker2010_EpoR_CoreModel

Download SEML | Other formats (auto-generated) | |Actions | Curation Comment

Mode] | Overview || Math || Physical entities " Parameters || Curation |

Becker, Schilling M, Bachmann J, BEaumann U, Raue A Maiwald T, Timmer J, Klingmiuller U

Covering a broad dynamic range: information processing at the erythropoietin receptor.

Science 2010 Jun;328{5984):1404-8.

Division Systems Biology of Signal Transduction, DKFZ-ZMEH Alliance, German Cancer Research Center, 689120 Heidelberg, Germany. [more

Publication ID: 20458988

Original Model: BIOMDO000000271 xml origin ol Lexonomy Hurinas
g babiol:occursin g e s Tissue Ontology BTO:0001035

LI S s, set#1 bgbiolisVersionOf Gene Ontology erythropoietin receptor activity

. KEGG Pat ko04640
bobiolisP artOf KEGG Pathway koD4630

Submission ID: MODEL1005260000

Submission Date: 26 May 2010 135838 UTC E—
Last Modification Date: 29 Cct 2010 115813 UTC
Creation Date: 26 May 2010 1612:55 UTC

Encoders: Vijayvalakshmi Chelliah

Marcel Schilling
Verena Becker

Thisisthe core model described in the anicle:

Covering a Broad Dynamic Range: Information Processing at the Erythropoietin Receptor

Verena Becker, Marcel Schilling, Julie Bachmann, e Baumann, Andreas Raue, Thomas Maiwald, Jens Timmer and Ursula Klingmidller; Science Published Online May 20, 2010; DOE10.11 26/science. 1184913 PMID: 20458988
Abstract:

Cell surface receptors convert extracellular cues into receptor activation, thereby triggering intracellular signaling networks and controlling cellular decisions. A major unresclved issue is the identification of receptor properties that criti
processing of ligand-encoded information. We show by mathematical modeling of quantitative data and experimental validation that rapid ligand depletion and replenishment of cell surface receptor are characteristic features of the e
receptor (EpoR). The amount of Epo-EpoR complexes and EpoR activation integrated owver time corresponds linearly to ligand input, cowering a broad range of ligand concentrations. This relation solely depends on EpoR turnover indep
binding, suggesting an essential role of large intracellular receptor pools. These receptor properties enable the system to cope with basal and acute demand in the hematopoietic system.

SBEML model exported from PottersWheel.

% Pottersiheel model definition file

function m = BeckerSchilling2010 EpcR CorsModsl()

- — e Tl AT F N
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BIOMDO000000271 - Becker2010_EpoR_CoreModel

Download SEML | Other formats (auto-generated) | |Actions | Curation Comment

Maodel | Overview || Math || Physical entities " Parameters || Curation |

BeckerV, Schilling M, Bachmann J, Baumann U, Raue A, Maiwald T, Timmer J, Klingmuller U
Cowvering a broad dynamic range: information processing at the erythropoietin receptor.
Science 2010 Jun;328{5984):1404-8.

Division Systems Biclogy of Signal Transduction, DKFZ-ZMEH 4

Publication ID: 20488988 > Taxonomy

ance, German Cancer Re

Search Blast Align Retrieve ID Mapping

Search in Query

Taxonomy :] [ ]

Original Model: BIOMD0000000271 xmi arigin hobinloccur=n [ -

’ Brenda Tissue Ontology BTO:0001035 SUBFAMILY Murinae
Submitter: Verena Eecker set#1 bgbiolisVersionOf Gene Ontol T i T G | UniProtkB (120,403) | | | Branch (606) | @& Taxonomy help
Submission ID: MODEL1 005260000 Mnemonic IMURI Taxonomy navigation
bgbiokisPatof  LEoC Pathay ko04640 T > Muridae
[ R ca- KEGG Pat ko04630 Taxon identifier 39107 ’

Submission Date: 26 May 2010 13:59.38 UTC . 1 > Abeomelomys
Scientific name Murinae > Aethomys

Last Modification Date: 29 Oct 2010 115813 UTC > Anisomys

Common name

> Apodemus
Creation Date: 26 May 2010 16:1 2: 5y Synonym » Apomy's
ko04640 Hematopoietic cell lineage L Arenboldomys
Encoders: Vijayalakshmi Chelliah op g Other names > Otomyinae » Arvicanthis
s > Bandicota
Marcel Schilling 0 Rank SUBFAMILY > Batomys
Verena Becker > Berylmys
- 2 Lineage > cellular organisms > Bullimus
" - " > Eukaryota > Bunomy's

FUHW groio (o

% [Click for example search l @ .:__

Web Services Datas

This is the core model described in th

Covering a Broad Dynamic Range: |
Verena Becker, Marcel Schilling, Juli
Abstract:

Cell surface receptors convert extrac
processing of ligand-encoded inform S ;
receptor (EpoR). The amount of Epo- " - e t@ligand input

binding, suggesting an essential role . - s 1 to cope with Term Information

SBEML model exported from Pottersw o w e

] (&) GO:0004800
% PottersiWhesl model definit : — — W .

“ Hame erythropoietin receptor activity

function m = BeckerSchilling3 T

Ontoelogy | Molecular Function

— PR R NI =L

Definition | Combining with erythropoietin to initiate a change in cell activity.

Comment

GONUTS | G0:0004900 Wiki Page

EMBL-EBI
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Model browsing..

BioModels Home Models Submit Support About BioModels Contact us

BioModels Database - A Database of Annotated Published Models

BioModels Database is a repository of peer-reviewed, published, computational models. These mathematical models are primarily from the field of systems biology, but more generally are those s
of biological interest. This resource allows biologists to store, search and retrieve published mathematical models. In addition, models in the database can be used to generate sub-models, can
be simulated online, and can be converted between different representational formats. This resource also features programmatic access via Web Services.

All unmodified models in the database are available freely for use and distribution, to all users. This resource is developed and maintained by the BiolModels net @ initiative. More information about
BioModels Database can be found in the Frequently Asked Questions.

| Atvanced E) Model of the month
Search
| search || Go to model | april, 2012

The implication of quering theory in _ Msnsand s
biological processes, has been iz&—'_!:‘-'ooa o

Browse models demonstrated quantitatively by Cookson @@G@_"ﬂ
etal. (2011), by cbserving significant [Eo-® H
cross-talk between two networks that are

" Curated models (409) indirectly coupled through a common set

of processors.. Read more
" Browse models using GO

* Non-curated models (420) G News

R - . 12 spril zo12 New web services available!
Simulate in JWS Online Mew methods are now provided and the version 1.20 of the Java

library has been released.
Read more...

Submit a model

eth February zo12 Twenty-first Release of BioModels
Database!

Impaortant changes are happening or announced, please read
more...

Download models archives

Links

= Maininstance at EMBEL-EBI, UK

= Mirror at Caltech, USA 1=t september 2011 Twentieth Release of BioModels Database!
Download all models in the SEML format

= Project on SourceForge
= Web Services

= Download archived models
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Browse - Curated models]

This is a tree view of the models in BioModels Database based on Gene Oniology. To browse the models, please click @ to expand the branch, or click = to collapse the branch. By double
clicking the Gene Ontology term, the detail of the term will be displayed in a new window. By double clicking the BioModels Model 1D, this page will be forwarded to the detail of selected model.

- BioModels ID: Unspecified
-1 GO-0005575 - cellular_component (264) Name: A
-] GO:0003674 - molecular_function {193) Publication ID- N/A

Last Modified: N/AA

The relationships between terms are represented by different icons.

* BioModels gualifiers: * Gene Ontology relationships:
[1] bgbiolis []isa
bgbiolisVersionOf [ partof
bgbickhasPart [] develops from
[] other

Computational § ms Neurobiology Group, European Bioinform itute. Conts Developed by the BioMod il
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Browse - Curated models

This is a tree view of the models in BioModels Database based on Gene Ontology. To browse the models, please click # to expand the branch, or click = to collapse the branch. By double

clicking the Gene Ontology term, the detail of the term will be displayed in a new window. By double clicking the BioModels MWWI of selected model.

E@ GO:0008150 - biological_process (314) BioModels ID: BIOMDO0O0O000005
ED GO:0009987 - cellular process (280} MName: TysoleQl_Cellecle_Bvar
=[] GO:0051641 - cellular localization (48) Publication ID- 1831270

&[] GO:0050794 - regulation of cellular process (172)
E-[] GO:00070489 - cell cycle (27)

#-[ ] GO:0051726 - regulation of cell cycle (23)

=[] GO:0000278 - mitotic cell cycle (23)

&[] GO:0051329 - interphase of mitotic cell cycle (7)
&-[] GO:0000087 - M phase of mitotic cell cycle (2)
&-[] GO:0007346 - regulation of mitotic cell cycle (13)
B

B

B

Last Modified: 2010-05-24T16:33:07+00:00
SBML L2V4

7-[] GO:0051439 - regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle (4)
7-[ ] GO:0045931 - positive regulation of mitotic cell cycle (1)

f- D GO:0007052 - mitotic spindle organization (1)

-[v BIOMDO0O0O0000003 - Goldbeter1991_MinMitOscil
BIOMDO000000004 - GoldbeterlSSI MlitOscH _Explinact
BIOMDC - Tyson1991 Cel i
BIOMDOO0O0000006 - Tysonl991 CeIICycIe 2var
BIOMDO0O0O0000007 - Novakl1997_CellCycle
BIOMDOO0O0000008 - Gardner1998_CellCycle Goldbeter
BIOMDOO0000D0056 - Chen2004_CellCycle
BIOMDOODO0O00006S - Fuss2006 MitoticActivation
BIOMDOO00000107 - Novak1993 M phase control
BIOMDO0O00000110 - Qu2003_CellCycle
BIOMDO0O0O0000111 - Novak2001_FissionYeast_CellCycle
BIOMDO0O00000144 - Calzone2007_CellCycle
BIOMDO000000150 - Morris2002_CellCycle_ CDK2Cyclin
BIOMDOO00000168 - Obeyesekere1999 CellCycle

-] BIOMD0000000181 - Sriram2007_CellCycle

~[v]| BIOMDO0O00000207 - Romond1999_CellCycle

-/ BIOMDOO0OO000208 - Deineko2003_CellCycle

=[] GO:0022402 - cell cycle process (11)

#-[ ] GO:0045786 - negative regulation of cell cycle (15)

£

B

| e | L] e ] | fe] ] [ L) ] ] b e

+-[ ] GO:0045787 - positive regulation of cell cycle (12)
7-[] GO:0004693 - cyclin-dependent protein kinase activity (9)
-[v BIOMDO000000196 - Snividhya2006 CellCycle
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BioModels Database - A Database of Annotated Published Models

BioModels Database is a repository of peer-reviewed, published, computational models. These mathematical models are primarily from the field of systems biology, but more generally are those s
of biological interest. This resource allows biologists to store, search and retrieve published mathematical models. In addition, models in the database can be used to generate sub-models, can
be simulated online, and can be converted between different representational formats. This resource also features programmatic access via Web Services.

All unmodified models in the database are available freely for use and distribution, to all users. This resource is developed and maintained by the BioModels.net @ initiative. More information about
BioModels Database can be found in the Frequently Asked Questions.

Gl Model of the month

| search || Go to model | April, 2012
The implication of quering theory in -
biological processes, has been iﬂ-‘-—'ﬁ?"Ooo
Browse models demonstrated E|LIaI'IIIIaI_I‘.fel}'l|J)'_(;OO|(SOI1 @@Oq&
etal. (2011), by observing significant [Em-@ :
cross-talk between two networks that are
® Curated models (409) indirectly coupled through a common set

of processors.. Read more
= Browse models using GO

= Non-curated models (420) E) News
S. | - JWS O I 12 april zo1z New web services available!
imulate In nine New methods are now provided and the version 1.20 of the Java
library has been released.
Read more...

Submit a model

£th February 2012 Twenty-first Release of BioModels
Database!
: Important changes are happening or announced, please read
Links more...
Download models archives

= Maininstance at EMBL-EBI, UK

= Mirror at Caltech, USA 1st =eptember 2011 Twentieth Release of BioModels Database!
Download all models in the SBEML format

» Project on SourceForge
= Web Services

= Download archived models
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Search - Models

Text Search

You can search BicModels Database for models using one or more of the following criteria:

» BioModels ID _, Search BioModels Database for exact BioModels identifiers (for example BIOMDOO00000007 or BIGMDOOO000002Z).

* Person _, Search BioModels Database for model submitter andfor creator(2) names, or model reference publication authors) names (for example Nicolas Le Novére, Nicolas, Bruce Shapiro or Shapira,
Edelstein or Navak).

» SBML Elements _, Search BicModels Database using the content of either "name” or "notes” SBML elements (for example Edelstein or nicotinic). Select the checkbox behind, if you want to find
documents which matches the exact phrase; ctherwise, all words will be searched as default.

» Resource _, Search BioModels Database for related information found in the models reference publication or third-party resources, by either publication/resource identifier or text (for example 3256450 or
cyclin for publication, GO.0000278 or cell cycle for Gene Ontology, PO4557 or cell division for UniPrat).

« Resource I _, Search BicModels Database for annotations, by third-party resource identifiers (for example [PRO0Z2354 for Inte-Pro, heaQ4080 for KEGG Pathway, 689710 for Reactome).

A part from the BioMaodels ID -based search, for every other criteria the search operates on a contains the entered string basis, case-insensitive. That iz, searching Paerson for Shapi or shapi will return the same
results as searching for Shapiro or shapiro. In addition, since search strings are treated as words, do not enter regular expressicns.

Multiple criteria can be combined with either and or or. If and is selected, only these models satisfying all the criteria will be returned. If instead or is selected, all the models satisfying at least one of the criteria will
be returned.

BioModels ID: |

Person: [

SBML Elements: |

Resource: | Publication ﬁ, |
Resource: ! Publication ﬁ' [ :
Resource: | Publication ﬁ, |

O match the exact phrase

Resource ID: [ Enzyme Momenclature H—ﬂ
Resource ID: | Enzyme Momenclature I-H|
Resource ID: ( Enzyme Momenclature I-%1|

Compose by B and : ar
(" Search 7 [ Reset
Ny - e -
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BioModels ID: |

Person: |

SBML Elements: | ! match the exact phrase
Resourca: [ Taxonony H‘]lmammalia :

Resource: " Publication | 8] .

Resource: " Publication H‘!l :

Resource ID: | Enzyme Momenclature H‘!l s

Resource I0: [ Enzyme Momenclature I-e-!| s

Resource ID: ( Enzyme Momenclature Fﬂl s

L
Compose by: E and ' or
" Search Y " Reset
N . -
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Taxonomic Searches

linking to hierarchical controlled vocabularies allows for more elaborate
searching:
e.g.. searching BioModels DataBase for all models fitting mammals

rodentia
‘V
. . v

-, fungi mammalia
fungi/ - . ‘o
metazoa _vertebrata A

v 7 ‘N homo
) ~ . A . .
metazoa pisces

~
"arthropoda
~

"drosophilidae
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BIOMDO0000000005 - Tyson1991_CellCycle_6var

P
,_\

SBML formats | | Other formats | |Actions | Submit Medel CommentiB ur

Maodel ' Ovarview | Math | Fhysical entties | Farameters | Curaion |

Proc Matl Acad Sci U S A 1991 Aug;83(16): 732832,

Modeling the cell division cycle: ede2 and cyclin interactions.

Tyson JJ.

Department of Biology, Virginia Palytechnic Institute and State University, Blacksbung 24061, [more]

Publication 1D: 1831270

Original Model: BIOMDOOG0000005 xml origin bobiol:hasVersion Reactome REACT 152
Submitter: Micolas Le Novere - g KEGG Pathway sce04111
=l set #1 bohiol:isVersionOf Gene Ontology milatic ce l cycle

Submission ID: MODELGG14644 188 e Taxonomy Funai/Meiazoa aru

Submission Date: 13 Sep 2005 12:31:08 UTC
Last Modification Date: 10 Aug 2009 14:09:39 UTC
Creation Date: 08 Feb 2005 18:28:27 UTC

Encoders: Bruce Shapiro

Vilavalakshmi Chelliah

This a mode! from the article:

Modeling the cell division cycle: cde2 and cyclin interactions.

Tyson JJ Proc. Natl. Acad. Sci. U.5.A.1991; BB(16); 7328-32 1831270,

Abstract:

The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the major events of the cell cycle. A mathematical model for the interactions of cdc2 and cyclin is constructed. Simulation and analysis
of the model show that the control system can operate in three modes: as a steady state with high maturation promating factor activity, as a spontaneous oscillator, or as an excitable switch. We associate the steady state with
metaphase arrestin unfertilized eggs, the spontaneous oscillations with rapid division cycles in early embryos, and the excitable switch with growth-controlled division cycles typical of nonembryonic cells.

This model originates from BioModels Database: A Database of Annotated Published Models. Itis copyright (c) 2005-2010 The BioModels Team.

For more information see the ferms of use.

Tocite BioModels Database, please use Le Novere M., Bornstein B., Broicher A., Courtot 1., Donizelli M., Dharuri H., Li L., Sauro H., Schilstra M., Shapiro B., Snoep J.L., Hucka W. (2006) Biohodels Database: A Free, Centralized Database of
Curated, Published, Ouantitative Kinetic Models of Biochemical and Cellular Systems Mucleic Acids Res., 34 DE3S-DAIL.
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BIOMDO000000005 - Tyson1991_CellCycle_6var

Other formats (auto- -
Download SBML Y Senerated) | Actions
SBML L2 V1 (auto-generated)  s——

SBML L2 V3 (auto-generated) " = ]

| Submit Model Comment/Bug

SBML L2 V4 (curated)
SBML L2 V4 (curated + [den™g@rg URL

Tyson JJ.
Modeling the cell
Proc Matl Acad 5
Dgiment of Biology, Wirginia Pdlytechiic Institute and State Um#érsity, Blackshurg 24061

Publication ID: 1831270

Original Model: BIOMDO000000005 xmi.origin bgbioloc

Submitter: Nicolas Le Novére Al ; KEGG Pathway sce04111
o Rkl Gene Ontology mitotic cell cycle

Submission ID: MODELE614644188 bgbiol:hasVersion Reactome REACT 152

Submission Date: 13 Sep 2005 12:31:08 UTC
Last Modification Date: 24 May 2010 16:33:07 UTC
Creation Date: 08 Feb 2005 18:28:27 UTC

Encoders: Bruce Shapiro
Vijayalakshmi Chelliah

This a model from the article:

Modeling the cell division cycle: cdc2 and cyclin interactions.

Tyson 1] Proc. Natl. Acad. Sci U.5.A19891; 88(16); 7328-32 1831270,

Abstract:

The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the major events of the cell cycle. A mathematical model for the interactions of cdc2 and cyclin is constructed. Simulation
and analysis of the model show that the control system can operate in three modes: as a steady state with high maturation promoting factor activity, as a spontaneous oscillator, or as an excitable switch. We

associate the steady state with metaphase arrestin unfertilized eggs, the spontaneous oscillations with rapid division cycles in early embryos, and the excitable switch with growth-controlled division cycles typical of
nonembryonic cells.

This model originates from BioModels Database: A Database of Annotated Published Models (hitp:fwww.ebi ac.uklbiomodelss). Itis copyright (c) 2005-2012 The BioModels.net Team.

Formore information see the terms of use.

To cite BioModels Database, please use: Li C, Donizelli M, Rodriguez M, Dharuri H, Endler L, Chelliah V. LiL, He E, Henry A, Stefan MI, Snoep JL, Hucka M, Le Movére M, Laibe C (2010) EioModels Database: An
enhanced, curated and annotated resource for published guantitative kinetic models. BMC Syst Biol., 4:92.

Computationa
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BIOMDO0000000005 - Tyson1991_CellCycle_6var
Download SEML | |Other formats O-generated) | Actions
— BioPAX el 2
Mode] § ! ath || Physical entities

BioPAX (Level 3)
Octave (mi-file)

FOF
Scilab ici U S A 1991 Aug;BB(16):7328-32.
Ldivisi le: cde2 and lin interacti
Publication ID- 1831270 VML (vCel) vision cycle: cde2 and cyclin interactig
*PP ology, Virginia Polyie glitute and §

Original Model: SICMD0000000005 xml origin bgbiol:hasVersion Reaciome REACT 152

KEGG Pathway sce04111
Gene Ontology mitotic cell cycl

Submitter: Micolas Le Novere set#1 bgbiolisVersionOf

Submission ID: MODELGE146441 88

bgbiol:occursin Taxonomy FungifMetar oa gro

Submission Date: 13 Sep 2005 12:31:08 UTC
Last Modification Date: 24 May 2010 16:33:07 UTC
Creation Date: 08 Feb 2005 1&28:27 UTC

Encoders: Bruce Shapiro
Vijayalakshmi Chelliah

This a model from the aricle:

Modeling the cell division cycle: cdc2 and cyclin interactions.
Tyson 1] Proc. Natl. Acad. Sci. U.5.A.1991; 88(16); 7328-32 1831270,
Abstract:

For more information see the terms of use.

curated and annotated resource for published gquantitative kinetic models. BMC Syst Biol.. 4:92.

The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the major events of the cell cycle. A mathematical mod
the model show that the control system can operate in three modes: as a steady state with high maturation promoting factor activity, as a spontaned
metaphase arrest in unferilized eggs, the spontaneous oscillations with rapid division cycles in early embryos, and the excitable switch with growt

This model criginates from BioModels Database: A Database of Annotated Published Models (http:/fwww.ebi.ac.uk/biomodelsd). It is copyright (c) 20

To cite BioModels Database, please use: Li C. Donizelli M. Rodriguez M. Dharuri H. Endler L. Chelliah V. Li L. He E. Hen

“http://www.w3.0rg/1999/02/22- rdf-syntax-ns#"”
p://www.biopax. org/release/biopax-level2.owls"
tp 1/ /www. w3 . org/2002/07 fowl#”
fwww . ebi . ac.uk/bionodels/biopax. owl#"
ttp://www. dam1. org/2001/03/damT+o1 14"
tip 1/ fwww. w3 . org/2000/01/ rdf-schemas"”
xm1:base="http://www.ebi uk/biomodels/biopax. owl™>
<owl:0ntology rdf:abol ">

<owl:imports rdf:resource="http://www.biopax.org/release/biopax-level2.owl”/:
</owl:0ntalogy>
<bp:unificationXref rdf:ID="Cene_Ontology_G0_0005623">

<bp : ID>G0:0005623</bp : I

<bp:DB>Gene Ontology</bp :DB>
</bp runi ficati onXref>
<bp :physicalEnti tyParticipant rdf:ID="Reactionl RIGHT_C2">

<bp :STOICHIOMETRIC-COEFFICIENT>1. O</bp :STOICHIOMETRIC-COEFFICIENT>

<bp : CELLULAR-LOCATION>

<bp:openControlledvocabulary rdf:ID="cell"s
<bp:XREF rdf:resource="#GCene_Ontology_G0_0005623" />
<bp:TERM-ce11</bp: TERM-

</bp:openControlledvocabulary>
</bp : CELLULAR-LOCATION>
<bp : PHYSICAL-ENTITY>
<bp:protein rdf:ID="C2">
<bp :XREF>
<bp:unificationXref rdf:ID="UniProt_P04551">
<bp :1D>P04551</bp : 10>
<bp :DB>Uni Prot</bp :DB>
</bp :uni ficationXref>
</bp:XREF>
<bp :NAME>cdc2k</bp :NAME>
oteins
</bp: = o
</bp:physicalEnti tyPar
<bp :unificationXref rdf:ID="Gene_OntoTogy.
<bp:I0>G0:0006470</bp : ID>
<bp :DB>Gene Ontology</bp :DB>
</bp uni ficati onXref>
<bp:protein rdf:ID="CP">
<bp:XREF rdf:resource="#UniProt_P04551"
<bp :NAME>cdc2k-P</bp : NAME>
</bp:protein>
<bp :physicalEnti tyParticipant rdf:ID="Read
<bp:STOICHIOMETRIC-COEFFICIENT>1. 0= g
<bp :CELLULAR-LOCATION rdf:resourc
<bp: PHYSICAL-ENTITY>

SBML Model Report

Model name: “Tyson1991_CellCycle_6var”
BML2ATEX

Oth February 2009

1 General Overview

‘This is adocumentin SEML Level 2 Version 3 format. This model was created by the following
twio authors: Bruce Shapio! and Vijayalakshmi Chelliah® at Fabruary eighth 2005 at 6:28 p.m.
and last modified at August 21 2008 at 11:2] a. m. Table | gives an averview of the quantitles
of all components of this model.

Tabile 1: The SEML components in this model.

All afe described in more detail dn the following sactions,

Element | Quantity || Element | Quantity

compartment types 0 || compartments 1

0| species ]

events 0 || constraints 1]

reactions O || function definitions a

ghobal parameters 0 unit defiritions 5
nules 2 || nitial assignments 0 and analysis of

ate with

Model Notes
Cell Cycle Modeal; Tyson (1801, & varables)

A Stefan Ml Snoep JL. Description

\putational

I4ASA Jat Propulston Laberatory, hetaparespl nass. gor
2EMBL-EBI, 714401 20,0k

Producad by s AETEX
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BIOMD0000000005 - Tysonl991 CellCycle_6var

Other formats (auto-

fenerated)
View Bitmap Reaction Graph

Maodel Overview | Math View SVG Reaction Graph e+ | BIOMD0000000005
View Dynamic Reaction Graph
=

Proc Natl Acad Sci | JWS Cnline Simulation

L
E
L
1
7

SBML formats | | Actions

| €| nitp:/fwww.ebi.ac.uk/biomodels/models-main/publ/BIOMD0000000005 htmi

Fodn)—0—0

Publication ID: 1831270 %':sjer:‘g"j‘ the cell dil g jgyiodels Online Simulation  ~1oNS:
Department of Biology, Virginia Polytechnic Institute and State University, Blac
p-cyclin
cdc2
Original Model: BIOMDO000000005 xmil origin bqbiol:hasVersion Heactome BEACT 152
Submitter: Nicolas Le Novere . 7 KEGG Pathway sce(4111
_ = =2t #1 babiolisVersionOf Sy Rl

Submission ID: MODELGE14644158 bqmodelis Taxonomy FungiiMetazea arau

Submission Date: 13 Sep 2005 12:31:08 UTC
Last Modification Date: 10 Aug 2009 14:09:39 UTC

Creation Date: (8 Feb 2005 18:2827 UTC

Encoders: Bruce Shapiro ZQ—D— cyclin ‘—D—e
Vi'ayalaks.hmi Chelliah
erres ose

This a model from the article:

Modeling the cell division cycle: cdc2 and cyclin interactions.

Tyson JJ Proc. Natl. Acad. Sci. U.5.A.1991; BB(16); 7328-32 1831270,

Abstract:

The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the major events of the cell
of the model show that the control system can operate in three modes: as a steady state with high maturation prometing f
metaphase arrest in unfertilized eggs, the spontaneous oscillations with rapid division cycles in early embryos, and the ex

Graphical export (SBGN)

This model originates from BioModels Database: A Database of Annotated Published Models. Itis copyright (c) 2005-201
For more information see the terms of use.

To cite BioModels Database, please use Le Movere 1., Bornstein B., Broicher A, Courtat W., Donizelli M., Dharuri H., Li L., Sauro H., Schilstra M., Shapiro B., Sncep J.L, Hucka W. (2006) Biolaodels Database: & Free, Centralized Database of
Curated, Published, Ouantitative Kinetic Models of Bicchemical and Cellular Systems Nucleic Azids Res, 34 DG639-D69].
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BIOMD0000000005 - Tysonl991 CellCycle_6var

SBML formats | ;);I:lirr;?;;qats (auto- | |Actions | Submit Model Comment/Bun
View Bitmap Reaction Graph
Model Overvisw | Mah View SVG Reaction Graph H Paramsters | Curetion |
View Dynamic Reaction Graph
| coocfioo
Proc Natl Acad SciTarre e AR
Publication 1D- 1631270 %':';er:ig'g the el di BioMadels Online Simulation Htians.

Department of Biology, Virginia Polytechnic Institute and State University, Blacksburg 24061, [more

Original Model: BIOMDO000000005 xmil origin bqbiol:hasVersion Heactome BEACT 152
Submitter: [icolas Le Novere . ; KEGG Pathway sce(4111
=2t #1 babiolisVersionOf Sy Rl

Submission ID: MODELGE14644158 bqmodelis Taxonomy FungiiMetazea arau

Submission Date: 13 Sep 2005 12:31:08 UTC
Last Modification Date: 10 Aug 2009 14:09:39 UTC
Creation Date: (8 Feb 2005 18:28:27 UTC

Encoders: Bruce Shapiro
Vijavalakshmi Chelliah

This a model from the article:

Modeling the cell division cycle: cdc2 and cyclin interactions.

Tyson JJ Proc. Natl. Acad. Sci. U.5.A.1991; BB(16); 7328-32 1831270,

Abstract:

The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the major events of the cell cycle. A mathematical model for the interactions of cdc2 and cyclin is constructed. Simulation and analysis
of the model show that the control system can operate in three modes: as a steady state with high maturation promating factor activity, as a spontaneous oscillator, or as an excitable switch. We associate the steady state with
metaphase arrest in unfertilized eggs, the spontaneous oscillations with rapid division cycles in early embryos, and the excitable switch with growth-controlled division cycles typical of nonembryonic cells.

This model originates from BioModels Database: A Database of Annotated Published Models. It is copyright (c) 2005-2010 The BioModels Team.
For more information see the terms of use.

To cite BioModels Database, please use Le Movere 1., Bornstein B., Broicher A, Courtat W., Donizelli M., Dharuri H., Li L., Sauro H., Schilstra M., Shapiro B., Sncep J.L, Hucka W. (2006) Biolaodels Database: & Free, Centralized Database of
Curated, Published, Ouantitative Kinetic Models of Bicchemical and Cellular Systems Nucleic Azids Res, 34 DG639-D69].
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BIOMDO0000000005 - Tyson (1991), modelling cell division

by Nicolas Le Novére

One cof the characteristics of life is autopoiesis, that is the auto-production. The biclogical cell is the archetypal example of an autopoietic systems. One of the key events of cell reproduction is the division of acell
into two descendants. In population formed of unicellular organisms, but also in many tissues of pluricellular organisms, this processus is a periedic one, called cell cycle. The mechanisms underlying sukaryotic cell
cycle have been extensively studied, and have been found remarkably conserved throughout evolution. Their elucidation has been awarded the Nobel prize of physiclogy and medecine in 2001. Gell division is not only
the basic mechanism by which a human is built from the egg, when altered it also triggers diseases such as cancers.

With his model published in 1991 [1], John Tyson played a pioneer role in what would become one of the most prolific fields of quantitative modeling in cell biology. One of the crucial events deciding the cell
division is the formation of the Maturation Prometing Factor (MPF), from oscillating proteins called eyelin and specific protein kinases. With only 6 reacting species and 9 reactions (figure 1), Tyson built a
mechanistic model explaining a very complex cellular behaviour from simple molecular events. The model is based on the creation and degradation of cyclin, its binding to and dissociation from cyclin dependent
kinase CDC2, and the phosphorylation of both proteins. Although his model was primarily devoted to explain yeast cell cycle, its explanatory power covered the whole metazoa/fungi group.
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Figure 1: Reaction graph of the model from Tyson 1991. Figure 2: Oscillations of the total cyclin (YT) and the total MPF, relative to the total cyclin dependent kinase CDC2.
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BioModels Database - A Database of Annotated Published Models

BioModels Database is a repository of peer-reviewed, published, computational models. These mathematical models are primarily from the field of systems biology, but more generally are those s
of biological interest. This resource allows biologists to store, search and retrieve published mathematical models. In addition, models in the database can be used to generate sub-models, can
be simulated online, and can be converted between different representational formats. This resource also features programmatic access via Web Services.

All unmodified models in the database are available freely for use and distribution, to all users. This resource is developed and maintained by the BioModels.net @ initiative. More information about
BioModels Database can be found in the Frequently Asked Questions.

Gl Model of the month

| search || Go to model | April, 2012
The implication of quering theory in -
biological processes, has been iﬂ-‘-—'ﬁ?"Ooo
Browse models demonstrated E|LIaI'IIIIaI_I‘.fel}'l|J)'_(;OO|(SOI1 @@Oq&
etal. (2011), by observing significant [Em-@ :
cross-talk between two networks that are
® Curated models (409) indirectly coupled through a common set

of processors.. Read more
= Browse models using GO

= Non-curated models (420) E) News
S. | - JWS O I 12 april zo1z New web services available!
imulate In nine New methods are now provided and the version 1.20 of the Java
library has been released.
Read more...

Submit a model

£th February 2012 Twenty-first Release of BioModels
Database!
: Important changes are happening or announced, please read
Links more...
Download models archives

= Maininstance at EMBL-EBI, UK

= Mirror at Caltech, USA 1st =eptember 2011 Twentieth Release of BioModels Database!
Download all models in the SBEML format

» Project on SourceForge
= Web Services

= Download archived models
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Search

View - Models of the month

Each "Model of the Month” is an article which explores the biological significance of a particular model from BioModels Database. Every article includes elements such as:

the description of the model itself and its results

the biological background of the model

a brief description of the biological processes that are encoded as a mathematical model
the biological role of each of the model elements

the diseases that are caused due to the malfunction of these elements

the presenters own view on the model

2012

April: BIOMD0000000405

Cookson et al. (2011). Queueing up for enzymatic processing: correlated signaling through coupled degradation. - Benedetta Frida Baldi

March: BIOMDO0000000118, BIOMDOO00000119

Golomb et al. (2006). Contribution of persistent Na+ current and M-type K+ current to somatic bursting in CA1 pyramidal cells: combined experimental and modeling study. - Youwei Zheng
February: BIOMD0000000328

Bucher et al. 2011. A systems biology approach to dynamic modeling and inter-subject variability of statin pharmacokine tics in human hepatocytes. - Christine Hoyer

January: BIOMDO000000401, BIOMDO000000402, BIOMDO000000403

Ayatiet al. (2010). A mathematical model of bone remodeling dynamics for normal bone cell populations and myeloma bone disease. - Vijayalakshmi Chelliah

2011

December. BIOMDOO00000364

Lee et al. (2010). A revisit to the one form Kinetic model of prothrombinase. - Massimao Lai

MNovember. BIOMDOO00000356

Nyman et al. (2011). A Hierarchical Whole-body Modeling Approach Elucidates the Link between in Vitro Insulin Signaling and in Vivo Glucose Homeostasis. - Ishan Ajmera
October: BIOMDOOCO0000271, BIOMDOOD0000272

Becker et al. (2010). Covering a broad dynamic range: information processing at the erythropoietin receptor. - Nick Juty

September. BIOMDO0O000000E9

Fuss et al. (2006). Bistable switching and excitable behaviour in the activation of Src at mitosis. - Denis Brun

August: BIOMD0O000000239

Jiang et al. (2007). A kinetics core model of the Glucose-simulated insulin secre tion network of pancreatic beta cells. - /shan Ajmera

July: BIOMDOO00000338, BIOMDO000000339, BIOMDOD00000340

Wajima et al. {(2009). A comprehensive model for the humoral coagulation ne twork in human. - Michael Schubert

June: BIOMDOD0O0000301

Friedland et al.. (2009). Synthetic gene networks that count. - Gael Jalowicki

May: BIOMDOO00000296

Balagaddé et al., (2008). A synthetic Escherichia coli predator-prey ecosystem. - Michele Mattioni

April: BIOMDO0OD0000306, BIOMDOC00000307, BIOMDO0O00000308, BIOMDOD00000309, BIOMDC000000310, BIOMDO000000311, BIOMDO0D0000312
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BIOMDO0000000005 - Tyson1991_CellCycle_6var

Other formats (auto-
generated)

SBML formats | | Actions | Subgglilodel Comment/Buc

Biomodels Home Index JWS Online

View Bitmap Reaction Graph

- . h 7 .
Model e | gt M SME P G | | Biomodels: BIOMD0000000005
- ——— els
View Madel of Month 5 TLS""JE‘SQJ) i
Proc Natl Acad Sci [ WS Online Simulation _ owered by mine
Publication ID: 1831270 Ty”;fr:'g'g the cel di gjoptogels Online Simulation 10N JWSApplet - ver 5.0.3 Tyson1991
Department of Biology, Virginia Palytechnic Institute and State University, Blackshung 24061, | P vl cgl?rameter 1 Value ‘ Evaluate Model ‘
P2 _wl 43 1 .
P3_vi kEnotP 1.0e6 [/ Sim | State
Original Model: BI0MD0000000005 il origin bqbiol:hasVersion Reactome HEACT 152 'E;‘V% g ;ggo StartTime EndTime
W
Submitter Nicolas Le Novere 11 bbiolisversion0f KEGE Patiway sce0t111 P6 V1 T | of [ 100
: Gene Ontology mitntic cell cycle P7 vl klaa 0.015 ' Rates @ Metabolites
Submission ID: MODELGE14644185 = Taxonomy EungilMetazes arau P8_v1 [ 0. Type | Output| Plot |
. | | Fa_wl 7 0.6 M1 c2 Ll =
Submission Date: 13 Sep 2005 12:31:08 UTC P10 vl 4 180 M2 cp O m
_— ) . P11_vl lc4prirne 0.018 M3 Mvar
Last Modification Date: 10 Aug 2009 14:09:39 UTC = Empiyset o M4 v O
Creation Date: 08 Feb 2005 18:26:27 Lﬁl | http: / /jij.mib.ac.uk,/webMathematica/Examples/PlotScript 11.jsp?fun="]Ws 1L €2[0] 0. S E N 0
2 CPIO] 1 ME  pM
Encoders: Bruce Shapim . . . . . I3 Mvar[0] 0. F1 vRea .. [] [T
Vijavalakshmi Chelliah 14 Y[0] 0. F2 viRea.. []
0.301 IS YPL0] 0 2 vRea. [J
S | R T S Res D
0251 F5 viRea.. [
This a model from the article: e S E? VV{{EEE‘--- E u
Modeling the cell divisioncycle:cf S SUSEA AT ea... =
Tyson 2 Proc. Nati. Acad. Sci. US4 = 0.20F webMATHEMATICAD % Reset || Ik P
Abstract: 3
The proteins cdc2 and cyclin form af = 015
of the model show that the control s§; % ‘
metaphase arrest in unfertilized eqqg E | Applet jijApplet started
0101
This model originates from BioMod§l —
For more infarmation see the terms
To cite BioModels Database, pleasa)l 0.05¢ Sncep J.L, Hucka M. (2008) BioMadels Database: A Free, Centralized Database of
Curated, Published, Quantifative King
0.00 ‘\_ ! \ \ —  Jyar

60 80 100 120
time (min)

Computational Neuro 0 20 40

Download the results in text or comma separated value format (e.g. for Excel import):

StelIenboschéMgly_%gitS{.
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(1 http: / fwww.ebi.ac.uk/biomodels-main/publ-model-tab.do?cmd=MODEL:SIMU

BIOMDO0000000005 - Tyson1991_CellCycle_6var

Model - Simulation

Other formats (auto-

SBML farmats | enerated | Actions | ubm@ Fordoing an onling simulation, please selectthe species below. After specifying the simulation time and
g }I View Bitmap Reaction Graph print step, and then click Submitto submit simulation job o our research cluster.
Maodel Overview | Math View SWG Reaction Graph

Click Cancel o close the window.

- r—— |
View Model of Manth Cancel
Proc Natl Acad Sci | JWS Online Simulation

Publication ID- 1831270 Madeling the cell di BioMaodels Online Simulation stions.

Tyson JJ. ) o ) ) DSpecies
Department of Biology, Virginia Polytechnic Institute and State

(] Emptyset [ cde2k cde2k-P p-cvelin cdc?

http:/ fwww.ebi.ac.uk/biomodels-main/publ-model-tab.do?cmd=MODEL : SIMU:RESULT!?

|:| p-cyclin_cde2-p

Original Model: BIOMDO000000005 xmil origin bgbiol:hasVersion Reactome REACT 152 =
|:| total cde2 The simulation requeast has been submitted to the queue of our server cluster. =
Submitter: Nicolas Le Novere set#1 bgbiolisVersionOf KEGG Pathway sce04111 -
' Gene Ontology mitotic cell cycle You could save following links and retrieve your simulation result later.

Simulation Time {use scigd

Submission ID: MODELGG14644153

bgmaodelis Taxonomy FungifMetazoa group Print step: [1000 Link of simulation result:
Submission Date: 13 Sep 2005 12:31:08 UTC http:/Awww ebi.ac.uk/biomodels-main/publ-model.dofemd=5IMU:RETRIEVE&
Ml simuid=5IMU 1254453623040

Last Modification Date: 10 Aug 2009 14:09:39 UTC

Creation Date: (8 Feb 2005 18:28:27 UTC

Encoders: Bruce Shapirn =T
Vijayalakshmi Chelliah
8.8
8.7 |
This a model from the article:
Modeling the cell division cycle: cdc2 and cyclin interactions. ae b il
Tyson JJ Proc. Nad. Acad. Sci. U.5.A.1991; 88(16); 7328-32 1831270,
Abstract: oere 1 .| _

The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the major events of e cen Gy ae. 1
of the model show that the control system can operate in three modes: as a steady state with high maturation promoting factor act
metaphase arrestin unfertilized eggs, the spontaneous oscillations with rapid division cycles in early embryos, and the excitable s§ =~ °-* [ 1

This model originates from BioModels Database: A Database of Annotated Published Models. Itis copyright (c) 2005-2010The Bi} 4.2 4
For more information see the terms of use.
To cite BioModels Database, please use Le Movere M., Bornstein B Broicher A, Courtot M., Donizelli M., Dharuri H., Li L., Sauro H., Schi
Curated, Published, Quantitative Kinetic Mode|s of Biochemical and Cellular Systems Mucleic Acids Res. 34 DE39-D691.

Computational Neurobic up in European Bioinformatics Institute. © Termsof Use = ( ctUs © Developed

_\

www.ebi.ac.uk/biomodels /models-main/ode_simu/SIMU1234453623 .
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SBML formats | Other formats | Actions | Submit Wodel Comment/Eug

Model Overview | Mith || Physizal entbies | Parameters [ Curdizn 1

Proc Matl Acad Sci U S A 1991 Aug:83(16): 732832,

Madeling the cell division cycle: cde2 and cyclin interactions.

Tyson JJ.

Department of Biclogy, Virginia Polytechnic Institute and State University, Blacksburg 24061, [maore]

Publication ID: 1831270

Original Model: BIOMDO000000005 xmil arigit babiol:hasVersion Reactome REACT 152
Submitter: Nicolas Le Nowére o ; KEGG Pathway sce04111
e =2t #1 babiol:isVersionOf Gene Ontology mitoiic c2 | cycle

Submission ID: MODELGE14644158 bqmodelis Taxonomy FUngiMetazea arou

Submission Date: 13 Sep 2005 12:31.08 UTC
Last Modification Date: 10 Aug 2009 14:09:39 UTC
Creation Date: 08 Feb 2005 18:28:27 UTC

Encoders: Bruce Shapim

Vijavalakshmi Chelliah

This a model from the article:

Modeling the cell division cycle: cdc2 and cyclin interactions.

Tyson JJ Proc. Nad. Acad. Sci. U.5.A.1991; 88(16); 7328-32 1831270,

Abstract:

The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the major events of the cell cycle. A mathematical model for the interactions of cdc2 and cyclin is constructed. Simulation and analysis
of the model show that the control system can operate in three modes: as a steady state with high maturation prometing factor activity, as a spontaneous oscillator, or as an excitable switch. We associate the steady state with
metaphase arrest in unfertilized eqgs, the spontaneous oscillations with rapid division cycles in early embryos, and the excitable switch with growth-controlled division cycles typical of nonembryonic cells.

This model originates from BioModels Database: A Database of Annotated Published Models. Itis copyright () 2005-2010 The BioModels Team.
Formore information see the terms of use.

To cite BioModels Database, please use Le Movere M. Bornstein B, Broicher A Courtot M., Donizelli M., Dharuri H., Li L. Sauro H., Schilstra M., Shapiro B, Snoep J.L, Hucka M. (2008) BioModels Database: A Free, Centralized Database of
Curated, Published, Quantitative Kinetic Models of Bicchemical and Cellular Systems Nucleic Acids Res., 34 D639-D691.
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Other fa
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Compare Revisiu\g ]

[136  chyngedto SBMLI2_vd a
[3 the I\test version when i
L2 origina\models.

NYTHCT) ——  [MJICT]

2010-02-08T10:29:04+00:00

Comment: The model reproduces figure 3A of the reference publication.
The model was integrated and simulated using Copasi v4.5 (Build 30).

original article

Figure reproduced using COPASI
:

[ I D

Done

Computational Neurobiology Gr

D in European Bioinformatics Institute. : Terms of Use : ContactUs : Developed by BioModels.net Team
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BIOMD0000000005 - Tyson1991_CellCycle_6var

SBML formats | Cther formats | Actions | Submit Model Comment/Bug
| Model | Overview | Math " Flysical entities ” Paramet=rs || Curation |

L.z Create a submodel Deselect All
- e
Publication ID: 1531270 Submission Date: 2005-09-13T12:31:08+00:00 Last Modification Date: 2009-02-25T14:58:48+00:00 Creation Date: 2005-02-08T18:28:27+00:00
S et

[ Reactions

D cyclin_cdc2k dissociation cdc2k phosphorylation cdc2k dephosphorylation D cyclin cdc2k-p association

D deactivation of cdc2 kinase D cyclin biosynthesis D default degradation of cyclin D cdc2 kinase triggered degration of cyclin

[ activation of ede2 kinase

Rules

Assignment Rule (variable: total_cyclin] Assignment Rule (variable: total_cdc2)

L] Compartments L] Species

O cen O Emptyset O cdezk O cdezk-P
D p-cyclin_cdc2 D p-cyclin_cdc2-p D cyclin
O p-cyclin [ total_cyclin U total_cde2
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Search

SEML formats | ' Cther formats | Actions | Submit Model Comment/Bug

| M| || Overview || Math | Physical entities Parameters ” Curation
Spatial dimensions: 3 Compartment size: 1.0

Flede2k

Initial amount: 0.0
Compartment: cell

Annotations: set#1 bgbiolisVersionOf UniPret COC2 SCHPO

-l ede2k-P

Initial amount: 0.75
Compartment: cell

Annotations: set#1 bgbiolisVersionOf UniProt COC2 SCHPO
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MathML — Mozilla Firefox E]@@

http: / fwww.ebi.ac.uk fbiomodels—main/mathml.do?uri:

Reaction:

BioModels Home Browse models Submit Sign in Support About BioMod

cdc2k de phos phorylation

BIOMDOO00O000005 - Tyson1991_CellCycle_6var rate law:

* e 0w
SEML formats | ' Other formats | Actions | Submit Mode! gfmment/Bug cell * cdc2k-P * k9
y 4
| Mode=l || Overview [ | Fiafical entities ||

Farameters

Compartmenis
=l ede2k phosphorylation cdc2k] — [cdc2k-F|; Mame Size
Math: cell xC2xk8notP (petailf])
cell 1.0
Enzyme Nomgfclature 2.7.11.1
Annotations: set#1 bgbiolisVersionof ) i . .
ene Ontoly protein amino acid phosphorylation
Species
=l cde2k dephos phorylation [cdcZ2k-F] — [cdc2k];
Compartment | Initial Amount | Initial Concentration
Math: cell xCPxk9 petairlt]
o . Enzyme Nomenclature 3.1.3.16 cell 0.75
Annotations: set#1 bgbiolisVersionOf
ene Ontology protein amino acid dephosphorylation
Parameters
Name | Value
ka |1000.0
Close |
Developed by BioModels Team of Computational Meurobiology Group in Eurcpean Bioinforma

Institute. ¢ Terms of Use | Conta g
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BIOMD0000000005 - Tyson1991 CellCycle 6var

| Submit Model Comment/Bug

Fhysical entities ” Parameters " Curation ! Submodel ] !
Deselect All

SBML formats | ' Cther formats | Actions

Overview | Math ”

‘[~ Create a submodel with selected elementl

Last Modification Date: 2009-02-25T14:58:48+00:00 Creation Date: 2005-02-08T18:28:27+00:00

Publication ID: 1831270 Submission Date: 2005-09-13T12:31:08+00:00

[l Reactions
D cyclin_cdc2k dissociation L cdc2k phosphorylation cdc2k dephosphorylation D cyclin coc2k-p association
—
D deactivation of cdc2 kinase D cyclin biosynthesis D default degradation of cyclin D cdc?2 kinase triggered degration of cyclin
L] activation of ede2 kinase
Rules
Assignment Rule (variable: total_cyclin) Assignment Rule (variable: total_cdc2)
..
L] Compartments L] Species
L cen O Emptyset O cdezk O cdezkr
[ p-cyclin_cds2 [ p-cyslin_cdo2-p L cyslin
[ p-cyslin [ total_cyslin [ total_cds?2
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BIOMD0000000005 - Tyson1991_CellCycle 6var

SBML formats | ' Other formats | Actions | Submit Model Comment/Bug
Mol || Overview ” Math " Physical entities ” Paramet=rs || Curation Submodell
El\u"iew the submodel in SBM HSave as

[+ cdc2k phos phory lation cdc2k]| — |cdo2k-P|;

[+ cdc2k dephos phorylation [cdc2k-F] —+ [cdco2k];

corg/sbm1/Tevel2/version3” level="2" version="3">
<mode]l id="SUBMODEL1234454259626">

<notes:
cell set#1 bgbiol:is Gene Ontology cell <body xmlns="http://www.w3.0rg/1999/xhtm1">
<p=This is a sub-model automatically generated by BicModels Database. The generatiol
Referred to as: call </body>
</notes>
<listOfCompar tment s>
<compartment metaid="_000002" id="cell” size="1">
<annotation
¥ ede2k Initial t 0.0 <rdf :RDF xwlns:rdf="http://www.w3.0rg/1999,/02,/22-rdf-syntax-ns#" xmlns:de="http:/
Compartment: cell nitial amount: . <rdf :Description rdf:about="#_000002">
= . <bgbiol:iss
<rdf :Bag>
+ cde2k-P <rdf:11 rdf:resource="urn:miriam:obo.go:CO%3A0005623" /=
Initial ameount; 0.75 </rdf :Bag>
Compartment: cell </bgbiol ris>

</rdf :Descriptions
</rdf :RDF>
</annotation>
</compar tment>
</1istOfCompartments:>
<listOfSpecies>
<species metaid="_000004" 1d="C2" name="cdc2k” compartment="cel1” initialAmount="0">
<annotation
<rdf :RDF xmIns:rdf="http://www.w3.org/1999,/02/22-rdf-syntax-ns#" xmlns:dc="http:/
<rdf :Description rdf:about="#_000004">
<bqgbiol:isversionofs
<rdf :Bag>
<rdf:1i rdf:resource="urn:miriam:uniprot:P04551" />

Developed by BioModels Team of Computational Meurobiology Group in European Bioinformatics Institute.
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BioModels Web Services

Available features

With BioModels Web Services, Users can access the up-to-date resources in BioModels Database without installing a local copy of the database. There are a range of available features for searching and retrieving models.
Furthermore, some features can help users to extract interesting parts from a large model and construct them into a submodel. For any comments or new feature engquiries, please feel free to contact us.

» Available features

+ javadoc

+ WSDL
The WSDL (Web Services Description Language) defines and describes the available features in an XML format file. This enables third-party sofware to automate parsing all available features of BioModels Web Services.
Comparing with WSDL, Javadoc is APl documentation which provides more information to the developers.

Download
According to different cases, we provide two kinds of libraries for using BioModels Web Services. For downloading, please right click on the link and "Save Target As" or "Save Link As".

e T

Standalone and includes all exiernal dependencies and ready for use | 1.9M | hiomode | swslib-standalone-1.11 jar
Lightweight, but needs mher dependencies 1o wark wogether 6.4K | hiomode | swslib-single-1.11.jar

These are the dependencies only needed by light-weight library.

axis.jar

jErpe. jar
commons-logging-1.1.jar
commons-discovery-0.2 jar
saaj.jar

wsdl4j-1.5.1 jar

Basics - Getting Started
Firstly, download the library we provided. | guess you already done it
Assuming that you downloaded the biomodelswslib-standalone.jar, let's write a simple HelloBiolode|s java to test if it works on your environment.
import uk.ac.ehi.bicmodels. v
public class HelloBiciod=ls
¢ public static void main(string args[]) throws Exception
[

BiclodelsWaClient client = new BiclodelsWaclient ()

/* uncomment when a prosy is needed

cli=nt. s=t p=rty ("http. p: ¥ ", "your.http. proxy. host") ;
climnt . s=tFroperty ("http. procyPort ", "yourHbtpProsyFort )
client. setProperty ("socks . proxyHost" . Vyour, socks. procy . host")
client. s=tProperty ("socks. proxyPort", "yourBocksProxyPort") ;

*f
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BioModels Database: widely used

* For benchmarking the modelling and simulation tools.

* Models are downloaded by researches to generate more
elaborate models (i.e. including more reactions, etc.).

* Clustering and Merging models using annotations.

and many more....
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