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In the beginning ...

biologists worked in wet labs
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then one day
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Life cycle of a biochemical model
biochemical model I %P mathematical model I
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Repository of models: motivation & requirement

both number and complexity of quantitative models in biology are
increasing rapidly.

modellers increasingfl reuse and combine existing models. It often
becomes impractical o reimplement models from literature.

For easy and efficient use of the already published models, models

- should be accessible.

* source and detailed description of each model should be
available and linked.

* the modeller must be able to rely on the accuracy of the
models.

* the models should be available in common formats
(eq.:SBML (http://www.sbml.org),
CellML (http://www.cellml.org)
- should be searchable for different criteria.

* the structure and the components of the model should be
browsable and identifiable.
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- In General.....
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BioModels Database: A Free, Centralized Database of Lurated,
Published, Quantitative Kinetic Models of
Biochemical and Cellular Systems
Le Novére N., Bornstein B., Broicher A., Courtot M., Donizelli M., DharurigH., Li L., Sauro H.,

Schilstra M., Shapiro B., Snoep J.L., Hucka M.
Nucleic Acids Research, (2006), 34: D689-D691

BioModels Database: An enhanced, curated and.annotated
resource for published quantitative hetic/models.
Li C, Donizelli M, Rodriguez N, Dharuri H, Endler L, Chellig

Stefan MI, Snoep JL, Hucka M, Le Novere N, Laibe C.
BMC Syst Biol., (2010), Jun 29; 4:92.

V, Li e E, Henry A,




BioModels Database

% first launched on 11th 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 annotated and linked to relevant data resources,
such as publications, databases of compounds and pathways,
etc. to improve identification and retrieval.

% Models are accepted in several 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

M cellular metabolic process
(GO:0044237, wo. translation &
transcription)

M signal transduction (GO:0007165)
[ cell cycle (GO:0007049)
M circadian rhythm (GO:0007623)

B cytosolic calcium ion homeostasis
(GO:0051480)

O transmission of nerve impulse
(GO:0019226)

M cell differentiation (GO:0030154)
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Where do models come from?

submitted by curators

imported from other repositories (DOQCS, CellML,
JWS)

reimplemented from literature
imported from journals webpages

from authors before grant application or publication

+ some journals advocate submission o BioModels DB:

Molecular Systems Biology
PLoS journals
BioMedCentral journals

various people who are interested.
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The models in the BioModels Database come from 149 Journals.
Plot made out of 695 models in the BioModels Database.

(Curated Models = 326; Uncurated Models = 369)

=60 {1%:?3

Mol Syst Biol. (73 1(73): 73 Notably includes, of journals.

x(y):z means that there are x models
from each of the y number of journals:
Total number of models from y number

Mol Cell. {1}
ture Procedings (1)

50-60 (1):58
Biophys J. (58

N\ 2-5(43):124

Y\  Notably includes,
| MNat Biotechnol. (2}
'II Nat Cell Bial. (2)
| Mat Genet. (3}
| Mature (2)

Mol Biol Cell (5)

30-50 (2):67
PLoS Comput Biol. (36)
J Theor Biol. {31)

20-30 (2):53
BMC Syst Biol. (28]
PNAS (25)

# 5-10 (20):150

Notably includes,
110-20(7):97 — Cell (6)
Biophys Chem. (11) 1 Cell Biol. (9)

Math Biosci. (17)

J R Soc Interface (11)

J Biol Chem. (19)

Science (11)

Annu_Rev_ Physiol. (17)

IEEE Trans Neural Netw. {11)
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Model Format QML

Level 2 Version 1
Level 2 Version 2

C Level 2 Version 3
Level 2 Version 4 [ Temparary
"-. ® ‘ unavailable
Level 1 Version 1 f :_-"1L" IIML
Level 1 Version 2 ‘.- ce
Level 2 Version 1 / biology. math. data. knowledye.

Level 2 Version 3 Version 1.1

Level 2 Version 4 W >  XPP-Aut

LT
CI{EL

VCell

oy
‘;l FM%!!IHMNL- /

Version 1.0
Version 1.1
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Encoding models using SBML
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Ras/MKKKK Table 2. Rate equations and parameter values of the MAPK cascade model. Concentrations and the Michaelis constants (K, -K ) are given in nM. The
catalytic rate constants (ks, kq, k7, kz) and the maximal enzyme rates (Vy, Vo, Vs, Ve, Vo, Vig) are expressed in s Uand nms Y, respectively.
4
N T
\\\ Reaction number Rate equation Parumeter values
y
i
MKKK ! MKKK-P 4 1 Vi [MEKEJ( 1 + ([MAPE-PPIE (K, + [MEKK]) Vi=25n=1LK=9K=I10
2 Vo [MKKK-P]{(K; + [MKKK-P]) Va=1025K; =8,
W 3 ko [MEKKK-P]- [MKK]/(K, + [MKK]) ky = 0.025; Ky = 15;
4 ky | MKKK-P|-[MKK-P|{(K; + [MKK-P]) ky = 0.025; Ky = 15;
5 Vs [MKK-PPJ(Ks + [MKK-PP]) Vs=1075 K5 = 15;
6 Ve IMKK-PJ/(Ks + [MKK-P]) Ve =075 K = 15;
3 4 7 ky [MKK-FFP]- [MAPK]/(K; + [MAPK]) ky = 0025, K, = 15;
MKK MEKK-P MEKK-PP 8 kg [ MKK-PP]-[MAPK-P|/(Ky + [MAPK-P]) kg = 0.025; Ky = 15;
K\i// W 9 Vi [MAPK-PP|(Ky + [MAPK-PP]) Va=1035; Ky = 15,
0] Vig IMAPK-PJ/( K1 + [MAPK-P]) Vie=0.5; K1o = 15;
Total concentrations: [MKKK],.q = 100; [MKK],, ., = 300; [MAPK] . = 300

MAPK-PP

output
eg. time course

Kholodenko2000

300 o

simulation software
eg. Copasi
rrr‘

L :I

computer readable
forma :

BM

250 -
200

150
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100 o

50 4

— T T
0 1000

Kholodenko, Eur J Biochem (2000) 267: 1583-1588.

7T —T T T T O —
2000 3000 4000 5000 6000

- [MAPK] |~ [MAPK-P] |- [MAPK-PP]
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Why standards ?

Goal: reproducible and reusable

models and simulations
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Michael Hucka
California Institute of Technology

BML erg

=+ HNews Documents Downloads Forums Facilities Community Events About

Welcome to the portal for the Systems Biology Markup Language (SEML),

a free and open interchange format for computer models of biclogical processes.
SEML is useful for models of metabolism, cell signaling, and moere. It has been in
development by an international community since the year 2000.

For the curious
What is SEML? Read o
mailing lists to glim
Ml
-

en perhiaps browse the
P g with SEML today.

For modelers
Looking for software that supports SEMLYOur software guide |id
over 210 systems. Are you instead |00 ki N\l —

BioModels Database &, where you can find hundreds!

For software developers

Interested in supporting SEML in your software? Read our basic
intreduction and then the SBML specifications to understand
how to use SEML. After that, you may want to look at libSBML.

No matter how you use SEML, we invite you to sign up for news updates either
through our RSS feed, our Twitter feed (7, or one of the mailing lists, and get
involved with community efforts to help keep impreving SEML. You can alse call
attention to your project's support of SEML by displaying the SBML logo.

SEML would not have been possible without suppert from multiple agencies and
organizations, aswell asintellectual contributions from many motivated
individuals, including the majer contributors who are shaping SEML Level 3.

r issue tracking sysbtem for any ques

The Systems Biology Markup Language
EY

S5BML News

IibSBML 4.3.1 released! “
(20 Mar'11) A minor update to
eradicate a few bugs and compatibility
issues.

COMBINE 2011 set! l?l’.‘
(29 Mar'11) This year's COMBINE
mesting will be held in Heidelbang,
Gemany, Sep 3-7.

Older news ...
Community News

SED-ML v1.1 released ﬁ':)
(23 Mar.'11} The version 1.1
specification for SED-MLE is now
availabla!

ONDEX released & ﬁ':)
{21 Mar'11) ONDEX (@ is a data
integration platform enabling diverss
data sats to be linked and visualized.

SBW 2.8.2 Released ﬁ":)
(15 Mar.'11) SBW (¥ has an

updated |Designer, improved SEML event
handling, and SBGN-ML and SED-ML 1.1
SUpport.

Older news ...
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213 tools support SBML upto now

QM L.urg The Systems Biology Markun Lanauaae

200
4 News Documents Downloads Forums Facilities Community Events About @
150
Parent pages: SEML org / SBML Software Guide
100
SBML Software Matrix
This matriz provides an at-a-glance summary of software known to us to provide some degree of s 50
or othemwise working with SEML. The columns' meanings are explained below. For a list of longer di
themes, please see our SBML Software Summary page. 0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Capabilities Frameworks APl Dep. Platforms | SBML [Availabil.
L _
(]
= Q Y Y
1] - i
c = w o ) m BT
I A 8w » o8 E
£ = >0 - £ 2 0 0 % E g |
W 3 = o G C = @ C O
E E E PO W w9 D m O g g0
-~ m L oL O £ = 08 E X |0 0
GnIasdSoO S8 60M0H0O H il (& &
acsiXtreme L) w . %
ALC - s . - . LW, M B *=(=|F
Asmparts = = (= LW 3|l E
Antimony - ] C.C++ LW, M T I 8 B
AutoSBW L . SEW SEW LW, M F o B
AVIS . wvarious L . = |F
BALSA - Sigtran
BASIS = - L] ws B =« «|=a|F F
Beta\WB m|n| . L LW, M . F
BiGG . B - F
BiNoM = = o . L W, M CIRRCIN RCE S
BiNoM Cytoscape Plugin - - (] . Cytoscape LW, M * c# [GwlFe B
BIOCHAM 2 == LW, M DR R
BioCharon === L I CHARDN
Biological Networks - - L) LW, M = = A
BioCyc = o F§ (=]

The columns of thistable should be read in the following way:

& Capabilities summarizes the facilities that a package provides by itself {i.e, withoutinvoking another package) for
working with SEML: "Creation" = creating/editing models, "Simulation" = performing time-series simulation of models,
"Analysis" = analyzing models (e.g., sensitivity analysis, flux-balance analysis, etc.), "Database" = providing a database of
models, and "Utility" = providing other utility functions (e.g., translating SEML to/from other formats).

* Frameworks summarizes the modeling frameworks supported by a package, regardless of whether the package also

http://sbmi.org/SBML_SofTware_Guide/SBML_SoTfTtware_matrix
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What is SBML?

a machine readable format for the representation of
computational models of the biochemical reaction networks

designed to be an exchange format for different tools => not
dependent on a specific software

It is not

*a procedual or programming language

- a format for configuration files for software tool
SBML is encoded in XML

*incorporates other standard formats like MathML, xHTML
and RDF

allows to integrate additional information in free form and
standardized, machine readable formats (annotations)

is developed by a large and active community and supported by
more than hundred tools (see:
http://sbml.org/SBML_Software_Guide/)
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What can we encode in SBML?

containers (compartments)
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What can we encode in SBML?

entity pools (species)

protein’ protein
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What can we encode in SBML?

reactions

protein’ < L protein
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What can we encode in SBML?

modulations

protein’ < L protein
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What can we encode in SBML?

arbitratry rules

protein’ < L protein
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What can we encode in SBML?

discrete events

protein’ < L protein
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Main components of SBML

" Initial J
Assignment -~
g Wu Compartment

Event Type

@M—u Species
Type

Level 1 Version 1

ompartmen

Rue ||
L/JJ , Level 2 Version 3
Species = '
L%_M Ba_ra/mﬂﬂ Level 2 Version 4

EMBL-EBI
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SBML components in detail

Function definition mathematical function that may be used throughout the rest of a model.
Unit definition new unit of measurement, or redefinition of an existing SBML default unit.
Compartment Type type of container

Species type type of entity that can participate in reactions.

Compartment well-stirred container of finite size where species may be located.

Species pool of entities of the same species type located in a specific compartment.
Parameter named quantity, whether constant or variable, global to the model

Initial Assignment mathematical expression to determine the initial conditions of a model.
Rule mathematical expression added to the set of equations constructed based

on the reactions
Constraint means of detecting out-of-bounds conditions during a dynamical simulation

Reaction statement describing some transformation, transport or binding process
that can change the amount of one or more species

Event statement describing an instantaneous change in a set of variables

EMBL-EBI




SBML structure and syntax

<?xml version="1.0" encoding="UTF-8"7?>
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SBML structure and syntax

<?xml version="1.0" encoding="UTF-8"7?>

<sbml xmiIns="http://www.sbml.org/sbml/level2/version4/"
level="2"
version="4">

</sbml>

EMBL-EBI 25:




SBML structure and syntax

<?xml version="1.0" encoding="UTF-8"7?>

<sbml xmiIns="http://www.sbml.org/sbml/level2/version4/"
level="2"
version="4">

<model ...>

</model>
</sbml>
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SBML structure and syntax

<?xml version="1.0" encoding="UTF-8"7?>

<sbml xmiIns="http://www.sbml.org/sbml/level2/version4/"
level="2"
version="4">

<model ...>
<listOfXYZ>

</model>
</sbml>

EMBL-EBI 25:




SBML structure and syntax

<?xml version="1.0" encoding="UTF-8"7?>

<sbml xmiIns="http://www.sbml.org/sbml/level2/version4/"
level="2"
version="4">

<model ...>
<listOfSpecies>
<species ...
</listOfSpecies>

</model>
</sbml>

EMBL-EBI 25:




SBML structure and syntax

Compartment

a container of finite size for well-stirred substances

<listOfCompartmepte
<compartmen @
spatialDimensions="3"

size="2.3"

units="litre"

constant="true"/>
</listOfCompartments>
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SBML structure and syntax

Species

a pool of a chemical substance

<listOfSpecies>
<species id="s"

compartment="cell"
initialAmount="4.6"
substanceUnits="mole"
hasOnlySubstanceUnits="false"
boundaryCondition="false"
constant="false"/>

</listOfSpecies>
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SBML structure and syntax

Parameter
a quantity of whatever type is appropriate

<listOfParameters>
<parameter id="p1"
value="3000"
constant="false"/>
<parameter id="p2"
value="8000"
constant="true"/>
</listOfParameters>
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SBML structure and syntax

Reaction

a statement describing some transformation,
transport or binding process that can change one or
more species

Reactants
R

‘Kinetic law’:
v =f(R, P, M, parameter{)

Products
P

~N

M

EMBL-EBI 25:




SBML structure and syntax

e <
:

rate law: k * SO * S2
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SBML structure and syntax

<listOfSpecie
<specie compartment="comp1" initialAmount="1.66057788110262e-21/>
<species T&==S co ="comp1" initialAmount="0"/>
<species id=“82’<’ compartment=“comp1)‘nitiaIAmount=“2e-21 ">

</listOfSpecies>

/

<listOfCompartmse
<compartment id="comp1"
</listOfCompartmer

dize="1e-16"/>
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SBML structure and syntax

<listOfSpeciss
<specie @
<species IG="S
<species id="“S2’

</listOfSpecies>

compartment="comp1" initialAmount="0"/>
compartment=“comp1” initialAmount="2e-21"/>

compartment="comp1" initialAmount="1.66057788110262e-21/\>

<listOfReactions>
<reaction>
<listOfReactants>
<speciesReferenc@
</listOfReactants>
<listOfProducts>
<speciesReference species=“S1"/>
</listOfProducts>
<listOfModifiers>
<modifierSpeciesReference species="S2"/>
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SBML structure and syntax

<kineticLaw>
<math xmins="http://www.w3.0org/1998/Math/MathML">
<apply>
<times/>
<ci> comp1 </ci> )
<ci> k </ci> .
<§i> SO/:/ci> ~ ‘id’ of other elements

<Ci> S2 </ci>
</apply>
</math>
</kineticLaw>

EMBL-EBI




SBML structure and syntax

<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times/>
<ci> comp1 </ci>
<Ci> k </ci>
<ci> SO </ci>
<Ci> S2 </ci>
</apply>
</math>
<listOfLocalParameters>
<localParameter id="k” value="“2"/>
</listOfLocalParameters>
</KineticLaw>
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SBML structure and syntax

rate law: k * SO * S2

dS0/dt=-k* S0 * S2 * comp
dS1/dt=+k* S0 * S2 * comp

EMBL-EBI 25:




SBML structure and syntax

Rule

a mathematical expression that is added to the
model equations

assignmentRule X = f(y)

rateRule dx/dt = f(y)

algebraicRule f(x,y) =0

EMBL-EBI 25:




SBML is not limited to biochemistry!

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

Events can describe any discontinuous change, e.g.
neurotransmitter release or repolarisation;
A species is an entity participating to a reaction, not
always a chemical entity:

* It can be a molecule

« It can beacell
* It can be an organ

* It can be an organism

Systems Biology is scale-freel!

EMBL-EBI




SBML structure and syntax

Event

a set of mathematical formulas evaluated at
specified moments in the time evolution of the

system
fflag =0
event <
_flag =1 whent>30

EMBL-EBI 25:




SBML Resources

BML org

% News Documents Downloads Foruns Facilities Comm ity Events About B I}

The Systems Biology Markup Language

Welcome to the portal for the Systems Biology Markup Language (SBML), SEML News

a computer-readable format for representing models of biological processes.

SBML is suitable for models of metabolism, cell signaling, and other processes, Contest winner!

and has been evolving since 2000 thanks to an international community of (7 Mar.'10) We have a winner
researchers. for the SBML L3 Core specification

bug-finding contest:

For the curious New libSBML matrix x
What is SBML? Read our introduction, then perhaps browse the (2 Feb.'10) We've a':ldedc_lﬁa
ih H ' H - page summarlzmgt € dITerences
1r:rlzlllmg lists to get a sense for what's going on with SBML between the different lIbSBML
oday.

branches.

old
For modelers er news

Looking for software that supports SBML? Qur software guide

N X _ Community News

lists over 180 systems today. Are you instead looking for

models? Visit the BioModels Database &, where you can find SBMLsgueezer 1.3 released ﬁ‘;}

hundreds! (3 Apr.'10) SBMLsqueezer &
generates rate laws from SEML

For software developers reactions based on SBO annotations.

Interested in supporting SBML in your software? Read our basic New MIASE website & ﬁ’%}

introduction and then the SBML specifications to understand (10 Feb.'10) The MIASE @

how to use SBML. After that, you may want to look at libSBML. effort has a new website, connected to

BioModels.net.

No matter how you use SBML, we invite you to sign up for news updates either | BioModels release 16 ﬁ’%}
through our RSS feed, our Twitter feed &, or one of the mailing lists, and get | (26 150.'10) The latest release
involved with community efforts to help keep improving SEML. You can also of the BioModels Database &

. V ; p P imp ~ g - ) features over 450 total medels.
call attention to your project's support of SBML by displaying the SBML logo.

. . B . Older news ...
SEML would not have been possible without support from multiple agencies

and organizations, as well as intellectual contributions from many motivated
individuals, including the major contributors who are shaping SBML Level 3.

O sware f@E.

site. This page was lastm

EMBL-EBI



SBML Resources

Online QML.m‘g The Systems Biology Markup Language

¥ MNews Documents Downloads Forums Facilities Community Events About & B (R

validator

Parent pages: SBML.org /[ Facilities

Online SBML Validator

Last Updatea: 2010-01-21

You can upload (or access at a URL) a file in SBML format and have its syntax and internal consistency
tested. All specifications of SBML are supported, including Level 2 Version 4 Release 1. Passing this
validator doesn't guarantee the file is 100% correctly formatted SBML, but it's the best automated
assessment available.

In the form below, select an SBML file on your computer, or type the URL of an SBML file located on another computer.,
The file can be uncompressed, or compressed using zip, gzip or bzip2.

Upload File Submit URL

" Browse_

C\:Proegram Files\SEML\MyModels\I2v1-branch.xml

imn
w

Options:

] check consistency of measurement units associated with quantitiez (SBML L2v4 rules 105nn)
Check correctness and consistency of identifiers uzed for model entities (SBML L2V4 rules 103nn)
Check syntax of MathML mathematical expres=zionz (SBML L2v4 rules 102nn)

Check validity of SBO identifiers (if any) used in the model (SBML L2v4 rules 107nn)

Ferform static analysiz of whether the model iz overdetermined

EMBL-EBI




SBML Resources

Results:
This document is not valid SBEML!
1 Error

1. Line 8 Column 40: (SBML Validation Rule #20601) The value of "compartment’ in a <species>
definition must be the identifier of an existing <compartment> defined in the model. {References: L2V1
Section 4.6.2; L2V2 Section 4.8.3; L2V3 Section 4.8.3; L2V4 Section 4.83.2) Compartment "a’ is undefined.

¢zpecies id="=" compartment="a"-:

Document Listing

1. <?=Emnl verzion="1.0" encoding="UTF-8"7:
2. <=bml Emln=="http:<swyw.sbnl org-zbml-level - -versiond" level="2" werszion="4":
3. <model:

4. <listOf Conpartmentss

5. {ocompartment id="c"

. olizt0fConpartmentss

7. <1li=t0fSpeciess

g. {species id="=" compartment="a"-

9. ¢/ lizt0fSpecies:

10. <smodel

11. <~ =shbml:

< Return to the SBML Validator front page.

EMBL-EBI




-Production Pipeline.....

Submission
Curation
Annotation
Search
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Production pipeline

Curation Annotation Public

Non-curated " || Non-curated
V«-‘ Models « Models

Curated
Models

Submission

search

MIRIAM
Curation

Curated
Models
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http://www.ebi.ac.uk/biomodels/

Give us
feedback

AtlrJI itUs Index

upport About Biol

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 meore generally are those of biclogical
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 BicModels.net @& initiative. More information about BioModels
Database can be found in the Freguently Asked Cuestions.

I Advanced Search EJ Model of the month

| search || Go to model April, 2011

Molecular regulatory networks can &

accurately be modeled in mathematical N

Browse models terms. This model shows, how simple N
signaling pathways can be embedded in [ij \l)
networks using positive and negative

* Curated models (269) feedback to generate more complex

behaviours—toggle switches and oscillators

= Browse models using GO — which are the basic building blocks of the exatic. dynamic
behaviour shown by nonlinear control systems. Read more

,()—n—u—]—n—b ]

= Non-curated models (361)

% . . News
Simulate in JWS Online =
4 February 2011 JUMMP: JUst a Model Management Platform

= To provide the worldwide community with a modern tool for the
Smelt a mOdE| collaborative creation and sharing of models in an efficient and
secured way, the Jirgen Eils and Micolas Le Movere groups are
announcing the JUMMP project. It is planned that JUMMP will be
used as the software infrastructure running BioModels Database.
Read more... &

Links
» Main instance at EMBL-EBI, UK 17 Hewember 2010 New availability of the Models of the Month
. Models of the Month are now linked from BiolMed Central's Systems
= Mirror at Caltech, USA Biolooy Gateway.

» Project on SourceForge

30 sapember 2010 Eighteenth Release!

= Web Services Download All Models Under SEML Format

» Download archived models
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Submit - Step 1

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

® SEML Level 2 Wersion 3
® SEML Level 2 Yersion 2
® SEAML Level 2 Wersion 1
® SEML Level 1 Wersion 2
® SEML Lewvel 1 Yersion 1
® CellML 1.1

& CellML 1.0

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

The submitted models will not be incorporated into the Biokodels 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 Zformat in case they were submitted under a different format, and then tested ta verify 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 (R elation between the model and publication, modifications or clarifications of the model, ete.) either directhy into the model file if
possible (for exarmple using the nofes elernents if your rmodel is under one of the SBML formats), or into the Curation commert text field provided by the form in step 2.

® |f you created the model, or collaborated to its creation, and you are not an author of the reference publication, add to the mode! elerment a de creafor annotation containing your data (first and last name,
organisation, emnail), so that your contribution can be acknowledged. Click here to wiew an example of a do.cresfor annotation which you can re-use (skip blue part if already present).

® Choose a rmeaningful value for the attribute name of the model elernent. Exarnples of good model narmes are NameAuthorYear Topic Method, Levehenko2000 MAPK noScaffold o
Edefsteinfoos EPSP_AChEvert.

® Check the validity of the model (for example by using this enline validator if your model is under one of the SEML formats). All the models undergo a primary XML validity check upon submission anyway, and,
as mentioned before, a more thorough testing during the curation phase, but an already valid model is of great help nevertheless!

Thanks a lot for your contribution to the BioModels Database!

Please enter the 1D of the reference publication asscciated with the model, and then click Comfinue, if unpublished the 1D is optional.

Publication ID: |18312?0 (®) PubMed (Search Medline) O DOI (Resolve a D) O URL O Unpublished

Continue | Reset |

Developed by BiohModels Team of Computational Meurobiology Group in European Bisinformatics Institute. @ Terms of Use @ ContactUs
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Submit - Step 2

Below is the surnmary for the publication with PubMed 1D;

1831270
If the publication summary is not what you expected, click Back to enter a different Pubhled ID.
Ctherwise click Corfinue to go on subrmitting the rmoclel to the curation phase.

Click Cancefto return to the models submission page.

Proc Matl Acad Sei U 5 A 1991 Aug;88(18):7325-32.

Modeling the cell division cycle: cdc2 and cyclin interactions.
Tyson JdJ.
Pepariment of Biclogy, Virginia Polyiechnic fnstifufe and State Universify, Blacksburg 24061,

The proteins cde2 and cyclin form a heterodimer (maturation prometing factor) that controls the major events of the cell cycle. A mathematical rmodel for the interactions of cde2 and cyclin is constructed. Simulation
and analysis of the model show that the control systern can operate in three modes: as a steacly state with high maturation promoting factor activity, as a spontaneous oscillator, or as an excitable switch. We
associate the steady state with metaphase arrest in unfertilized eggs, the spontanecus oscillations with rapid division cycles in early embryos, and the excitable switch with growthcontrolled division cycles typical
of nonernbryonic cells.

Backl Continuel Cancel
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Submit - Step 3

“fou can submit here modeks to be included in the BioModelks Database. The following formats are currently accspted:

SEML Lewal 2 Vamion 2
SEML Lewsl 2 Varmion 2
SBML Lewal 2 Viarion 1
SEML Lewsld Vormion 2

SEML Lewal 1 Viarzion 1
CoalidL 1.1
CelML1.0

If you wish to submit a modsl under a diffierent format, please contact .

The submitted modets will not be inconorated into the BioModels Database straightaway, since they have to undergo a curation phase before. During this curation phase, the modets will be first converted 1o the S8ML Leve! 2 Version 3 format in case they were
submitted under a different format, and then tested to verify that they both are comitent and reproduce the results published in the respective reference publication. To actually facilitate this curation phass, prior fo submitting a medel, please do the following:

* Enterall the relevant information you believe s necessary for the curation [reference publication, modffications or clrffications of the moedel, stc.) etther dirsctly into the model fie f allowed (for example using the notes elements f your model is under ons of
the SEML formats), or into the Curalion conment text field provided by the form belowr.

* |f vou created the model, or collbborated to it creation, and vou are not an author of the reference publication, add to the modsielement a doareator annotation containing your data (first and kst name, organisation, email), o that your contribution can
be acknowledged. Click hem o view an example of a degareator annotation which you can re-use [ship blue part if already present).

* Chooss a meaningful value for the attribute name of the mode! element. Exampiles of good model names ars MameduthorYear_ Topis_Method, Levahenko2000_MAPK_noScaffoldor Edeiden i 236 EP5F_AChEvent

Chech the valdity of the model (for example by using this online validstor if wour model is under one of the S8ML formats). Allthe modets undergo a primary XML validity check upon submission amyway, and, as mentioned before, a mores thorough testing

during the curation phass, but an already valid medel i of great hel nevertheless!

* |f the model was not created directhy in SBML, of i it requires a specific coftwars o be simubted adequately, piease enter in the COriginal Maode!form a URL pointing o the medel in the original repesttony. Refrain from entering a genetic URL to the
repository isel.

Flease enter your personal details and any comment ussful for thecuration step [underlined fields are required), and then click Siubrai.

Firat neme: |Vija\,'a|akshmi
Last name: |Che|liah
Orgenimtion:  |EBI-EMBL
Email; wijidebi.ac.uk

Cell division cycle grsxees. . ... ...

Comment:

Crriginel model:|

Model file: ifautomoumfnas10b_vc-|—vc-|1—hc-mes;‘vijiJ‘wnrk_vijifbinmndeIsfmodeISfceIIcche.me Browise. .. i

Subrnit I Reset i
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Submit - Step 4

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

celicycle.xml
and with namea:
Tyson1991_CeliCycle_Gvariable

has been successfully completed.

The model has been assigned the unigue |D:

MODELS232600906

= 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@ebi.ac.uk
Date: 09:30
To: viiebiac.uk

PLEASE D0 NOT REPLY TO THIS EMATL

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

Proc Matl Acad Sci U 5 A 1991 Aug;88(16):7328-32.
Modeling the cell diwvision cycle: cdc2 and cyeclin interactions.
Tyson JJ.

The model is now in the process pipeline with the unique accession PODELE2326D00906( This identifier is unique and can be used, for instance in

scientific publications or grant applications. Our team of curators will now wverify the syntax and the semantic of the model. You will be 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-EEI

Wellcome-Trust Genome Campus
Hirxton Cambridge

CE10 15D

United-Kingdom

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

Tel: +44 (0)1223 494521
Farx: +44 (031223 434468

Thank you,
The BioModels Database Team

EBioModels Datshase is developed in collshoration by the tesms of Nicolas Le Nowvére (EMBL-EBI, United-Eingdom), Michael Hucka (SEML Team, Caltech,
USk), Herbert Sauro (Eeck Graduate Instituke, USA) and Jacky Snoep (JWS Online, Stellenbosch Uniwersity, 2A4), as part of the BioModels net
initiatiwve. BioModels Database development is funded by the European Molecular Biology Laboratory and the National Institute of General Medical
Sclences.

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

EMBL-EBI
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MIRIAM guidelines

Y Reporting guidelines for
curation of quantitative
models

« Specifically about
encoding & annotating
models.

e Limited for the moment
to models that can be
numerically evaluated.

% Not specific o SBML;

applicable to any structured

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

Nicolas Le Novére"'%, Andrew Finney'*, Michael Hucka®, Upinder § Bhalla®, Fabien Campagne®,

Julio Collado-Vides®, Edmund | Crampin’, Matt Halstead”,

, Edda Klipp®, Pedro Mendes®, Poul Nielsen”,

Herbert Sauro'?, Bruce Shapiro'!, Jacky L Snoep'?, Hugh D Spence'? & Barry L Wanner'*

Most of the published quantitative models in biology are
lost for the community because they are either not made
available or they are insufficiently characterized to allow
them to be reused. The lack of a standard description format,
lack of stringent reviewing and authors” carelessness are
the main causes for incomplete model descriptions. With
today's increased interest in detailed biochemical models,
it is necessary to define a minimum quality standard for
the encoding of those models. We propose a set of rules for
curating quantitative models of biological systems. These
rules define p for ding and ing models
represented in machine-readable form. We believe their
application will enable users to (i) have confidence that
curated models are an accurate reflection of their associated
iptis search ions of curated
models with precision, quickly identify the biological
phenomena that a n curated model or model constituent
represents and (iv) facilitate model reuse and composition

@iﬂtﬂ large subcellular models.

European Bicinformatics Institute, Hinxton, CB10 15D, UK.

ZPysiomic: Magdalen Centre, Drdord Science Park, Dxford,

OX4 4GA K. 3Control and Dynamical Syst: California Institute of
Technology, Pasadena, California 91125, USA. #National Centre for Biclogical
Sciences, TIFR, UAS-GKVK Campu: E, Indiz. “Irstitute

62100, Mexico. "Bioengineering Institute and Depariment of Enginesring
The University of Auckland, Private Bag 52018, Auckland, New
Max-Planch Institute for Molecular Genetics, Berlin G
Genome ICB), Ihnestr. 73, 14195 Berlin, Germany.
Hirginia Bininfamatics knstitute, Virginia Tech, Washington S1., Blacksburg,
Virginiz 24061-0477, USA. "eck Gradua 535 Watson Drive,

1 J L

o
University, Private Bag X1, Matieland 7602, South Africa. '3Depariment of
Scientific Computing & Mathematical Modeling, GlasaSmithKline Research
& Development Limited, Medicines Research Centre, Gummels Wood

Road, Stevenage, Herts, SG1 2NY, UK. *4Purs
Hiokogical Sciences, Lilly Hall of Lie Scien
4790 usA. *

niversity, Department of
15W. State Str

Published anline & December 2005; doi-10.1038/mbt1156

NATURE BIOTECHNOLOGY VOLUME 23 NUMBER 12 DECEMBER 2005

During the genomic era we have witnessed a vast increase in availabil-
ity of large amounts of quantitative data. This is motivating a shift in
the focus of molecular and cellukar research from qualitative descrip-
tions of biochemical interactions towards the quantification of such
interactions and their dynamics. One of the tenets of systems biclogy
isthe use of quantitative models (see Box 1 for definitions) as a mech-
anism for capturing precise hypotheses and making predictions’2.
Many specialized models exist that attempt to explain aspects of the
cellnlar machinery. However, as has happened with other types of bio-
logical information, such as sequences, macromolecular structures or

Box 1 Glossary

Some tarms are used in a very specific way throughout the article.
W provide here a precise definition of each ane.
Quantitative biochemical model. A formal model of a bialogical
system, based on the mathematical description of its molecular
and cellular components, and the interactions between thase
companents.
Encoded model. A mathematical moded written in 2 formal
machine-readable languaga, such that it can be systematically
parsed and employed by simulation and analysis software without
further human translation.
MIRIAM-compliant model. A modeal that passes all the tests and
fulfills all the conditions listed in MIRIAM
Reference description. A unique docurnent that describes, or
refarences the description of the moded, the structure of the
miodel, the numerical values necessary to instantiate a simulation
from the moded, or to perform a mathematical analysis of the
miodel, and the results one expects from such a simulation or
analysis.
Curation process. The process by which the compliance of an
encoded madel with MIRIAM is achieved andior verified. The
curation process may encompass some or all of the following
tasks: encoding of the model, verification of the reference
comespondenca and annotation of the modal

The fact that the structure of a
miodel and the results of a simulation or an analysis match the
information present in the reference description.




MIRIAM compliance

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

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

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

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

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

o contain creator’s contact detalils.

EMBL-EBI




"4 Luration Hesult - Mozilla FIretox ;

i j4 I hittp://www.ebi.ac uk/biomoedels-main/simulation-result. do?uri=anno-r |

BIOMD0000000005 - Tysopf199

0.35

03

Other f

SBML formats | general

| Myl \I
—Cu%re&ult
Sl
[

i i il
] /1 /1] 2010-02-08T10:20:0
21| “\U"I_/('-I: L
A Comment: The mg

Concentration

—Model Nstory
Rev Log message Time (min)
(036  cNangedto SBMLI2 v4 | NYTCT) ——  [MJICT]
03 the Yatest version when i
L2 originy models. 2010-02-08T10:20:04+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

I Compare Revisiaqs \

reproduction with SBMLodeSolver

[ I D

' Done

Computational Neurobiology Group in European Bioinformatics Institute. : Terms of Use : ContactUs : Developed by BioModels.net Team
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Submit tion Admini Support About Biol

BIOMDO0000000234 - Tham2008_PDmode_TumourShrinkage

SBML formats | |Other formats | |Actions | Curation Commert

[ Model | Overview " Math " Physical entities || Parameters " Curation |

Clin Cancer Res 2008 Jul,14(13):4213-8.

A pharmacodynamic model for the time course of tumor shrinkage by gemcitabine + carboplatin in non-small cell lung cancer patients.
Tham LS, Wang L, Soo RA, Lee SC, Lee HS, Yong WP, Goh BC, Holford MH.

Department of Hematology-Oncology, Mational University Hospital, Singapore. Tham_lai_san@lily com [more

Original Model: B/0MD0000000234 xml arigin

Publication ID: 15394002

set #1 bgbioloccursin Taxonomy Homo sapiens|

ICD C34
Dl‘l 211980

Submitter: MNick Holford set #2 bogbiotisVersionDf —

Submission ID: MODEL0311120001

Submission Date: 2009-11-16T19:41:59+00:00

original article reproduction with SBMLodeSolver

Last Modification Date: 2009-11-23T13:24:05+00:00
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odels did marginally better than treatment-based models that ignored doses of
drug administered to patients. Modeling tumaor shrlnkage in primary lesions can be used to quantify individual sensitivity and response to antitumor effects of anticancer
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Curated and Non-curated Models

Curated models - MIRTAM compliance successfully checked

Non-Curated models - valid SBML, not curated or annotated by the
curators.

not MIRIAM compliant
can not reproduce results published in the paper.
differ in model structure
non kinetic models (eg. FBA, stoichiometric maps)
MIRIAM compliant
models contain kinetics that we cannot curate up to now.
will be moved into curated branch as soon as possible (model
being checked by curators).

EMBL-EBI




Why are annotations important?

Annotation of model components are essential to:
unambiguously identify model components
improve 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:




Why annotation? aH on
T
1,3-Bisphosphoglycerate b OH 0
Synonyms

e.g.: Glyceric Acid 1,3 bisphosphate
3-phospho-D-glyceroyl phosphate
Identifiers used in models in BioModels Database:
BPG, BPG13, Gril3P2, DPG, pgp, PGAP ...
=> annotations can help to find models containing BPG
for example searching using
KEGG ID (€00236) or CHEBI ID (CHEBI:16001)

EMBL-EBI 25:




MIRIAM Annotations

Each model element is linked to the external data resource. This
enhances model quality
is essential for search criteria.
MIRIAM Annotations are represented as a triplet which consists of:
resource (eg. Enzyme Nomenclature)
identifier (eg. EC 3.1.3.16 = phosphoprotein phosphatase)
qualifier (egq. /s Version of)

Resource and identifier together, are in the form of URT (Uniform
Resource Identifier).

urn:miriam:ec-code:3.1.3.16
these are resolved to a URL using MIRIAM Resources
(http://www.ebi.ac.uk/miriam/)

Flcde2k dephosphorylation [cdo2k-P] = [cdo2k];

Math: cell xCP k8 (Detaillt])

Enzyme Nomenclature 3.1.3.16
Gene Ontology protein amino acid dephosphorylation

Annotations: set#1 bgbiolisVersionOf

EMBL-EBI




BioModels Home Browse models  Submit  Signin Support  About BioModels

BIOMDO000000005 - Tyson1991_CellCycle_6var

SBML formats | |Other formats | Actions | Submit Model Comment/Bug

Maodel Overview | Math | Fhysi:al entiies | Farameters | Curation |

Proc Natl Acad Sci U S A 1991 Aug 88(16).7328-32.

Madeling the cell division cycle: cde2 and cyclin interactions.

Tyson JJ.

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

Publication ID: 1831270

Original Model: BIOMDOOOO000005 xml origin babiol:hasVersion Reactome REACT 152
Submitter: Nicolas Le Novere A1 ' KEGG Pathway sce04111
e s2t #1 babiolisVersionOf Gene Ontology mitoic c2 cycle

Submission ID: MODELGGE14644153 bymiodelia Taxonomy Funai/Metazaa 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 promoting factor activity, as a spontaneous oscillater, 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 medel originates from BioModels Database: A Database of Annotated Published Models. It is copyright (c) 2008-2010 The BioModels Team.
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., Schilstra WM., Shapiro B., Snoep J.L., Hucka M. {2006) BioModels Database: A Free, Centralized Database of
Curated, Published, Ouantitative Kinetic Models of Bicchemical and Cellular Systems Mucleic Avids Res., 34 DG39-D691.
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CellCycle, Mitotic
BIOMDO0000000005 - Tyson1991_CellCycle_6var AEACIE 15212
O'Connell, M, Walworth, N, Bosco, G, 2005-01-01
Manfredi, J

he replication of the genome and the subsequent segregation of chromosomes into daughter cells are controlled by
DMA replication is carried outduring a discrete temporal period known as the S (synthesis)-phase, and chromosome !

1 o Py ] ellular architecture at mitosis. Two gap-phases separate these major cell cycle events: G1 between mitosis and S
SBML mrmats | Olher mrmats | Amlons | Submit Wodz CEII'I'II]]E'ITLE-LIEI Hevelopment of the human body, cells can exit the cell cycle for a period and enter a quiescent state known as G0,
again, but undergo morphological development to carry out the wide variety of specialized functions of individual tissue
a o o A family of protein serine/threonine kinases known as the cyclin-dependent kinases (CDKs) controls progression throl
Model Overview | Math " Physical enbbes FParameters ¥oLE ¥ K ( ) frd

he catalytic subunit is dependent on binding to a cyclin partner. The human genome encodes sewveral cyclins and se

order in which they were identified. The oscillation of cyclin abundance is one important mechanism by which these en:

at the relewant time and place. Additional regulatory proteins and post-translational medifications ensure that CDK :
arrow window of activity.

Proc Natl Acad Sci U S A 1991 Aug 89(16) 732832, cdezs i
Poreo &

Maodeling the cell division cycle: cde2 and cyclin interactions.

Publication ID: 1831270 Tyson 11, oyein o Go & |
Department of Biology, Virginia Palytechnic Institute and State University, Black! Cdc2 [MRock | GO0-G1
_ Cyclin A —
Cdc2 & &
G2-M ||G2 ¢l @
Original Model: BIOMDO000000005 xmi origin bqbiol-hasVersion Reactome REACT
Submitter: Picolas L& Novére e K E GG Pathway sce0d111
e e set#1 hhbiolisVersionOf Gene Ontology mioiic o2l cycle
AMenie e LabEl sl bgmodel:is Taxonomy FungilMeiazoa group
Submission Date: 13 Sep 2005 12806 UTC I

CELL CYCLE - yeast
DN4 damage checkpoint Unattached kinetochores  Cohesin Condensin

P _ [ waPsemine |y e : i Taxonomy identifier 33154

{mating signal) pathway

. A .
Muiens __,o\cAMi Scientific name Fungi/Metazoa group
S

1o
N Common name

Opisthokonta
Other NCBI synonyms

® Cukaryota opisthokonts

no rank

Mumber of UniProtkB/Swiss-Prot entries| 114913

Mumber of UniProtkB/TrEMBL entries | 1459130

| Taxonomy navigation

. Up taxonomy tree Down taxonomy tree
2] Eukaryota ® Choanoflagellida

® Fungi

ORC (0pgi Reognton  MCH (HidChuouceons PHAG == =% DA tiosmileas ® FungiMetazoa incertae sedis
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Support

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 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.

Allunmodified 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 Cuestions.

| Advanced Search G Model of the month
[ Search ] [ Go to model April, 2011
Maolecular regulatory netwarks can %
accurately be modeled in mathematical “‘h
Browse models terms. This model shows, how simple ’/1— Sy
signaling pathways can be embedded in (s] )
networks using positive and negative |
* Curated models (269) feedback to generate more complex ) I ANy B

behaviours—toggle switches and oscillators —

BI’OWSE I'I'IOdElS using GO —whi_c:h are the basic bu_ilding blocks of the exotic, -:Iynamic
behaviour shown by nonlinear control systems. Read more

= Non-curated models (361)

2 P . News
Simulate in JWS Online =
4 Febroary 2011 JUMMP: JUst a Model Management Platform

. To provide the worldwide community with a modern toal for the

Smelt a mOdE| collaborative creation and sharing of models in an efficient and
secured way, the Jirgen Eils and Micolas Le Movere groups are
announcing the JUMMP project. It is planned that JUMMP will be
used as the software infrastructure running BioModels Database.

) Read more... &
Links

= Main instance at EMEL-EBI, UK 17 Hovernber 2010 Mew availability of the Models of the Month
Models of the Month are now linked from BioMed Central's Systems
Biology Gateway.

= Mirror at Caltech, USA

» Project on SourceForge

30 sepember 2010 Eighteenth Release!

= Web Services Download All Models Under SEML Format

» Download archived models
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BioModels Home Models Submit Support About BioModels Contar

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 Model |D, this page will be forwarded to the detail of selected model.

[Z1 GO:0008150 - biological _process (260) BioModels ID: Unspecified

O-ouU - CEIUIEr_COmpo s Name: A
1 GO:0003674 - molecular_function (168) Publication ID: NfA

Last Modified: N/A

The relationships between terms are represented by different icons.

* BioModels gualifiers: * Gene Ontology relationships:
[1] bgbiclis [ isa
bgbiolisVersionOf [] part of
bgbiothasPart [] develops from

[] other

Group, European Bisinform 1stitute. | Terms se t Us ) oped by the et Team
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Browse - Curated models

This is a tree view of the models in BioModels Database based on Gene Cntology. 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.
—

=23 GO:0008150 - biological _process (260)

=[] GO:0009987 - cellular process (240)

=-[] GO:0051641 - cellular localization (46)

&-[] GO:0050794 - requlation of cellular process (157)
=-[] GO:0007049 - cell cycle (26)

=[] GO:0051726 - regulation of cell cycle (21)

=-[] GO:0000278 - mitotic cell cycle (22)

#-[] GO:0051329 - interphase of mitotic cell cycle (6)
#-[] GO:0000087 - M phase of mitotic cell cycle (2)
#-[ ] GO:0007346 - regulation of mitotic cell cycle (11)
#-[] GO:0051439 - regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle (4)
[

[

BioModels ID: EIOMDO000000005

Name: Tysonl991 CellCycle_Gvar
Publication ID: 1851270

Last Modified: 2010-05-24T16:33:07+00:00
SBML L2 V4

7-[ ] GO:0045931 - positive regulation of mitotic cell cycle (1)

- D GO:0007052 - mitotic spindle organization (1)
BIOMDO000000003 - Goldbeter1991_MinMitOscil

BIOMDDDDGDDDDDA Goldbeter1991 | MlitOsml _Explinact

BIOM ysonl1991_ CellCycle

BIOMDDDDDDDDDDE Tyson1991 | CellecIe 2\.rar

-[v] BIOMDOOO0000007 - Novak1997_CellCycle

-[¥] BIOMDODO0O0000008 - Gardner1998_CellCycle_Goldbheter

-[¥] BIOMDOOO0000056 - Chen2004_CellCycle

-[¥] BIOMDOO00000069 - Fuss2006_MitoticActivation

-[¥] BIOMDOO00000107 - Novak1993 M_phase_control

-[¥] BIOMDO000000110 - Qu2003_CellCycle

- [v] BIOMDOO0O0000111 - Novak2001_FissionYeast CellCycle

-[v] BIOMDO000000144 - Calzone2007_CellCycle

-] BIOMDOD0D0000150 - Morris2002_CellCycle_CDK2Cyclin

-[¥] BIOMDO0O00000168 - Obeyesekere1999_CellCycle

-] BIOMDOO00000181 - Sriram2007_CellCycle

-[¥] BIOMDO0O00000207 - Romond1999_CellCycle

-[¥] BIOMDO0O00000208 - Deineko2003_CellCycle

7-[ ] GO:0022402 - cell cycle process (10)

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

=[] GO:0045787 - positive regulation of cell cycle (11)

=[] GO:0004693 - cyclin-dependent protein kinase activity (7)

~[¥|] BIOMDO000000196 - Srividhva2006 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 meore generally are those of biclogical
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 BicModels.net @& initiative. More information about BioModels
Database can be found in the Freguently Asked Cuestions.

I Advanced Search EJ Model of the month

| search || Go to model April, 2011
Molecular regulatory networks can &
accurately be modeled in mathematical N

Browse models terms. This model shows, how simple N
signaling pathways can be embedded in (5] )
networks using positive and negative
* Curated models (269) feedback to generate more complex

behaviours—toggle switches and oscillators

= Browse models using GO —which are the basic building blocks of the exoﬂc dynamic
behaviour shown by nonlinear control systems. B more

= Non-curated models (361)

Simulate in JWS Online E) News

4 February 2011 JUMMP: JUst a Model Management Platform
R To provide the worldwide community with a modern tool for the
Smelt a mOdE| collaborative creation and sharing of models in an efficient and
secured way, the Jirgen Eils and Micolas Le Movere groups are
announcing the JUMMP project. It is planned that JUMMP will be
used as the software infrastructure running BioModels Database.
Read more... &

Links

» Main instance at EMBL-EBI, UK 17 mowember 2010 New availability of the Models of the Month
IModels of the Month are now linked from BioMed Central’s Systems
Biology Gateway.

= Mirror at Caltech, USA

» Project on SourceForge

30 sapember 2010 Eighteenth Release!

= Web Services Download All Models Under SEML Format

» Download archived models

Tarmonflle= @ FRI Fundine @ Cantacst FRE S @ Furmecan Rininfarmatico Inctibota 2N11 FRI o an Dintodatinn af tha Formraan Mo losabkar Risbaose | abeoratoome
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Search - Models

Text Search

You can search BioModels Database for models using one or more of the following criteria;

BipModels ID _, Search BioMode!s Database for exact BioModels identifiers (for example SIOMDOO0000007 or BIOMDO000000022).

Parsan _, Search BioModels Database for model submitter andfor creator(s) names, or model reference publication author(s) names (for example Nicolas Le Novére, Nicolas, Bruce Shapiro or Shapiro,
Edelstein or Novak).

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 5256450 or
cyelin for publication, GO:0000278 or cell cycle for Gene Ontology, PO4551 or cell division for UniPrat).

Resource ID _, Search BioModels Database for annotations, by third-party resource identifiers (for example IPRO02394 for IntePro, hsa04080 for KEGG Pathway, 68910 for Reactome).

A part from the BioModels ID -based search, for every other criteria the search operates on a contains the entered sfring basis, case-insensitive. That is, searching Person 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 expressions.

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

BioModels ID: |

Person: [

SBML Elements: | =

'— match the exact phrase

Resource: | publication ﬂ, | 2
Resource: I Publication t’, [ 2
Resource: | publication ﬂ, | 2

Resource 1D: [ Enzyme Momenclature H‘ﬂ

Resource ID: | Enzyme Nomenclature pg-j|

Resource 1D: [ Enzyme Momenclature H—]|

-
Compose by: a and . or
{ Search ) [ Reset
L g -
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Search - Models

Teuxt Search

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

+ BioModals 1D _, Search BioModels Database for exact BioModels identifiers (for example BIOMDOO0000001 or BIOMDO0O000O0022).

» Parson _, Search BioModels Database for model submitter andfor creator(s) names, or model reference publication author(s) names (for example Micolas Le Nowvére, Nicolas, Bruce Shapiro or Shapiro,
Edelstein or Novak).

SBML Elements _, Search BicModels Database using the content of either "name” or "notes” SBML elements (for example Edelstain 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 publicationdresource identifier or text (for example 5256450 or
cyelin for publication, GO:0000278 or cel cycle for Gene Ontology, POL551 or cell division for UniProt).

Resource ID _, Search BicModels Database for annotations, by third-party resource identifiers (for example IPRO02354 for InterPro, hsal4080 for KEGG Pathway, 68970 for Reactome).

A part from the BioModels ID -based search, for every other criteria the search operates on a contains the entered string basis, case-insensitive. That iz, searching Person 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 those 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.

BioModals ID: |

Person: [

SEML Elements: |

Resource: | Publication ﬂ, |

o match the exact phrase

Publication
Resource: | ChEEI |. : F I
Cene Ontology T — . Of‘ examp e,
Resource: | Taxonomy || :

UniFrot

Resource D:  (ERERTETENEREN"- 19) : Publication: PubMed or Cyclin
Ravouros 0 (EARS | Gene Ontology: 60:0000278 or cell cycle

Resource ID: | Enzyme Nomenclature -2 | . . o e .
I 8 » ' UniProt: PO4551 or cell division
mpose Dy: and - aor

If_ Search _"I I':_ Reset \I
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Search - Models
Text Search

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

+ BioModels ID _, Search BioModels Database for exact BioModels identifiers (for example BIOMDOO0000001 or BIOMDO0OOO00022).

* Persan _, Search BioModels Database for model submitter andfor creator(s) names, or model reference publication author(s) names (for example Nicolas Le Novére, Nicolas, Bruce Shapiro or Shapiro,
Edelstein or Navak).

s 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 5256450 or
cyelin for publication, GO:0000278 or cell cycle for Gena Ontoloay, PO4551 or cell division for UniProt).

+« Resource ID _, Search BicModels Database for annotations, by third-party resource identifiers (for example IPRO02354 for Inte-Pro, heal4080 for KEGG Pathway, 68910 for Reactome).

A part from the BioMaodels ID -based search, for every other criteria the search operates on a containg the entered sfring basis, case-insensitive. That is, searching Person for Shapi or shapi will return the same
results as searching for Shagiro or shapire. In addition, since search strings are treated as words, do not enter regular expressions.

Multiple criteria can be combined with either and or or. If and is selected, only those 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 1D:

Ensembl

Parson: Tae)
IntAct —

SBML Elements: |jn1arprg — match the exact phrase
KEGG Pathway —

Resource: | KEGG Compound \ i
KECL Reaction

il T~ For example

Resource: | ET:;_II:_?mE \ p ’

Rescurcet:  (PERETEERERERNCTIN ; InterPro: IPRO0O2394

ResourceID: | Enzyme Nomenclatre |4 ; KEGG Pa-rhway; /75'004080

Resource ID: [ Enzyme Nomenclature H}-’l

Compose by: B and : or | RCCICTOH’\C: 689]0

If_ Sean:h_j f_ Reset _‘:I
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BioModels ID: |

Person: |

SBML Elements: |

Resourca: ( Taxonony Pﬂlmammalia
Resourca: " Publication |4
Resource: " Publication H‘]l
Resource I0: ( Enzyme Momenclature H‘]l
Resource I1D: ' Enzyme Momenclature I-Q-]|
Resource ID: ( Enzyme Momenclature Pﬂl

Compose by: E and : ar
(" Search V) " Reset
- Ty —

= match the exact phrase
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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
. 7’
et fungi _mammalia
fungi/ o S,
vertebrata N
metazoa s N homo
A S .
'~ o N .
metazoa pisces
~

' Sarthropoda
' rosophilidae
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26 Curated Models returned.

I

BISMDO000000005

BICKDO00000C008

BICKDO000000024 h am Ster
BICMDO000000043
BIOMDO000000044
BICMDO000000045
BICMDO000000047
BICM DOD00OCC0ET
BICMDOD000CO0ES
BICMDOD0000007S
BIOMDO0000C01 14
BICMDO0000001 15
BICKDO0000001 24
BICMDOD000C01 54
BIOMDOD000C0155
BIOMDOD00000156
BICMDOD000001 57
BICMDO0000001 58
BICKDO0000001 59
BICMDOD000C0170
BICMDO0000C01 81
BIOMDO0000001 84 .
BICMDOD000C01 asmam mal 1a
BICMDO000000188

BICMDOOOO0001 89

Resournce: Taxonomy

' ||[mammalia

Resource: Publication

Tyson1281_CelCycle_Svar

Tyson1291_CelCycle_2var

Scheper1888_CircClock

Borghans1887_CaOscillation_model1

Borghans15897_CaCscilation_model2
Borghans1887_CaCscilation_model3

Cxhamre2005 Ca_oscilation

k Sneyd2002_IP3_Receptor J

Friclyand2003_Calcium_flux

Lelboup2006_CireClock_DD
Somoqgyi1990_CaCscillations
Somogyi1990_CaCscillations_SingleCaSpike
Wu2005 K+Channel

f Zatorsky2006_p53_Model3 \
Zatorsky2006_p53_NModek

Zatorsky2006_p53_Models
Zatorsky2006_ps3_Model4

Zatorsky2008_p53 Model2

k Zatorsky2008_p53 Moclell J
Weimann2004_CircadianOscillator

Sriram 2007_CellCycke

Lavrentovich 2008 _Ca_Oscilations

Locke2008_Circadian_Clock
_— _—

Froctor2003_ps3 Mdm2_ATM

Proctor2008_pS3_hdm2_ARF

'+ ||osdillations

<+— metazoa/fun

ETOSGE
17029867
17029867

<+— rattus e
15596518
11842185
12644446
12775757

1904060

1904080
16375866
16773083

16773083

« 16773083
<— homo sapieps,.
. 16773083

16773083

18347580

18203579

182755973

18312618

18706112

18706112

. :
fcolcbeter2008_somite_segmentation_Clock_Noteh_wnt_For === @M NI ota e

2008-02-25T14:58:48400:00

2008-02-25T 1441 . 44400:00

2008-08-21T11:46:43+00:00

2005-04-21T12:52:44400:00

2008-08-21T11:53:55+00:00

2008-08-21T11:54:12+400:00

2008-08-21T11:54:50400:00

2008-08-21T11:58:43400:00

2008-10-01T17:23:42+400:00

2008-08-21T12:04:54-+00:00

2008-08-21T12:20:25+00:00

2008-08-21T12:20:44400:00

2007-02-25T10:20:25400:00

2008-01-14T21:239:55400:00

2008-01-14T21:30:52+00:00

2008-01-14T21:33: 20-+00:00

2008-01-14T21:35:08+00:00

2008-01-14T21:40:04400:00

2008-01-14T21:42:38400:00

2008-08-20T18:28:55400:00

2005-04-22T10:19:56+00:00

2008-08-30T12:47:46+00:00

2008-12-02T13:55:46-+00:00

2008-12-02T14:44:00400:00

2008-12-02T14:44:22400:00

2006-03-16T14:34:11400:00
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BioModels Home Browse models  Submit  Signin Support  About BioModels

BIOMDO000000005 - Tyson1991_CellCycle_6var

SBML formats | |Other formats | Actions | Submit Model Comment/Bug

Maodel Overview | Math | Fhysi:al entiies | Farameters | Curation |

Proc Natl Acad Sci U S A 1991 Aug 88(16).7328-32.

Madeling the cell division cycle: cde2 and cyclin interactions.

Tyson JJ.

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

Publication ID: 1831270

Original Model: BIOMDOOOO000005 xml origin babiol:hasVersion Reactome REACT 152
Submitter: Nicolas Le Novere A1 ' KEGG Pathway sce04111
e s2t #1 babiolisVersionOf Gene Ontology mitoic c2 cycle

Submission ID: MODELGGE14644153 bymiodelia Taxonomy Funai/Metazaa 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 promoting factor activity, as a spontaneous oscillater, 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 medel originates from BioModels Database: A Database of Annotated Published Models. It is copyright (c) 2008-2010 The BioModels Team.
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., Schilstra WM., Shapiro B., Snoep J.L., Hucka M. {2006) BioModels Database: A Free, Centralized Database of
Curated, Published, Ouantitative Kinetic Models of Bicchemical and Cellular Systems Mucleic Avids Res., 34 DG39-D691.
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BIOMDO0000000005 - Tyson1991_CellCycle_6var

Other formats (auto-
generated)

SBML formats
SBML L2 V1 (autogenerated)

SBML L2 V2 [aub:ngenemtecll-‘
SBNL L2 V3 (autogenerated) i
SBML L2 V4 (curated)

| Actions | Submit Model Comment/E ug

Publication ID: 1831270

Original Model: BIOMDOO0O00A005 xmi arigin

Submitter: Nicolas Le Novere o . KEGG Pathway sce04111
st #1 babiolisVersionOf S R

A0l L AEL Bkt bgmodel:is Taxonomy FungifMetazoa group

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
Vijayalakshmi 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 cdc? 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 fram BioModels Database: A Database of Annotated Published Models. It is copyright (c) 2005-2010 The BioModels Team.
Formaore 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 ., Shapiro B., Sncep J.L., Hucka M. (2006) BioModels Database: & Free, Centralized Database of
Curated, Published, Quantitative Kinetic Models of Biochemical and Cellular Systems Nucleic Acids Res. 34 DERS-DEI1.
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<rdT:ROF
xmins:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

ttp://ww.biopax. org/release/biopax-level2. owl#"

xmins:owl="http://wew.w3.org/2002/07 /owl#"

. - . —- . — xmIns="http:/ www.ebi.ac.uk/biomodels biopax. owl"
BioModels Home Models Submit Support About BioModels Cont- . us :danl="http://wew. dan1, org/2001/03/dan1+01 12"

"http:/ fwww. w3. org/2000/01/rdf-schema#”
xm1:base="http://www.ebi.ac.uk/biomodels/biopax. owl">
<owl:0Ontology rdf:about="">
<owlzimports rdf:resource="http://www.biopax.org/release/biopax-level2. owl"/:
BIOMDO0000000005 - Tyson1991_CellCycle_6var </owl :0ntology>
<bp:unificationXref rdf:ID="Cene_Ontology_CO_0005623">
<bp:ID>G0:0005623</bp : 1>
<bp:DE>GCene Ontology</bp :DB>
</bp zunificati onXref>
<bp:physicalEntityParticipant rdf:ID="Reactionl RICHT_C2">
R ) N . <bp:STOICHIOMETRIC-COE FFICIENT>1.0</bp :STOICHIOMETRIC-COEFFICIENT>
Download SBEML | |Other formats gD -generated) | Actions <bp CELLULAR-LOCATION>
N <bp:openControlledvocabulary rdf:ID="cel11">
— | BioPAX y#el 2) <bp:XREF rdf:resource="#Gene_Ontology_GO_0005623" />
Model ath

Physical entities

BioPAX (Level 3) <bp : TERM-ce17</bp : TERM>

</bp:openControlledvocabulary>
_ octave (mAle)
PDF

EE— | . i i <bp :XREF>
Scilab ol U5 A 19591 Aug;B8(16):7328-32. <bp :unificationXref rdf:ID="UniProt_PO4551">
Publication D: 1631270 division cycle: cdc2 and cyclin interactig <gﬂ=ég>50?;51§fggﬂgg
cat 8 <bp :DB>Uni Prot</bp :DB>
=—===cl VCML (VCell) </bp:unificationXrefs
xPP ology, Virginia Polyie itute and g </bp :XREF>

<bp :NAME>cdcZk</bp :NAME>
oteins
</bp = i
</bp:physicalEnti tyPar
<bp:unificationXref rdf:ID="Gene_OntOTogy.
Original Model: BICMDO000000005 xml origin bgbiol:hasVersion Reactome REACT 152 <bp:ID>G0:0006470</bp:ID>
<bp:DB>Gene Ontology</bp :DB>
</bp:zumificationXref>
Submitter: Micolas Le Novére set#1 bgbiolisVersionOf KEGG Patl sce04111 <bp:protein rdf:ID="CP">
- . Gene Ontology mitotic cell cycl <bp:XREF rdf:resource="#UniProt_PO4551"
<bp :NAME>cdc2k-P</bp :NAME>
</bp:protein>
<bp:physicalEntityParticipant rdf:ID="Read
<bp:STOICHIOMETRIC-COEFFICIENT>1.0</bp:§
<bp:CELLULAR-LOCATION rdf:resource="#ce
<bp:PHYSICAL-ENTITY>

SEML Model Report

Model name: "Tyson1991_CellCycle_6var”
BMLAAETEX

9th February 2009

BUBRLESIEHIIE AT R T i SUHE bgbiol:oceursin Taxonomy Fungi/Metazoa groi

Submission Date: 13 Sep 2005 12:31:08 UTC

Last Modification Date: 24 May 2010 16:33.07 UTC .
1 General Overview

Creation Date: 08 Feb 2005 182827 UTC

‘This 15 3 document in SEML Level 2 Vemsion 3 format. This model was created by the following
two authars: Bruce Shapio and Vijay aiakshmi Cheiliah® at Fabruary eighth 2005 at 6:28 p.m.
and last modified at August 217 2008 at 11:31 a.m. Table | gives an overview of the quantities
of gl components of this mode.

Encoders: Bruce Shapiro
Vijavalakshmi Chelliah

Tabile 1: The SEML components in this modsl.
All components are described in more detail in the following sections,

Element | Quantity || Element | Quantity
This a model from the article: compartment types 0 compartments 1
Modeling the cell division cycle: cdc2 and cyclin interactions. peces bpes b [ o
Tyson 1] Proc. Natl. Acad. Sci. U5 .A.1991; BB(16); 7328-32 1831270, seactions o || function definitions 0
Abstract: globl parameters 0 || writ definitions 5
The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the major events of the cell cycle. A mathematical mod ules 2 || initial assignments a

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
Modal Notes

Cell Cycle Model; Tyson (1891, § variables)
Description

This model ariginates from BioModels Database: A Database of Annotated Published Models (http:/fwww.ebi.ac.ukibiomodelsd). It is copyright () 20
For more information see the terms of use.

To cite BioModels Database, please use: Li C. Donizelli M. Rodriguez M. Dharuri H. Endler L. Chelliah V. Li L. He E. Henry A Stefan M|, Snoep JL.
curated and annotated resource for published gquantitative kinetic models. BMC Syst Biol.. 4:92.

IASA Jot Propulsion Labocatury, bhapired fpl. nasa. gov

. . .. . 1
\putational oup, European Bioinformatir EMBL-EHL viftfatl ac ok

</bp :CELLULAR-LOCATION>
<bp:PHYSTCAL-ENTITY>
<bp:protein rdf:ID="C2">

and analysis of

ate with

hanced.
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BioModels Home Browse models = Curation Support About BioModels Sign out

BIOMD0000000005 - Tysonl991_CellCycle_6var

Other formats (auto-
fenerated)

SBML formats | | |Actions SRt Leral ey

View Bitmap Reaction Graph

Model Overviaw | Math View SVG Reaction Graph e | BIOMD0000000005
View Dynamic Reaction Graph

Proc Natl Acad Sci | JWS Online Simulation

Publication ID: 1831270 _’F‘y”;fr:ig"j‘ the =il 6 g jopinge s Online Simulaion  A1°"S:
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This a model from the article:

Modeling the cell division cycle: cdc2 and cyclin interactions.

Tyseon JJ Proc. Nat. Acad. Sci. U.5.A.1991; B8(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 promoting 1
metaphase arrest in unfertilized eqgs, the spontaneous oscillations with rapid division cycles in early embryos, and the ex

This model originates from BioModels Database: A Database of Annotated Published Models. It is copyright (c) 2005-201
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., Schilstra M., Shapiro B., Sncep J.L., Hucka M. (2006) BiolModels Database: A Free, Centralized Database of
Curated, Published, Quantitative Kinetic Models of Biochemical and Cellular Systems Mucleic Acids Res., 34 D639-DE9]1.
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Vijayalakshmi Chelliah

This a model from the article:

Modeling the cell division cycle: cdc2 and cyclin interactions.

Tyseon JJ Proc. Nat. Acad. Sci. U.5.A.1991; B8(16); 7328-32 1831270,

Abstract:

The proteins cdc2 and cyclin form a heterodimer (maturation promoting factor) that controls the majer 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. It is copyright (c) 2005-2010 The BicModels Team.
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., Schilstra M., Shapiro B., Sncep J.L., Hucka M. (2006) BiolModels Database: A Free, Centralized Database of
Curated, Published, Quantitative Kinetic Models of Biochemical and Cellular Systems Mucleic Acids Res., 34 D639-DE9]1.
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BIOMDOO0OD000005 - Tyson (1991), modelling cell division

by Nicolas Le Novére

One of the characteristics of lite 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 periodic one, called cell cycle. The mechanisms underlying eukaryotic cell
cycle have been extensively studied, and have been found remarkably conserved throughout evolution. Their elucidation has been awarded the MNobel prize of physiology and medecine in 2001. Cell 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 picneer role in what would become cne of the most prolific fields of gquantitative modeling in cell biology. One of the crucial events deciding the cell
division is the formation of the Maturation Prometing Facter (MPF), from oscillating proteins called cyelin and specific protein kinases. With only & 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 cyelin, its binding to and dissociation from cyclin dependent
kinase CDC2, and the phospherylatien of both proteins. Although his model was primarily devoted to explain yeast cell cyele, 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 eyclin (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 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.

Allunmodified 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 Cuestions.
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Each "Model of the Month” is an aricle 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
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Tham et al. (2008), A Pharmacodynamic Model for the Time Course of Tumour Shrinkage by Gemcitabine + Carboplatin in Non-Small Cell Lung Cancer Patients

January 2010, model of the month by viays!
original modal: BIom bosooos

The drug development process is greatly benefted by the advancamentin the Pharmacokinetic (PK) [ PharmacoDynamic (PD) (1], research and modeling techniques. Pharmacokinetics (simply retered as, what the body doss \| |
o & drug), describa the relatonships between the dosage and the profle of drug concantration in the body fluids over ime. PharmacoCy namics (simply referad as, what a drug does o the body ), describes the relationship bereen Sy N NTH
the drug efiect on the body ower ime. A range of facor, including age, body weight, =ex, renal uncion, liver Lindion, genatc facor, dissase stans, drug - interacion, absorbion, distribution and clearance, and warious othar factors | H |
can influence the pharmacokinetic of a drug, and consequently the pharmacody namics (i.e. the patients response o the drug therapy ). Theretore, drug dosage adjustments are oken required o ensure that the palients achieves ~u r’JQ\ 0

an adequate doss without risk in toxicity, and this is whare the PE/PD modeling studies plays a potential role. 7 :

The model by Tham et al., 2008 [z, Eion Doooooocz=s4), describes the PO model of Gemcrsbees in combination with catopsi or the treatment o ronsmet ce uog carcer, and study the drug etiect on the bmour size in relation o the
dosage.

Gemcitabine (Figure 1, fgure taken from cheer), a sy nthetic py rimidine nuclecside ant metabolite anticancer agent with complex metabolic pathways, is a group of chemotherapy drug. Initally, cytidine deaminase deactivates the
parent compound - an inadive prodrug and its major inacive metabolite 2, 2-difluoredecxyuridine (dFdU)is formed. Extracellularly, a small fraction is also catabolized via a pathway mediated by pyrimidine nuclecside o
phoephorylase. The remaining gemdtabine and dFdU are then transported into the ca2ll and acivated intracellularly through progressive phoephory lations by decsyoytidine kinasa. The metaholites produced through this process of

phoephory lation are the monophosphate, diphoephate, and triphoephate (dFACTR) orms of gemdtabine, the later being i acive metabolie. Figure: 1: Chemical Siructure of the Chemotherapy Dnigs &) Semcdtabine and E) Carbopiatin. Figres
taken from CH E Bl 178501 and CH EEI 31300,

It arrests 2l cycle in bwo ways. 1) As with fluorourac | and other analoguas of pyrimidines, the triphoephate analogue of gemdtabine replaces one of the building blocks of nucleic adds, in this cass oytidine,
during DMA replicaion. The process arrests wmor growth, as new nuclecsides cannot be attached o the "auly” nuclecside, resuling in apopeeis. 2) Another @mrget of gemdtahine is the enzy me ribonuclectde
reductase (R MR ). The diphcsphate analogue binds o RMR adive site and inacivates the enzy me irreversibly. Cnce RMR is inhibited, the c2ll cannot produce the decxy ribonucledides required for DA
replication and repair, and cell apoptosis is induced [z

Gemcdtabine is widely used in the treatment of cancers and has shown adivity against a variety of solid wmours, including pancreatic, breast, bladder, ovarion and non-small c2ll lung cancer. Noable efiect of
the treatment is cbeerved when Gemcdtahine is used in combination with Carboplatin (Figure 1, mken from cHEE:3138) or s parent compound Cisplatin, anccher chemotherapy drug which has an amm of the
metal platinum at the cantre. Carboplatin forms DMA cross links via the plainum atom, which damaige the cancer cells. Carboplatin is meet commonly used o trear ovarian and lung cancar. Semtabo
(combination of Gemdtabine and Carboplating is meet oken used to treat non-small call lung cancer and bladder cancar.

Figre: 2: Non-smel ced g cancer. Figre ben from bere.

16000

12000

This paper investigates a longiudinal bmour response model o describe and predict the response o the primary lesion in non-small cell lung cancer (Figure 2, mkan from rees) o gemdtabine (with carboplating
chemotherapy.

P
o

& (M)
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Atotal of 202 wmour size measurements from B patients were usad o esablish the pharmacody namic model for wmour response. Gemdtabine was inlsed at either a ixed dose rate of TEOmg/m2 over 76 mins or
1000mgfm2 over 30 mins on days 1 and 8 every 3weekin stage 1116 or 1 non-small cell lung cancer patients. Carboplatin dose was administered as a Lhour inlision just betore gemdabine on day 1ol every
cycle o patients. The pharmasoki netic exposure variables ara the Gemdtahing dose and the AUCs (concentration-ime curve) corresponding o sach dosa given, over the entire duration of treatment. Serial
measurameants of the largest dimension o the primary wmour were done on radiological images using elactronic calipars at basaline ater cycles 2, 4 and 6 and himonthly thereater for at least 4 months ater
tratment. The wmour size measurement (sum of the longest unidimensional measurement) were usad as the drug response measure for the pharmacody namic model. Figure 3 shows a comparison of drug dose,
efiective expoeure and wmour size change over ime. A Gemciabine amount in the body of 10,6800mg is required o achieve a 5086 reduction in wmour growth rate (basaline wmour size being 8.65cm). The reduce in
mwmour size indicate the rate of cancerous calls Kiled due o the efiect of drug.

Turrour Size

g and

4000

The pharmacody namic meodel deducing the poency and ime course o the anticancer agentin shrinking the primary wmours can have potental role o dedde desage and treatment duration. As thess
examinations can be routinely done during early phase o clinical trials, this could give wurther insights in the drug development process and also gives improved understanding of the clinical acions of drugs that
are already marksted.
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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 promoting factor activity, as a spontaneous oscillater, 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 medel originates from BioModels Database: A Database of Annotated Published Models. It is copyright (c) 2008-2010 The BioModels Team.
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., Schilstra WM., Shapiro B., Snoep J.L., Hucka M. {2006) BioModels Database: A Free, Centralized Database of
Curated, Published, Ouantitative Kinetic Models of Bicchemical and Cellular Systems Mucleic Avids Res., 34 DG39-D691.
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Spatial dimensions: 3 Compartment size: 1.0

Flede2k

Initial amount: 0.0
Compartment: cell

Annotations: set#1 bgbiolisVersionCf UniPret CODC2 _SCHPO

lede2k-P

Initial amount: 0.75
Compartment: cell

Annoftations: set#1 bgbiolisVersionCf UniPret CODC2 SCHRFO
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MathML — Morzilla Firefox E]E]@

I E';Eii| http: / faww.cbi.acul fbiomodels main/mathml.do?uri.

Reaction:

BioModels Home Browse models Submit Sign in Support About BioModels

cdec2 k dephos phory lation

BIOMD0O000000005 - Tyson1991_CellCycle_6var rate law:

# #
SEML formats | | Other formats | |Actions | Submit Model gfmmentBug cell * eok2k-P *ka

| TMadel ” Overview l

Plflical entities " Parameters

=l ede2k phosphorylation cdc2k| =+ [cdc2k-P);
Math: cell xC2x k8notP [Demn;
Enzyme Nomgfclature 2.7.11.1
Annotations: set#1 bgbiolisVersionof

ene Ontoly protzin amino acid phosphorylation

Species
=l ede2k dephos phorylation [cdcZk-F] — [cdc2k];

Math: cell xCP xk9 (petail]

Compartment | Initial Amount | Initial Coancentration

S % Enzyme Nomenclature 3.1.3.16 GE” L.75
Annotations: set#1 bgbiolisVersionof
Gene Ontology protein amino acid dephosphorylation

Developed by BioModels Team of Computational Neurobiology Group in European Bioinform: nstitute. @ Terms of Use @ Contac 3
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BIOMDOO00000005 - Tyson1991_CellCycle 6var

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

Parameters || Curation Submodel |

| Math ” Physical entities ||
Deaselect All

Overview

i~ Create a submodel with selected elementh;

Last Modification Date: 2009-02-25T14:58:45+00:00 Creation Date: 2005-02-08T18:28:27+00:00

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

Ol Reactions
D cyclin_edc2k dissociation cdc2k phosphorylation cdc2k dephosphorylation D cyclin cde2k-p association
—
D deactivation of cdc2 kinase |:| cyclin biosynthesis |:| default degradation of cyclin |:| cdc2 kinase triggered degration of cyclin

D activation of cdc2 kinase

Rules

Assignment Rule (variable: total cdc2)

Assignment Rule (variable: total _cycling

D(}ompartments DSpecies

[ cen [ Emptyset [ cdczk [ cde2k-P
[ p-cyclin_cdo2 O p-cyslin_cde2-p ] cyslin
O p-cyelin O total_eyclin O total_cde2
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BIOMD0000000005 - Tyson1991_CellCycle 6var

SBML formats | | Other formats | Actions | Submit Model Comment/Bug
Mode| || Overview ” Math " Physical entities ” Parameters || Curation Submodel1
E?],View the submodel in SEM I:.‘g‘:ISave as

[+ edc2k phos phorylation cdc2k| — |cdc2k-P|;

[+ cdc2k dephos phorylation [cdcZ2k-F] — [cdcZk]; 7 <sion="1.0" encod o

<shml xmIns="http://www.sbml.org/sbml/Tevel2/version3” level="2" version="3">
<mode] id="SUBMODEL1234454259626">

<notess
cell set#1 bgbiol:is Gene Ontology cell <body xmIns="http://www.w3.0rg/1999,/xhtm1">
«p=This is a sub-model automatically generated by BioModels Database. The generatio
Referred to as: call </body>
</notess
<listOfCompartments:
<compartment metaid="_000002" id="cel1” size="1"->
<annotation-
# ede2k Initial t 0.0 <rdf:RDF xwlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" xwlns:de="http:/
e SR BN B <rdf :Description rdf:about="#_000002">
[£2] - <bghiol:is>
<rdf :Bag>
+ ede2k-P <rdf:1i rdf:resource="urn:miriam:obo.go:C0%3A0005623" />
Initial amount: 0.75 </rdf :Bag>

Compartmeni: cell </babiol:is>

</rdf :Description
</rdf : RDF>
</annotation
</compartment>
</1istOofCompartments:
<listOfSpecies>
«species metaid="_000004" 1d="C2" name="cdc2k” compartment="cell” imitialAmount="0">
<annotation-
<rdf :RDF xmins:rdf="http:/ /www.w3.org/1999,/02/22-rdf-syntax-ns#" xmlns:dc="http:/
<rdf :Description rdf :about="#_000004">
<bgbiol:isVersion0f-
<rdf :Bag>
<rdf:11 rdf:resource="urn:miriam:uniprot:P0455L" />

Developed by BioModels Team of Computational Meurcbiology Group in European Bioinformatics Institute.
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EioModels 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 BicModels Web Services. For downloading, please right click on the link and "Save Target As" or "Save Link As".

Description Size Link

Standalone and includes all exiernal dependencies and ready for uss | 1.8M | biomode|swslib-standalone-1.11 jar |
Lightweight, but needs other dependencies 1o work ogether G.4K | biomodelswslib-single-1.11 jar

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

axis.jar

jExrpe.jar
commons-logaqing-1.1.jar
commons-discove ny-0.2 jar
saaj.jar

wisd4§-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 HelloBioladels.java to test if it works on your environment.
import uk.ac.e=bi. bicnodels. +;
public class HelloRictodels
: public static void main(8tring args[]) throws Exception
L

Bickodel sWeclient client = new BicModslsweclient ()

/* uncomment when a prosy is needed

client. setProperty ("http. procyHost" . "pour. http. prosy. hostn) ;
client. setProperty ("http. procyPort” | "yourHttpP rocyPort" )
client. setFroperty (" socks. procyHost" , "your. socks. proxy . hostr)
client. setProperty ("socks. procyPort" . "yourSocksProcyPort")

=f
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BioModels Database: widely used

For benchmarking the modeling and simulation tools.

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

Clustering and Merging models using annotations.

and many more....
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