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1 General Overview

This is a document in SBML Level 2 Version 4 format. This model was created by the following
two authors: Lukas Endler' and Lutz Brusch” at May 24™ 2010 at 11:49 a.m. and last time
modified at June third 2014 at three o’ clock in the afternoon. Table 1 gives an overview of the
quantities of all components of this model.

Table 1: Number of components in this model, which are described in the following sections.

Element ‘ Quantity Element ‘ Quantity
compartment types 0 || compartments 1
species types 0 || species 10
events 0 || constraints 0
reactions 9 || function definitions 0
global parameters 8 || unit definitions 3
rules 1 || initial assignments 0

Model Notes

This model describes the activation of immediate early genes such as cFos after EGF or hereg-
ulin (HRG) stimulation of the MAPK pathway. Phosphorylated cFos is a key transcription fac-
tor triggering downstream cascades of cell fate determination. The model can explain how the
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switch-like response of p-cFos emerges from the spatiotemporal dynamics. The model com-
prises lumped reaction kinetics of the signal transduction pathway, the transcriptional and the
posttranslational feedback and feedforward loops. The parameter set implemented here corre-
sponds to that used for generating Figs. 4 B,C,D (red curves for 10nM HRG) of the below article
in Cell (2010). Moreover, we found that the same model described well the dynamics in differ-
ent cell types (MCF-7 and PC-12), of different ligands (EGF and HRG) and at different doses
(0.1nM, 1nM, 10nM) for a unique set of parameter values (as implemented here and reported
in Table SD4_1 of the article) except for four parameters characterising the input, cytoplasmic
ppERK. These four parameters K1, K2, taul and tau2 are used in the two equations involving
species x1 and x2. These two equations define a phenomenological input module to describe the
ligand-, dose- and cell type-dependent dynamics of ppERKc which are not modelled in mech-
anistic detail here. The four parameter values can be adjusted to model a specific ligand, dose
and cell type. 8 parameter sets for different experiments are given in Table SD4 2 of the article.
This SBML file, however, carries just one such parameter set. We have chosen that of MCF-7
cells stimulated by 10nM of HRG. To reproduce all simulations from the article, please replace
the parameter values for K1, K2, taul, tau2 as needed.

Ligand-specific c-Fos expression emerges from the spatiotemporal control of ErbB net-
work dynamics.
Takashi Nakakuki(1), Marc R. Birtwistle(2,3,4), Yuko Saeki(1,5), Noriko Yumoto(1,5), Kaori
Ide(1), Takeshi Nagashima(1,5), Lutz Brusch(6), Babatunde A. Ogunnaike(3), Mariko Hatakeyama(1,5),
and Boris N. Kholodenko(2,4); Cell In Press, online 20 May 2010, doi:10.1016/j.cell.2010.03.054
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This model originates from BioModels Database: A Database of Annotated Published Models
(http://www.ebi.ac.uk/biomodels/). It is copyright (c) 2005-2011 The BioModels.net Team.
For more information see the terms of use.
To cite BioModels Database, please use: Li C, Donizelli M, Rodriguez N, Dharuri H, Endler L,
Chelliah V, Li L, He E, Henry A, Stefan MI, Snoep JL, Hucka M, Le Novre N, Laibe C (2010)
BioModels Database: An enhanced, curated and annotated resource for published quantitative
kinetic models. BMC Syst Biol., 4:92.
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2 Unit Definitions

This is an overview of five unit definitions of which two are predefined by SBML and not men-
tioned in the model.

2.1 Unit volume

Definition ml

2.2 Unit time

Definition 60s

2.3 Unit substance

Definition mmol

2.4 Unit area

Notes Square metre is the predefined SBML unit for area since SBML Level 2 Version 1.

Definition m?

2.5 Unit length
Notes Metre is the predefined SBML unit for length since SBML Level 2 Version 1.

Definition m

3 Compartment

This model contains one compartment.

Table 2: Properties of all compartments.

Id Name SBO Spatial Size Unit Constant Outside
Dimensions
compartment compartment (0000290 3 1 litre v

3.1 Compartment compartment
This is a three dimensional compartment with a constant size of one ml.

Name compartment

SB0:0000290 physical compartment
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4 Species

This model contains ten species. The boundary condition of one of these species is set to true so that this species’ amount cannot be
changed by any reaction. Section 8 provides further details and the derived rates of change of each species.

Table 3: Properties of each species.

Id Name Compartment Derived Unit Constant  Boundary
Condi-
tion
x1 x1 compartment mmol - ml~! ] ]
x2 x2 compartment mmol - ml~! = =
PPERKn ppERK(nucleus) compartment mmol - ml~! == =]
DUSP DUSP compartment mmol - ml~! ] ]
PRSKn pRSKn compartment mmol - ml~! =] =]
cFOSp cFOS preRNA compartment mmol - ml~! H H
cF0S cFOS compartment mmol - ml~! = =
pcFO0S pc-FOS compartment mmol - ml~! H H
cFOSm cFOSmRNA compartment mmol - ml~! = =
PPERKc ppERK(cytosol) compartment mmol - ml~! H v




5 Parameters

This model contains eight global parameters.

Table 4: Properties of each parameter.

Id Name SBO Value Unit Constant
k7 k7 0.50 v
ki1 k11 0.11 v
k13 k13 0.06 v
L L 1.00 v
K1 K1 1.09 v
taul taul 3.07 v
K2 K 2.89 v
tau2 tau 472.00 v
6 Rule

This is an overview of one rule.

6.1 Rule ppERKc
Rule ppERKc is an assignment rule for species ppERKc:

ppERKc = [x1] — [x2]

Derived unit mmol - ml~!
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7 Reactions

This model contains nine reactions. All reactions are listed in the following table and are subsequently described in detail. If a reaction
is affected by a modifier, the identifier of this species is written above the reaction arrow.

Table 5: Overview of all reactions

Ne Id Name Reaction Equation SBO
1 reaction-1 1 PhIM 1 0 —x1
2 reaction 2 1 PhIM 2 0 — x2
. ppERKc, DUSP
3 reaction-3 2a ppERKn ) ——— ppERKn
i ppERKn
4 reaction_4 2b DUSP @ ———— DUSP
ERK
5 reactionb 3 pRSKn 0 PPt pRSKn
i ppERKn, pRSKn
6 reaction 6 4 cFOSp 0 cFOSp
FOS
7 reaction. 7 5 cFOSm 0 b cFOSm
FOSm, ppERKc, pcFOS
8 reaction.8 6 cFOS p oM PPEERG PR Fos
FOS, ppERK
9 reaction9 7 pcFOS 0 TS, PPERRC pcFOS




7.1 Reaction reaction_1

This is an irreversible reaction of no reactant forming one product.

Name 1 PhIM 1

Reaction equation

0 —x1

Product
Table 6: Properties of each product.
Id Name SBO
x1 xl
Kinetic Law

Derived unit contains undeclared units

[x1] KI-L
v] = vol (compartment) - waul + P

7.2 Reaction reaction_2
This is an irreversible reaction of no reactant forming one product.

Name 1 PhIM 2

Reaction equation

0 —x2

Product
Table 7: Properties of each product.
Id Name SBO
x2 x2
Kinetic Law

Derived unit contains undeclared units
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x2] K2-L
vy = vol (compartment) - - -
u u

7.3 Reaction reaction_3

This is an irreversible reaction of no reactant forming one product influenced by two modifiers.

Name 2a ppERKn

Reaction equation

0 ppERKc, DUSP
-

ppERKn (6)

Modifiers
Table 8: Properties of each modifier.
Id Name SBO
PPERKc  ppERK(cytosol)
DUSP DUSP

Product
Table 9: Properties of each product.
Id Name SBO
PPERKn  ppERK(nucleus)

Kinetic Law

Derived unit contains undeclared units

v3 = vol (compartment) - (k1 - [ppERKc| — k2 - [ppERKn] — k3 - [DUSP] - [ppERKn]) (7)

Table 10: Properties of each parameter.

Id Name SBO Value Unit Constant
k1 k1 15.0 v
k2 k2 50.0 v
k3 k3 14.0 v
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7.4 Reaction reaction 4

This is an irreversible reaction of no reactant forming one product influenced by one modifier.

Name 2b DUSP

Reaction equation

ERK
0 P20 pusp
Modifier
Table 11: Properties of each modifier.
Id Name SBO
PPERKn  ppERK(nucleus)
Product
Table 12: Properties of each product.
Id Name SBO
DUSP DUSP
Kinetic Law

Derived unit contains undeclared units

v4 = vol (compartment) - k - [ppERKn]

Table 13: Properties of each parameter.

®)

€))

Id Name SBO Value Unit

Constant

k k 1.0

i

7.5 Reaction reaction. b

This is an irreversible reaction of no reactant forming one product influenced by one modifier.

Name 3 pRSKn
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Reaction equation

ERK
0 PP RSKn (10)
Modifier
Table 14: Properties of each modifier.
Id Name SBO
PPERKn  ppERK(nucleus)
Product
Table 15: Properties of each product.
Id Name SBO
pRSKn pRSKn
Kinetic Law

Derived unit contains undeclared units

vs = vol (compartment) - (k4 - [ppERKn] — k5 - [pRSKn]) (11)

Table 16: Properties of each parameter.

Id Name SBO Value Unit Constant
k4 k4 0.10 v
k5 k5 0.15 v

7.6 Reaction reaction_6

This is an irreversible reaction of no reactant forming one product influenced by two modifiers.

Name 4 cFOSp

Reaction equation

ERKn, pRSK
o PPERRIL PSR (kosp (12)
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Modifiers

Table 17: Properties of each modifier.
Id Name SBO

PPERKn  ppERK(nucleus)
pRSKn  pRSKn

Product
Table 18: Properties of each product.
Id Name SBO
cFOSp cFOS preRNA
Kinetic Law

Derived unit contains undeclared units

([ppERKn] - [pRSKn])"
k6" + ([ppERKn] - [pRSKn])"

v = vol (compartment) - < —Kk7- [CFOSP]> (13)

Table 19: Properties of each parameter.

Id Name SBO Value Unit Constant
k6 k6 0.13 v
n n 1.10 v

7.7 Reaction reaction 7
This is an irreversible reaction of no reactant forming one product influenced by one modifier.

Name 5 cFOSm

Reaction equation
FOS
0 2P cFOSm (14)

Modifier
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Table 20: Properties of each modifier.
Id Name SBO

cFOSp cFOS preRNA

Product
Table 21: Properties of each product.
Id Name SBO
cFOSm cFOSmRNA
Kinetic Law

Derived unit contains undeclared units

v7 = vol (compartment) - (k7 - [cFOSp] — k8 - [cFOSm]) (15)

Table 22: Properties of each parameter.
Id Name SBO Value Unit Constant

X8 k8 0.08 7

7.8 Reaction reaction_8
This is an irreversible reaction of no reactant forming one product influenced by three modifiers.

Name 6 cFOS

Reaction equation
0 cFOSm, ppERKc, pcFOS
C

FOS (16)

Modifiers

Table 23: Properties of each modifier.
Id Name SBO
cFOSm  cFOSmRNA

PPERKc  ppERK(cytosol)
pcFOS  pc-FOS
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Product

Table 24: Properties of each product.
Id Name SBO

cF0S cFOS

Kinetic Law

Derived unit contains undeclared units

vg = vol (compartment)

(17)
- (k9 - [cFOSm] — k10 - [cFOS] — k11 - [cFOS] - [ppERKCc]| + k13 - [pcFOS])
Table 25: Properties of each parameter.
Id Name SBO Value Unit Constant
k10 k10 0.3 v
k9 k9 0.3 v

7.9 Reaction reaction 9
This is an irreversible reaction of no reactant forming one product influenced by two modifiers.

Name 7 pcFOS

Reaction equation

0 cFOS, ppERKc
e e

pcFOS (18)
Modifiers
Table 26: Properties of each modifier.
Id Name SBO
cF0S cFOS
ppERKc  ppERK(cytosol)
Product
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Table 27: Properties of each product.
Id Name SBO

pcFOS  pc-FOS

Kinetic Law

Derived unit contains undeclared units

vg = vol (compartment) - (k11 - [cFOS] - [ppERKc| — k12 - [pcFOS] — k13 - [pcFOS]) (19)

Table 28: Properties of each parameter.
Id Name SBO Value Unit Constant

k12 k12 0.001 il

8 Derived Rate Equations

When interpreted as an ordinary differential equation framework, this model implies the follow-
ing set of equations for the rates of change of each species.

Identifiers for kinetic laws highlighted in gray cannot be verified to evaluate to units of
SBML substance per time. As aresult, some SBML interpreters may not be able to verify the
consistency of the units on quantities in the model. Please check if

* parameters without an unit definition are involved or

* volume correction is necessary because the hasOnlySubstanceUnits flag may be set to
false and spacialDimensions> 0 for certain species.

8.1 Species x1

Name x1
SB0:0000236 physical entity representation

Initial concentration 0 mmol-ml~!

This species takes part in one reaction (as a product in reaction_1).

d
GX1= (20)
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8.2 Species x2

Name x2

SB0:0000236 physical entity representation
Initial concentration 0 mmol-ml~!

This species takes part in one reaction (as a product in reaction_2).

d
$x2 = " 21

8.3 Species ppERKn

Name ppERK(nucleus)
SB0:0000252 polypeptide chain
Initial concentration 0 mmol - ml~!

This species takes part in four reactions (as a product in reaction_3 and as a modifier in
reaction_4, reaction_b, reaction_6).

d
appERKn = (22)

8.4 Species DUSP

Name DUSP

SB0:0000252 polypeptide chain
Initial concentration 0 mmol-ml~!

This species takes part in two reactions (as a product in reaction 4 and as a modifier in
reaction_3).

d
—DUSP = 23
& V4 (23)

8.5 Species pRSKn

Name pRSKn

SB0:0000252 polypeptide chain
Initial concentration 0 mmol - ml~!

This species takes part in two reactions (as a product in reaction 5 and as a modifier in
reaction_6).

d
$pRSKn = Vs (24)
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8.6 Species cF0OSp

Name cFOS preRNA
SB0:0000250 ribonucleic acid
Initial concentration 0 mmol - ml~!

This species takes part in two reactions (as a product in reaction 6 and as a modifier in
reaction.7).

d
&CFOSP = Vg (25)

8.7 Species cF0S

Name cFOS

SB0:0000252 polypeptide chain
Initial concentration 0 mmol - m]™!

This species takes part in two reactions (as a product in reaction 8 and as a modifier in
reaction_9).

d
&CFOS = g (26)

8.8 Species pcF0S

Name pc-FOS

SB0:0000252 polypeptide chain
Initial concentration 0 mmol - m]™!

This species takes part in two reactions (as a product in reaction 9 and as a modifier in
reaction_8).

%pCFOS = Vg 227
8.9 Species cF0OSm
Name cFOSmRNA
SB0:0000250 ribonucleic acid
Initial concentration 0 mmol - m]™!

This species takes part in two reactions (as a product in reaction 7 and as a modifier in
reaction_8).

%cFOSm = v (28)
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8.10 Species ppERKc
Name ppERK(cytosol)
SB0:0000252 polypeptide chain

Involved in rule ppERKc

This species takes part in three reactions (as a modifier in reaction 3, reaction 8, reaction-—
_9). Not these but one rule determines the species’ quantity because this species is on the bound-
ary of the reaction system.

A Glossary of Systems Biology Ontology Terms

SB0:0000236 physical entity representation: Representation of an entity that may partici-
pate in an interaction, a process or relationship of significance.

SB0:0000250 ribonucleic acid: Macromolecule formed by a repetition of ribonucleosides
linked by phosphodiester bonds. CHEBI:3369

SB0:0000252 polypeptide chain: Naturally occurring macromolecule formed by the repeti-
tion of amino-acid residues linked by peptidic bonds. A polypeptide chain is synthesized
by the ribosome. CHEBI:1654

SB0:0000290 physical compartment: Specific location of space, that can be bounded or not.
A physical compartment can have 1, 2 or 3 dimensions

BMIAATEX was developed by Andreas Driger?, Hannes Planatscher?, Dieudonné M Wouamba“, Adrian
Schrioder?, Michael Hucka”, Lukas Endler®, Martin Golebiewski¢ and Andreas Zell. Please see http:
//www.ra.cs.uni-tuebingen.de/software/SBML2LaTeX for more information.

“4Center for Bioinformatics Tiibingen (ZBIT), Germany

bCalifornia Institute of Technology, Beckman Institute BNMC, Pasadena, United States
“European Bioinformatics Institute, Wellcome Trust Genome Campus, Hinxton, United Kingdom
4EML Research gGmbH, Heidelberg, Germany
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