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VCell Tutorial

Building a Rule-Based Model

We will demonstrate how to create a rule-based model of EGFR receptor interaction with two adapter proteins
Grb2 and Shc. A Receptor-monomer reversibly binds a ligand at the extracellular domain, triggering dimerization
through transmembrane domains. The receptor kinase transphosphorylates two receptor phosphotyrosines that
independently recruit two adapter proteins, Grb2 and Shc. Shc itself is subject to transhphosporylation, where the

phosphorylated form has a lower affinity to a receptor phosphotyrosine.
| EGFR ligands |

(rascn) ——| () —=

Y1068/Y1086

Stat-1/Stat=8§ — Transcription

Cell cycle

l http://physrev.physiology.org/content/96/3/1025
4_ Cell cycle . . ’



http://physrev.physiology.org/content/96/3/1025

In this tutorial you will learn how to:

* Create arule-based Physiology with Molecules, Species, Rules and Observables.

* Simulate a model using Deterministic application that expands rules into a reaction
network using the BioNetGen engine.

* Simulate a model using a Stochastic application that simulates the reaction network
generated by BioNetGen.

 Simulate a model using Network-Free application that skips network generation and
directly computes Observables using NFSim engine.

General familiarity with VCell software is recommended. Although this tutorial can be
followed by a VCell novice, it is recommended that novice users first look through the
VCell tutorials available at http://vcell.org/vcell software/user guide.html .

Model building can be matched to the BioModel RB_egfr tutorial in the Tutorial folder in
the VCell Database.


http://vcell.org/vcell_software/user_guide.html
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Rule-Based Tutorial VCell 6.1: Start VCell Contents

Opening VCell for the First Time

rﬁ\ﬁrtual Cell login E1

User Name |

Fassword

e toon [ Conce |

Forgot Login Password...

You need to register as a new

New User Registration... user if you want to run

Use this link for details on how to \ e reutron

acknowledge Virtual Cell in your Cﬁmp(‘:‘tﬁ ;es"‘t‘)rces' oruse

publication and how to share your tne WCal cllizlorEe 1 VIE
and store models that can be

published research through the _
VCell database. shared with collaborators.
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Rule-Based Tutorial VCell 6.1: Molecules

| File|®erver Window Tools Help

Contents

1. To create a new VCell model, click File > New > BioModel.

2. To start creating Molecules, click on Molecules.

| BioModen
= Physiology
#* Reaction Diagram
) Reactions (0)
) Structures (1)
2 Species (0)
! Molecules (1)]
) Observables (1)
-~ Applications (0)
-~ Parameters, Functions and Units
[+ Pathway

| > Reaction Diagram | ) Reactions | (2 Structures | © Species | © Momhﬁ” ) Observables
| pepiction BioNetGen Definition

vo [~ v

3. To create a new Molecule, click here.

4. Right click on the molecule shape to call up a menu. The
shape will become white.

AV
vCell D8 | 8MDB | Pathway Comm | 5517

BioModels | MathModels | Geometries|

[+ Search

_1 Biological Models

[#_] My BioModels (2018nathans751) (17)
[+__] Shared BioModels (0)

[+__] Public BioModels (601)

[+ Tutorials (8)

[+ Education (34)

5. Select Rename, and change the name to “EGF”. Press Enter.

| LNew Molecule] | | Delete y P

Object Properties | Problems '(ﬁ Erro!s, 0 Warnings) |

Anchor Molecule |

(@) No restrictions MTO
Rename

(Z) Only these: Add Site

= 1

ﬁnmfw— 6. Right click on the molecule shape to call up a menu.

7. Select Add site to create a new site.
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Rule-Based Tutorial VCell 6.1: Molecules Contents

TIP: If something goes wrong, press ESC on the keyboard.

File Server Window Tools Help
E BioModel1 | ¥ Reaction Diagram | () Reactions | (2 Structures | (2 Species| © Molecules | () Observables|

El--l’_hvsinhg\r
2 Reaction Diagram HName Depiction BioNetGen Definition

..... ) Reactions (D)

W

----- 2 Structures (1)
- Species (0)

[+-Pathway
1. Right click on the site shape to call up a menu.
Vel 0B | BMDB | Pathway Comm | == - | The site shape will become white.

BioModels | MathModels | Geometries|

[+ Search

51 Biological Models | New Molecule | | Delete | | Fathway Link search |
_I My BioModels (2018nathans751) (17) L /

&+ Shared BioModels (0) Object Properties | Problems (0 Errors, 0 Waghlings) |

[+ Public BioModels (601)

[+ Tutorials (8) Anchor Molecule |

L) Education (34) (@) No restrictions
site0
(") Only these: - Move right
== Move left
« = Rename -
[ Ammotation Delete \
Add State \

2. Select Rename, and change the name to “Site”. Press Enter.
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Rule-Based Tutorial VCell 6.1: Molecules Contents

TIP: A Molecule name can always be changed by double clicking in Name field, editing, and pressing ENTER. It does
not matter if the molecule is already used elsewhere — the change will be propagated everywhere in the model.

File Server Window Tools Help

ﬁp?@ﬁdl =| ¥ Reaction Diagram | ( Reactions | ( Structures | © Specles] 2 Molecules | ) Observables
T V;:o:;tﬁon Diagram Name Depiction BioNetGen Definition
> Reactions (D) EGF & EGF(Site)
 Structures (1) EGFR(ecd,tmd,¥1,Y2)
 Species (D) ..
] Molecules (2)] 1. Create a new Molecule by left clicking on “New
O observables (2) ”
. Applications (0) Molecule”.
i ::::“w‘:;m’ Functions and Units 2. Rename the Molecule to “EGFR” either by right clicking
on the shape below, or by entering it in the table.
3. Right click on the molecule to call up a menu. Add four sites.
4. Right click on the molecule’s sites, select Rename,
P 4
vCell DB | pMDB | Pathway Comm [ =20 | and change the names to: “ecd”, “tmd”, “Y1”, “Y2”.
BioModels | MathModels | Geometries| Press Enter to save.

[+ Search eé—]
1 Biological Models I New Molefile [ Delete ] Patifway Links =
AW

18 _ 5. Right click on the sites “Y1” and “Y2”. Select Add
[#_1 My BioModels (2018nathans751) (16)

i) Shared BioModels (0) Object Properties | Problems (0 Efrorg, 0 Warnlng!s_[ state (twice for each site).
[#-__] Public BioModels (601) 1
-1 Tutorials (8) Anchor Molecule |

[+ Education (34) (@) No restrictions

() Only these: Move right

= Move left
Rename /
Delete '

Add State

ul]



ppt/slideLayouts/ppt/slides/slide2.xml
ppt/slideLayouts/ppt/slides/slide3.xml
ppt/slideLayouts/ppt/slides/slide3.xml

Rule-Based Tutorial VCell 6.1: Molecules

Contents

TIP: Sites can always be moved right and left among the Molecule length and renamed, states can always be renamed
To delete a state, you must first eliminate all places where this site is used, e.g. in reaction rules that change the site

File Server Window Tools Help

E BioModel1
thsmbgv
** Reaction Diagram
- Reactions (0)
2 Structures (1)
-~ Spedes (D)
B Molecules (2)
- Observables {2}
- Applications (0)
- Parameters, Functions and Units
[+ Pathway

4
¥

| 3 Reaction Diagram | (2 Reactions | Structures | © Species| ™ Molecules | Observables|

EGF

Name

Depiction

BioNetGen Definition

W

VCell DB |BM[]B|Pamwaanmm[ g |

BioModels | MathModels | Geometries|

4 Search

QS'

EGF(Site)
EGFR(ecd,tmd,Y1~u~p,Y2~u-~p)

1. Right click on the site to call up a menu.

;] Biological Models

#_ My BioModels (2018nathans751) (16)
[#-__1 Shared BioModels (0)

(L1 Public BioModels (601)

[+ Tutorials (8)

[#-__] Education (34)

I New Molecule ] [ Delete ]

W

Pathway Links «

/

2. Select Rename, and change states
“statel” and “state0”, to “p” and “u”
respectively. Press Enter to save. Do
this for both sites “Y1” and “Y2”.

faarch

Object Properties | Problems (0 Errors, 0 Warnings) |

/

/

t_i Mo restrictions

() only these:

cd

Anchor Molecule |

Rename

Delete
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Rule-Based Tutorial VCell 6.1: Molecules Contents

TIP: BioNetGen definition displays the test strings that encodes elements of a rule-based model in the BioNetGen
language (BNGL). In BNGL, molecular states are listed after site name with ~ appended.

File Server Window Tools Help
[ BioModel1 ﬂ| 3+ Reaction Diagram | (2 Reactions | ™ Structures | 2 Species. T Molecules | (™ Observables|

= Physio
hysiology Name Depiction BioNetGen Definition

- ¥ Reaction Diagram
- Reactions (0) EGF =y EGF{Site)

- Structures (1) EGFR SoOO EGFR(ecd,tmd,Y1~u~p,Y2~u~p)

- Species (0) Grb2 5o Grb2(sh2)

@ J She(sh3,Y~u~p)

[+ Path .
- You can use the search box to display only

elements fitting the search pattern. You
can search by Name or BNGL string.

Y
VCell DB | gMDB | Pathway Comm | =201 |

BioModels | MathModels | Geometries|

~+ Search

Biological Models [ Mew Maolecule ] l Delete ] Pathway Links = Search
_| My BioModels (2018nathans751) (16) \ 4
[+ Shared BioMadels (0) Object Properties  Problems (0 Errors, 0 Warnings) | ©) Database File Info
[ Public BioModels (601)
=+ Tutorials (8) Anchor Molecule |
-1 Membrane Frap — o
&1 Tutorial_FRAP (@) Mo restrictions E_g’
[H-_] Tutorial_FRAPbinding
£ Tutorial_MultApp ©) Only these: (sh3 M v )
[+-__1 Tutorial_PathwayCommons
E3BER|Rule-based egfr_tutorial cl
[ Rule-based_egfr_compart s
[+-_ 1 Rule-based_Ran_transport
EB:;JEdUCBHGH[34} Adaptor proten She. Binds to EGFR phosphotyrosines through shZ domians, can be phosphorylated at

phosphite Y.
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Rule-Based Tutorial VCell 6.1: Molecules Contents

TIP: Molecule colors are ordered and cannot be changed. Molecules can be added and/or deleted at any time, but
reaction rules, species and observables that use these molecules must be deleted first. A warning will appear if deletion

is not allowed.

File Server Window Tools Help
[ BioModel1 a| 3+ Reaction Diagram | (2 Reactions | ™ Structures | 2 Species. T Molecules | (™ Observables|

= Physiology - g ;
- 3> Reaction Diagram Name Depiction BioNetGen Definition
EGF & EGF(Site)

EGFR SoOO EGFR{ecd,tmd,Y1~u~p,Y2~u~p)
Grb2(sh2)

1. Add molecule “Grb2” with a site “sh2”. Add
molecule “Shc” with sites “sh3” and “Y,” with “Y”
having two states, “u” and “p”.

[+ Pathway

Check with the specification of Molecules in the
| RB_egfr_tutorial model in VCell 6.1 (Rule-based)

/ folder.

% 4
VCell DB | BMI}B' Pathway Cornrnl |

BioModels | MathModels | Geometries|

[+| Search

"1 Biological Models [ Hews Molecule ] l Delete JAhwa-,-‘ Links Search
[0 My BioModels (2018nathans751) (16) - ~

[ Shared BioMadels (0) Object Properties W&ms (0 Errors, 0 Warnings) | ©) Database File Info|

[+ Public BioModels (601)

=1 Tutorials (8) le | -
&1 Membrane Frap O 2. Annotations can be entered here.
_| Tutorial_FRAP E_o"
(-1 Tutorial_FRAPbinding ® Only these: m n

c0

(-1 Tutorial_MultiApp
[+-__1 Tutorial_PathwayCommons
E8E | Rule-based_eqfr_tutorial

_I Rule-based_egfr_compart
[+-_] Rule-based_Ran_transport
[+ Education (34)

Adaptor proten She. Bindsfto EGFR phosphotyrosines through shZ domians, can be phosphorylated at
phosphite Y.
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Rule-Based Tutorial VCell 6.1: Model Saving

TIP: Save your model as often as you can, so you don’t lose any changes!

Filelgerver Window Tools Help

Contents

_| Shared BioModels ()
[#+__1 Public BioModels (601)
[+ Tutorials (8)

[+ Education (34)

New . 3/ - Reaction Diagram | © Reactions | © structures| © species| ™ Molecules | observables|
Open g Name Depiction BioNetGen Definition
Close Ct EGF & EGF(Site)
Save EGFR OOP  |EGFR(ecd,tmd,Y1~u~p,Y2~u~p)
Save New Version b2 @ Grbi2(sha)
Save As... —
Save As Local.. B
el s When ready to save, click on File and Save As.... If
Compare with Saved . .

— you work locally (no internet connection), choose
Permissions...

. Save As Local....
Model Annotation ...
Edit Annotation...
Field Data...
Import..
Export...
’ Hew Maolecule I ’ Delete ] Pathway Links = Search

Exit -

Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Info

Anchor Molecule |

(@) No restrictions 3‘
Shc |
(") Only these: 5.6
c0

-

- Annotation

Adaptor proten Shc. Binds to EGFR phosphotyrosines through shZ domians,
phosphite ¥.

can be phosphorylated at
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Rule-Based Tutorial VCell 6.1: Structures

Contents

TIP: Compartments can be volumetric (3D) and membranes (2D). They can be added any time, but all species defined
before compartments are introduced will be located in volume and cannot be moved to membranes.

File Server Window Tools Help

.....

[+ Pathway

W

E’ BioModell :l 2 Reaction i}iag.raml (5} Reactions| 2 Structures | o Speciesl 2 Molecules I o Obsewables|

[=- Physiology
- i* Reaction Diagram Name Type Electrical (Membrane Polarity)
@ Reactions (0) Cell Comgartment

To specify or edit the name of the compartment in
which the reactions are taking place, click on the
Structures tab, double click on the name of the
compartment that is to be edited (do not create a
new structure), and type in the new name. Press
Enter to save.

VCell DB | BM.I}Bl Pathway Comml |

BioModels | MathModels | Geometries|

[+ Search

_| Biological Models

[#-__1 My BioModels (2018nathans751) (16)
[#-__] Shared BioModels (0)

[+ Public BioModels {601)

-] Tutorials (8)

[#-__1 Education (34)

[ Mew Compartment ” Hew Membrane H Delete ] Pathway Links = Search
W

Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Info|

Select only one structure to edit properties

Structure Mame |Cell

Size Variable Name |Cell [pm?3]

Annotation
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Rule-Based Tutorial VCell 6.1: Observables

Contents

TIP: Each Observable corresponds to a sum of species selected by species patterns. Specific species are identified
the network is generated using reaction rules. An observable corresponding to the total amount of all species that
include this molecule is automatically generated for every molecule.

File Server Window Tools Help

{_] BioModel1
= Physlology
-#* Reaction Diagram
-2 Reactions (0)

=| 4 Reaction Diagram | © Reactions | Structures | © Species | © Molecules| © Observables ‘
Name Structure Depiction ioMetGen Definition Count
0O0_EGF_tot Cell EGF() Molecules

_| Biological Models

[+-__1 My BioModels (2018nathans751) (16)
[+-__1 Shared BioModels (0)

[+ Public BioModels (601)

[+ Tutorials (8)

[#-__] Education (34)

w

- () Structures (1) 00_EGFR_tot Molecules
-~ Spedies (0) 00_Grb2_tat Cell Grb2() Molecules
@ Molecules (4] 00_She_tot cell P Sh() N\ Molecules
B2 Observables (4)] X
- Applications (0) ] 1. Right click on Observables tab. You'll see a set
‘Parameters, Functions and Units A
E-pathwav of observables corresponding to the total number
of Molecules of each type.
2. This observable selects species that have EGFR molecules in
any state and any complex. Question marks and grey color
Y .
VCell DB | DB Pathwray.Comm|5255) mean that the state and whgther sites are bound or unbound
BloModels [l are not important for counting.
Search [ Mewi Observable ] [ Duplicate I ’ Delete I Pathway Links /Search

Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Info|/

Add Pattern

(@) Multimolecular

Polymer of
'.:,.' length= |2
(Jlength > |1

P

The default setting will count “Molecules”,
counted as many times as it has this Molecule. This means that dimers of
EGFR are counted twice, and tetramers (if any) are counted four times.

meaning that a species is

Annotation
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Rule-Based Tutorial VCell 6.1: Observables

Contents

TIP: Every table has a column BioNetGen definition. It can be edited only once —the first time an object is specified. It is
useful if you have separate BNGL code you want to paste, but do not want to import for some reason. If you paste in
BNGL code, once you click enter it cannot be further edited unless you export back out as BNGL.

File Server Window Tools Help

[ BioModel1

=2 Physiology

- * Reaction Diagram
- Reactions (0)

-2 Structures (1)
- Species (0)

[+- Pathway

bW

:l 3 Reaction Dia.graml ) Reactions | ) Structures I [ Speciesl 35 MoLecuLes|  Observables |
MName Structure Depiction BioMetGen Definition Count
O0_EGF_tat Cell =e EGF() Molecules
O0_EGFR_tot Cell oo EGFR() Molecules
00_Grb2_tot cell ¥o% Grb2() Molecules
00_Shc_tot cell o5 She() Molecules

vCell DB | BMDB | Pathway Comm | |

BioModels | MathModels | Geometries|

1. A new Observable can be added by pressing the
New Observable button below.

The name can be edited in the table or in the
graphics editor by right clicking on the shape.
Rename the observable to Dimers.

[+ Search

_| Biological Models

-] My BioModels (2018nathans751) (16)
-] Shared BioModels (0)

[ Public BioModels (601)

-1 Tutorials (8)

(-] Education (34)

[ Mews Dbsewahleﬂ Duplicate ” Delete l Pathway Links + Search

.
Object Properties | Problems (0 Errors, 1 Warnings}l ) Databass

Add Pattern /
(@) Multimolecular _

2. When a dashed shape appears in the graphics
editor, right click on the shape and choose Add
Molecule. Select “EGFR”.

Palymer of Delete Species Pattern
) length= |2 Add Molecule
) length > |1 Specify structure (for all)

& EGF

y o8P EGFR

| & Grb2
&P  She

P

Annotation
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Rule-Based Tutorial VCell 6.1: Observables Contents

TIP: A yellow warning sign or red error sign may appear temporarily if something is wrong.
After the error/warning is corrected, the sign will disappear within a few seconds.

File Server Window Tools Help

? :‘0""0'::“ | 3 Reaction Diagram | (© Reactions | © Structures | © Species| © Molecules| © Observables |

= p ysiology
i #» Reaction Diagram MName Structure Depiction BioMetGen Definition Count
) Reactions (0) 00_EGF_tot Cell & EGF() Molecules
- Structures (1) 00_EGFR_tot Cell ety EGFR() Molecules
-T2 species (D) 00_Grb2_tot Cell & Grb2() Molecules
-+ Molecules (4) 00_Shc_tot Cell "oy She() Molecules
A 'o (6) Dimers Cell oo EGFR(tmd!+) Malecules

o AP ns e L) I+

. Parameters, Functions and Units Dimers_s OO0 EGFR(tmd!+)

# Pathway Dimers are characterized by site “tmd” being in a bound
state. Right click on the site shape (it will become white),
and select “Site has external bond”.

:;Ze” ] oo ol Create an Observable named Dimers_s, identical to
SMDB | Pathwey Comm L Dimers but set Count to “Species” (double left click

Slotocls | patodels| Geomelties on Molecules and select “Species”)
. 593"5"' l New Observable ] l Duplicate ] [ Delete ] athviay LINks ~ Search

| Biological Models
(L1 My BioModels (2018nathans?51) (16)
[+ Shared BioModels (0)
[+ Public BioModels (601)
[+ Tutorials (8) Add Pattern

[+ Education (34)

(@) Multimolecular

Ff“"fme" of % Site has external bond
([length= 2 ? Site may be bound
(7)length > |1 Site bond specified »

- Annotation
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Rule-Based Tutorial VCell 6.1: Observables

Contents

TIP: If you rename a Molecule, the Observable corresponding to its total will be renamed automatically as long as you
do not change its name. For example, changing _tot to _total will decouple the Observable from the Molecule
definition, and it will be no longer renamed automatically if you change the name of this molecule.

File Server Window Tools Help

[ BioModel1
= Physiology
- * Reaction Diagram

----- 2 Reactions (0)

-2 Structures (1)

- Spedies (0)
- Molecules (4)

B! Observables (7)
..... Applications (0)
----- Parameters, Functions and Units
[+ Pathway

" 4

VCell DB | BMDB | Pathway Comm |

BioModels | MathModels | Geometries|

:| #» Reaction Diagram | (2 Reactions | © Structures | 2 Species| 2 Molecules| > Observables |
Name Structure Depiction BioMetGen Definition Count

O0_EGF_tot Cell o EGF() Molecules
00_EGFR_tot Cell oooo EGFR() Molecules
D0_Grb2_tot Cell & Grb2() Molecules
00_Shc_tot Cell o5 Sh() Molecules
Dimers Cell ooo EGFR(tmd!+) Molecules
Dimers_s EGFR(tmd!+) Species

Molecules

To specify an Observable counting all phosphorylated
sites “Y1”, right click on the white state shape and

select the desired state “p”. Similarly, create an
Observable counting phosphorylated sites “Y2”.

/

[+| Search
_1 Biological Models

[#+_1 Shared BioModels (0)
[#+__1 Public BioModels (601)
[+ Tutorials (8)

-1 Education (34)

_I My BioModels (2018nathans751) (16)

[ Mew Observable ] [ Duplicate l ’ Delete l Pathway Links Search /
.
Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Info| /

y 4

Add Pattern

(@ Multimolecular

Polymer of

) length= |2

[ ) length = 1

vz | ™~ State: not specified
r~  State:u
~  State: p
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Rule-Based Tutorial VCell 6.1: Observables Contents

TIP: Species corresponding to each Observable can be seen after network generation
under Application > Simulations > Generated Math > Math Description Language.

File Server Window Tools Help

E‘ BioModell =| * Reaction Diagraml " Reactions | ) Structures I [\ Speciesl [ Molecuke5| > Observables ‘
- Physi
y;:o ::::tmn Diagram MName Structure Depiction BioMetGen Definition Count
- Reactions (0) 00_EGF_tot cell = EGF() Molecules
f:} Structures (1) D0_EGFR_tot Cell oo EGFR() Molecules
- © Spedies (0) 00_Grb2_tot Cell D Grb2() Molecules
ﬂ Molecules (4) 00_She_tot cell oY Shc() Molecules
O Dimers Cell ooo EGFR(tmd!+) Molecules
""" Applications (0) . . Dimers_s Cell oooe EGFR(tmd!+) Species
----- Parameters, Functions and Units
B Pathway Y1 Cell oooe EGFR(Y1~p!?) Molecules
Y2 Cell oooe EGFR(Y2~p!?) Molecules
Y_total| Cell e EGFR() Molecules
To specify an Observable counting all
- phosphorylated sites “Y1” and “Y2”, first specify a
vCell DB | BMDB | Pathway Comm | == | pattern for “Y1”, then click below and select Add
BioModels | MathModels | Geometries| Species Pattern. Then, specify a similar pattern but ||
+ Search [ New Observable | [ Dupiicate | fBelete | | o with site “Y2” in the phosphorylated state.

Biological Models ~

[ My BioModels (2018nathans751) (16) . . ~ _ _

&1 Shared BioModels (0) Object Properties | Problgafs (0 Errors, 0 Warnings) | ) Database File Info|
[ Public BioModels (601) T

[+ Tutorials (8) Add Pattern

B Education (34) To have more space, right click on a line;
keep the right button pressed and drag

(@ Multimolecular | cell

Polymer of .
(Jlength= |2 it down.
(length > |1

P

Annotation
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Rule-Based Tutorial VCell 6.1: Species Contents

TIP: Species may consist of more than one molecule, but the molecules must be
connected.

File Server Window Tools Help

.E’ BioModell =| ## Reaction Diagram | ) Reactions | (5] Structures| 2 Species | 5] Moleculesl ) Observables
=} Physi
1,;;:0 I:::::tion Diagram Mame Structure Depiction Link BioMetGen Definition
- Reactions (0)
-2 Structures (1) (add new here)
% Species (1)
2 Molecules (4) . .
- © Observables (9) 1. To add species, left double click on (adgl new
----- Applications (0) here) and change the name to R. Alternatively, use
----- Parameters, Functions and Units « "))
&1 patway the “New Species” button below.

2. By default, a species is created without a
molecular structure (green shape). To specify
molecular composition, right click on the green
shape, Specify Molecule, and select “EGFR”.

. J
ViCell DB | EMDEl Pathway Comm | Sabio

BioModels | MathModeIsl Geometries|

B 7
Search Duplicate ’ D;&e H Pathway Links = I Search
/

Biological Models

b aY
[H-__1 My BioModels (2018nathans751) (16) . . é : -

F+-_] Shared BioModels (0) Object Properties | Problems (0 E}érs, 0 Warnings) | ) Database File Info|
%I F"I..Ih|IC BiUMUdE|S (6':'1) Species Name R/

[+ Tutorials (8)

[ Education (34) Linked Pathway Object(s) /'

K |
q Specify Molecule »<& EGF
OO0 EGFR

& Grb2
oo She
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Rule-Based Tutorial VCell 6.1: Species Contents

TIP: Left click on the Problems tab will show the list of errors and warnings. Double left
click on a problem will bring up the issue.

File Server Window Tools Help

E BioModell =| 2+ Reaction Diagra.ml ) Reactions | (v} Structures| ) Spedies | [ Moieculesl ) Observables
~ Physi
7 V;:" I::::tmn Diagram Name | Structure | Depiction | Link BioMetGen Definition
- © Reactions (0) R(ecd.tmd
- Structures (1) {(add
& Species (1)
{jg:m':;g}[g} 1. After the EGFR molecule is assigned to a species,
----- Applications (0) an error is generated because sites “Y1” and “Y2”
Gy Functions and Units must be in a specific state (a species must have a
e wallor unique state).
indicates an error. : - -
2. Specify the state by right click on a state shape
and selecting a required state (“u”).

N 4
VCell DB | BMDB | Pathway Comm | ==bi | /
BioModels | MathModels | Geometries|
y 4
4] Search Duplio\e Delete ” Pathway Links » I /$/earch
aw

Biological Models

-1 My BioModels (2018nathans751) (16 - - p
j S:ar:}d E:,:;oi‘lsotgels [Un)a ans7s1) (16) Object Properties | Problems {\ Errors, 0 Warnings}l 7) Database File Info| /
B+ Public BioModels (601) Species Name R \ /
[+-__1 Tutorials (8)
-1 Education (34) Linked Pathway Object(s) \ /

\ /

Annotation \ /
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Rule-Based Tutorial VCell 6.1: Species

Contents

TIP: Left click on a Table column name (e.g. Name) will sort the table by this column.

File Server Window Tools Help

_1 Biological Models

-] My BioModels (2018nathans751) (16)
[+-_] Shared BioModels (0)

[+-_1 Public BioModels (601)

[+ Tutorials (8)

[#__] Education (34)

AT

= :‘0”"""‘-'1 ﬂ| 3 Reaction Diagram | (2 Reactions | (2 Structures|  Species | () Molecules | Observables|
I Physiol
‘{f, I::::bon Diagram Name Structure Depiction Link BioNetGen Definition
- Reactions (D) R Cell SO EGFR(ecd,tmd, Y1~u,Y2~u)
- Structures (1) L Cell o) EGF(Site)
M5! species (5)] Grb2 Cell > Grb2(sh2)
+ © Molecules (4) Shcp Cell vy She(sh3,Y~p)
A Cﬁ’c‘:f”;';'&‘ (9 shcu Cell B She(sh3,Y~u)
- App ns
- Parameters, Functions and Units Lol
[+ Pathway
Complete the specification of all Species. You may
check the list in the RB_egfr_tutorial model in VCell
6.1 (Rule-based) folder.
AT
VCell DB | BMDB | Pathway Comm | =110 |
BioModels | MathModels | Geometries
[ Search Duplicate Delete Pathway Links = Search

Object Properties | Problems (0 Errors, 0 Warnings) | € Database File Info|

Select only one object (e.q. species, reaction, simulation) to view/edit properties.
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Rule-Based Tutorial VCell 6.1: Reaction Rule for bimolecular interaction: Editor Contents

TIP: Reaction rules generate reactions by selecting species that serve as reactants and generating new species
i.e. the products of these reactions. Thus, each reaction rule is defined with reactant patterns (that select
species to be reactants) and products patterns (to define how reactant molecules are modified).

File Server Window Tools Help

] BioModel1 | #* Reaction Diagram| © Reactions ‘ ) Structures| e} Species| ] MuleCules| ) 0bsenrables|

[~} Physio .
y;b R?;’;mn Diagram Reaction Mame - |Structure Depiction Kinetics Link BioNetGen Definition
& Reactions (1) % Reaction Rule MassAction
O Structures (1)
© Species (5)
0 Molecules (4)
 Observables (9 i ]

. Applications (0) ©) In.the 1120 few slides we 1. Click the New Rule button to generate a new rule.

. parameters, Functions and units | Will define a rule for the

) Pathway ligand binding to the 2. Errors and warnings are generated immediately.

receptor. They will disappear as the rule is being specified.

3. Right click on a dashed shape to specify the
molecule to be included in a reactant pattern.

W
vCell 08 | BMDB | Pathway Comm | -0

BioModels | MathModels | Geometries|
[+ Search

Biological Models
[+-__] My BioModels (2018nathans751) (16)
[+/__1 Shared BioModels (0)
(-] Public BioModels (601)
[+ Tutorials (8)
(-] Education (34)

/ i
| New Reaction | | New Rul!] | puplicaty | | Delete | | Pathway Links¥ | Search
/

Object Properties | Problems (2 Errné 2 warfings) | € patabase File Info

[" Kineti—::s‘ 7 Editor |

Reversible [ | @e

| AddReactant |

| AddProduct | Delete ]

Specify Molecule V<& EGF
[ | single Row Viewer Specify structure \ OO EGFR
[¥/] Show Molecule Color <> Grb2

_@ She

[+] Show Mon-trivial

[] Show Differe...
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Rule-Based Tutorial VCell 6.1: Reaction Rule for bimolecular interaction: Editor

Contents

TIP: Always check errors and warnings until you understand the issue. If in trouble, use Help
from the top menu. It is fully searchable. It can be printed from http://vcell.org/support

File Server Window Tools Help

[ BioModel1
=l Physiology
» Reaction Diagram
] Reactions (1)
) Structures (1)
© species (5)
2 Molecules (4)

| 3” Reaction Diagraml 2 Reactions I © Structures | © Species | © Molecules | = Observables|

Reaction
% Reaction Rule

Name -~ |Structure Kinetics Link BioNetGen Definition

MassAction @Cell:EGFR() ->

Deplctlon

2 Observables (9)
- Applications (0)
- Parameters, Functions and Units
[+ Pathway

Here we define the EGFR
molecule acting as a
reactant.

1. Note that the number of errors and warnings
decreased as the rule was specified.

VCell 08 | BMDB | Pathway Comm | =~ |
BioModels l Mathmodels] Geometries]

2. To add the next reactant, click on the Add
Reactant button. Alternatively, one can right click
on a white space after -> and choose Add Reactant.

]

[+ Search

_1 Biological Models

(L] My BioModels (2018nathans751) (16)
[+-__] Shared BioModels (0)

[+-__] Public BioModels (601)

- Tutorials (8)

[+-1 Education (34)

AT

| New Reaction | | New Rule ]]/::-upucate | | pelete | | )wﬁyl.mksv ]
_~

I Search

Object Properties I Problems (1 Errors, 1

z Kinetics{ 7 Editor I

Ws& File Info| /

Reversible [ |

®

| AddReactant 4"

| AddProduct |

| | single Row Viewer
[v] show Molecule Color
[v] Shows Mon-trivial

]

Show Differe...

Add Reactant

3. After a dashed shape for a new reactant appears,
right click on it to add a molecule as the second
reactant as before.
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Rule-Based Tutorial VCell 6.1: Reaction Rule for bimolecular interaction: Editor Contents

TIP: The search field can be used to filter all lists by an entered term,
such as Molecule or site name.

File Server Window Tools Help

E‘ BioModel1 al 3+ Reaction Diagram | > Reactions | () Structures | © Spacies| ™ Molecules | © Observables|
=1 Physi
y;:o I::!:::ﬁun Diagram Reaction Name - |Structure Depiction Kinetics Link BioMetGen Definition
] Reactions (1) Reaction r0 Cell “¥Fece  [MassAction @Cell:EGFR()+@Cell:EGF() -> @Cell:EGFR()
-~ @ Structures (1)
@ Species (5)
~ © Molecules (4) After reactants are defined,
- Observables (9) .
----- Applications (0) products are specified.
----- Parameters, Functions and Units . L.
& Pathway To specify a reactant or product pattern consisting
of several molecules, right click on the white space
next to an existing Molecule.
S 4
VCell DB | BMDB | Pathway Comm | =11 |
BioMadels | MathMadels | G-eornetries| < | 1 / b
J
Selarchl e [ Mews Reaction l ’ News Rule ] [ Duplicate l ’ Delete l ’ Pathway Link.fv ] Search
_| Biclogical Models AY /
[} ) My BioModels (2018nathans751) (16 : :
j Shared ;uiﬂiéels wn}a ans7at) (16) Object Properties | Problems (0 Errors, 0 Warnings) | € Database File Info| /
[ Public BioModels (601) e g
- Tutorials (8) ¢~ Kinetics | |4 Editor /
[ Education (34) ,
Reversible [ |
®3 )
| AddReactant |
| AddProduct |

[ single Row Viewer
Show Molecule Color

Delete

Specify Molecule »<& EGF

Show Non-trivial Specify structure | 000> EGFR

_ <& Grb2
[ ] show Differe... eee) She
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Rule-Based Tutorial VCell 6.1: Reaction Rule for bimolecular interaction: Editor Contents
TIP: Molecules in reactant/product patterns can be rearranged by right click on the
Molecule shape and choosing Move right/Move left actions.
File Server Window Tools Help
E‘P:i“”"de“ | 7 Reaction Diagram| > Reactions | Structures | © Species | © Molecules| © Observables|
= i
o R?:’;mn Diagram Reacon | Neme - |Structure | Depiction Kinetics | Lnk | BioletGen Definition
= Reactions (1) Reocton Rule0 _[cel | vwee -w _~vece -olvassacion | |0CeILEGHR(echimd)+@Cel:EGF(STE) > GC
O Structures (1)
(© Species (5)
2 Molecules (4)
Observables (9 . o
. Apimgfm ©) We define conditions under
& :::::::m’ Functions and units | which reactions may happen. To select features of reactants, right click on the site

Here, EGF binds if no ligand is
bound (ecd is unbound) and

shape and select its state and/or binding status.

the receptor is not in a dimer
(tmd is unbound).

. 4
VCell D8 | BMDB | Pathway Comm |

BioModels | MathModels | Geometries|
[+| Search

" | Biological Models

[#-__] My BioModels (2018nathans751) (3)
[#)-__] Shared BioModels (0)

[#)-__] Public BioModels (601)

[#-L_] Tutorials (10)

[#-._] Education (34)

'l | m

{ Mews Reaction I I Mews Rule ] { Duplicate I I Delete I I Pathwsay Links « ]

Search

Object Properties ‘ Problems (0 Errors, 0 Warnings) | ) Database File Info|

\ 3 Kineti—:s‘ # Editor |

Reversible | | @e

| AddReactant |

| Add Product

[ single Row Viewer (EGF

(eerr. ¥ W N K)_(7)
mm?m’i':za'

[v] Show Molecule Color cell

==

Site is unbound

Site has external bond
Site may be bound

Site bond specified

[+] Show Mon-trivial

[ ] Show Differe...

All changes in Reactant patterns are propagated
down to the same molecules in product patterns.
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Rule-Based Tutorial VCell 6.1: Reaction Rule for bimolecular interaction: Editor

TIP: Note that some options for binding status are greyed out because they are impossible.

File Server Window Tools Help

Contents

E\P:bModell | 37 Reaction Diagram| © Reactions | © Structures| © Species| © Molecules | © Observables|

= i

o R?:’,;mn Diagram Reacon | Name - |Structure | Depiction Kinetics | Link | BioNetGen Definitio
85\ Reactions (1] Reain [0 ____[call | =wwsw _-o “ewve-elMassaction | |QCel:EGFRecd,md)+GCe
O Structures (1)
© Species (5) Site “tmd” of the reactant pattern is To specify how product patterns
8;‘::'2':;&:](9) unbound, so the only possible change differ from reactant patterns, right

- Applications (0) is to make it bound to another site: it click on the shape and select

& :::ﬁ:g:m’ Functions and Units may not have implicit external bond features. For a binding reaction rule,

AT
VCell DB | BMDB | Pathway Comm | ~-0- |

BioModels | MathModels | Geometries|

[+ Search

_1 Biological Models

[+}-__1 My BioModels (2018nathans751) (16)
[+-_] Shared BioModels (0)

[#__] Public BioModels (601)

-1 Tutorials (8)

[+__] Education (34)

(“has external bond”) or be in an

uncertain status (“may be bound”).

< | \ 1

specify how molecules in the product
pattern are connected.

\
{ Mews Reaction I I Mews Rule V{ Duplicate I I Delete I I Pathwsay Links « ]
\

Search

Object Properties ‘ Problems (0 Errlyrs, 0 Warnings) | € Database File Infol

Reversible | | @e

7 Kinetics | 7 Editor |

l

Add Reactant |

l

Add Product

Site is unbound

[ single Row Viewer

[+] Show Molecule Color
[] Show Non-trivial

[ ] Show Differe...

+ Site has external bond
?  Site may be bound
Site bond specified

\ GIBD  EGFR(ecd!Ltmd!1)EGF
DD EGFR(ecd!LY111) FGF

CTPD  EGFR(ecd!lY2!1yeGF
EGER(ecd! 1) EGE(Sitel1)



ppt/slideLayouts/ppt/slides/slide2.xml
ppt/slideLayouts/ppt/slides/slide3.xml
ppt/slideLayouts/ppt/slides/slide3.xml

Rule-Based Tutorial VCell 6.1: Reaction Rule for bimolecular interaction: Editor

Contents

TIP: Sites in yellow without any symbols underneath are always unbound.

File Server Window Tools Help

- Parameters, Functions and Units
[+ Pathway

[ BioModel1 | 7 Reaction Diagram| © Reactions | © Structures | © Species| © Molecules | © observables|
=} Physiology
## Reaction Diagram
] Reactions (1) Reaction Rule[ligand_bind |Cell R T @Cell:EGFR(ecd,tmd)+@Cell:EGF(Site) -> @C
2 Structures (1)
© Species (5) 1. Change a reaction rule name by double left
2 Molecules (4) i
© Observables (9) click on the rule name.
- Applications (0)

3. To make a rule reversible and to
enter kinetics, left click on Kinetics.

2. Note that by default a rule
is created irreversible.

(| /

] / | r

VCell D | BMDB | Pathway Comm | -0 |

BioModels | MathModels | Geometries|
[+ Search

\

/.
| New Reaction | NewRule | | Duplicate | | Delete | | PathwayLinks~ |
/

Object Propepes | Problems (0 Errors, 0 Warnings) | € Database File Info|

£ Kinetics | | # Editor }

Biological Models

[£-__1 My BioModels (2018nathans751) (16)
[+ __] Shared BioModels (0)

[+__] Public BioModels (601)

[ Tutorials (8)

[ Education (34)

Reversible || @ e

| AddReactant |
| AddProduct |

| single Row Viewer
| Show Molecule Color

+| Show Non-trivial

[
[
[
[

| Show Differe...
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Rule-Based Tutorial VCell 6.1: Visualization of Reaction Rules for bimolecular interaction

With no boxes checked, the reaction is shown in
black and white, with only the site specific bonds
indicated in color.

[ show Malecule color
[ shows Mon-trivial

[] show piffere...

£7 Kinetics | | Editor
Reversible [ (+*
P EGFR Gy Gy + m ->
[ AddResctant ] CeaDHama HoiH ey o —ae)
1 7 el
[ Add Product ]
EGFR G _CGJXEcr
(Ltmd )
[ single Row Viewer
[ ] Show Molecule Color
[ show Mon-trivial
|| Show Differe...
Checking the Single Row Viewer box aligns the
entire reaction in one row. You can not edit the
reaction in this mode.
Reversible || @ e — e —
EGFR o o EGF - EGFR o o EGF
G (mD(vix(vzy Gy 7 CoaD)CamaD{(¥iH(va ) (o)
cell ! cell cell ! uoE !

Contents
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Rule-Based Tutorial VCell 6.1: Visualization of Reaction Rules for bimolecular interaction

Contents

differentiation. The specific color can not be
changed.

Checking the Show Molecule Color box adds an
ordered color to the molecule to help with visual

e
27 Kinetics | -

o Th
Reversible [ | ® e

I:l Single Row Viewer

|:| Show Mon-trivial

[] show Differe...

be used.

TIP: Any combination of viewing buttons can

Checking the Show Non-trivial box highlights
assigned sites and states in yellow.

47 Kinetics | | Editor |
P
Reversible [ (+) ()

[ Add Reactant

]

Checking the Show Differe... box highlights in

between the reactants and the products.

orange the differences in bonds, sites, and states

27 Kinetics 7 Editor

[ Add Product

]

[ single Row Viewer
[ show Malecule Color

EGFR Gy Gy + EGF >
con (Lecd H tmd ) ﬂ con (Usite )

EGFR.

DD
o [ ED RGO G

i L

[ Show Differe...

Reversible [ '('!‘:'9 ——

EGFR Gy _CGJ) + m ->
| AddReactant | (Lecd H tmd H 1 H 2 ) (_site )
Cell E EH Cell
’ Add Product
EGFR ) GO X ecr
o (tmd ) (site )

[ single Row Viewer
[] show Molecule Color

[] Show Non-trivial

i
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Rule-Based Tutorial VCell 6.1: Reaction Rule for bimolecular interaction: Kinetics Contents

TIP: The numbers of specified Molecules, Species, Reactions and Observables are always
displayed in the left panel.

File Server Window Tools Help

I;_EII :‘0":‘0'19“ =| ¥+ Reaction Diagram| T Reactions | ) Structures | () Species | ( Molecules | © Observables|
v;,m i:;!::ﬁon Diagram Reaction Name - | Structure Depiction Kinetics Link BioMNetGen Definition
@] Reactions (1) Reaction Rule|ligand_bind |Cell COCO0 + &0 =soe e ~(MassAction <-
‘C} Structures (1)
- © Spedies (5) ————
@ Molecules (4) 2. Note that the only allowable kinetic type is Mass
O Observables (9) Action, where every reaction selected by a Reaction
..... Appical:ions (“} 7 y y
----- Parameters, Functions and Units 1. To make a rule Rule has a rate law of forward rate times the
[+ Pathway . q
reversible, check the product of reactant amounts minus the reverse rate
Reversible button. times the product of product amounts.
b
av | New Reaction | [/ NewRule | | Duplicate | | Delete | | Pathway Linksv |
VCell DB | BMDB | Pathway Comm | 20| | oy /
BioModels | MathModels | Geometries| Object Praperties /Problems (0 Errors, 0 Warnings) | £ Database File Info ’/
[+ Search #7 Kinetics | fl Editor ‘ /
_| Biological Models
t-1 My BioModels (2018nathans751) (16) || || Reaction Na ligand_bind
:: §S§|:§daii|:£§2|esls;£§i] L Kinetic Type |Mass Action ( for each reaction: Kf-T reactants - Kr-T preducts ) - Convert units
_I Tutorials (8) o - =
[+ Education (34) ol E. escription Global . Expression Units
ruleRate |rate of reactions generated by rule Variable M.s"1
Kf microscopic forward rate 0.0 / s71,uM-1
Kr microscopic reverse rate /Wo.o / s

/ —

3. Expressions for forward and reverse 4. Note that default units are uM.

rates can be any complicated functions. The unit system must be changed
to use other units like nM or

molecules.
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Rule-Based Tutorial VCell 6.1: Units

Contents

TIP: The unit system must be changed before entering any numeric values. Otherwise, all
values will be converted from the old units to a new unit system.

File Server Window Tools Help

[ BioModel1
=1 Physiology
#» Reaction Diagram
2 Reactions (1)
2 Structures (1)
© species (5)
 Molecules (4)
) Observables (9)
i Applications (0)
¥ Parameters, Functions and Units
[+ Pathway

1. To change the unit
system, left click on

ed Constants and Math Functions| Model Unit Ystem ‘

S 4
VCell 08 | BMDB | Pathway Comm |

BioModels | MathModels | Geometries|
[+ Search
_| Biological Models

[+}-__] Shared BioMadels (0)
(-1 Public BioModels (601)
[+ Tutorials (8)

(-] Education (34)

(-] My BioModels (2018nathans751) (16)

System.

3. Click on Change Unit

H I
Parameters, functions. Dl”{ ft click del
. N 2L i nM ni m.
i um eft click o odel Unit Syste
um2 Ty
Volume pms2 primary
Time s primary =
Volume Substance %2 select new unit system primary
Membrane Substance i primary
LumpedReactionSubstanc = primary
Voltage I electrical
Current B electrical
Capacitance () sbml compatable electrical
Conductance @) general electrical
Stochastic Substance B stochastic -
type unit vCell default
| Cha“ﬂi—'mt System | length 'um [um]
AT
Object uper‘ties| Problemg area |um2 T
I volume um3 m3]
Seleft only one object (e.g.
time |s [s]
volume species substance |nM.um3 [uM.um3] \
membrane species substance molecules [molecules] 4 SeIeCt general'
/ lumped reaction substance molecules [maolecules]
[ OK I ’ Cancel ]

N\

5. Enter new units.
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Rule-Based Tutorial VCell 6.1: Kinetics for bimolecular interaction rules Contents

TIP: VCell has various kinetic types, but rule-based models in version 6.1 are limited to
mass-action kinetic only.

File Server Window Tools Help

[ BioModel1

=8 Ph\rsnlngy

b Reacl‘.lnn Dtagram
B rcacions (1)

- Structures (1}

- © Spedies (5)

- Molecules (4)
- Observables (9)
hppicatlnns (0)

- Parameters, Functions and Units
[+- Pathway

| 37 Reaction Diagram | > Reactions | ) structures | © Species| © Molecules | 2 Observables|
Reaction Name -~ | Structure Link BioNetGen Definition

Reaction Rule|ligand_bind |Cell LSOOG = 0 SeeC Ty MassAction @Cell:EGFR(ecd,tmd)+@Cell:EGF(Site) <-> @Cell:EGFR{ec

b N

W

VCell DB | pMDB | Pathway Comm | =250

BioModels | MathModels | Geometnes|

Search

_| Biological Models

[£+__1 My BioModels (2018nathans751) (16)
[#+__1 Shared BioModels (0)

[++_] Public BioModels (601)

[+ Tutorials (8)

[#__] Education (34)

| NewReaction | | NewRule | [ Duplicate | [ Delete | | Pathway Links~ | Search |

v

Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Inf0|

£7 Kinetics | 7 Editor |

Reaction Name 'Iigand_bind

Reversible /| Kinetic Type [Mass Action ( for each reaction: Kf-T reactants - Kr-IN producs ) v| [ convert units
Name Description Global Expression Units
ruleRate |rate of reactions generated by rule Variable nM.s 1

microscopic forward rate 0.003 s"1.nM-2

I'TIICI"O"COPIC reverse rate

Set values in proper units. Match all values to the
RB_egfr tutorial model in the VCell 6.1 (Rule-based) folder.
Values are also listed in a table on the next slide.

=/ Annotation and Pathway Links —
Linked Pathway Object(s): |



ppt/slideLayouts/ppt/slides/slide2.xml
ppt/slideLayouts/ppt/slides/slide3.xml
ppt/slideLayouts/ppt/slides/slide3.xml

Rule-Based Tutorial VCell 6.1: Bimolecular Interaction Rule Contents

TIP: If reactants or products contain identical molecules, they are automatically numbered
for the modeler’s convenience, so the user can match reactants to products.

File Server Window Tools Help

= :ioli!odell 4 37 Reaction Diagram| T Reactions | © structures| © Species| © Molecules| © oObservables|

=P
o R?;T._ﬁon Diagram | Reaction Name - |Structure Depiction Kinetics | Link BioNetGen Definition
] Reactions (2)] || Rreaction Rule|ligand_bind |cell CooE0 + @ <> (O MassAction @Cell:EGFR(ecd, tmd)+@Cell:EGF(Site) <-> @Cell:EGFR(eq
© Structures (1) | Reaction Rule|dimeriz T e ¢ @Cell:EGFR(ecd!+ tmd)+@Cell:EGFR(ecd! + tmd) -> @Ce
2 Species (5)
gM::uhng Similarly, set dimerization reaction rule as in the

Observables (9 . .
- Applications (0) ©) RB_egfr_tutorial model in the VCell 6.1 (Rule-based) folder.

- Parameters, Functions and Units
[+ Pathway

Conditions for the rule to happen: Note the rule is reversible.
both receptors are bound at “ecd”
and unbound at “tmd” sites.

% 4

VCell D8 | MDB | Pathway Comm | 1| 4| i | P
BioModels | MathModels | Geometries| | NewReaction | | NewRule || Duplicate |/ pelete Links ¥ Search /

[+ Search

a4
_I Biological Models Object Properties [ Problems (D Errors, GMB Database File Info]\\

[£+L_1 My BioModels (2018nathans751) (16) = ™ o / \ /
[+-__] Shared BioModels (0) # Editor - - J

[+-__] Public BioModels (601) . c
[+ Tutorials (8) Reversible * e ' ' ; {
(] Education (34)

Add Reactant ]

l Add Product ]

[ single Row Viewer
Shows Molecule Color

Show Non-trivial

Show Differe... Reaction rule outcome: a new bond between “tmd” sites.
£
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Rule-Based Tutorial VCell 6.1: unimolecular interaction rule Contents

TIP: A site with a vertical line underneath means that the site is bound, but the binding
partner is not explicitly specified and can be any molecule allowable by rules.

File Server Window Tools Help

[ BioModel1 3+ Reaction Diagram| > Reactions | ™ Structures |  Species | © Molecules | © Observables|

= Physiology
* Reaction Diagram
(] Reactions (3)| i ( @Cell:EGFR(tmd!+,Y1~u) -> @Cell:EGFR(tmd!+,Y1~p
0 Structures (1) Reaction Rule|dimeriz Cell O00R + COTD -> QBT MassAction @Cell:EGFR{ecd! + tmd)+@Cell:EGFR(ecd! +,tmd) -> @
O Species (5) Reaction Rule|ligand_bind |Cell oD + D <-> CQOEIPE MassAction @Cell:EGFR(ecd,tmd)+@Cell:EGF(Site) <-> @Cell:EGH
 Molecules (4)
2 Observables (9) . . . . .

- Applications (0) Set the irreversible phosphorylation reaction rule as in the

| Par:metm- Functions and Units RB_egfr_tutorial model in the VCell 6.1 (Rule-based) folder.

[+ Pathway

Conditions for the phosphorylation: “Y1” site is unbound
and unphosphorylated, “tmd” site is bound (which
means that the receptor is a part of aggregate).

Y A

vCell DB | BMDB | Pathway Comm | =200 < | i | '
BioModels | MathModels | Geometries| | WewReaction | | NewRule | | Duplicate | | Delpte| | | Pathway Linksv | Search

| Search [\

_1 Biological Models Object F"'DDE"tiES[ Problems (0 Errors, 0 Warnings) |€3IData\:uase File Info|

[+ My BioModels (2018nathans751) (16) = -

[} __1 Shared BioModels (0) ‘ 7 Kinetics | |+ Editor ‘
[-_] Public BioModels (601) :
&2 Tutorials (8) Reversible[ | (4) (@
(-] Education (34)

Add Reactant

| AddProduct |

Note that the rule is
irreversible.

[ ] single Row Viewer

[+] show Molecule Color

[¥] Show Non-trivil Reaction rule outcome: “Y1” site becomes phosphorylated.

[ "] show Differe...
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Rule-Based Tutorial VCell 6.1: duplicating of reaction rules

Contents

TIP: Using the Duplicate button can save a lot of time when a combination of multiple molecules
participates in multiple reaction rules. Make sure you edit the copied rule and not the original one!

File Server Window Tools Help

[ Biotodel1 ﬂ 31+ Reaction Diagram | (> Reactions | () structures | ) species | © Molecules | ) Observables|
[~ Physiology
4> Reaction Diagram Reaction Name ~ | Structure Depiction Kinetics Link
C—‘ Reaction Rule|Dimerization | Cell OO0 + OO <-> MassAction @Cel:EGFR (ecd! +, tmd) +@Cel:EGFR (gcd! +,tmd) <-
) Structures (1) Reaction Rule[Y1_phosph | Cell oo -> oo MassAction @Cel:EGFR (tmd! +,Y 1) -> ECel:EGFR(tmd! +,Y 1
() Species (5) Reaction Rule Y 1_dephosph OO SO0 @CEl:EGFR(tmd! +,Y 1~p) > @CEl:EGFR (tmd! +,Y 1~
) Molecules (4) Reaction Rule ligand_bind OO0 + & <-> OO MassAction ©Cel:EGFR (ecd, tmd) +@Cell:EGF(Site) <-> ECel:EGH
() Observables (9)
- Applications (0) 1. Select a rule to duplicate and click on Duplicate button
- Parameters, Functions and Units
* - P, . . q
I Pathway 2. The Identical rule will appear with the name oldname_0.
i 3. Rename the new rule and introduce any needed changes.
| NewReaction | [ NewRue | @u | [ elete | [ PathwayLinks v | Search
AW
VCell 05 | DB | Pathway Comm | - | Object Properties | Problems (0 Errors, 0 Warnings) | () Database Fie Info|
BioModels | MathModels | Geometries| = Edttor ‘
¥ Search
_ | Biological Models R il (3
(] My BioModels (20 18nathans751) (2) e[ (P @ _
[+ Shared BioModels () [ Add Reactant
-] Public BioModels (601) [ l \
(-] Tutorials (10 Add Product .
] Education (31,) Note that therule is
irreversible.
Condition for the dephosphorylation: “Y1” site
[C] Single Row Viewer is phosphorylated and unbound.
[/] Show Molecule Color
[#] Show Non-trivial
I shownifieences | REACtION rule outcome: “Y1” site becomes unphosphorylated.
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Rule-Based Tutorial VCell 6.1: Reaction Diagram

o)

Contents

ShcU

Cell

¥

These are Reaction rules
transforming EGFR
molecule.

In the collapsed reaction

participants are grouped
by molecular structure.

diagram, the reaction rule

[ —

EGFR.EGFR

These are distinct
species patterns
corresponding to the

The reactant and product
species patterns are
distinct, but both contain
the EGFR molecule, so
they are shown as a
single node.

same molecular
structure in the collapsed
reaction diagram.

In the full reaction
diagram, every reactant
and product species
pattern is shown
individually if they are
distinct in details.

EGFR.EGFR

(EorR G ()
w (Ltmd ) (r2)

The two nodes, though they look alike, correspond to the two
identical molecular structures, but are different in details; one is
unphosphorylated at Y1, and another is phosphorylated at Y1.



ppt/slideLayouts/ppt/slides/slide2.xml
ppt/slideLayouts/ppt/slides/slide3.xml
ppt/slideLayouts/ppt/slides/slide3.xml

Rule-Based Tutorial VCell 6.1: Reaction Diagram

Contents

This is the collapsed reaction diagram.

ShcU Cell

The black arrows indicate
the direction of the
reactions and reaction
rules.

Species are depicted as
blue spheres

The molecular structure

Reaction rules
(phosphorylation and
dephosphorylation)
where the product and
reactant have identical
molecular structures.

Molecular structures with
2 spheres instead of one
are bimolecular. In this
case it is an EGFR dimer.

that was clicked on is

highlighted in red in the

y Links = Search

blems (0 Errors, 1 Warmngs)‘

displayed reaction rules.

Rule:ligand bind

——

EGFR L)
(ot W ema M i X vz )
T

T

cO

Rule:dimeriz
B—

EGFR ot
mm
c0 o

Fule:¥2 phosph
——

EGFR rliel) |
(Cca X ema M vi X vz )
T i

c0

Rule:¥1 phosph

EGFR O 0~
(et JCema HCva vz )
b b
co

Rule:¥2 dephosph
——

ol n

By clicking on any
molecular node in the
reaction diagram, one
can see all reaction rules
in which this molelcular
pattern is used.
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Rule-Based Tutorial VCell 6.1: Reaction Diagram

The black arrows
indicate the

Contents

This is the full reaction diagram.

direction of the
reactions and \
reaction rules.

Species are depicted as
blue spheres.

/

The molecular structure
that was clicked on is
highlighted in red in the
displayed reactions.

Notice how in this
version of the diagram
there are no groupings.
Each reaction, product,
and reactant is shown
separately as opposed to
being combined by
molecular structure.

Colors within shapes
correspond to molecular
colors.

Rule:dimeriz

By clicking on an EGFR,
the reaction rule in which
it is implicated is shown.
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Rule-Based Tutorial VCell 6.1: regular reactions Contents

TIP. One can use VCell reaction tools to create non-rule based reactions among species (see other
tutorials on VCell use).

File Server Window Tools Help

E;:iﬁi I+ Reaction Diagram | () Reactions | () Structures | () Species | () Moleaules | ) Observabls|
=] — —
=4 Reaction Diagram ©|0 / :"’l)( | ® :': EERNCRNE o R a
) Reactions (5)
© Structures (1) S cel EGF £GP EGFR
) Species (5)
© Molecules (4) 2. Select RX EGF
(2} Observables (9) ;
. Applications (0) Connection EGFR e
- Parameters, Functions and Units tool. 3. Connect required
[+ Pathway SpECiES

1. Click on Reaction
EGFR

Diagram. cera
| EGRQ.EGFR
vCell D8 | BMDB | Pathway Comm [ - | ,
BioModels | MathiModels | Geometries| . , 4. Specify reaction kinetics.
-1 Search | Delete | | Pathwaylnks v | Search | 7
| Biological Model A
iological Models : . .
(-] My BioModels (2018nathans751) (2) Osiect Propertes | problems (0 Errors, 0 Warnings) | ) Detabase Fie Info
(-] Shared BioModels (0) Raaction Name |10
(-] Public BioModels (601) L - - J
(-] Tutorials (10) Reversible [] Kinetic Type |Mass Action [uM/s] (recommended for stochastic peflication) v [ Convert to [molecules.s=2] J
[-{__] Education (34) —
J reaction rate Fl (Kt SR AMr Shols) M5t o
Kf forward rate constant [ 0.005 g1
Kr reverse rate constant F 00 =1 B
SheP Species Concentration [ Variable nM
Shel Species Concentration [¥] Variable M -
(=] Annotation and Pathway Links
Linked Pathway Object(s): |
-
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Rule-Based Tutorial VCell 6.1: Review of Rules

Contents

TIP: Enter a string (e.g. Molecule or Site name) in the Search field, and the table will be
filtered to display only entries containing this string. You can enter any BNGL string as well.

File Server Window Tools Help

_ | Biological Models

(-] My BioModels (20 18nathans751) (2)
[#]-[__] Shared BioMadels (0)

[ Public BioModels (501)

[+ Tutorials (10)

-] Education (34)

[ siottodels 37 Reaction Diagram | (> Reactions | ) structures | ) Species | (2 Molecules | (2 Observables |
[ Physiology
.. 2I» Reaction Diagram e s Toiis
| @ Reaction Rule [R_Grb2_interaction |Cell e BCel:EGFR(Y 1~p) +@Cel:Grb2(sh2) <-> BC
() Structures (1) Reaction Rule|ligand_bind Cel D + O <-> P MassAction @Cell:EGFR (ecd, tmd) +@Cel:EGF(Site) <-> @
() Species (5) Reaction Rule|Y2_phosph Cell OO0 -> COGP MassAction @Cel:EGFR(tmd! +,Y2~u) -> @Cell:EGFR(tmd
2 Molecules (4) Reaction Rule|Y2_dephosph Cel oo -> o MassAction @Cel:EGFR(Y 2~p) -> ECel:EGFR(YZ)
+( Observables (9) Reaction Rule|Y1_phosph Cel TB -> T MassAction @Cel:EGFR (tmd! +,Y 1~) -> @Cel:EGFR (tmd
- Applications (0) Reaction Rule|Y1_dephosph  |Cel D -> TP MassAction @Cel:EGFR(tmd! +,Y 1~p) -> @Cel:EGFR(tmd
1;1 :::r::er& Functions and Units Reaction Rule|Sch_phasph cel OOTF DD - > COTPDG Masshction @Cel:EGFR(Y2~p! 1).She(sh311,Y ) -> @Ce]
SheP -> Shel |Sch_Dephosph  |Cel o> O MassAction SheP -» SheU
Reaction Rule|R_Schl)_interaction|Cel OO0 + O <-= OO MassAction @Cell:EGFR(Y 2~p) +@Cell:She(sh3, ¥ ) <=
Reaction Rule|R_SchP_interaction |Cel OO + O <-> COOTI MassAction @Cell:EGFR(Y2~p) +@Cell:She(sh3, Y ~p) <->
Reaction Rule|Dimerization Cel OO0 + OO0 <- > QOO MassAction @Cell:EGFR (ecd! +, tmd) +@Cell:EGFR (ecd! +,t
AY
VCell DB | BMDE | Pathway Comm | | 0 — -
BioModels | MathModels | Geometries |
— | NewReaction | | NewRue | | Duplicate | | Delete | | PathwayLinks > |

Y

Object Properties | Problems (3 Errors, 0 Warnings) | (7) Database File Infol

Refresh

Source

| Defined In:

Complete reaction rule as in the following two slides, or in
the RB_egfr_tutorial model in the VCell 6.1 (Rule-based)
folder. Pay attention to reversibility of rules and kinetic rates.
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Rule-Based Tutorial VCell 6.1: Review of Rules Contents

G ) - (B ) o
AR CUCTLCS,C e E,CT, €9, 63

Cell FH FH Cell

(ecd J{(_tmd H_v1 K vz )
Cell 1 FH FH

' Dimeriz (tmd must be unbound and ecd has to be bonded
externally for the two tmd sites to bond and form a dimer).

Ligand_Bind (receptor must be in monomeric form (tmd is

unbound) and not bound to ligand (ecd is unbound) for
reaction to happen. Eor  C) (e)) + (she ()] <>
bpen.) o G (mD(ICeY GO

Cell ?= FH FH Cell

" (_ecd J(_tmd M v1 ¥ v2 ) (_sh2 ) . .
ce 7 g = 1 R_ShcP_interaction (for this reaction to occur, the
- } Y site on Shc has to be unbound and phosphorylated.
R_Grb2_interaction (EFGR does not have The unphosphorylated Y2 binds with sh3).

to be in monomeric form. Y1 has to be
phosphorylated, for it to bind to sh2).

Reaction Reversible? Kf Kr

<> ligand_bind Yes 0.003 1/(nM s) 0.06 1/s
Dimeriz Yes 0.001 1/(nM s) 0.11/s
R_Grb2_interaction Yes 0.001 1/(nM s) 0.051/s
R_ShcP_interaction Yes 45E-04 1/(nM s) 0.31/s

R_ShcU_interaction (Receptor is not necessarily
in monomeric form. Y on Shc must be

unphosphorylated. Phosphorylated Y2 binds with sh3). R_ShcU_interaction Yes 0.045 1/(nM s) 0.6 1/s
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Rule-Based Tutorial VCell 6.1: Review of Rules Contents

(ecd ¥ tmd H(v1 K vz )
cell ? g B Y1_Dephosph (the Y1 site
changes states from
(EGFR ) (J) - hosphorylated to
| GG e ER LD | unphosphoryited).
Cell ? ? 2
(egR () (2))
By (Lemd {1 )
; (EGRR -
Y1_Phosph (for phosphorylation to (ecd M tmd ) mo'mﬂ, g Y2_Dephosph (the Y1 site
“ F M 1 -
'occur{ tmd rTlust 'be externally bound, Ce % 7 7 changes states from
implying a dimeric form). phosphorylated to
hosphorylated).
o ) () e
=7 D S (D )
“ D ImY | e S )
Ce H 7
Eorr o C) ()
Cel Cemd ) Shep Sheu Sch_Dephosph (this is a reaction, not
a reaction rule, meaning that it is a
. reaction that takes place between species
YZ_PhOSph (for phosphorylation to instead of molecular patterns).
occur, tmd must be externally bound,
implying a dimeric form).
. Reaction Reversible? Kf Kr
Y1 phosph No 0.51/s 0.0
Y1_dephosph No 451/s 0.0
Y2_phosph No 0.51/s 0.0
Y2_dephosph No 451/s 0.0
Sch_Phosph (The ¥ site on Shc ch f
= PA (The ¥ site on She changes from Shc_phosph No 3.01/s 0.0

unphosphorylated to phosphorylated. In order for this to
happen, sh3 must be bound to the phosphorylated Y2 site). ShcDephosp No 0.005 1/s 0.0
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Rule-Based Tutorial VCell 6.1: Deterministic Application

TIP: Check other VCell tutorials at http://vcell.org to learn about the use of Applications in

Contents

VCell.
File Server Window Tools Help
ﬁ Bioh:lodell : Name Math Type Annotation
= Physiology

- ¥ Reaction Diagram
- Reactions (11)

----- ) Structures (1)

- Molecules (4)
- ) Observables (9)
----- Paramete New Application *

[+ pathway Expand All

Collapse All

i

VCell DB | MDBl Pathway Comml |

BioModels | MathModels | Geometries|

[+l Search

_| Biological Models

[#+__1 My BioModels (2018nathans751) (16)
[#+__1 Shared BioModels (0)

[#+__1 Public BioModels (601)

[+ Tutorials (8)

[#{_] Education (34)

Stochastic of ODEs.

1. Right click on Application, select New Application >
_ Deterministic. A Deterministic application uses the BioNetGen
Deterministic 4/ engine to generate a reaction network that is solved as a system

MNetwaork-Free

[ Newi Application = ] Delete Mare Copy Actions » Compare...
Y

Search

Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Info|

Select only one object (e.qg. species, reaction, simulation) to view/edit properties.
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Rule-Based Tutorial VCell 6.1: Deterministic Application

Contents

TIP: Clamped means that the value of species is kept constant during the simulation.

File Server Window Tools Help

5 BioModen
EI--P_‘hvs'mbgy

- 3 Reaction Diagram
..... @, Reactions [11}

= Appicatlons (1)
= 44 = ApplicationD

[+}-Pathway

N 4

VCell DB | gMDB | Pathway Comm | <2110

3 34 Geometry| &° Specifications | protocols | 4 Simulations | | Parameter Estimation|

Specie%acuon | Networkl

Spetes Structure Clamped Initial Condition
Shel | cell O 150.0 [nM]
ShcP ] 0.0 [nM]
R Cell S O 100.0 [nM]
L Cell ] 680.0 [nM]

select Specifications.

1. Left click on new Application,

2. Left click
on Species.

3. Set initial values
of species specified
in the Physiology.

BioModels | MathModels | Geometries|

~+ Search

_| Biological Models
[#__1 My BioModels (2018nathans751) (16)
[#__1 Shared BioModels (0)
[+ Public BioModels (601)
[ Tutorials (8)
-1 Education (34)

Search

"

Object Properties Problems (0 Errors, 0 Warnings) | ) Database File Info | Network Generation Status

Description Parameter

Expression

Units

initial concentration for Grb2 |initConc 550

nM
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Rule-Based Tutorial VCell 6.1: Deterministic Application

Contents

TIP: Enabling/disabling reactions is very useful for model validation: see how the network
size is changing when upstream or downstream reaction rules are disabled.

File Server Window Tools Help

| Biological Models

-] My BioModels (2018nathans751) (2)
-] Shared BioModels (0)

-] Public BioModels (601)

-] Tutorials (10)

_| Education (34)

Object Properties | problems (0 Errars, 0 Warnings) | (2) Database Fike Info | Network Generaty

Select only one object (e.g. spedes, reaction, simulation) to view/edit properties.

H BioModell - : 4, Geometry | @ Specifications | Protocols | 42 Smulations | [,C: Parameter Estimation
- Physiclogy _ :
- ¥ Reaction Diagram Species | Reacton | Network|
) Reactions (11) Type Enabled Fast
'\:D Structures (1) Sch_Dephosph \ Reaction
'O Species (5) ligand_bind \ Reaction Rule
>'@ Molecules (4) — -
Dimerization \ Reaction Rule
- Observables (9) E hosoh N on R k
& Applications (1) ¥1_phosp [Reaction Rule V]
&- dz,. ¢ Application0 ¥1_dephosph F‘h@'nn Rule \
‘ Geometry ¥ 2_phosph Reac’mule \
# ¥2_dephosph Reaction Rh\ \
- Protocols \ Sch_phosph Reaction Rule \ \
- ----- -?F Simulations ~ R_SchU_interaction Reaction Rule \ \
@ Parameter Estimation chP_interaction Reaction Rule \ \
_‘-:arameters, Functions and Units R_Grbw Reaction Rule \ \
N AN \
VCell DB | EMDE | Pathway Comm | | 1. Left click l . 2. Left click
BioModels | Mathiodels | Geometries| .I € tsc Ic ';).n A_pp Ication, ' I: te Ic 3. Uncheck to
select ecifications. on Reaction. q
# Search P - disable (remove

from network

generation).

|

4. Reactions (not
rules) can be
declared to have fast
kinetics. The scale
separation will be
used by ODE solver.
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Rule-Based Tutorial VCell 6.1: Deterministic Application

Contents

TIP: Setting Max. Molecules/Species may be biologically relevant if, for example, it is known from
experiments that complexes may have no more than a certain number of molecules.

File Server Window Tools Help

[ BioModel1
[=-Physiology
#* Reaction Diagram
) Reactions (11)
2 Structures (1)
© Species (5)
2 Molecules (4)
2 Observables (9)
= Applications (1)
= 4/ : ApplicationD
24 Geometry
L { Specifications|
Protocols
& Simulations
| Parameter Estimation
Parameters, Functions and Units
[+ Pathway

h,

=4 Geometry| & Specifications

Pruhnmls| Fa Simulah‘unsl [ Parameter Estimation

Species | Reaction Netfrk

Reactions: unavpila

AW

vCell DB | gMDB | Pathway Comm |

BioModels | MathModels | Geometries

i+ Search

|_1Biological Models

[#-__1 My BioModels (2018nathans751) (16)
(-1 Shared BioModels (0)

I-_1 Public BioModels (601)

+_1 Tutorials (8)

(-1 Education (34)

1

Species: unavailgbl =% Edit / Test Constraints

Network Constraints
I'lume Type Value
Max Iterations I value 3
Max Molecules ,FISpecies value 10
Generated Netw,
View Edit / Test Constraints

/ [ ["!

1. Left click on
Network.

4. Left click
on Test/Run.

Warning: none Max. Iterations 3
L Max. Molecules / Species 11|
Search /
. | Test/Ru | Apply || cancel \
AW ]
Object Prnperti#s | ) wuun Status
- wWere not u ted with the test values. \

3. Set Max. Iterations and
Max. Molecules/Species. The
simulation will be performed
on your local computer, so
speed will depend on your
CPU power.

2. Left click
on Edit/Test
Constraints.
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Rule-Based Tutorial VCell 6.1: Deterministic Application Contents

TIP: Network generation may take a long time, so the default values are set very low. Most likely,
they are too low for the network to be generated fully, and you will need to increase them.

File Server Window Tools Help

ﬁ BioModell : - Genmetryr @ Specifications 1 Protomls] 2~ Simulatians] |& Parameter Estimation|
= Physiology : S L -
2 Reaction Diagram Species | Reaction| Network |
) Reactions (11) ' )
© Structures (1) _Network Constraints
© Species (5) Name [ Type [ Value
© Molecules (4) Max Iterations value 3
1 S OIJ'servabhﬁ 9 Max Molecules [ Species value 10
) Applications (1)
= 44 © Application0
4, Geometry
@
Protocols i
# Simulations Generated Network| %2 Apply the new constraints? My
| Parameter Estimation o ; — ; ;
parameters, Functions and Units Species: unavailabl = View -. Edit / Test Constraints ]
& Pathway Reactions: unavailalj ﬂgi ﬁ%ﬁggﬂﬂi; Species %1 View Create new VCell BioModel from Network
S Warning: none Warning: Max Iterations number may be insufficient.
VCell 08 | M08 | pPathway Comm | bo| [ [ Apply [ cancel Q
BioModels | MathModels | Geometries] | | Search
i+ Search Ay i N : .
|_ 1 Biological Models Object Properties | Problems (0 Errors, 1 Warnings) | € Database File Info| Network Gehwgation Status | 2 UUnless the incomplete
) 1 My BioModels (2018nathans751) (16) . ]
@ L1 Shared BioModels (0) network is enough (e.g. if
[#-__] Public BioModels (601) Running BicNetGen ... an g
-] Tutorials (8) Iteration O: S species \ Itis truncated by the
[#-__] Education (34) Iteratien 1: § spacies maXi mum num be r Of
. Izeration 2: 7 species .
1. Check generation Iterazion 3¢V 9 species molecules per species),
progress. The last revarp A atesten outeus to requester... click Cancel and choose
iteration shown here still [ |22 = o 2.2 = e i larger values.
generates new SpeC|eS’ SO Please go to th / Hetwork panel and adjust the number of Iterations.
the network may be not
fully generated.
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Rule-Based Tutorial VCell 6.1: Deterministic Application Contents

TIP: If network generation takes too long, it can be cancelled. VCell has a hard limit on the maximum number
of species and reactions. If a generated network size exceeds this limit, constraints will not be applied, and
the model should be adjusted to become smaller, or a Network-Free application used instead.

File Server Window Tools Help

E‘ BioModell :I# Geometryl &” Specifications [ Protocols I 22 Simulations I [ Parameter Estimation
[=I- Physiology i

:» Reaction Diagram Species | Reaeﬂon[ Netwarkl

) Reactions (11) ' _

© Structures (1) Network Constraints

2 Species (5) Name Type Value

© Molecules (4) Max Iterations value 3

© ol;rsmvables () Max Molecules / Species value 11
=} Applications (1)

[=- dig - Application0
-k Geometry
Protocols

- 42 Simulations Generated Network

“ < Parameter Estimation ) . | " - :
. Parameters, Functions and Units Species: unavailalj o Apply the new constraints? e Edit / Test Constraints
- Pathway Reactions: unavai = View Create new VCell BioModel from Network

- Max. Iterations 12
:';ell o8 [ I I | Warning: none Max. Molecules / Species 12
ErﬁDE- Pathwaly Comm | Waring: nona
BioModels | MathModels | Geometries Search ; ;
A i
[+ Search av I pply *L Cancel |

1 Biological Models | Object Properties | , k Generation Status|
[#+__1 My BioModels (2018nathans751) (16)
[#__1 Shared BioModels (0)

AMIANLNY SBiCNet=all ...

[+}-__1 Public BioModels (601) o- - a

il Iteration § species
If}ﬂ_lTutDHa}s(S] Iteration 1: & species
[ Education (34) Iteration 2: 7 species 2, C||Ck Apply tO prepar‘e
Iteration 3: 9 species . .
Iteration 4: 18 species network for simulation.
Izeratien &5: 35 species
Iteration &: &0 species —
Iteration 7: 87 species . .
feeration . 106 species I 1. Check generation progress. No warnings
freraien 91 106 species means that the network is fully generated.
Creating BNG cutput spec ...
Feturn BicMHetfen cutput to requester...

Total run time: 12.8 s.
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Rule-Based Tutorial VCell 6.1: Deterministic Application Contents

TIP: All actions on this page are optional but highly recommended to verify that the generated network
contains all expected, and does not contain unexpected, species and reactions. Creating a new BioModel
may take a long time and is not recommended for large networks.

File Server Window Tools Help

= :iohlo:;;u | 4 Geometry| & Specifications | rotocols | 4 Simulations | [ Parameter Estimation
[~ Physiology :
¥+ Reaction Diagram | Speciesl Reaction‘ Netwnrk|
2 Reactions (11) ' .
) Structures (1) Metwork Constraints
T Species (5) Nome | Type | —
) Molecules (4) Max Iterations value 12
° Ol:fsemables ) Max Molecules [ Species value 12
=1 Applications (1)

= 44 Application0

ok Geomet
e neations,

Protocols
- 4 Simulations Generated Network 1. Click to see all species
£ Parameter Estimation - . = , ,
L paramaeters, Fanctions and Usits Species: 106 In a separate pop-up -’* View ] [ Edit / Test Constraints ]
i} Pathway Reactions: 684 window. View [ Create new VCell BioModel from Network ]
av Warning: none
VCell D8 | MDB | Pathway Comm| - |
BioModels | MathModels | Geometries| Search
[ Search aY
1 Biolagical Models | Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Infu‘ Network Geniration Stﬂtuﬁ‘
[+1-__1 My BioModels (2018nathans751) (16)
(-1 Shared BioModels (0) . -
-1 Public BioModels (601) frerasion 1. ¢ spactes 2. Click to see all -
FH Tutorials (8) : iom 2 - . . .
Fi ) Education (34) Ttarstion $: 9 spacies SERIAUES I =
Iteration 4: 18 species separate pop-up 3. See a reaction
Iteration 5: 3% species q .
Iteratcicon &: &0 species WIndOW' nEtwork Ina
Iteratcicon 7: 87 species H |
Iteracicon B8: 108 species separate W|ndOW =
Iteration 8: 10& species (may take a Iong
Creating BNG cutput spec ... .
Return BicMetGen cutpur teo regquester... tlme)
Total run time: 12.8 =.
Updating the network coenstrzaints with the test values.
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Rule-Based Tutorial VCell 6.1: Deterministic Application

Contents

TIP: Filtering is very useful to verify the model. If you see that names of Molecules and Sites are too generic for
efficient filtering — go back and change them. This is an easy and safe procedure, but you will need to rerun network
generation. After the network is verified, it can be simulated.

#

Use these buttons to fit species and reaction

rules on the screen.

%% View Generated Species @
Index Name Structure Depiction Expression

1R Cell EGFR(Y1~u,¥2~u,ecd tmd) -

2L cell EGF(Site) r

3|Grb2  |cell Grb2(sh2) 3

4 |5hcP Cell She(~p,sh3) B

5 |Shell Cell She(Yeu,sh3)

6 |s5 Cell EGF(Site!1).EGFR(Y1~u,¥2~u,ecd!1,tmd)

7 |s6 cell EGF(Site!1).EGF(Site!2).EGFR{Y1~u,¥2~u,ecd!1,tmd!3).EGFR...

8 |57 cell -o,..-*umc EGF(Site!1).EGF(Site!2).EGFR{Y1~p,¥2~u,ecd!1,tmd!3).EGFR...

9|8 cell EGF(Site!1).EGF(Site!2).EGFR(Y1~u,Y2~p,ecd!1,tmd!3).EGFR...

10 |9 Cell EGF(Site!1).EGFR(Y1~p,¥2~u,ecd'1,tmd)

11 |10 Cell EGF(Site!1).EGFR(Y1~u,¥2~p,ecd!1,tmd)

12 |s11 cell EGF(Site!1).EGF(Site!2).EGFR{Y1~p,¥2~u,ecd!1,tmd!3).EGFR...

13 |s12 cell EGF(SltE'l] EGF(Site!2).EGFR(Y1~p,Y2~p,ecd!1,tmd!3).EGFR...

14 513 cell o:.:oIW GF(Site!1).EGF(Site!2).EGFR{Y1~p,Y2~u,ecd!2,tmd!3).EGFR...
cell '0:.'_0*00‘._::_" 0 EGF(SltE'l] EGF(Slte'Z] EGFR{Y1~U, ‘r'2~|:| ecd!1,tmd!3).EGFR...

’ b

Different bonds are shown in different colors.
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Rule-Based Tutorial VCell 6.1: Deterministic Application

£2 View Generated Reactions

ligand_bin.

Index Rule Structure Depiction Expression
1 |ligand_bind |Cell COOD + O -> QYO0 EGFR(Y1~u,Y2~u,ecd,tmd) + EGF(Site) -= EGF{Site!1).EGFR{Y1~u,¥2~u,ecd'1,tmd)
2 |ligand_bind |Cell & + OO - > OO EGF(Site) + EGFR(Y1~p,Y2~u,ecd,tmd) -> EGF(Site!1).EGFR(Y1~p,¥2~u,ecd!1,tmd)
3 (ligand_bind |Cell & + OOOP - > PO EGF(Site) + EGFR(Y1~u,Y2~p,ecd,tmd) -> EGF(Site!1).EGFR(Y1~u,¥2~p,ecd!1,tmd)
4 (ligand_bind |Cell O + 008D -> QXG0 EGF(Site) + EGFR(Y1~p,Y2~p,ecd,tmd) -> EGF(Site!1).EGFR(Y1~p,¥2~p,ecd!1,tmd)
5 [ligand_bind |Cell O + OO0 -> M EGF(Site) + EGFR(Y1~p!1,¥2~u,ecd tmd).Grb2(sh2!1) -> EGF(Site!1).EGFR{Y1~p!2...
& |ligand_bind |Cell O + SOOBPOEP - > S EGF(Site) + EGFR(Y1~u,Y2~p!1,ecd,tmd).She(Y~p,sh3!1) -> EGF(Site!1).EGFR(Y1~...
7 [ligand_bind |Cell O + SOOBPODP - > SO EGF(Site) + EGFR(Y1~u,Y2~p!1,ecd,tmd).Shc(Y~u,sh3!1) -> EGF(Site!1).EGFR(Y1~...
8 |ligand_bind |Cell O + OOTP0D -> G EGF(Site) + EGFR(Y1~p,Y2~p!1,ecd,tmd).Shc{Y~p,sh3!1) -> EGF(Site!1).EGFR(Y1~...
2 (ligand_bind |Cell D + OO0 -> Y EGF(Site) + EGFR(Y1~p,Y2~p!1,ecd,tmd).Sho{Y~u,sh3!1) -> EGF(Site!1).EGFR(Y1~...
10 |ligand_bind |Cell D + OOEPD -> PYEGF(Site) + EGFR(Y1~p!1,Y2~p,ecd tmd).Grb2(sh2!1) -> EGF(Site!1).EGFR({Y1~p!2...
11 (ligand_bind |Cell O + COBPDOT - >|EGF(Site) + EGFR(Y1~p!1,Y2~p!2,ecd,tmd).Grb2(sh2!1).She(¥~p,sh3!2) -> EGF(Sit...
12 (ligand_bind |Cell O + SOOEP0T - | EGF(Site) + EGFR(Y1~p!1,¥2~p!2,ecd,tmd).Grb2(sh2!1).She(¥~u,sh3!2) -> EGF(Sit...
ligand_bin...|Cell EGF(Site!1).EGFR{Y1~u,Y2~u,ecd!l,tmd) -= EGFR(Y1~u,Y2~u,ecd,tmd) + EGF(Site)

Site!1).EGFR{¥1~p,¥2~u,ecd!1,tmd) -=> EGF(Site) + EGFR[Y1~p,Y2~u,ecd tmd)

15 |ligand_bin... OO0 -> O + SO0 EGF(Site! 1).EGFR(Y1~u,Y2~p,ecd 1,tmd) -> EGF(Site) + EGFR(Y1~u,Y2~p,ecd,tmd)
16 |ligand_bin...|Cell m-: QPHZRSEGF(S ite!1).EGFR(Y1~p,¥2~p,ecd'1,tmd) -> EGF(Site) + EGFR(Y1~p,Y2~p,ecd,tmd)
17 (ligand_bin...|Cell -» & +9EGF(Site!1).EGFR{Y1~p!2,Y2~u,ecd!1,tmd).Grb2(sh2!2) -> EGF(Site) + EGFR(Y1~p...
18 (ligand_bin... | Cell m > & HEGF(Site!1).EGFR[Y1~u,Y2~p!2,ecd!1,tmd).Shc{Y~p,sh3!2) -= EGF{Site) + EGFR(Y...
19 (ligand_bin... | Cell OOTPOD - = & HEGF(Site!1).EGFR(Y1~u,¥2~p! 2,ecd'1,tmd).She(Y~u,sh3!2) -= EGF{Site) + EGFR(Y...
20 (ligand_bin... | Cell SOOGS0 - > & HEGF(Site!1).EGFR(Y1~p,¥2~p'2,ecd'1,tmd).She(Y~p,sh3!2) ->= EGF{Site) + EGFR(Y...
21 |ligand_bin...|Cell OO0 -> O HEGF(Site! 1).EGFR{Y1~p,¥2~p!2,ecd'1,tmd).She(Y~u,sh312) -= EGF(Site) + EGFR(Y...
22 llinand hin._|Cell SPOONIPSTY -> &P +QFGE(Site! 1 1. EGFR(Y] ~n!2 ¥2~n aed! tmd) Grh2(sh?12Y -> EGE(Site) + FGER(Y1~n
Search |

A

®
©

Cell

Contents

Il Species and reactions can be filtered by

in the Search box.

entering a string, e.g. Molecule or Site name,
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Rule-Based Tutorial VCell 6.1: Deterministic Application

Contents

TIP: Most models can be efficiently simulated locally (blue button). But if you want to save simulation
results in the database for quick retrieval later on, the server simulation (green button) is recommended.

File Server Window Tools Help

{_ Rule_Based_Egrf

= Physiology

- %’ Reaction Diagram
- Reactions (11)

------ |~ Parameter Estimation
----- Parameters, Functions and Units
[+-Pathway

W

VCell DB | BMDB | Pathway Comm | ~21c

BioModels | MathModels | Geometries|

[+ Search

Biological Models

F#+__1 My BioModels (2018nathans751) (17)

[#__1 Shared BioModels (0)
[+ Public BioModels (601)
[+ Tutorials (8)

[+ Education (34)

W

=| =, Geometry | &° Specifications| ~ Protocols| # Simulations | |<: Parameter Estimation
Simulations | Qutput Functions | Generated Math|
ECECE ALl i
Name End Time Output Option Solver Running Stal Results
5 an ave 3 a D) D aved
i 2.Setend .
1_- Click on . 5. Click to
Simulations. time. A7 G
VCell server ol
3. For advanced il store | | 7 focaly
options; i.e. different - ulat (on user’s
simulation
solvers and outputs, results) computer).
click Edit. '

Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Info | Network Generation Statu5|

Annotation: | =
e Max timestep QOutput Rel tol | Abs tol | Sensitivity Analysis
attings:
9 1.0s keep every 1 sample, at most 1000 | 1.0E-9 | 1.0E-9 no
=] Parameters with values changed from defaults
Parameter Name Default New Value/Expression Scan
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Rule-Based Tutorial VCell 6.1: Deterministic Application: simulation results

Check to view species
generated by
BioNetGen.

| £ Results for Simulation Simulationd

GeneratedSpecies
Observables
[ other
[[] Reactions

30,0 —
Species

Check to see

Species specified

in Physiology.

- O

*

Plot Legend:

Dimers [nM]

Dimers_s [nM]
¥1 [nM]

Y2 [nM]

Ctrl + left click to see several
1 species at the same time.

TIP1: Generated species are listed by
index (s10, s11, ...). The molecular
composition of species can be seen
under Specification > Network >
View Species.

TIP2: Reactions show fluxes through
individual reactions generated by
each rule.

Note the difference between
EGFR dimers counted as
molecules and as species.

The difference between “Y1”
and “Y2” phosphorylation
timecourses is due to Shc
phosphorylation.

Click to see numerical values.

Contents
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Rule-Based Tutorial VCell 6.1: Stochastic Application Contents

TIP: A stochastic application is recommended when the number of particles is low, and a deterministic simulation
(using concentrations) may miss noise and fluctuations. It uses the same network generated by BioNetGen.

File Server Window Tools Help

E‘ Rule_Based_Egrf 24, Geometry| & Specifications F’rt:-mr:nlsl,.:.ilE Simulatinnsl | Parameter Estimation

[=t-Physiology
etwrk

) Reactions (11)

#* Reaction Diagram
© Structures (1) Metwork Constraints

 Species (5) Name Type Value
E Molecules (4) Max Iterations value 12
\,_fol:!servahle: &) Max Molecules [ Species value 12
[=I- Applications (1)
S 28] Application0 1. One can create a stochastic application by copying a
i % Geometry Rename q .. T ight click e e
- @ specificati " eterministic application. Right click on Deterministic
ﬁ;”‘ﬁ“ c o Application, select Copy As> Stochastic. Initial values of
¥ mu ()] Opy envor . . . . . .
I parameter oo ac N Determinist/ species will be copied to the new application. A Stochastic
i ﬁ::::w‘:;m RN e Niew BioModel FromApp Stochastic application uses the BioNetGen engine to generate a reaction
Expand All Network-Free network that is solved using direct or hybrid Gibson solvers.
% 4 ne
Vel 08 gwpe path,__CO/2P5e Al . — :
: : 2. Alternatively, a new application can be created by a right
EIUMUdE|S| MathModeIsl Geometrles| Search q . . . A i
7 Search = click on Applications, select New Application > Stochastic.
M Biological Models Object Properties | Problems (0 Errors, 0 Warnings) | © Database File Info | Network Generation Status|
[+-_1 My BioModels (2018nathans751) (17)
[+-_1 Shared BioModels (0) Select only one object (e.g. species, reaction, simulation) to view/edit properties.

[+__1 Public BioModels (601)
[+ Tutorials (8)
[+ Education (34)
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Rule-Based Tutorial VCell 6.1: Stochastic Application

Contents

TIP1: If the model was defined in concentrations, concentrations are converted into particle numbers using
the volumes specified under Geometry. The default size is 5000 um3 (average cell size), so the number of
particles will be exceedingly large. You need to decrease Size to a small simulation volume.

TIP2: To keep concentrations fixed, check “Concentration” before switching to Geometry and changing its Size.

* Geometry g Specifications

Structure Mapping  Geometry Definition

Protocols 8 Simulations

N
/l

Physiology (structures)

Geometry (subdg

Compartment|

Cell
g/m)

Structure

|:| Wolume/Surface Caloulator

Size

Cell

10 [pm?] €

a4 Geometry 1 Specifications

Speces Reaction Network

Initial Condition: () Concentration (8)

Protocols _912 Simulations

Switching back and forth
between Geometry >
Structure Mapping and
Specifications > Species,
make sure your simulation
volume is sufficiently small,
so that for given
concentrations the number
of particles is small enough
for stochastic simulations.

Species | stuctre Clamped Initial Condition Farce Continuous
R |Cel O 602.0 [molecules] O
L |cel O 4094.0 [molecules] O
Grb2 I(:l.':: D 349.0 [molecules] D
Schp iC-;-II O 0.0 [molecules] O
Schi I_Cn:-!i O 903.0 [molecules] O
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Rule-Based Tutorial VCell 6.1: Stochastic Application: simulation results

Check to see species
generated by BioNetGen.

1. Create a new simulation in the
stochastic application using the same
settings as the previous simulation.

|£2| Results for 5

ulation Simulation

200.0 —

Dimers_s_Count
O0_Eof_tot
00_FEgf_tot_Count
00_EGFR_tot
O0_EGFR_tot_Count
o0_Grb2_tot
00_Grb2_tot_Count
00_She_tot
00_Shec_tot_Count

100.0 —

0.0

Check to see

in Physiology.

Species specified

- O

*

TIP1: Every species and observable is
presented in two units —
concentrations (to compare to
deterministic results) and molecules
(displayed with _Count appendix).

Contents

Plot Legend:

Dimers_Count [molecules]
Dimers_s_Count [malecules]

¥1_Count [molecules]

¥2_Count [molecules]

TIP2: Select Other to view show reaction
rates (as Kf_...) and reaction firing events
(as P_...) per second for each individual

reaction generated by each rule.

Note the difference between
EGFR dimers counted as
molecules and as species.

n.o

Ctrl + left click to
see several
species at once.

10,0 200 30.0 40,0 S0.0 &0.0

t

D View

The difference between “Y1”
and “Y2” phosphorylation
timecourses is due to Shc
phosphorylation.

L

Click to see numerical values.
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TIP: A Network-Free application simulates timecourses for observables without network generation. If the
network size is too large or infinite, it is the only way to compute observables. However, individual species are
not visible. To check whether a specific species is populated, it can be added to the list of Observables.

File Server Window Tools Help

@ Rule_Based_Egrf : 4 Geometry | 4 Specifications F’rt:-tm:nlsl,.:;{2 Simulations|
—i-Physiology — =
i+ Reaction Diagram Structure Mapping | Geometry Definition
) Reactions (11) - - -
© Structures (1) @ 1. One can create a Network-Free application by copying a
- zﬁiﬂn /] deterministic or stochastic applications. Copying a stochastic
© Observables (9) simulation will preserve particle numbers. Right click on
T T‘Eﬁf!‘f:jrg{m / existing Application, select Copy As > Network-Free. Network-
=M Copy of Application0| Free application uses the NFSim engine to stochastically
: ;giﬂ“?:;‘;ms Rename simulate timecourses for observables and initial species.
; Protocols Delete ! !
L ,:;Fsimulathns Copy b
- Parameters, Functions and L Copy As b Deterministic [] vokme/Surface Calculator
+-Pathway ; ) ; :
New BioModel From App Stochastic Size
P, 4 — | | Expand All Network-Free 10 [bm? ]
VCell DB | BMDB | Path C
_ . TWEYEOMM  Collapse All
BioModels | MathModels | Geometres T 2. Alternatively, a brand new application can be created by a
+ Search AV a a q . q a
[ Biological Models Object Properties | problems (0 errors, o vl 18N click on Applications, select New Application > Network-
+_ My BioModels (2018nathans751) (17) , , | Free. Asin Stochastic Applications, care should be taken to
+_| Shared BioModels (0) Select only one object (e.q. species, reactiy =~ .
111 Public BioModels (601) limit the number of particles.
+__1 Tutorials (8)

+-__| Education (34)
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Rule-Based Tutorial VCell 6.1: Network-Free Applicationz

Contents

TIP: The NFSim engine has a large number of fine-tuning options. Generally, default options should be sufficient to
simulate most models. If necessary, click on Edit. Options are documented under ? and in the Help menu.

File Server Window Tools Help
Rule_Based_Egrf 4
@msbbgy ML ceometry | 6 57 e R RO s
:* Reaction Diagram Simulations | Output 1. Set end = :
2 Reactions (11) > = : M
© Structures (1) ' {% = Parameters Solver I Reﬂﬂs‘ O
© Species (5) me Choosef solver algorithm and fine-tune time conditions: =
© Molecules (4) SimJlation1 : : = 0
> Observables (9) Integrator |NFSim (Network Free Simulator) v | 2
= Applications (3)
45y 1 Application0 = General 3. Click to
'+ 7. 1 Copy of Application0 Time Step .
=1 G | Copy of Copy of Application0 Time/Bounds i Er ey | e A run IocaIIy
#, Geomet .
& Spocifications Starting 0.0 2. Click to (on user’s
Defa
2 Protocols / Ending |60.0] : -l runona computer).
: | Simulations| Mani
Parameters, Fund K server (tO
% Pathway 4. Select the Edit e — store
~T I H . ' q 5
VCell DB .BMDBIPalh Simulation t0_0| ol . Keep Every time samples and at most simulation
" B|°M0d3|s1M3mM0di advanced OptlonS Ilke x results).
—— different solvers and =N @ouipst fnmnaj005 |8
i_l Blologlcal Models | Prj Qutput Times
(L) My BioModels (3 outputs. i - .
(- Shared BioModels (0) Annotation: Comma or space separated ers, e 5. Click to
[#-__] Public BioModels (601) i
) Tutorials (8) cuttee, Tmepd |5 Advanced solver options learn more.
(-] Education (34) gs: L 20 V] compute observables at output times only. @)
= Parameters wit| || ] Set the distance to molecules that might have to be updated: (2) |
Paramete Turn on aggregate bookkeeping. [L Scan
|| Set the maximal number of molecules per Molecular Type. (2] | 200000 |
|| set a seed to NFsim's random number generator. (@) |

[ OK [ Cancel
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Rule-Based Tutorial VCell 6.1: Network-Free Application: simulation results

Select to list

| £ Results for Simulati71 SpECieS deﬁned

initially.

X Awis:

>

Contents

t - 300.0 —

T Axis:
= Display Opflions:
Observablés
[] other -
[[] spede

Dimers
Dimers_Count
Dimers_s
Dimers_s_Count
O0_Egf_tot
O0_Eagf_tot_Count
D0_EGFR._tot
D0_EGFR._tot_Count
O0_Grb2_tot
00_Grb2_tot_Count
O0_Shc_tot
00_Shc_tot_Count
Y1

200.0 —

100.0 —

Y2

¥_total_Count

0.0

Plot Legend:

Dimers_Count [molecules]

Dimers_s_Count [molecules]

¥ 1_Count [molecules]

¥ 2_Count [molecules]

0.0

Ctrl + left click to
see several
species at once.

10,0 20,0 30,0 400 50.0 60.0
t

TIP: Generally, deterministic,
stochastic and NFSim simulation

results should be similar (given noise

and fluctuations). If NFSim results

are very different from results from

a network, it may mean that the
network is truncated and not
exhaustively generated.

See the difference between
EGFR dimers counted as
molecules and as species

The difference between “Y1”
and “Y2” phosphorylations
timecourses is due to Shc
phosphorylation.

Click to see numerical values
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