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Defining Model Physiology

Objective:

Create a single Biomodel of Ran nuclear transport using Virtual Cell modeling and
analysis software.

Goals:

=> Understand the basic functions of VCell software as it pertains to this tutorial.
-> Create a Biomodel Physiology with species, reactions, and fluxes.

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/support

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



http://vcell.org/support
https://vcell.org/support#gsc.tab=0

How to Save Your Model

To save your model, go to the top left corner and click:
o File — Save

If your model cannot be saved, check your errors in the bottom panel
titled "Problems.” Clicking on an error will lead you to the part of the
model that may not let you save.

If you can't save your model because of errors, you can save as local in
the VCML format and reload into VCell later.
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O1

Creating
Compartments




Start with creating a volumetric compartment by selecting the
Structure Tool.

File Server Window Tools Help

I Rcaction Diagram| Y
- Reactions (0)
. Structures (1)
- Molecules (0)
... Observables (0)
----- Applications (0)
----- Parameters, Functions and Units
[+ Pathway
»»»»» Scripting

(Rlick to insert structure:
I Add Compartment

Add Membrane _J

AV
VCell DB l BMDB I Pathway Comm l Sabio |

BioModels | MathModels | Geometries|

e . 1

Click on one of the black lines so they
turn green, and select Add Membrane
to make a new membrane.




¥ Reaction Diagram | (=) Reactions | () Structures | (7 Species | (2 Molecules | (7 Observables |

DO [=] ® @533 ooz s %

{ Click on the dotted black lines, which will become }

Add Companmentl

Add Membrane

green, and select “Add Compartment” to create
a new compartment.




]

This model requires 3 compartments separated by 2 membranes.
Continue creating two additional compartments that are separated by a
membrane.

:!» Reaction Diagram | (7 Reactions I ) Structures I ) Species | 2 Molecules | () Observablesl

RI[Golr] =l ® @533 &t i h &

If you need to rearrange compartments and membranes, or
any other features, use the selection tool and drag them by
their label.

TIP: add
compartments
and
membranes in
numerical
order (e.g. cO,
c1, c2).




Use the selection tool to name compartments and membranes. The
area will turn red upon selection. Double click the structure name

you wish to change and enter the new name.

#¥» Reaction Diagram | () Reactions I () Structures | ) Spegia®™ ) Molecules | (35! Observablesl

@ Qlolr|.|=| @ @3 ot i E i W[ENatt

cl NM

(EC < PM

m




#» Reaction Diagram | " Reactions | (T2 Structures l ) Species I ) Molecules I 58] Observablesl

. A w2 e s ANN .3, REL o
@ @Iol/l/ |§| @ @ 28 A L LF AL o B e

(A=

You can also change the
Structure Name on the
Object Properties tab.

S~/

You can type any text to

Structure Name EC
Size Variable Name EC [um?]

be saved with the model
(known as annotations).

Annotation

10



To be consistent with the next tutorials and the MultiApp_Tutorial model, please rename the
compartments and membranes to the following:

CO -> EC (Extracellular)

MO -> PM (Plasma Membrane)

C1-> Cyt (Cytosol)

M1-> NM (Nuclear Membrane)

C2 -> Nuc (Nucleus)

e _____________________ |
co mo c1 m1 c2

EC PM Cyt NM Nuc

11
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Defining a
Species

A . -
+* Reaction Diagram

N

u:‘\‘ .
\_ Reactions

o|o|r

s’
s
s’




Chemical Species - A pool of o TIP: Always save your model as soon as possible;

chemmally Identical molepular , begin saving after adding your first species and
entities that serve as variables in structures

the model.

# Reaction Diagram | (") Reactions I (2 Structures I () Species ] ) Molecules I (8] Observables]

= A wy pe s%e ABNN %, REL o0 I ¥
l ® KN AR %t NS EAL S AKX W P @D¢ =

=

To create a species, click
on the species tool and

click in the area you want e ——
to place the species. e — >
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Making a Reaction Across
a Membrane




1 #» Reaction Diagram I (") Reactions I ) Structures | () Species I ) Molecules I 5 0bservables|

BA w2 e s ANN %, REL A0
® K3 AR %t GO EAL 2% Ax W

Click on the
FluxReaction tool, then
click in the area where
you want to place the
flux (NM). Fluxes can
be placed in
membranes only.

Flux: The rate at which a substance,
energy, or property passes through a
surface.




#» Reaction Diagram | (7 Reactions I D Structures I (2 Species I > Molecules I o Observablesl

mA w2+ s% ANN L%, REL o0
O) 3 AR .t %S EAL St Ax W

Use the

connect a reactant species

(yellow) by clicking on a species
and dragging the line to the flux

symbol.

reaction tool to

s0

(green) to a flux reaction > 8——+—5

26/[=8 ot=¢) :

16



| ¥ Reaction Diagram | () Reactions I 2 Structures | O Species | 2 Molecules | (! Observables|

5 ololfrleleeix ogats Wi

Cyt

sl

Nuc

To create a product of a flux reaction, use the
reaction tool to drag a line from the flux to a

species will be made.

point inside the compartment where a product

»

17



04

Creating a Reactionin a
Compartment




# Reaction Diagram Reactions I () Structures I () Species I 2 Molecules I o Observablesl

K odx Vsl @@l oo s % %00t

To create a reaction with the Reaction Tool, click on
a species and drag a line from the species to a point
inside the compartment. =
The active line will read <<REACTANT>>. A reaction

. = > __°
node will be created once you release the mouse =
button.

:I z \ m

Delete Pathway Links w Search

i |

g

To remove a species or reaction from your model,
select the species/reaction and click either the
“Delete” button or backspace on your keyboard.

19



To create a product species, use the
Reaction Tool and drag from the

f<PRODU T>>

()

reaction symbol to a point inside the I T

compartment where your product i
species will be located.

Once you release the mouse button,
the product species will be created.

roblems (0 Errors, 0 Warnings)

20



EC PM

C_cyt

Ran_gyt

Cyt NM

RanC cyt

Nuc

RanC_nuc

NOTE: you can't move
species, reactions, or
fluxes from one
compartment to another.
You must delete a species,
flux, or reaction from one
compartment and then
create it in another
compartment.

Continue adding
components to your
model and naming
them until you have
the following objects
as described in the

table below.
Name Description Location
RanC_nuc Ran-Cargo Complex Nucleus
Flux Reaction Node | Nuclear Membrane

RanC_cyt Ran-Cargo Complex Cytoplasm
Reaction Node Cytoplasm
C-cyt Cargo Cytoplasm
Ran_cyt Ran- GTPase Cytoplasm

21



If you need to rename a component, select it, and on the
Object Properties tab, use the component’s name text field
to supply the new name.

## Reaction Diagram (73 Reactions (2 Structures (2 Species (7 Molecules () Observables
SO AN g R e e |=_¢D¢ 2

’ Ik Olo|r| = ® @ & ums

+* Reaction Diagram (73 Reactions (2 Structures (3 Species (& Molecules (7 Observables
A |§ s

IX ©°/,'l§ @ @ ol 3 oA R

RanC cyt

C_cyt
RanC_cyt
—=— ;
v
> <
[ Delete | | Pathway Links v / Search
4

Ran_gft /
<
Delete Pathway Links v Search |
AV AY
Database File Info Object Properties  problems (0 Errors, 0 War,
I Reaction Name |flux0

Object Properties  Problems (0 Errors, 0 Warni
m Species Name RanC_nuc




Reaction Name |flux0

Electrical Properties  [7] include molecular flux

[T include electric current (into inside structure “undefined”)

v: L Convert to [molecules.s-4] J

Reversible [V] Kinetic Type :General Flux Density (UM-pm/s)
Name Description Global Expression Units
Tt 5
I inward current density 0.0 pA.um-2
netValence net charge valence 1.0 1
kfl user defined [ 0.0 pm.s-*
RanC_cyt Species Concentration Variable UM
RanC_nuc Species Concentration Variable M

efining Reaction
inetics

23




C

To define the reaction rate,
select the flux icon, and in the
Object Properties tab, double
click the Expression column
and type:

kfl * (RanC_cyt - RanC_nuc).

RanC_nuc

\vb\o

<4

[ Delete ] [ PathwaM ]

Search .

Object Properties

lems (0 Errors, 0 Warnings)  (£) Database File Info

/

Electrical Properties

Reaction Name | flux0

include molecular flux

Include electric current (into inside structure “undefined”)

Reversible Kinetic Type | General Flux Density (uM-um/s) w | | Convert to [molecules.s]
Name Description Global Expression Units
e (kfl * (RanC_cyt - RanC_nuc))| A
I inward current density 0.0 pA.pm-2
netValence net charge valence 1.0 1
kfl user defined | 0.0 pm.s-*
RanC_cyt Species Concentration Variable UM
RanC_nuc Species Concentration Variable pM

24



File Server Window Tools Help

5 iotodel2

N +# Reaction Diagram [ () Reactions I (@ Structures l () Species I () Molecules i (v5) Observables]
- Physiology . 5o 0 5 = :
Y. con Disgram) [ ©l0|r] = ® @52 ooa s %EDot]t r
- Reactions (2) A
| D Structures (5) C PM Cyt NM Nuc s
(D Species (4)
- Molecules (0) gt
— Mﬂ[;(")

. . . RanC_cyt RanC_nuc 3
With the flux icon still sons and Units =
selected, on the Object oo o
Properties tab locate
the defined parameter i
Kfl. Double click and .
type 2.0 in the oy Comn [ -5 (e, | (LPatweyinis =] Search I

1 Geometries Y
Expression column. Object Propertes | problems (0 rors, 0 Warnings) | ) Database Fie Info| [
|__| Biological Models Reaction Name [fiux0
[-"] My BioModels (Arundeep2001) (3) . .
) Shared BioModels (0) Electrical Properties include molecular flux [ includefflectric current (into inside structure “undefined”)
@ —] Public BioModels (639) Reversible Kinetic Type [General Fiux Density (LM-um/s) v [ convertto [molecules.s-4]
{_] Tutorials (8) x v :
] Education (33) Name Desaription Global ) eoesin Units
] reaction rate kit (Rancly? - RanC_nuc) pM.pm.s-*
I inward current density| [ 0.0 pA.um-2
netValence net charge valence 1.0 : ;L
luser defined
RanC_cyt Species Concentration Variable M
RanC_nuc Species Concentration [ Variable M
= ion and Pathway Links
Linked Pathway Object(s): [
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File Server Window Tools Help

E BioModel2

B2~ Physnology
O Reactions (2)
- Structures (5)
(@ Species (4)
2 Molecules (0)
“..( Observables (0)
- Applications (0)
- Parameters, Functions and Units

v,

¥ Reaction Diagram [ (7 Reactions l () Structures I D Species I (3 Molecules I (s Observablesl

S st ANN S, REL A0
el NS AL e N e

PM

To define the forward rate
constant, Kf, select the
reaction node. In the Object
Properties tab, locate the
forward rate constant
parameter, double click the

Expression column, and type in

1.0.

Cyt NM

DY =

RanC_nuc

>

b |

Delete ] [ Pathway Links ¥ ]
AV

Search

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

se File Infol

Reaction Name |r0

Reversible Kinetic Type [Mass Action [uM/s] (recommended*nr stochastic application)

v [ Convert to [molecules.s-*] ]

Name Description

Global

Expression

Units

J reaction rate

( KfWanC_cyt - Kr- Ran_cyt- C_cyt)

pM.s-2

[Forward rate constant 2
Kr reverse rate constant 0.0 s-i,uM
RanC_cyt Species Concentration Variable uM
Ran_cyt Species Concentration Variable uM
C_cyt Species Concentration Variable uM

=) Annotation and Pathway Links

Linked Pathway Object(s):

20



[ Biotodel2
(- Physiology
R o cton Dingram
() Reactions (2)
) Structures (5)
- Species (4)
i 2 Molecules (0)
. Observables (0)

——Anolication=L0}

¥ Reaction Diagram I (7 Reactions l (™ Structures l ) Species I (7 Molecules l D Observablesl

With the reaction node still
selected, define the
reverse rate constant, Kr.
On the Object Properties
tab, find Kr, double click
the Expression column,

and type in 1000.0.
T T

[#)-__] Shared BioModels (0)
(-] Public BioModels (639)
-1 ) Tutorials (8)

-] Education (33)

RanC_nuc

>
NIRRT R Y N =] -
llc PM cyt NM Nuc =

m

T

[ Delete ] [ Pathway Links v ]
LAY

Search |

Object Properties | Problems (0 Errors, 0 Warnings) | 3

Database File Info‘

Reaction Name | r0
Reversible [V] Kinetic Type :Mass Action [uM/s] (recon

Object Properties  problems (0 Errors, 0 Warnings) € Datab)

se File Info

qended fqr shod'tasﬁ; appl@cation)

v

Convert to [molecules.s-1] ]

Reaction Name |r0

v

Convert to [molecules.s—%]

Name Description Global

Reversible Kinetic Type |Mass Action [uM/s] (recommen: r stochastic application)
Expression

Kf forward rate constant 1.0

Kr reverse rate constant | 1000.0|

_Lyt |PPEUES LoniLeniu auon |

| ¥ariaue

|

=) Annotation and Pathway Links

Linked Pathway Object(s): |
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¥~ Reaction Dfpgram (" Reactions @ Structures 2 Species " Molecules ) Observables
|

Sy e Electrical (Membrane Polarity)

Nuc Compartment

l ! Compartment

Compartment

PM Membrane unspecified compartment (+) unspecified compartment (-)

l NM Membrane unspecified compartment (+) unspecified compartment (-)

Use the Reactions, Structures, Species, Molecules or
Observables tabs to look up specific details of the physiology

shown in a table view as opposed to the Reaction Diagram. This

is useful when working with large and complicated models.

Tip: If someone shares a model with you, click
Account-> Reconnect to refresh your device's
connection to the database.
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