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1 Introduction

Cel | | | Ql) & & softwtare todt that enables biologists to model,
elucidate and simulate complex biolagliprocesses and systefh&]. It allows
researchers to model metabolic pathways, signal transduction cascades, gene
regulatory pathways as well as dynamic interactions of various biological entities
such as genomic DNA, mRNA and proteins. Cell lllustranodels are used to
visualize biopathways, interpret experimental data and test hypotheses. In addition, it
provides researchers with model diagrarhpublication qualityand simulation result
chars. Cell lllustrator has been successfully utilizedrtodel biological pathways
like Circadian Rhythms of Drosophila, Glycolytic pathway and Fas ligand induced
Apoptosig[l, 2, 3, 4, 5, 6, and]7

Using the graphical user interface of Cell lllustrator, researchers can create
and simulate their own moleculpathway models. Some of the key features of Cell
lllustrator are(a) Pathway construction and visualizatironstruct models
graphically by drag and drop entities that representbioponents in the biological
pathways; (bPathways simulatiah specifymathematical formulas for biochemical
reactions in the pathway for simulation; The simulation can be run inside the
workspace window in an interactive mode (c) Simulation repldng simulation
results can be logged and then visualized and analyzedlitl@iator Player;

The documentation for the Cell Illustrawwftware includes the manuals listed
below:
Cell lllustrator User Manual: Introduction to Cell lllustrator system

Cell lllustrator Reference Manual: Detailed description of Cell lllustrar
functionalities

Cell lllustrator Player Reference Manual: Detailed description of Cell
lllustrator Player functionalities

This manual describes versibi® of Cell lllustratorDesktop(CI15.0).
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2 Getting Started

2.1 Cell lllustrator DesktopInstallation

TheCell lllustratorinstalleris a Java applicatioand requies Java Runtime
EnvironmentBefore starting the installation make sure you have Java installed on
your PC.If you do not have Java on your PC, gdittp://java.comand install it.

Toinstall Cl please do théllowing steps
- Download the installer package - setup.jar

- Execute the installer package by douddieking onci - setup.jar or
by execting the commanghva 1jarci - setup.jar

- Follow the instrutons on the seen

2.2 Cell lllustrator Desktop Startup

Cell lllustrator is a Java desktop applicatiéifter completing the CI
installation, shortuts to the Cell lllustrator startup script should appeathe
Desktop folder, in theStart  Menu andbr in theApplications folder.

To start Cell lllustratarplease dmne of thefollowing:

- Locate Cell lllustrator shoitut inone of the above mentioned locations
and execute it

- Locate the Cell lllustrator startup script50.bat orci50.sh  inthe
installation folder and exeite it.

- Locate the Cell lllustrator jar filei - application Jar inthe
installation folderand execute it by double cliking it or by typing the
commandava Tjar ci - application Jjar inthe console

2.3 Licensing Information

During the first start of Cell lllusator you will be asked to enter a licene.
you do not have the license please contact your Cell lllsuatrtor distritibr.
lllustrator supports two types of licenses, either a license string (plain text) or a
license file.If, you have a licensegase choose its type and enter it in the License
Dialog box.

2.4 CIl Memory Customization

By default the maximum memory f@1 Desktopis set t01024MB (1GB).

You canchangehe maximum menmy by editing theci start scriptsci50.bat or
ci50.sh
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2.5 Uninstallation
To unistall Cell llustrator, please done of the following

- Locate thdJninstall Cell lllustrator shortcut. It is addedo
theStart Menu , or

- Go to theCell lllustrator installation foldeithen to thdJninstaller
subfolder andexecute theninstalle  r.jar by double cliking it or
by typing the commangva Tjar uninstaller Jar inthe
console
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3 Cell lllustrator elements

Clis designed to model biological pathways using three types of abstractions:
entities, processes ancbnnectors.

3.1 Concept Overview

Themodel i ng and simulation engine of
extension of thé&etri-netmethodology. A Petmet models a system of conditions
and instantaneous events, their dependencies and mutual synchronizatidgbiitie
Petri-netwith extensias (HFPNe)employed in the Cell lllustrat@dds the notion of
continuousand generiprocesses and quantities, which are essential to the description
of biological system§l10]. The following table presents a summary of the Fti
model elements, the@xplanations and equivalent biological meanings.

Table 1 HFPNe elements.
Hybrid Functional Petri Net Elements
Petri Net Component Symbol Biological Equivalent

Discrete Entity

) A countablebiological componendr
Discrete Aace Q eventthat is quantifiedr representetly

A discreteplace holds tokenspresented an integer, e.g. the number of molecule

as a nomegtive integer. locating at the membrane, an event tha
describes whethex protein is bindig to
DNA or not.
Quantity

Tokens The number oéntityitems presente.g.

o the number of molecules binding to
DNA, ON/OFF state of a gene
expression, etc.

A token isa unitheld in a place.

DiscreteTransition

A discrete trasition isadiscrete process Discrete Process

that consumes tokens frameir input A biological reaction thatonverts

places and produces tokens itteir guantities in discrete entitié@sto

output places. The input and put . guantities in other discremtities. A
places are connected to a transition by switching mechanism carelalso handleg
arcs. A transitioriifireso and the process as a discrete process which receives s@
is invokedif all the conditims forfiring signals and sends out signals for a

are met Every transitiorhasa delay pathway.

time for firing.

Continuous Entity

ContinuousPlace A biological entity likea concentrion of

A continuous place holds a naegative aprotein,enzymegrion, etc.the

real number. guantityof whichcan be represented as
real number.

Marking goncentratlon, Quar_mty _

A variable representing the state of a m ystem status representingegtity or
concentration of proteins, enzymeslan

place. ions
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ContinuousTransition

A continuoudransitionis acontinuous
procesonsumingjuantities of its input
places and producing guatities into its
output places. It defines a continuous
flow that is specified by a speed of firing

[V].

ContinuousProcess

A biological process or a reaction like
] trans.cription', translation, or enzymatic
reaction, whiclt ons umes so
(inputs) quantity and produces others
(output), according to a rate formula

Generic Entity

A biologicalchemical/physical entitthat
@ is not predefined. May contain more
data types likestring that is used to
represenDNA sequence

Universal Place

A universal place can handle a list of
variables of various types (double,
Boolean string, etc.).

Universal transition Generic Process
A transitionfor a universaplace. A A complicatecbiologicalchemical/
universal transition allows the arcs —— physicalprocess, e.g., a translation
connecting with this transition to use the process
functions (firing speeds).

Arc/Connector

ProcesConnector

Normal Arc Connectsnput entities to a process and
A directed arc. Connects a transition to » process to output entities. Its weight
place or connects a place to a transitior] parameter specifies an activation
An arc has a weight. threshold. Process Connector allows

quantities flow in the model.

Inhibitory Arc

Connects a place to a transition. An
inhibitpry arc disables a trarpisin. If the

guantity in its source place is greater th
the weight of the arc, the transition

Inhibitory Connector

Prevents a process from being activate
Inhibitory Connector facilitates the
modeling of thénhibition/competition

cannot fire. process.
Association Connector
Connects entities without causing
TestArc concentration change. Dieés which
Connects a place to a transitiéntest . entities are associated with each other,
arc does not consume any quantity of t but not as inputs or outputs. Associatio
source place by firing. Connector allows the modeling of
enzymatic reactions as well as other
catalytic processes.
3.2 Entities

Entities are abstract elements that can represent any tiymdagfical concepts
like mRNAs, DNA, proteins, ligands, and compounds. Tdeyalso represent
cellular structures like mitochondria, cell nuclei, cells or biological phenomena like
transcription and translation.

An entity (Figurel) contains a value which is interpreted as its quantity or
concentration. You can input a more meaningful name and value for the entity. Also,
eachentity has an associate@riable (el, €2, €3) representing its quanti{30, 123.2,
ATGC, respectively. The mathematical equations used for simulation are expressed
in terms of these variables.
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There are three types of erd# discreteentity, continuousentityandgeneric
entity.

1
name variable § cAMP el enzymeA e2 mRNA e3
1
1
quantity 1 30 123.2 AUGC
1
1 . . .
. Discrete Continuous Generic
1 Entity Entity Entity
Figure 1

Discreteentity holds an integerquantity (Integer or Long). In contrast, a
continuousentity has a continuous (e.g. real / fractional) number as its quantity
(Double). This type oéntity is used to represent concentrations, thg numbepf
ions or enzymes. Other type oftéyis a generic entity. It holds string or logical
value (String or Boolean).

3.3 Connectors

Connectors are used to connewtities to processemput connectorsor
processes to entitiesytput connecto)s

There are three types of connectdfig(re2): processconnectorsinhibitory
connectorsandassociationconnectorsAn input connector can take all three types. In
contrastanoutput connectois always otthe process typ&€orrespondinglydl types
of conne&tors can connect input entities to a process. In contrast, only a process
connector can connect a process to an output entity

name o2 o3 cd

.
L]
L]
L]
—firing Styte—a C s Pt e— : - =nocheck -
threshold / rule script = 0 true
L]
L]
. Frocess Inhibitory Association
. Connector Connector Connector
:
.
Figure 2

Thethresholdis an nput connectdr parameterlt can be avalue or a script,
e.g. m/10This parameter is used tiefinethe minimum value of the input entities
neededor the activation or deactivation of the linkipgpcesses.

A process and an associatmynnectoibecomeactivatedif the threshold of
the connector is smaller than the vatdeénput entity.On the other handnhibitory
connectors are activated when ingatity is less than this threshold. Inhibitory
connectors are used to model represgsae Sectiod.9). Association connectsrare
used to model the situation whemtities and processes need to be linked together, but
nothing is produced or consumed. They do not allow transport of quantities. They are
used when the inpentities concentrations do not char(gee Sectiod.10.
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3.4 Processes

ProcessefFigure 3) define the rate of entity value changes and interactions
among entitiesProcesses are used to model biological reactions such as emzymati
reactions or protein complex formation processes. Processes can take multiple inputs
(e.g. consume differemntities to produce new entities) and have multiple outputs
(e.g. produce differerantities, such as breakirppwn sacharos@to glucose and
fructose). Also, likentities, processes can l@®ntinuous(continuous processgs
discrete(discrete processgsr generic(generic processgsdepending on the input,
output and timing. Onlgenericprocesses are able to hangénericentities.

(]

(]

i
name : migrate phosphorylate translate

Ellfiring style ! [ Jand [ Ol§ H-and

delay kinetic script | m1*3 1 1 1

'

]

[]

' Continuous Discrate Generic

' Process Process Process

‘

]

]

Figure 3

In general terms, #ll input connectorsf a procesare activated thprocess
is said to beenabled(seeSection6.1). When gorocess igenabledthe reaction that it
representsvill fire (will be executeflimmediately omafteracertain time interval
This will cause a change in value for all connected entities. For exampjgpiess
represents the reaction of a protein precursor which turns into an activated protein by
phosphaoylation, the decrease of the precursor protein and the increase of the active
protein on account of the speed of phosphorylation is simulated ong®tess fires.
The exact conditions for enabling a process depend on its Firing Style parameter and
are described in detail, along with other process parameters, in Seetian

The process type determinesadtdculation style The continuous process has
thespeedcalculation style the process calculatdset speed of production or
consumption of the entities. On the other hand, the discrete process add digle
- the process calculates the concrete values that should be added/subtracted to the
entities. Finally, the calculation style of the generiogesss isipdate i.e., the process
calculates a concrete value that will replace the entity value. The Kinetic Script
parameter specifies how to calculate the value change of connected entities in each of
the three cases. See the Reference Manual falsdeta

Eachdiscreteand generiprocesshas an additional Delay parameter that can
be a constant or a functiofhe firing of adiscreteprocess occurs abruptlyith the
delayassociateavith theprocessThe same applies to generic processes. The activity
of continuous processes is different: The firing cbatinuousprocess occurs
continuously Consequentlya continuous process does not hold Eretay parameter.
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To employ generiprocesses one must use the Pnuts scripting language.
of Pnuts is befly describedn Section5.6.

Another important parameter associated with a process is its KineticlStyle.
the process kinetic style is Custom then the value change after the process fires is the
same for alconnected input/output entities. For all other kinetic styles, the value
change at each entity depends on connesgecific parameters such as Connector
Stoichiometry and Connector Speed. Thus, it may be different for different
input/output entities.

3.5 Element Combinations

All combinations of discrete and continuous CI elements are presented in
Table2 andTable3.

Table 2 Output Connectors
d(t), v(t)

d(t), v(t) v(t)

Transport quantity Transport quantity Sequentially
v(t) through the Not Allowed. v(t) through the transport quantity
Connector at d(t) Connector at each v(t) through the
intervals. d(t) interval. Connector.

ol

Not Allowed.

The variablem(t) represents quantity or concentratiorthad entity at timet.
The variablan(t) is thethresholdof the correspondingonnector. The constadft) is
the delay time of the correspondipgpcess and the functiosft) is the speed of the
correspondingrocess at the time Wote that Cichecks ad prohibits the connections
that are not allowaduring model creatian
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Table 3 Input Connectors

m(t)

w(t)

d(t), v(t)
Process is enabled
at intervals of the

Not Allowed

m(t)

wit)

dt), v(t)
Process is enabled
at intervals of the

mt)
w(t)

v(t)
Process is enabled
at the speed of v(t)

time d(t) while time d(t) while | while m(t)>w(t)
m(t)>w(t) holds. m(t)>w(t) holds. holds.

Om(t) Om(t) ©mm ©m(t)

Eow R R )

— ) ) ) oo
Process is enabled | Process is enabled | Process is enabled | Process is enabled
at intervals of the | while m(t)>w(t) | at intervals of the | while m(t)>w(t)
time d(t) while | holds, but no | time d(t) while | holds, but no

m(t)>w(t) holds, but
no quantity change.

quantity change.

m(t)>w(t) holds, but
no quantity change.

guantity change.

m(t)

w(t)

m(t)

wit)

m(t)

w(t)

m(t)

w(t)

. d(t) — . d(t) —
Process is not | Process is not | Process is not | Process is not
enabled while | enabled while | enabled while | enabled while
m(t)>w(t) holds. m(t)>w(t) holds. m(t)>w(t) holds. m(t)>w(t) holds.

3.6 Discrete Elements Examplel
el m1 g2 m2
ol P [
[l
10 20 1 2.0 0
Figure 4

The modeln Figure4 consists of two discrete entities el and e2,thad
discrete process pgdetweerthem. Theentity elis conneced topl withtheinput
process connector cl1. Theocespl is connected to e2 withe output connector c2.
The kinetic style of the process is Custdrheentities eland e2 have the initial
valuel0 and 0, respectively. The input connector clthe3hresholdparameter
equal2. Thethreshold ofaninput connectocontrols theactivity of process pIThe
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process pl has theldy parameter equaland theaddparameter equa. This model
canbe ugdfor auto catalytic reactiong.g.proteinautephosphorylation.

In the HFPNe theory, time is measured in virtirake units calledPetri net
time (pt). At time O, the value of el is 10 and the threshold of clas@he process
plis enabled. Wheall input processes are enabled, the connected discrete process is
really executed after the delay time of the process. In this examptielde
parametepof the process pl is Therefore, thgprocess is executed at time 1.

Consequentlyat time 1 the mtity el decreases and e2 increases by the speed
of process p1l, i.e2 Thus, at time 1, the value of entity el and e2 becomes 8 and 2,
respectively.

At time 4, thevalue of theentity el becomes 2 and the process pl cannot be
enabled because the valuesdfis les®r equalkhan the threshold of c1. At that time,
the process pl cannot be enabled and el areheBa stable statel'he results of the
simulation are presented bel@rigure5b).

@ Chart 1 x|
10,0 1 Mame
el v

7.5 o 7
5.0
2,5
0.0 T x T T T r x T r r

a 1 2 3 LS a <] T -] = 10

— a1 el
Figure 5

3.7 Discrete Elements Example 2: Connector Speed

In the previous modethe values o€l and e2 increase and decrdasthe
same amount (2) at each time intetvatause their value depends ondtd valueof
the process pl. Howevenodelingdiffering increase and decreasethevalueof
connected entities Bometimes necessary, e\ghenamonomer becomes dimeror
atrimer and vice versa.

To deal with thidype of processset the process kinetic styledonnector
customand then defia the value changes of the connected entities separately.

E 2 @012Human Genome Center, Institute of Medical
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el m1 el ma2

& P c2
20 4

10

Figure 6

The example ifrigure6 demonstrates theseof theconnector custom kinetic style
The difference between the previaxample and #amodelin Figure6 is as follows:

) Theaddparametersf connector c1 and c&e2 and 1, respectively.

At time 0, the value of el is 10 and the threshold of claisdthe process pl

is enabled. Ater the delay of pl, i.e. 1, the process is executedadtiealue

of cl and c2 are 2 and 1, respectively. Thus, the value of el and e2 becomes 8
and 1 at time 1, respectively. At time 4, the value of el and e2 are 2 and 4,
respectively. At that time, therocess pls notenabled and el and e2acha

stable stateThe results of the simulation are presented befogu(e?).

@ Chart 1 x|
100 1 nHame
el v
7.8 2 IF
5.0
2.8
0,0 | . r T T v . r r T
a 1 2 3 4 5 (5] T B 9 10
—e1 e2
Figure 7

3.8 Continuous Elements Example 1

In the previous tw@xamjpes, discrete entities and discrete proesssve
beenused. However, in many casestity valueshould be treated @sntinuous
variablesrather thardiscretevariables The modeln Figure8 has been created by
conversion of theliscrete model in Sectidh6.

e i o1 P 2 g2 m2

O
10.0 ' 20 0.0
Figure 8
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More specifically, the differences between the modelsgare4 and in
Figure8 are as follows:

Step 1: The type of entities el and e2 is changed from discrete to continuous.
Step 2: The type of process pl is changed from discrete to continuous.
Step 2: Thalelayof process pl is changed frdmnto O.

All other parameters are the saaginthediscrete modeh Section3.6. As
described in SectioB.6, the threshold parameter thieinput connector works likehe
threshold of the activity of process p1l. In this example, at time O, the value of el is 10
and the threshold of cl isahdthe process is enabled. When all input connectors are
enabled, theonnectectontinuougrocesss executed with no delay.

Sincepl is connected to el with the quantity m1, and its output is connected
to e2 with the quantity m2, the equatidasquantities change are:

At time 4, the value of el is the same as the threshold of c1, i.e. 2. At that time,
the pocess pl cannot be enabled and el andada stable stat@ he results of the
simulation are presented beldRigure9).

x

10,0 4 1 Mame
\ el p
T.6 1 \H\._ ez p
- \\\
2.5 1 HMN_ -
0,0 T + T T r T y T r r
1] 1 2 3 4 5 [:] s B a 10

Figure 9

The same conversion process can be applied to tbeisnodel in Section
3.7 (Figure10).

el ml e ma2
cl P o2
O——F O
10.0 n.ao
Figure 10

The equations for quangithangs are:
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Theresults of the simulation are presented belBigyrel1l).

@ Chart 1 x|

10,0 + : Marne

\ - v
7.5 \ oz W
5.0 \\\\
2,5 \\\_ -
0,0 v . " T T r : " " T

a 1 2 a 4 & (5 7 8 o 10

— e e
Figure 11

3.9 Continuous Elements Example2

In the previous two examples, discrete exampieeconverted into
similar mode$ with continuous elements. For kinebased modelinggne should
use acontinuous modalather than aiscreteone

In the following model Figure12), the consumption ratio of el is
proportioral to thevalue of el, i.ethe speed of process pl follows the mass action
kinetics.

el mi o1 [ 2 g2  m2

10.0 2.0 m1*0.05 o0

Figure 12

The differencébetween the present model ahd model in SectioB.8is
thatthe speed of pl is changed from Dt05*m1. In this model,npcesyl
continuously transporentity el toe2 attherate of 1/20@L 6 s comandnt r at i o
Sincepl is connected tel with quantity represented by m1, and its output is
connected t@2 with quantity m2, the equatisfor quantitieschangeare

- diﬂ' = d_mZ =0.05* mL
dt dt
E 2 @012Human Genome Center, Institute of Medical Page16 of 85
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The value of stity €1, i.e. m1, decreaseghile thevalue of atity €2, i.e.
m2,increases during simulation. The equatio®38n1) of procesyl governs
this change of value per unit timgéSection6.1for Simulation Details)

The results of the simulation are presented bekigufe13).

4

10,0

[x

Marme

el
ez

7.8 1

<<

5,0 1

1 R

0.0 + . . . : . . . . : .
a 10 20 30 40 50 &0 70 80 a0 100

Figure 13

If consumption and generation speed should therdint, theConnector
Custom kinetic style should be used and the corresponding spepdfadietes
for connectors cl1 and chould be setnlFigurel4, thespeed of c1 and c2 is
0.05*m1 and 0.1*m1, respectively.

2 g2  m2
C .Uc@

Figure 14

The results of the simulation are presented befagufe15).
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4 Biological Process Modelingvith Cell Illustrator

This sectionbriefly explans how to simulatenajor biological processes with
Cl. The examples have been designed to help the novice user to become familiar with
the Hybrid Petri Net modeling method and notation.

4.1 Degradation

In acell, nearly all MRNAs and proteins fragment intotp at certain speeds.
This fragmentation activity is called degradatiénmodelof degradatiorcan be
created withthefollowing steps.

Stepl: Create an entity and change its namep&3j.and set its value, e.g..10
Step2: Create a process and tehame, e.gidegradation.

Step3:Connect thg@53entity tothedegradation process withe process
connector.

Step4: Set the degradation speed by editinglthetic Scriptparameteof the
degradation procesbkor the discrete procei¥e default spekis 1.0
For the continuous process, set Kieetic Styleto Customand then
edit theKinetic Script(speed).

In Stepl and Stephe following combinationare possibléFigurel16): a
discrete entity and discree processacontinuous entity and continuous process,
continuous entity and discrete process

el m e m3

10

C
threghold

1)
and
1 1

Figure 16

The results of the simulation are presented befagufel17).
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If the degradation speed depends on the value of p53 protein (say m), 4 Step
the speed shouloe made dependent on(figurel18).

ed  md gf  m& e mG
100 100 100
4
threshold threghold threghold
degradation degradation degradation
0 m4a 1 maia 1 meMa
Figure 18

The results of the sialation are presented belowigure19).
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4.2 Translocation

In acell, mMRNA and proteins move from one compartment to others, e.g. from
nuclei to cytoplasm and vice vergamodelfor this can be created witte following
steps.

Stepl: Create two entities and chatiggr names, e.g. p53_nuclei and
p53_cytoplasm and set their values, e.g. 100 and O.

Step2: Create a process and set its name, e.g. translocation. Goanect
p53_nucleto the process and connect the process to p53_cytoplasm.

Step3: Set the translocation speed by editindihetic Scriptparametepf
thetranslocation procesFor the discrete procetise default speed is
1.0. For the continuous process, setklieetic Styleto Customand
then edit theKinetic Script(speed).

In Stepl and Step2, possible combinations of (p53_nuclei, translocation,
p53_cytoplasmiriple are (discrete, discrete, discrete), (discrete, discrete, continuous),
(continuous, discreteontinwoug, (continuous, discretéjscretg and (continuous,
continuous, continuouglrigure20).

paa_nuclei _ m1 e franslocation 2 p53_cytoplasm  m2
0 - O
100 ‘ 1 1.0 0

pa3a_nuclei _ ma3 c5 translocatinﬂ 6 p53_cytoplasm  m4
0 E. O
100 : 110 0.0
pa3_nuclei _ m5 translocation pa3_cvtoplasm 6
o7 E ation . -
@) " I O
100.0 : 110 0.0
pa3_nuclei  m7 c translocation pa3_cytoplasm _ ma
cd d E cl10 -
@) — ~Em =)
100.0 : 1 1.0 0
|353_nuclei©>mEl cd translncatinﬂ c3 |JﬁB_CMD|JI35|j@jﬂ1D
0.0 —
100.0 1.0 0.0
Figure 20

The simulation results of the discrete model are presented bieigwe21).
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If the translocation speed depends ongheantityof p53_nuclei (say &), as
in thedegradation exampl&ectiond.1, theprocesspeed shoulde made dependent
onm1/10in Step3 (Thefactor of 1/10 was used in the exampld-igure22.)

|‘J§3_I'|LIE|Ei©>ITI1 o1 translncatiuﬂl_| o3 n53_C'&"tDD|ESI:©TQ
0.0
100.0 m10 0.0
Figure 22

The results of the simulation are presented befagufe?23).
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Figure 23
4.3 Transcription

Transcription modeling can easily be done using®Jhodel can be created
with thefollowing steps.

Stepl: Create a process and set its name, e.g. transcription.

Step2: Create an entity and change its name, e.g. mMRNA_p53.
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Step3: Connedhetranscription process to mMRNA_p53 entity wiltie process
connector.

Step4: Set the transcription speed by editing<iimetic Scriptoption ofthe
transcription proces§.or the discrete procetise default speed is 1.0
For the continaus process, set ti@netic Styleto Customand then
edit theKinetic Script(speed).

In Stepl and Step2, possible combinatiohthe pair(transcription,
MRNA_p53) are (discrete, discrete), (discremmtinuou$ and (continuous,

continuous)Figure24).

Cell lllustrator facilitates the modeling of the path DBRAmMRNA A Protein
not only as a concentration function of DNA, mRNA and Protein. Global transcription
and translation mechanism can be established witting stput (DNA sequence),
intermediate product (proper mMRNA) and product (Protein). This mechanism can
produce simultaneously many proteins from different DNA sequences.

transcription ¢f  MRNA_P53 _ mi transcription el |TIRNA_|35:©>I‘H3
o0 0 1.0 0.0
transcription 2 IHRNA_pS:@nz
110 0.0
Figure 24

The simulation results of the discrete modeldahepresented belowigure25).
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Figure 25

Normally, mRNAsynthesis is associated with dsgradationThe moetls
presented belowF{gure26) combine thetranscription process with tlteegradation
process in Section 4.Tle same speed m/10 is appljed
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Figure 26

The results of the simulation are presented bekagu(e27).
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Figure 27

4.4 Complex

In acell, aset of proteins binds armleates @omplex.A modelfor thiscan be
created withthefollowing steps.

Stepl: Create three entities and set their samg. p53, mdm2, p53_mdm2,
and set their valigeg. 100, 50, 0.

Step2: Create one process and changes its name, e.g. complex.

Step3: Connect p53 entity and mdm2 entityhimcomplex process. Connect
thecombine process tihep53_mdm2 entity.

Step4: Set the combine speed by ediingetic StyleandKinetic Script
optionsto valuesCustomand1.0.

In Stepl and Step®,combinationof element types in the pattefpb3,
mdm2, p53_mdmZ,omplexprocess) arallowable i.e, (discrete or continuous,
discrete or continuous, discrete or continuous, discagig)continuous, continuous,
continuous, continuouglrigure28).
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Figure 28

The simulation results of the continuous model are presented Halpuve
29).
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Figure 29

If the complex speestrictly depends on the value of p53 (m1) and mdm2
(m2), thespeed ofthecomplex processeed to be (m1*m2)/400 (the factor 1/400 is
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an examplejor the modelvhere all elements are dfd continuous typas inFigure
30.

pe3  mil P c3 pae3_mdm2  m3

O

100.0

(m1*m2)/400 0.0

mdm?2 I
0.0
Figure 30

The results of the simulation are presented bekigufe31).
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Figure 31
45 Tetramerization

In a cell, some proteins create a swimplexunder certain conditions. For
example, p53 can create a homotetramer. The process of creating tetramers is called
tetramerization. The three examples below show how vakioesic styleprocesses
can be used for the modeling of tetramerization. The speed of tetramerization is
linearly dependent on the mass of monomers in the first example. In the second
example, stochastic perturbation is introduced. Finally, in the most advanced example,
tetramization is defined by a script.

A simple model of tetramerization can be created using the following steps:

Stepl: Create two entities and set their nangeg. p53monomer) and
p53(tetramer) Set the initial value of the monomer to 10.

Step2: Create a process arsettits name e.g.fitetramerization.
Step3: Connect the p53 (monomer) entity to the process with a process

connector.
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Step4: Connect the process to the p53 (tetramer) entity with a process
connector.

Step5: Set theKinetic Styleof the process tMassand setl Stoichiometry
to 4. Leave the default values for the other parameters of the process: Coefficientl
0.01, Coefficient2 0.1 andc2 Stoichiometry 1.

paE3imonomer) m1 o1 pi . pa3tetramer) m2

10 0.0010 0

Figure 32

With the model, as ifigure32, thespeed of théetramerizatiorprocess
depends on the value of Getramer).To make the process of tetramerization faster
the Coefficientl value should be increased. To change tetramerization into the
dimerizaton process the fAcl stoichiometryo
details on parameters related to the Mass kinetic style can be foilvedsiection . 3.4
Processes

The results of the simulation are presented bekigufe33).

00— : Marme
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— p83{monomer) — p53ftetramer) |
Figure 33

4.6 StochasticTetramerization

Normal biological processes (e.g. dimerization or tetramerization) are not
deterministic but stochastic. To improve modeling of the biologicaesses one can
use the Stochastic Mass kinetic style of the pro&ssting from the previous model,
thestochastic tetramerization process can be modeled as follows:

Step6: Change th&inetic Styleof the process t&ochasticMass Set the
StandardDeviationto 0.2. This parameter controls the distribution of the
randomly generated process speed.
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Step7: Make sure that other parameters are the same as in the previous
Tetramerization example, i.el Stoichiometrys 4.

pSafmonomer)  mi [ p1 c2 pS3ietramer)  m?2
et :@
10 0 0 max(0.001*m1+0.2*gauss(),0.0) i}
Figure 34

In the model shownin Figure34, the speed ahetetramerization process
represents stochastic behavior. Parameters related to Stochastic Mass kinetic style are
described insection 3.4 Processes

The example results of the simulation are presented bé&ligwré 35). Note
that subsequent simulation runs will give different results due to the stochastic nature
of the model.
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Figure 35
4.7 Custom Tetramerization

Tetramerizatiorcan also be defined by a custom formuitethe example in
Sectiord.5, the process speed depends orp#(monomer)n a linear wayputone
can change it into a quadratic function by writing a scrljte example ind.5 could
be modified as follows:

Step6: Change th&inetic Styleof the process t€onnectorRateand set the
Rate parameter as 0.001*t"m1.

Step7: Make sure that other parameters are the same as in the previous
Tetramerization example, i.el Stoichiometrys 4.
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In the model inFigure36, the speed ahetetramerization process
proportional to thesquare of p58monomer).

The results of the simulation are presented bekigufe 37).
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Figure 37

4.8 Separation

In acell, binding proteins @ sometimes separated with protefasnodel can
be createdherewith thefollowing steps

Stepl: Create three entities and set their samg. p53, mdm2, p53_mdm2,
and set their value, e.g. 50, 0, 50.

Step2: Create one process aetits name, e.g. gparate.

Step3: Connedhep53_mdm?2 entity tthe separate process. Conntut
separate process tive p53 entity andhemdm2 entity.

Step4: Set the separate spbgeditingKinetic StyleandKinetic Script
optionsto valuesCustomandl.0.

Again, 9 canbinationsof element types ithe sef{p53, mdm2, p53_mdm2,
separatgrocess) arpossiblein Stepl and Step2, i.e. (discrete or continuous, discrete
or continuous, discrete or continuous, discrete) and (continuous, continuous,
continuous, continuous) asFigure38.

E 2 @012Human Genome Center, Institute of Medical
Science, The biversity of Tokyo. All rights reserved. Page28 of 85



P53 m o1 p1 c2p53_ﬁuhﬂ2 ma3 phs3 m16 o1 p1 c2p53_mclm2 mi18
50 , T 10 oo 50 50 , T 10 oo 50.0
c c
mdm2 _ m mdm2 _ m
a a
P53 mé el p1 cszE_nuhﬂE mG P53 mila el p1 c2p53_nuhn2 m21
50 , T 10 0o 50 50 10 0o 50.0
c
mdm2 _m mdmz2
0.0 0.0
p53(o}m? o1 p1 c2p53_mclm2 md p53©=m22 o1 p1 02p53_mclm2 m24
50.0 , T 10 oo 50 50.0 , T 10 oo 50.0
c c
mdm2 __m mdm2 __m
0 0
p53@m10 el p1 c2r353_n'1cln'12c)n'112 p53©=m25 el p1 c2p53_mclm2 m27
50.0 , T 10 0o 50 50.0 , T 10 0o 50.0
c c
mdm2 _m mdm2 _m
0.0 0.0
P53 mi13 pi 53_mdm2 _ m15
O— L2
50.0 ) 1.0 : 50.0
c
mdm2 __m
0.0
Figure 38

The results of the simulation are presented bekigufe39).
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Figure 39

If the speed of theearateprocessstrictly depends on the value of p58dm2
(say ml), tis can be expressed by a respective equation defining the speed parameter
of the process (Ikigure40, m3/20 for the modelvhere all elements axd the
continuous type)
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The results of the simulation are presented bekigufe41).
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For modeldbased on discrete elementds difficult to createa model that
fulfills this condition

4.9 Inhibition

A specific dug sometimes inhibits activities of transcription. The transcription
model in Sectiod.3is modified with an inhibitor activity as falivs.

Stepl: Create an entity and set its name, e.g. doxorubicine.

Step2: Create a process and connect it to the doxorubicine entity with the
process connector.

Ste: Connecthedoxorubicine entity téhetranscription process wittme
inhibitory connecta

Stept: Do not changéhe threshold of the inhibitory connecftine default
value is 0)

The type otthedoxorubicine entity can batherdiscreteor continuous.With
the model irFigure42, one can simulate ¢hsituation where the concentration of
doxorubicine is growing. If the inhibition connector threshold is set to O for
continuous processes the translation will be stopped immediately after the first
Sampling Interval. For a discrete process Translationoeistopped after the first
step, as during the first step process (pl) is enabled.
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The results of the simulation are presented bekigufe43)
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Figure 43

If the threshold of the inhibitory connectermodified to 5 Figure44) the
results will be different. The results of the simulation are presented bieiguwé45)
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Figure 44
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Figure 45

As in Figure43 andFigure45, if doxorubrine is treated the transcription of p53 is
inhibited. The inhibitory activity will be adjusted with the threshold of the inhibitory
connector.

4.10 Catalysis

Enzymesatalyzea variety ofchemical reaction The modebf an enzymatic
reactioncan be created i thefollowing stepsThe frst three steps are similar tioe
translocation process in Sectiér2

Stepl: Create two entities and chatiggr names, e.g. p53 and p5B and set
their values, e.g. 10 and 0.

Step2: Create a process and set its name, e.g. catalysis. Connect p53 to the
process and connect the process top53

Step3: Set the catalysis speed by editing the speed apftibacatalysis
processSetKinetic Syle to CustomandKinetic Script (speedito 1.0.

Step4: Create one entity and change its name, e.g. CAK.

Step5: Create a process and connect it to the CAK entity with the process
connectorSet kinetic style t@€ustomand kinetic scriptgpeegito 1.0.

SteB: Connecthe CAK entity tothe catalysis process wittheassociation
connector.

Step7: Changthe threshold of thassociatiortonnectotto 1(the default value
is 0).

The type ofCAK entityis continuous.With the model irfFigure46, one can
simulatethe situation where CAK (enzyme) concentration is growing. If the
association connector threshold is set to 1 the catalysis process will be enabled when
the CAK entity value reaches 1 level.
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The results of the simulation are presented bekigufe47)
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If the threshold of thassociatiortonnectoiis modified to 5 Figure48) the
results will be different. The results of the simulation are presented bieigure¢49)
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In the presenteckaction, CAK influence on the model is enabling/disabling
the reactionThe CAK activity will be adjusted with the threshold of the association
connector.

However, in most of the systems, the reaction rate deperelszgmnme
concentratiorand substrateoncentrationln the example ifrigure50, the speed of

the catalysigprocesss defined with the equatigiml1*m2)/10. The model is rade of
continuous type elements and the threshold of association connector is feset
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10.0 a.0 m1*manao on
Figure 50

The results of the simulation are presented befagufe51).
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5 Caell lllustrator User Interface and Model Creation

At Cell lllustrator startup, a single main window pops up. You can create,
open, save and print a biological pathway model file using options in the&ile
(Figure52).

This window has the Menu Bat the top that allows you to manipulate the
model diagram.

@ Cell Tllustrator 5.0 Professional demo@intra.csml.org 10l =l
File Edit Element Simulation  Wiew  Analyze  Window Help
DEfse ROOOmME]| | i NS FARIQATHRPY- @€ 2- X #-
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- Wigw 1 9\' =
— = =
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_ T
- g0
= =]
| _§' el _mi ¢ p1 c2 82 _m2 a ¥
=B O—treshold———>er—————— () @
[=] 10 0 0 01*'ml 0
1 | = B
Figure 52

To create a new model, the first step is to open an ecaptyasvindow for the
model, which can be accomplished by either:

1. clicking on the top icors in theleft toolbar

2. clicking on the FilentheMenuBarand sel ecting the fANewo

5.1 Add Elements

To add a new elemehtanentity or aprocess, seleaneof ©,0,6,0
B and= iconsfrom the top toolbg and then click on theanvasvorkspace where
you want to place it. You may continue and place more components of the selected
type on thecanvas

Alternatively, you can press the right mouse button anywhere arathvas
and choose the desired element from the popup menu using Insert Entity/Insert
Procesdunction. The new element will be placed at teater of the active canvas

Lasty, you can select a predefined element inBi@ogical Elementgrame
(see Sectioh.5.]).

Eachentity has three labels associated with ityou to edit by double
clicking (seeFigurel). On the upper left is thidgameof theentity for associating
biological concepts with thentity. The upper right label is tRéariablerepresenting
thisentity. It is used in mathematical equations to define the rate of reaction in the
model. The lower left label represents the current value attiity. You can edit it
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to enter the initial value for the selectadity. Note that fodiscreteentities, this
value must be an intey.

A process can have up fiour associated labe(seeFigure 3). At the upper
left is theNameof theprocess. The lower right label is tkenetic Scriptof the
process. The upper right ldbe theFiring Styleof the process and thawer left
label is theDelayof the process

~ To add a connector to link two elements, sedeminnector typérom L1
and : icons inthe Drawtoolbar above theanvagane and then click on the element
where the connection originates. Next, click on the element you want to connect to.
The connector will be automatically drawn to connect the two elements. Note that a
connector linkentities toprocesses, nantities toentities orprocesses tprocesses.
If you draw a connector between two entities, a process with default parameters is
inserted between them. Alsdiscreteentities cannotconnect tacontinuousprocesses
(see Element Combinations in Sect®Bb). Genericentities can only connect to
genericproceses Each connector has up to three labels: above the connector is its
name, below is its firing style, and below the connector is its threshold (if threshold
firing style is enabled) or the rule (if mifiring style is enabledseeFigure?). The
threshold is a minimum value for the activation of the connester $imulation
Concept Section6.1).

5.2 Modify a Model

Theuser caimove any element within the model (i.e., change its location).
To carry out this task, click on the Selection Mdtlebutton from theDraw
toolbar Then, click on the element in tkanvasand drag it to move it. You can
also drag the mouse toleet multiple elements and then right click the mouse to
bring up a popup menu which allows to you to arrange, copy, cut, duplicate or
delete the selected elements. A mouse right click on a selected single element will
bring up a customized popup menu watiditional options to modify the element.

The Draw andElementtoolbars contain buttons for frequently performed editing
operations. This includes:

1 { flnsertF r a & e&eate a background frame

i ;‘\1 filnsert Texbd Annotate the model

L
1 hl Al nser © Lbathangneagand insert the image to the canvas

+) ..
{ i Zo onm Zoondin onthe canvas

i _4 i Z o o m dOZobndoutfrom the canvas

1 {fiReset & ZRestore the default models magnification

T ““AFit | nd Restorethed@fault models magnification
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1 ﬁﬁ i Goru @ 0 Group together choseslementdo treat them as one
for editing .

1 L A Un g rd Umpaoa group operation

i Q,é A Set Colortools @ Fill Color, = LineCoIororA
Text Color.

T £/iSet StCGhangeahe stroke patternselected elements.

=
>

N Tog gGrdiTdrothe background grid on or off

fTogagl esingdtTuradn ioraff antialiasing

=
r
>

5.3 Change Element Properties

For additional editing of the properties of elements in the model, the Property
Frametoolbar at the far right of the windowpsovided. Note that thé/indow |
Show Framemenu contains all options provided in this toolbar.

The actions for each button are as follows:
1 fiElement Listdd showtheElement Listframe(seeSection5.4).

+_—
1 ;]ﬁElement Settingsd showthe Element Settingsame(see
Section5.4).

1 EﬁBioIogicaI Propertie8d show tle Biological Properties frame
? AExternal Referencé showthe External Referencedsame(see
Section5.4).

1 I’Elli A Navi @ ashowa small view of the entire model to navigate
the model in theanvasvindow (see Sectiof.1).

1 ‘W Aview Setting®d showthe View Settinggrame In thisframethe
user can customize the glohddw settings of thective canvas, e.g.
showandhide entiy labels

1 == fChartSetting®d showtheChartSettingsframeto create time
series plotsgeeSection6.2.3.

i }'“ A Si mu Settinged showthe Simulation Settingsameto
change simulation parametésee Sectio.2).
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1 t ASi mul at i ljoshowtde SintulatioryHistoryrame The
framecontains the list odll simulation log files for the active model file
(see Sectio’.3.2

¢ ““AGr aph ilshoywGraph bayouframeto setup elements on
the canvas in the specified way.

i - ifPat h Resls® csowthePath SarchResultsn a tabular
view (see Sectiof.2).

i fi C o mm edn shanvdthecommentof the selected elemeint a
tabular view

5.4 Element SettingsFrame and Element Lists Frame

Theframes that show the details abdhe variables and equations in the
model are th&lement ListgseeFigure53, Figure55, andFigure57) and the
Element Settings (sd-igure54, Figure56 andFigure58). They can be opened either
by selecting thiéemsElement Settings and Element Listspectivey in Window |
Show Framenenu or by clicking on the buttor’>! andzl in the Propertyrrame
toolbar.

The Element Listdrameconsists othefollowing sheets: th&ntity, Process
andConnectorSheetas well as the Fact, Fact Edge and Group SEaeh shee
contains a table dll elements of the given typentity, process, connectpfact
vertex, fact edge or groupsspectivelyin the active canvaand their main properties
A selection made in thElementList will be immediately reflected in theanva, and
vice versaYou can easily change a property of an element by double clicking on the
corresponding cell in the table. Note that the columns which can be edited have a
white background while the columns that cannot have a gray background. To change
an element property displayed in a gy column, you need to select a
corresponding element in the canvas and opekldraent Settingfame

TheElement Settingfamedisplays all the properties ot single element
selected in the canvas. Thiamemay display, depending on the type of selected
elementa list of various properties divided in categories: Simulation, View, Shape,
Image, Biological Properties, Custom Biological Properties, &ty modifications
made in théeElement Settingwill be immediately reflected in thElement Listsand
thecanvasand vice versa.

5.4.1 Entities

For entities, several properties are available for editinpthframes (see
Figure53 andFigure54). A default setting is automatically displayed if you have not
entered any value. You can change the name @htityg to reflect its biological
meaning and you can also enter the initial value oféhity. The current value of
theentity is displayed once simulation data is availablesfiow/hide the selected
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elementin a simulation output file, check thésible box. Clicking on the column
header you can sort or filter the tabf@u can also control & given column
(property)shouldbe visible or hidden in thiable by aight-click on the column
headeiand choosinghe Select Visible Columitem from the popup menu

Enkiby F'ru:u:ess| Connector | Fact Edge | Fack Yertex | Gr-:uup|

Mame =+ C30.. * Type » Maria..., = Initial... = Ewal... = |isible = Depth -

nRMA Doble i b | g [ @ | 0O

bra ol mz o | @ | @ | 0
&3 Prokein Cauble m3 100 ¥ ¥ 0

|:| Elernent Lists |:| Biological Pr.. |]‘: Simulation Hi..|9 Simulakion E. . | E Gene Mining |#== Path Search..

Figure 53

If an entity is selected in the canvaaxl theElement Settingfameis
activatel, theproperties of the selected entéye presented the(Eigure54). The
type ofentity cannobe ediedin Element ListsHowever, it can be changedthe
Element Settingflame A continuousentity can onlyhave theDouble value type,
while adiscreteentity be itInteger or Long or genericentity can have the value type
String or Boolean. ThMaximumValue anadVinimum Valuefields define the
allowable value rangd he display properties associated with se&ectedentity can
be modified intheView and Shape categories
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Elernent Setkings

4 P
4 1[m=] =4 e

=] Entity
Element Id
Marne
50 Class
Children
Parents
&l Edges

E simulation
Type
Yariable
Initial Yalue
Eval Once
Max Yalue
rlin Walue
Log
Global

E Yiew
Yisible
Show Marne
Shows Variable
Show Yalle

=
a2
Dna

Double
me
10

<

AKX 7170

(Mazwa)
Opis)

| 5| Element Setkings | <@ View Setkings | | Chart Settings | h Simulation Settings

Figure 54
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5.4.2 Procesgs

In theProcesdlList in the Element Lists Figure55), youcanchange the name
of the process teeflect its biological meaning. Also, you can set the KinBticpt
andDelay Script property.TheKinetic ScriptandDelay Script fieldglefine,
respectivelythe speed add / update function and delay parameteéhe processes
The KineticValueandDelayValue columns display current simulation values.

Elernent Lists

Entity | Process | Connector | Fact Edge | Fact Vertex | Group |

Marme *  Type *  Kinetic... *  Kinetic Script *  Delay *  Visible -
pl iContinous Mass 0.5*mz*m1 - v

pZ iContinous Mass 0.1*ms3 v
p3 antinous

D Element Lists D Biological Pr.. |t‘ Sirnulation Hi, |$ Simulation E. . | H Gene Mining |#= Path Search..

Figure 55

If a process is selected in a canthsElement Settingfamedisplays the
properties of the selected procésgure56).
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Elernent Setkings
2|41 [=] =t
E Process - |
Element Id p3
Marme p3
30 Class ProcessBiological
E simulation
Type Conkinous
alc Skyle Speed
Firing Style and
Kinetic Style Mass I
[=] Kinetic Script: 0.1%m3
coefficient1 01
coefficientz 1.0
o4 skoichiommetry 1.0
5 skoichiommetty 1.0
kinetic Scripk Language
Delay r
Delay Scripk 0.0
Delay Scripk Language
Ackivity true
Activity Scripk Language
Pricrity 0
(Mazwa)
(Cpis)
5| Element Settings | < Yiew Settings | Chart Settings | ¥ Simulation Settings
Figure 56

Themajorprocess parameters displayedhia ProcesSheet ardype,Calc
Style,Firing Style, Activity, and Kinetic StyleTheCalc Stylepropertydetermines its
Type, whichdefines whether the processliscrete continuousor generic and

One can choose between two Firing Style settinfsan d 6 aFoerch fior 0.

processvi t h t he def auy,lfallinfguapnodeds cdnhectorsragd st y | e
association connectors of the process are activated and no input ighibitoector

of the process iactivated theprocess ignabledFor a process with
style, the process is enabled if at least one of Association or Inhibitory input
connector fulfills its condition and all input process connectors fuiiirtrespective
conditions.

The Kinetic Style defines the method for calculating the values of connected
entities. Theproperty can have thHellowing options:Custom ConnectorCustom
Mass SochasticMass ConnectorRate, MichaelisMenten Hill Function Each style
requires a specific set of parameters that you need to etttertaattom part of the
Element ®ttingsframe For example, you must specify tBeefficientl Coefficient2
Standard DeviatiomndConnector Stoichiometiipr the Stochastic Masstyle. The
most general style is Custom. If a process has the Custom kinetic style, you need to
specify directly itsKinetic cript, i.e., the formula that governs the value change. For
other kinetic styles, the kinetic script is predefined and you ohnset the values of
parameters in the equation.
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TheDelayoption is enablefbr a discreter continuougprocesgsee Section
3.4) andit takes apositive real valuer zero A discrete process will fire justtar its
delay time if the process is still activ@therwise, it can lose its chance to fire. The
delay is specified in Petri net time [pt].

By default, the Activity property of a process is setrte. However, you can
write a script in thé\ctivity field to turn the processn andoffin the course of a
simulation. er an example ohow towrite ascript see Sectior®

In theView and Shapeategory you can modify the display properties
associated with thprocess.

5.4.3 Connectors

Element Lists

Enkiky | Process | Connector | Fact Edge | Fack Yertex | Gr-:uup|

Mame *  Type *  From * To *  Fiting... = Fiting... = \Misble -
cl InputProcess el pl Threshold 0 I

cZ InputProcess ez pl Threshold 0 I

3 InputProcess &3 pz Threshold 0 |£| I

o4 InputAssociation &3 p3 Threshold 0 I
s ot 2 o5  [heshod B | @

|:| Elernent Lists |:| Biological Pr.. | I‘: Simulation Hi..|':a Simulakion E. . | E Gene Mining |#== Path Search..

Figure 57

In the ConnectolList of theElementLists frame theName,Type,From, To,
Firing Style, Firing ScripandVisible properties are display€gigure57).

Whena singleconnector is selected in a canvilg Element Settinglame
displaysits properties Figure58).

Themajorpropertieghat you can edaéreCSO ClassConnector Firing Style
Firing Threshold anéiring Rule. The CSO Classlefines the connector type, which
can have the valugsocessinhibitory or association TheConnector Firing Style
option defines how the condition for activating the connector is calculated. (It should
not be mistaken with therocess Firing $4e parameter.) The Connector Firing Style
can take the Threshold, Rule or No Check value. In the Threshold style, the value of
the FiringThresholddetermines if the connector is enabledhd current value dhe
source entity is larger than tileesholdthenthe connector is enablebh case the
Connector Firing Style is set to Rule, the behavior of the connector is defined by a
boolean expression (script) in the Firing Rule field. No Check option always enables
the connector.
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Elernent Setkings

Y P
|24 " By Bl

E Connector -
Element Id cl
Marne cl
30 Class InputProcess
E simulation
Type InputProcess
Kinetic Script 1.0%(0.5*mz*m1)
Firing Style Threshold
Firing Scripk ]
Firing Zcripk Language
Log
E Yiew
Yisible
Show Marne
Showe Firing Operation
Shiowe Firing Skyle
El shape
Depth 1]
Line Calar N 0,00 255
Line Skyle Skraight
Line Stroke ——1.n hd
(Mazwa)
{Opis)

EUUIUC |

5| Element Setkings | <@ View Setkings | Chart Settings | P Simulation Settings

Figure 58
5.4.4 Biological PropertiesFrame

TheBiological Propertied-ramedisplays a list of all elements of the selected
type (Entity, Process, Connector, Fact Edge, Fact Vertex, Group) altntheir
biological properties anénables you tgiew/asignadditional biologichinformation
such as locatiorc€ll component biological role, biological evenGO ID, list of
Pubmedetd DO s

Similarly to theElement Listdrame,in this frameyou can easily change a
property of an element by double &lieg on the corresponding cell in the tabkeor
selected properties such as Cell Component or Biological Event, you can select the
values from a list of predefined choices. Please note that changing the Biological
Event of a process will assign a newgral symbol (image) to the process on the
canvas.

Clicking on the column header you can sort or filter the table. You can also
control if a given column (property) should be visible or hidden in the table by a right
click on the column header and chaomgtheSelect Visible Columitem from the
popup menu.

Any selectiormade in thé&elementList will be immediately reflected in the
canvasand vice versa.
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5.4.5 External ReferencesFrame

Using thisframe you may define for each model element a list of reference
to external databases or vocabularies. The defined links can then be opened and
viewed in a web browser.

5.5 Biological Elementsand Pathway Fragments

While you can use the menu options and toolbar buttons descriBedtion
5.1to add elementdiological pathwaysan be created faster ammre intuitivelyby
dragging and dropping appropriate elements fronfrtimaes that support building of
pathwaysTheseframes give the user the access to many predefined eltnos
pathway fragments and the ability to insert these fragments to the active canvas.

Aol IF

P R
The Library toolbal 4 ~>. gives a quick access to these useful

frames.

5.5.1 Biological ElementsFrame

The Biological Elementfamecontainsthe Entity, Process an€ell
ComponentSheet.

TheEntity Sheet contains biological elements thait contain a certain
guantity, e.g. mRNA and proteirF{gure59).
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Figure 59

The ProcessSheet contains biological elemeihat denotdiological
processes, e.g. phosphorylatenmdtranslocation (seEigure60).
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Figure 60

The Cell Componensheet contains useful pictures of cellular components, e.g.
cell and mitochondron (Figure61).
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Figure 61

5.5.2 Project Manager Frame

Cl Project Manageis a user interface to pathway models stored on
www.csml.orgveb page.

In thisframg you carbrowse and search through pathway librasiesed on
www.csml.organd download and open the selected pathways in Cl window.
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