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Environments

Developmental environment

Software Version

0s Windows 7(64 bit)

MATLAB Ver.7.8.0 R2009a

JAVA Java SE 632bit)
Xerces Java Pars@r7.0

Path
Application Path
Java C:¥Program Files (x8@Javajre6
CADLIVE Text Editor C¥CADLIVE¥
CADLIVE MATLAB (this application) | C¥CADLIVE_v1l

* |nstall of CADLIVE GUI Network Constructor and CADLIVE Text
Editor

Thesearedescribedat http://www.cadlive.jp/cadlive/editor/download.html

* Install of CADLIVE toolbox
CADLIVE_v1.zip (http://www.cadlive.jp is unzipped,the folder CADLIVE_v1 is copied to
AC ¥0.

* Path for Java
Open the file GECADLIVE_V1¥CADLIVE_ setenv.m, and change the path as follows if siser
use Windows 32 bit.

%setenv('J¥A_HOME32','C¥Program Files (x8@Java¥4re6');
setenv('JAVA_HOME32','&Program File¥Java4re6");


http://www.cadlive.jp/cadlive/editor/download.html
http://www.cadlive.jp/

* Path on MATLAB
RunMATLAB , andthe folder, C¥CADLIVE_v1, isaddedo thepath of MATLAB.

<\ MATLAB 7.11.0 (R2010b) (=2 558 =<}
Edt Debug Deskiop Wendow Help
Hew » 3 || C:¥Users¥FOOVDOcUmentsSYMAT LAB - |[e) B
Open... ctrivo
Close Command Windov W x
Import: Data, LT\ >>
Save Workspace As... ctres 0|
Set Path...
Preferences...
Page Setup...
Brint... Ctrl+P
L+
1...In¥CADLIVE_setTarget.m R
2 C:¥...n¥CADLIVE_initial. m
2 ..N¥CADLIVE_getFitness.m
4 C:¥...8in¥CADLIVE _pararm.m
Exit MATLAB ctrivg
4 Start| Ready WR
TANS -0 [
4 setpan [T o
Add Folder to Path
All changes take effect immediatety.
MATLAB search path:
oA ~
e «M I>ba-s o
|| Ci¥graphvizamatiab¥demos E & 0s(C:) 3
1| Ci¥Program Files (x86)¥avav] i » 1 boost_1 330
|| Ci¥graphvizaMatlab
|| Ci¥Program Files¥MAT LAB¥R2010b¥toolbaxématlab¥general v ). boost_1 430

C:¥Program FilesvMATLAB¥R2010b¥toolbax¥matlab¥ops

Move Up |, C:¥Program Files¥MATLAB¥R20 labi¥l m
|1 Ci¥Program FilesVMATLABYR2010b¥toolbax¥matlab¥elmat
e Down |, Ci¥Program Files¥MATLABKR2010bVEcolb o matlabivrandfun TTesis
Move to Bottom I. C:¥Program FilesYMATLABYR2D > )i xerces-2_7_0
11 Ci¥Program FilesVMATLABYR2010b¥toolbax¥matlab¥spectun 2
|/ C:¥Program FilesVMATLABYR20105¥toolbax¥matiabi¥matiun

J. C¥Program Files¥MATLAB¥R2010b¥toclbax¥matlab¥datafun -

TANH—E: GADLIVE v1

[z -ofsm [ ok | [ Fedn |

Save H Close H Revet | [ Defauit ][ Help

* Make a folder for a model
The files for a model are ade in the current folder. Users should make a folder for the model and

use this application in the folder.



0 Overview

A goal of systems biology is to construct biological systems at the molecular interaction levels and to
understand some design prineplunderlying the molecular processes. Biochemical networks are
the sound bases for pathway analysis and dynamic modéledCADLIVE system implements a
variety of application modules to perform the network analysis and the dynamic simulations based
on Hochemical network maps (http://www.cadlive.jp)-31 As an extension of CADLIVE, this

standalone application is developed for constructing mathematical models which work on MATLAB.

This application hadunctions for conversion into dynamic model arglmulation parameter
optimization and systemanalysis(Fig.1). First,theconversion and simulation modwdetomatically
converts a biochemical map into a mathematical model and subsequently simulates the dynamic
behaviors. Here, the mathematical modehi&éde inMATLAB. Second,the parameteoptimization
module employsa genetic algorithm (GA) and twphase search (TP®)ethod[6] to seek outa
global minimumand to estimate many plausible values ofkimetic parameters that determine the
dynamic behaviorof systems, respectivelyfhe employed GAis derived fromthe CADLIVE
Optimizer B]. On the other handhe TPS smoothly combines a random search with an evolutionary
algorithm to achieve both nonbiased and Fsgbed searches for a large parameter sjpacally,
systemanalysismodule includes thesensitivity analysis with respect ® single parameteand
gausimultiparametesensitivity (QMPS)[7]. QMPS measure a robust property of the model to the
uncertainty of all kinetic parameters angrovides atheoretical or quantitative insight to an

understanding of how specific network structures are related to robustness.

These algorithms in CADLIVE greatly facilitate simulating and analyzing a biological system,

enhancing thefficiency for the researdh systems biology.

This application hasmainly three parts; conversion into dynamic model argimulation and

simulations folocal parameteoptimization by GAandglobalparameteoptimization byTPS.



Network construction |

Y
SBML file (sanac)

Y

Mathematical modeling
(CMA, GMA, MM, TPP)

Conversion into S-system =

r
Local parameter Global parameter
optimization (GA) optimization (TPS)
\
| > II SimU'm\ | |
i Robustness analysis
| Sensitivity analysis | for whole system (QMPS)

Fig.1 Overviewof functions for CADLIVE toolbox

Here, we illustrate the simulation of a straigk&ctionchain modelThe map of the model is made

by the CADLIVE GUI Network ConstructofFig.2). X0 is the constant. X1, X2, X3 and X4 athe
time-dependentariables.X 1 , X2 and X3 doXddléacomdosedlbthereactias a n d
occur in themetabolic layer. StraightChainModel.xmhisittenin the CADLIVE format (Fig.3).



& CADLIVE [E== B <5

File Edit Window View Confiy Help
& Data Editor - StraightC

ListOfSpecies
Specieshame HindingSite Compartment MassHalance | TotalAmount |Decomposition| InifialAmaount
Ime g a 1
X1 metabalite cytoplasm off variable off a false
%2 tmetabolite cytoplagtm off variahle off [i] false
i) tmetabolite cytoplagtm off variahle off [i] false
4 metabalite cytoplagmm off variahle on i] false
El protein cytoplasm on constant off 1 true
=] protein cytoplagtm on constant off 1 true
E3 protein cytoplagtm on constant off 1 true
E4 protein cytoplagmm on constant off 1 true
HOE1 maodifier_complex cytoplasm on variable on false
H1E2 modifier_complex cytoplagtm on variahle on false
HZE3 modifier_complex cytoplasm on wariahle on false
HIE4 modifier_complex cytoplagmm on variahle on false
e TS & Network Constructor - StraightChai =]
ReactionMame ModifierReacti | _Medifier || [2evtoptasm
# ET-00 = X1 i— Species
#6 E2-0X1 =42 — -
#7 E3-(¥2=%3 s i
# Ed4-03=34 Reacti ()
]
<> —
e O
——
= A
— )
; —y ona
> S —
E ® - L {3 £
Tranaitionstate =
VirtualReaction -
-2 WhiteBox
Sy r:f]
- BlackBox
=
1 \ 3
Synchronize | EditComparment | Expand | Zoomout(—)|[_100% ] zoom i+ |

Fig.2A straightreactionchain modeln the CADLIVE GUI Network Constructor

(=] =]

@Q,| , « sample » StraightChain v|¢,|| StraightChainDt& 3 p|
ZE - S IZUiCEm - HE ~ ==t AT A A — =~ 0l @
- E\ﬁ':_.j\ij i gﬁﬁ -“’3«;5. "_T"'
e i
, Dropbox = MathParam.bxt 10/4/2012 3:49 ... TXT Z7-TJl
P =
i — S5E.txt 10/8/2012 11:1 TXT 271l
[ Google Drive =
B ¥o>0-FK || StraightChainMaodel.xml 10/2/2012 2:24 ... XML Z7-1J
. Sl
= BAETUIZEF
- 4 L 3

3 EmEE

Fig.3 Folder preparefdr thedynamicmodelfor this application

5




1 Conversion into dynamic model and snulation

This partis an applicatiorprogramfor automaticallyconverting biochemical networks into
mathematical mods|simulating the modedndperformingsensitivity analysis

1.1 Start
Execue A CADL | ok thaVATd AB command windowto start the CADLIVEtoolbox

(Fig.4).

4\ MATLAB 7.11.0 (R2010k) [ &@]==]
I7AIAF) AREE) FMwHE) FRELwID) Do REoW) AILTFH)
NE| LB BR9 o~ & 8 @ | Cy¥usersyroo¥Desktop¥sample¥StraightChain - E]@
|: ==a—bthawbk
WEOZAINA— w O 2 x| D—F2A8—1 il i E G L) H0oax
| « sample » StraightChain | OB - »» GADLIVE start
fr o
E - HZ
| MathPararm, 1/ B} Select a Requlator-Reaction Equation Data File & Requlator-Reaction Equations ol ® ==
[ sSE.bat 1
| StraightChainModel.xml 5
[ Launch GADLIVE TEXTEDITOR. ] [ Launch GADLIVE NETWORK CONSTRUCTOR,
| [ Select regulator-reaction equation data file ]
Gene-Protein Laver: |Cpg Metabolic Layer: GMA
[ . | [ . |
|
SEH
7 FREE
E-H-- 2013/01/21 19:16 =%
-CADLIVE_start
|
|

4 2E—RS)| T B D B EEET BICEIU v S LT RSwd LT SN &=

Fig.4 Startof the CADLIVE toolbox



1.2 Loadof a regulator-reaction equation data file

Bydicking the fiLaunch

C A D LtHe CADLIVEET¢XT Eddr SOR 0

opened The CADLIVE Text Editor helps users describirgnetwork modelThe manual othe
CADLIVE Text Editor is downloaded dittp://www.cadlive.jp/cadlive/editor/download.html

By clickingthefi Sel ect-r eagtl anorr q ubattor, osers select tlke ddta flee 0
(CADLIVE format file) for the regulatorreaction equation modéom their PC(Fig.5). The
data filewritten in the XML format is built by the CADLIVE Text Editor[2], GUI Network

Constructor2,3] or Convertelf4].

el

4 4\ MATLAB 7.11.0 (R2010b) o ==
FrANF) REE) TSR] FREMeFD) Do ROW) ALTFH)
= B9 o & B | @ | c¥Users¥Fo0¥Desktop¥sample¥StraightChain - D =
Za— kb
N REQIANAS—w O 2 x D228 m a3 SR g v +0O? x
« sample » StraightChain v 0 E - »» CADLIYE start
fx >
& H
| MathPararn.bd: 1/ select a Requlator-Reaction Equation Data File & Requlator-Reaction Equations ===
[ ssEbct 1
| StraightChainModel.xxml 5
| Launch CADLIVE TEXTEDITOR | | Launch GADLIVE METWORK CONSTRUCTOR
| Select regulator-reaction equation data file |
!
| Gene—Protein Laver: g | | Metabolic Laver: GMA |
Please select a data file chemical equation @
Z71 JLDIBFR(D: | StraightChain j cf B~
BT S
! —— R Zh EHE =
O i e 2
Eemea o, StraightChainModel.xml 2012/10/02 14:24 XML 27l
=-#-- 2018/01/21 19:16 --% REFTLLAT (T d
~CADLIVE start !
i FAAbT
343
Tota—f—
.=
LV
Fyb—4 P o B
EE= 0 |StraightChainModel xm - RAK (0)
@ 25— FrAMOEET: [ =] P

Fig.5 Selecton of theregulatofreaction equatiodatafile

*Once usergzonvertan xmifile, the DAE file with a mathematical model can only be loaded if

users use the same model in the next.

but


http://www.cadlive.jp/cadlive/editor/download.html

1.3 Sdection of conversion methods

The selectedegulatofreaction equatiordata fileis displayed in the window (Fig.6), where
users choose the conversion methods with respect tepgetein layer and metabolic layer,
respectively. The conversion method carsklecteadut of thefollowing methods:
GeneProtein layer:

n CMA

N TPP_STEADYSTATE 1

N TPP_STEADYSTATE_2

n TPP_RAPID

Metabolic layer:

n GMA

n MM

N SAME_AS_GENEPROTEIN

The details oflescription for the are in
http://www.cadlive.jp/cadlive/simulator/Suppl_method_1.pdf

Bl Select a Requlator-Reaction Equation Data File & Requlator-Reaction Equations =] @ |

[ Launch CADLIVE TEXTEDITOR ] [ Launch CADLIVE NETWORK CONSTRUCTOR

[ Skt el ar=—ereifen s Aeis Pk ] C¥#zers¥FO0¥Dezktop¥straightChain¥straiehtChainModel xml

Gene—Protein Laver: Ghia Metabolic Layver: GMA v;
EY It SAME_AS GENE-FROTEIN
HE R

Fig.6 Selection of conversion methods theGeneProtein Layer and Metabolic Layer


http://www.cadlive.jp/cadlive/simulator/Suppl_method_1.pdf

1.4 Edition of mathematical model data

Bydicking the

RegulatorReact i on vihdawatt mensMEdi t

i N @& 8léecd a RegulatbReactionoBguatiorh Rata File &

Madow is dibplayedBy Dat a o

cdicking the AEdit vRndawahedile ®raomath mddel (DAE filelp t h e
opened orthe MATLAB editor so thatuserscanchange the modelnd its parameter$ig.7).
This file is saved as MathDAE.txt in the current folder.
B Edit Math Model Data [= = |[==]
Chemical Egs | I H— - C¥Users¥FO0¥Desktop¥sarmple¥.. | o |[ @ |[ &2 |
7)) REE) FEANT) HEG) »oN A x
Edit Parameter al=1 1K} By ™ o 4 @) O -
BB -0 [+ | #(11 | x | oo | @
1 == Model == g
2
3 TITLE:StraightChainModel
4 [NFO:StraightChainModel
5 CONVERSION TYPE |
g GENE-PROTEIN :NONE 3
7 METABOLIC:GMA
8
9 == Constant Players ==
10
11 constantPlaver[1] = 1; ®0.cvt
12
- 18 == Yariables ==
Quit 1 Mezxt
15 = Algebraic Equation =
18
17
18 = Differencial Egquation =
19
2 w[¥l.ewt]l = 0
21 y[H2.cyt] = 0;
22 w[¥3.cwtl = 00
22 w[¥dowt] = 10
. I8
| FEARREDI T A 15 Bl 18 | FEZ
Fig.7 Edition foramathematical model
*TheDAE fil e must be saved before clicking t

buttan if users change its content

* |f users manually make the mathematical elofiom scratch, users can loaddummy xml
file and edit the DAE file in this contralr the edited DAE file can be loaded in Section 1.2

he



1.5 Seleabn of analysis types and input control data

Byc icking the fANexto buttomwndowmm the @MBa&iltcMatAne
Type & Set Cont r oWwinddwnastdiaplayed, whe® users $eledt theoanadytical

type for a mathematical model and input conditionsheftype(Fig.8).

Analysis type

Users can choose éesbDhenr-siByeamdipdy amisgpsAnal ysi
simulates the time evolution of the values by calculating differential and algebraic equations,

and ASteaeaddy Anal ytseivaues atsteddy statedy selging algebraic equations.

The checkbox of "Parameter survey" determines if the simulation surveys the parameter space.

The checkbox of "Use-System", which employs-System differential equations, appears only

under the ondition that the simulation has been solbefbre. Ithever appears when the TPP is

selected athe conversion method

Control data for simulation

I'n ADynamic Analysiso, users set iSol ver Type
stepsi zeovedrebanirelative tolerance and fAabsol ut
I n A Sstteaatdey Anaslkesi fiG,et u vyanRuagpsh sfoomr ME ¢ Wwtoad o . Sens
with respect taa chang in each parameter asdmultaneouslyc al cul at ed -statben A St e
Anal ysi so.

10



Bl select Analysis Type & Set Control Data for Simulation o] @ 3]

Equation type - MM
Analysis type | Dwmamic Analysiz v:
e S—zvstem

[] Parameter survey

— Zolver Type (tolerance)
() Runege-Kutta (Adaptive step-zizellodedd] (relative: 1e-012|)

@ MDF[ode15s] (relative: le-012| . absolute: le-012))

— et time span and time step-size.

Start time n
End time ]
(Initial}time step-size nm
Manitoring interval nnz2

— et values for Mewton-Raphson Method.
Maximum trial times 20
Talerance for convergence of functions 1e-012
Tolerance for convergence of wariables le-012
Ratio of chaneing parameters 11
Change width for calc. sensitivit{STO) 0001
— Cther.
G-value 1
Y default walue 0ol

[ Bk | [ Hex

Fig.8 Selecton of Analysis Type and Seff Control Data for Simulation
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1.6 Input of parameters
Bycd i cking the fANexto button on the fASelect Anal

window, t he fASet Par ameninédowis displayddFih.9),iwhereausers Viput u e s 0
the(initial) values ofkinetic parameters antthe variables forthe mathematical model.

User Functions

Users sel ect Ausr _fveco or Ausr _fjaco button.
function for the diffeential equationsHig.10) . Ausr _fjaco (CADLI VE_ _usr _
Jacobian functionKig.11). By d i cki ng the AEdi't Uie salecteBisi nct i on o
opened and can leglitedonthe MATLAB editor.

Initial Values
Users selecthei | ni ali aé 0 Vor AParameterso button. Al nit
has information ofthe control data and dependent variableBig(12) . iPar amet er s

(CADLIVE_param.m) has information ofhe (kinetic) constantparameters Kig.13). By
cdicking tilhae NBUIUE b sekdetdstomenednthe MATLAB editor.

Merge File

The Merge File helps users setting the parameters by copying or merging the existing data,

which greatly reduces laborious parameter setitygddl i c ki ng t he hutorthe ut e Mer
existing data of a parameter file is copied@ADLIVE_initial.m and CADLIVE_param.m

(Fig.14). The parametef i | e can be downl o ¢&id.&5)d Byateckifighteet h Par am
AfUpdate Blank Onlyod but t valuesantl faemmeterslapeidettd ank dat
CADLIVE_initial.m and CADLIVE_param.nas uploaded datBychec ki ng t he fAUpdat
button, allthe data are input

Here, users mainly edit CADLIVE initial.m and CADLIVE_param.fine meanings for each
variable are described isection 1.6.1and 1.6.2 If usersedit the differential equations in
fiusr_fve® andor add new variables, the variables need to be attd€ADLIVE _initial.m and
CADLIVE_param.m.The entireedition need to be saved before negperation

12



[ Reeulator-reaction eqs. ]

User Functions

[ Edit User Function ]

@ usr_fvec

() usr_fjac

Initail Yalues

[ Edit Initial Values |

@ Iitial Value

() Parameters

Merge File

[ Execute Merge ]

@ Update Blank Only
() Update All

[ Back ][ Execute ]

Fig.9 Control of setting parameters
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T IFrH— - C¥Users¥FO0¥Desktop¥StraightChain¥CADLIVE_usr_fvecm EI@

I7AAE) REE) FEAND #HEBE UL Y0 FledE) FRIbeFD) Saw RO ~LFH) w ) x
NEH| sRR20C |- -Aasf| b -A0EBREBRB| 5250 ~2 fx HDB =0
EEE - 10 [+ = 11 x| o e | @

[ TITLE:Strai ghithainiodel [

1

2 % INFO:5trai ghiChainhodel

3 % CONVERSION TYPE

4 % GENE-PROTEIN :NONE

5 % METABOLIC WM

E funct ion [fvec] = CADLIVE usr_fvec(y, Gene. p)

7 - constantPlayver_len = lengthip.constantPlayer);
8

= for i=1:l:constantPlayer_len
= constantPlazer(i) = p.constantPlayer(i).value;
m - end
1= G_len = length(p.Q);
12 - for i=1:1:0_len
13 - Gli) = p.ali).value;
4 - end
15 — Kmich_len = length(p.Kmich);
16 - for i=1:1:Kmich_len
7 |= Enich(i) = p.Kmichii).value;
18 - end
19
20 - fvec( 1) = G(1)*constantPlayer (2)xconstantPlayer (1)/(knich(1) + constantPlayver (1)) - Q(2)#constantPlayer (3)xy (1)/(Enich(2) + »(1));
HI fvec( 21 = Q(2)xconstantPlayer (3ey (10 (hnich(2) + v (130 - Q(3constantPlayer (4)ey (2)/(Mnich(3) + »(2));
7 |= fyvecl 3) = Q(3)xconstantPlayer (4)*y (2)/nich(3) + v(2)) - Q(d)sconstantPlaver (3)#y (31 (Knich(4) + v(3));
2% - fvecl 4) = Q(4)xconstantPlayer (B)+y (3)/(nichid) + v(33) - Q(B)sy (4)/ (Kmich(B) + v(4));
24 - end
25
28

CADLIVE_usr_fvec 1 R 1 | EEE

Fig.10 CADLIVE_usr_fvec.m
T h dvediindicateghe differential equatiofor a dependent variable y.

14



[ T &— - C¥Users¥FOO¥Desktop¥StraightChain¥CADLIVE _usr_fjac.m

=N /BN =)

I7ALE) REE) FEART SBEG WO Y0 FOwE) FREMeID) DaBEOW) ALFH) WA X
NEH|$RBIC (oD - Mei B -BRRBE BB | 25950~ - f OB 20
BIE| - |10 |+ | £ [11 | x |« @
1 % TITLE:StraightChainlodel o
2 % INFO:5traight ChainMode!
3 % CONVERSION TYPE
4 % GENE-PROTEIN :NONE
B % METABOLIC: MM
g function [fiac] = CADLIVE_usr_fiac(y, Gene, p)
7 - flac = zeros(4);
g - constantPlaver_len = length(p.constantPlayer);
9 - for i=1:1:constantPlaver_len
n - constantPlaver (il = p.constantPlaver (i) .value;
1= end
12 - Q_len = lengthi(p.0);
13 - for i=1:1:0_len
14 — A1 = p.0li).value;
15 - end
16 — kmich_len = lengthip.Kmich);
17 = for i=1:1:Emich_len
18 — Emich(i) = p.mich(i).value;
19 — end
0
21 - fiact 1, 1) = -(0(2)*constantPlayer (30« Knich(2) + v (1)) - Q(Z)xconstantPlayer (3*y (110 ((Knich(2) + »(13)72);
22 - flacl 2, 17 = (Q(2)%constantPlaver (33 (Knich(2) + »(13) - QU2)sconstantPlaver (30ev 100/ Cmich(2) + »(1007°2);
28 — fijact 2, 2) = -(0(3)xconstantPlayer ()« Knich(3) + v(2)) - Q(3)xconstantPlayer (A)*y (210 ((Knich(3) + »(2))72);
24 — flac{ 3, 27 = (Q(3)%constantPlaver (4)%(Kmich(3) + »(2)) - Q(3)sconstantPlaver (4)ev (2000 Kmich(3) + »(2007°2);
5 - flac{ 3, 3) = -(Qid)xconstantPlayer (30« (Kmich(4) + w (300 - Q(4dxconstantPlayer (G)#y (300 T(Knich{d) + w(30172);
6 - flacl 4, 3) = (Qi4)tconstantPlayer(Gix(Kmich{4) + ¥(3)) - Qid)*rconstantPlaver (5)xy(3))/((Kmich(4) + ¥(3))72);
27 — fiacl 4, 4) = -(Q(5)*(Kmich(5) + »(4)) - Q(5)xy (40)/((Knich(5) + y(4))72);
28 - end
29
30
CADLIVE_usr_fiac T A o1 £EE

Fig.11 CADLIVE_usr_fjac.m
T h djacdindicatesthe partialderivativefor fifveco.
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[ T 5— - C¥Users¥FO0¥Desktop¥MPStest¥StraightChain_dynamic¥CADLIVE initial.rm

o= ]

7 AIE) ARE(E) FTHEANT) HBEHG TG w—{o) FOwSE) TR e BN A X
NEH| sRBR20 (s-Aesh|B-80RBRBE BE B O -
BEE| - 10 |+ | =1l x| @
1 function [CADLIVE_GTL Y_STARTI=CADLIVE initial (]'| TD
2
3 =control data
4 - CADLIVE _CTL.M_VAR=4;
B [= CADLIVE _CTL.N_ALGEBR=0;
[
7 %=zzolwer
g - CADLIVE _CTL.SOLWER=3:
(= CADLIVE _CTL.P_SURMEY=0;
m - CADLIVE _CTL.RK_EPS=1.000000e-012;
1 - CADLIVE _CTL.NDF_RTOL=1.000000e-012;
12 - CADLIVE _CTL.NDF_ATOL=1.000000e-006 ;
13
14 ==t ime span and tine step-size
15 — CADLIVE _CTL.T_START=0.000000;
16 — CADLIVE _CTL.T_END=1.000000;
17 — CADLIVE _CTL.DELTA_T=0.010000;
18 - CADLIVE _CTL.DELTA_M=0.020000;
13
20 %==Newt on-Raphson Met hod
2 |= CADLIVE _CTL.MR_TRIAL=20:
22— CADLIVE _CTL.NR_TOL_F=1.000000e-012; =
28 - CADLIVE _CTL.NR_TOL_¥=1.000000e-012;
24 — CADLIVE _CTL.NR_RATIO=1.100000;
25 — CADLIVE _CTL.NR_BEMS_C¥=0.001000;
k]
27 $==0ther
8 - CADLIVE _CTL.G_VALUE=1.000000;
2 - CADLIVE _CTL.Y _DEFAULT=1.000000e-002 ;
1]
| #=Initial parameters
2 - Y 8TARTC  1).value = 0.0000e+000; % #1.cvt
33 - ¥_GTERRTE  1).tag = "¥l.cyt’;
4 - ¥ STARTC  2).value = 0.0000e+000; % #2.cwt
a8 - ¥_GTRRTC  2).tag = "H2.cwt’;
I8 - ¥ BTART(  3).value = 0.0000e+000; % #3.cwt
9 |= Y _BTARTC  3).tag = "#3.cwt’;
| - Y_STARTC  4).value = 0.0000e4000; % ¥4.cvt
14 - Y_BTARTC  4).tag = "dd.owt’;
40
41 %=zolver parameter
2 - CADLIVE_CTL.MASS=eve (CADLIVE _CTL.N_VAR):
458 - for i=1:CADLIVE_CTL.N_ALGEBR
44 — CADLIVE _CTL.MASSCi,i)=0;
45 - and
45
7 %¥=odelbs BEvents parameter i

Fig.12 CADLIVE_initial.m
The ontrd datafor simulation §ection 1.5and initialvalues of dependent variables are set
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[ T3 & — - C¥Users¥FO0¥Desktop¥StraightChain¥CADLIVE_param.m

[l = |

IrIE) REE) TEAND) O BEG) IO YL@ FUwedE) TR e DD » oA X
D H $RR20 |89 - Measi | - S 0-BRE BE| ~—= fo O ~
BB - (Lo [+ |+ 11 x| He| @

1 Functian [param, event ]=CADLIVE _param(} =
2

3 % T_EVENT

4 - event (1).name = "tine_start’;

5 — event (1).index = 0;

B - event {1).time = 0.000000;

7 - event (1).value = 0.000000;

g - event (2).name = "tine_end”;

9 - event (2).index = 0;

n - event (2).time = 1.000000;

1" - event (2).value = 0.000000;

12

13 % PARAMETER

14 — param.constantPlaver{1).value = 1.0000e+000;

15 — paran.constantPlaver (1) .num_survey = 0; c
15 — param.constantPlaver(1).d_r_s = '07; 1
17 - paran.constantPlaver (1).tag = "H0.cwt’;

18 - param.constantPlaver(2).value = 1.0000e+000;

19 — paran.constantPlaver (2).num_survey = 0;

20 — paran.constantPlaver (2).d_r_s = 'D";

21 - paran.constantPlaver (2).tag = "El.cwt’;

22 - param.constantPlaver(3).value = 1.0000e+000;

23 — param.constantPlaver (3) .num_survey = 0;

24 — param.constantPlayver(3).d_r_s = '07;

25 - param.constantPlayver (3).tag = "EZ.cvt’;

26 — param.constantPlayver (4).value = 1.0000e+000;

27 - param.constantPlaver (4) .num_survey = 0;

8 - paran.constantPlaver (4).d_r s = '07;

8 - param.constantPlayver (4).tag = "E3.cvt’;

EI paran.constantPlayver (8) .value = 1.0000e+000;

a1 - paran.constantPlaver (5).num_survey = 0;

a7 - paran.constantPlaver (5).d_r s = "07;

a1 - param.constantPlaver(d).tag = "Ed.cvt’;

34 %  paran.Q(1).value = is not value;

35 — param. Q1) .num_survey = 0;

a6 — paran.Q{1l.d_r_s = 'D";

a7 - param.A{1).tag = “reaction_rate constant El.cwt H0.cvt WM

an %  paran.Q(2).value = is not value;

39 - param.G{2) .num_survey = 0;

4n - paran.Q(2).d_r_s = 'D";

41 - param.A(2).tag = “reaction_rate constant E2.cwt H1.cvt WM

42 %  param.Q(3).value = is not value;

43 — paran.@(3 ) .num_survey = 0;

44 — param.G{3).d_r_s = '0";

45 — paran.Q(3).tag = ‘reaction_rate_constant _E3.cwt X2 .cwt WK ;

46 % paran.Q(4).value = is not wvalus; i

CADLIVE_param 1 F 1 | LE=

Fig.13 CADLIVE_param.m
Thekinetic parameterandthe eventsthatchange the parameter values in a given time are set
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Please select the parameter file to be merged.

=l

Frf MAIEPR(: | DirectedMode| j £ Ev
| & . B AR e
whe b
BiREm LB . dbg_log.tet 2012/08,/28 13:09 THT 27
___MathDAE.txt 2012/08,/28 13:09 THT 7 -1
_.! [ MathPararn, o 2012/08/28 13:14  TXT J7 -l
7?_\%‘}7 [ MathUsage. bat 2012/08/28 13:03  TXT J7-fM
= | svs log.tot 2012/08,/28 13:09 THT 27
S35
ToE1—h—
“U
1 ¥
Faphd-4 ‘ = ,
= |MathParam.txt ﬂ [k |
IrA DI | (ktet) | Fautil
FigldSel ect A Mat hParam.txto
_ (===Ech ==
Q @ htip:/fhuratazd bio kyutech.ac p/Lefindexhitml 0 - B & X | @ caouive simulator
Simulator L tart . ] ch rt fi : \\-:—
Results
CADIU:{E Succeeded !
SR Back | [Print | [ Selectans. | [ Registratich | [[Downlosd J| [ | Regulator-reaction eqs. [ Mathmodel | [ User funcs |
Sawe for input | | Graph | |Guit
SEPRERECREIAN Sy = [T =TS
bic: kyutech. ac. jp/ Chemi/download, php 2
= == Results(Dynamic) Download

HHtHl Thy Oct 4 15:48:33 2012 HEHHE

Solver No. H 3
Paran Survey H 0
Start Time : 0.000E+0D
End Time : 1.000E+00
(initial)Tine Step : |.000E-02
Wonitoring interval : 2.000E-02
NOF _RTOL * 1.000E-12
NOF _ATOL : 1.000E-D6
G-¥alue 2 1.000E+00

HHtHhE Starting ¥ Values HHHHHH
y[ 1]= 0.0000e+00 Hx1.cyt
y[ 2]= 0.0000e+00 HX2.cyt
y[ 3]= 0.0000e+00 HX3.cxt
y[ 4]= 0.0000e+00 Hxd.cyt

Wb Parancters HHHHHE
constantPlaver[ 1] = 1.0000e+00  HX0.cyt
D[ I] z meaclfon?ralefcons

«

Select a file which you want to download o your PG

Close.

StraightChainMaodel

StraightChainModel

Model data file(DAE File) [ Downlosd |
Coperal dodo £l Do
I Parameter file Downioad I
Parameter file (S=system) | Downlosd
User func file Downilosd
User func file (S-system) [ Download M at h Pa ra m .tXt
Flux file Downioad

User func file (Sansitivity) [ Download
Results File (Dynamic)
Fesults file (Steady state)

All above files (alltgz).

Fig.15 fiMathParam.bdin the CADLIVE Dynamic Simulator (Web application)
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1.6.1 CADLIVE_initial.m

This file is written as control datafGQADLIVE_CTLO) for simulation and information
(AY_STARTO) for thedependent variableBCADLIVE_CTLO is automatically inpuby editing
parameters in section 1.5. Usesiallye d i t t h efY_BVARTO in €his fileo f

[ Struct urGADWECITIOH I es i
Field Meanings

N_VAR Number of variablegall) ; Integer value >0

N_ALGEBR Number ofvariables élgebraic equati®) ; Integer value? 0
SOLVER Solver number 2: ode45, 3: odel5, 11: steashate, 12: System
P_SURVEY Parameter survey 1: yes, 0: no

RK_EPS Relativeerror tolerance for Rungéutta; Real value > 0
NDF_RTOL Relative error toleance for NDFReal value > 0

NDF_ATOL Absolute error tolerance for NDReal value > 0

T _START Start time; Real valu¢ 0

T END End time; Real value > 0

DELTA T Initial time step sizeReal value > 0

DELTA M Monitoring intenal; Real value > 0

NR_TRIAL Maximum trial times f or N-St atbdy é

(Newton-Raphson) Integer value > 0

NR_TOL F Tolerance for convergence of functiohso r N-St atdy {
(Newton-Raphson) Real value > 0

NR_TOL X Tolerance for conveence of variables o r N-St abdy i
(Newton-Raphson) Real value > 0

NR_RATIO Ratio of changing parameterd o r N-St abdy ¢
(Newton-Raphson) Real value > 0

NR_SENS_CW| Change width calculation sensitivify o r N-Satecanalysis ;
Real value > 0

G_VALUE Value for one molecule concentration in acell
Real value > 0

Y _DEFAULT Default values for y (molecular concentrations)
Real value > 0

MASS Mass matriX o r ADynamic anal ysiso

0: differential equation, 1: algebraic eqoat
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[ StructurYeSTARIG i abl es

Field Meanings

value Initial value Real value? 0

tag Nameof variabledistinguished locatign
(name).(location)

variable Meanings
MAXSIMTIME Limit actualtime (second)default: 5 nmutes
TO Start time for ode15s optioifEvents)
I f the simulation is stiff, the calaaualimeti on t al

of the calculation is MAXSIMTIME, the calculation forcibly finishes even if stiff simulation.
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1.6.2CADLIVE_param.m

This file is written as information for eventsiefend) and (kinetic) constantparameters
(Aparan®). The eventsndicatechangesn parametervalues ina giventime. Thatcanindicate
for examplegnvironmental changes stimuli.

[Struct ur e wevantli abl es 0

Field Meanings

name Field nameo f fi p ar econstantPlayerKle, Q
etc., for events.

time_start and time_end have to be fixed at first
last index, respectively.

index Indexf or A(paanedpa m
time Time occurredan eventReal value? 0
value Valuef or fi(paanedpamthe time

Real value?2 0

*Events need to be registeridthe ascenidg order of time between time_start and time_end.

Examplefor events

% T_EVENT
event(1l).name = 'time_start’;
event(1l).index = 0;
event(1).time = 0.000000;
event(1).value = 0.000000;
event(2).name = 'kx;
event(2).index = 2;
event(2).time = 60.000000;
event(2).value = 150.000000;
event(3).name = 'kp";
event(3).index = 1;
evat(3).time = 60.000000;
event(3).value = 80.000000;
event(4).name = 'time_end’
event(4).index = 0;
event(4).time = 100.000000;
event(4).value = 0.000000;
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[Structure variabl@parang)

Field Meanings

constantPlayer | Independent variable

Ka Binding association rate constant
Kx Reaction rate constant

Kb Binding constant

Kp Translation rate constant

Kpd Decomposition rate constant
Km Transcription rate constant

Kmd Decomposition rate constant

Ktr Transport rate constant

Kxg Reaction rate constan

F Powe coefficient (Target variable)
Q Reaction rate constant

Kmich Michaelis constant

*These fields ardefined bystructure variableszor CMA and TPP, ka, kd, kx, Kb, kp, kpd, km,
kmd and ktr are utilized. For GMA, kxg and f are utilized. For MMand Kmich are utilized.

[Structure variabl@param ( n ajme ) 0

Field Meanings
value Value for theconstantReal value2 0
num_survey Number of parameter surveyteger 2 0
drs D: parameter survelyy arithmetic series
R: parameter survey by geometric series
S: parameter search for @GATPS
tag Name of the constant
change_val Change for parameter surveyReal value? 0
upperBound Upper boundf parameter seardior GA in section
2 or TPSin section3; Real value? 0
lowerBound Lower boundof parameter seardbor GA in section
2 or TPS in section;3 Real value?2 0

*The Fields, change_val, upperBound and lowerBoarelyritten by users.
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¥ Parameter survey

When tdeckingthe checkbox op ar amet er survey on the fASelect

Data f or Si mufhuantsuneyandfehangedvalweedto be more than zerat

least one parametdfor examplgparameter survey is executed as follows.

1) Parameter survey by arithmetic series

When the fields of fiparam(namep arer _d _s =6 D6 ; num_sur v-&y =3;
value=1€3; , the threecases fofle-3, 2e3, 3e3} are calcudted

2) Parameter surveylgeometric series

Whent he fi el ds of Apdr amé Rdamen)ubm_a u e v-eé8y = 3 ;
value=1€3;, the three cases féte-3, 1e6, 1e9} are calculated.

23
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1.7 Results

Byc i cking the 0 EXxeS$etPacmetets andtlrotial Manwindow the i
simulation starts antl h ®esuit® window is displayedif the simulation is successfuF the
simulation faif, the error message is displayedtioaMATLAB command wndow.

The window for theresultdepends oranalysis typs; dynamic aalysis, steadigtate analysis
and Ssystem

1.7.1 Dynamic analysis

The window for fiDynamic analysis is displayedas shownin Fig.16. The table indicatethe

temporal data of the simulatio®y d i cki ng the fAShow gofdahphd but't
simulation aredisplayed Fig.17). The variables to be displayed at the graph can be set at
CADLIVE_DispFigure.m, where users inpuhe indices of variables and graph typBy

cd icking the COABLEVE tDispFiguwe.nis wgenedfig,18) . The fAReset 0 b
sets the setting for the graph to default. CADLIVE_DispFigure.m is copied in the current folder.

Bycd i cking the AEXxpesultof tbeSsimilatidnust saved gs a ICE\efile
(Fig.19.Byd i cki ng the #fEXpo rresulthfAhEdinduBtoon ibsaved asm , t he
mat file.Byd i cki ng t he A Sa v econteatrations mtpedinalotimeoai the o n , t he
simulatonaress aved as A CADLI Vlichesana eausedsitheinitallvaluesior w

the next simulatiorand iswritten the samd or mat as 0 CADRylcidhgtheni t ai | . m
AQMPSO button, ®dSleig.2Q M eSedusersscan @gicalate QMBSing the

simulation resuk.

Results EI = @
m Setting Reset | Show Make 5 _Param Result | | Show Fieen Valuss | | Export G5V | | Export MATLAB |
Sawve for input CIMPS

Results y[11.X1 oyt | w[2].%2. eyt | 3] X3.cyt | y[4] X4 oyt
0.000E+000 i 0 a 0 i
2.000E-002 0.0045 0.0024 00014 5.1908e-04 =
4,000E-002 00067 0.0040 00023 0.0021
6.000E-002 0.0081 0.0051 0.0038 0.0031
8.000E-002 0.0092 0.0058 0.004E 0.0038
1.000E-001 00400 0.0085 0.0052 0.0044
1.200E-001 o.o107 0.0070 00057 0.0049
1.400E-001 00113 0.0074 0.0060 0.0053
1.600E-001 o017 00073 00064 0.0036
1.800E-001 00121 0.0051 00066 0.0058
2.000E-001 00125 0.0053 0.0065 0.0081 %

Cloze

Fig.16 Resuls window for dynamic analysis
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Time

Fig.17 Graphs forsimulatiors
Top: graph for typd, Bottom: graph for type 2
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