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General info about COPASI

COPASI is a software tool for editing,
simulating, and analyzing quantitative
models of biochemical reaction networks.

COPASI is available for all major platforms
(Linux, Windows, OS X), easy to install

COPASI is free software and open source



Ge nera I | nfO (continued)

COPASI is a joint project of the groups of
Ursula Kummer, Pedro Mendes, Stefan
Hoops, Jurgen Pahle and Sven Sahle

COPASI is desighed to be robust and user
friendly, intended for general use not only
by experts

Download from www.copasi.org



Model example: Glycolysis

9IC" = Virans = Vi
gbp’ = Vi, - Vg
fop’ = V4 - Vo
f16p’ = V o - Vaq
dhap’ = v,4 - V4
gap’ = V,q + V4 -V
bpg’ = Vapdh = Yook
p3g" = Vogk = Vpgm
P29 =V, im = Veno
PP" = Vo - Voyk
9% pyk ™ Vpy

gpdh

|
<

Pyruvate 2 ATP 2 ADP

Phosphos nopyruvatks

CHO CHO
o HEXORINASE Hed o PHOSPHOBLUCDSE CH,0H
| S . ISOMERASE ¢=0
—EO 4 A Mo HO—C—H
H—C'i —0OH II| |II H_cl: o H—Ci —oH
o | CH,OPO, " R
GT’HQOH ATP ADP 000 CH,0P0,”
ueose B-phosphake Fructose G-phosphate
CH,0H _
deo PHOSPHOFRUCTONINASE |-~ ATP
2 ~-—— ADP
CH,0PO,
Dihydromyacetons 2
prhosphake 'C.l‘HQIC:uPt::u3
ALDOLASE =
TRIDSE HO—Z—H
PHOSPHATE
ISOMERASE H—C‘lf —0H
H—C—oH
CHO CH,0P,®
H_? —OH . Fructose 1,6-bisphosphate
CH,0P0,
Glyceraldehyde
Iphosphake
_zpl
SLICERALDEHOE "7 2 NAD
DEHYOROGEMASE |y~ 2 NADH coo’
PHOSPHOSLYGERATE
2 HINASE H—C—OH
COOFO; . CH,OP0,
H—q —oH ) { 3-Phosphoglycerate
CH,0P0, b
e o PHOSPHOBLYGERATE
1,3-Bisphosphoglycerate 2 ADP ZATP MUTASE
_ PYRUYATE KINASE oo coo"
Goo -— | . ENOLASE  p—d—opo,”
—— o= i & —OP0y, |
[ [ i = CH,OH
CH, o z 2-Phosphoglycerate



Model example: Glycolysis
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* MM for 2 non-competing
substrates

* Often ATP as constant pool
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Simulation

Simulation means the computer calculates
the time course of the variables of the

system
For deterministic simulation

Model
l s converted into
Set of ODEs

l Is solved (numerical integration)

Time courses



different mathematical
interpretations of a model

A key feature of COPASI is the ability to
switch transparently between a

deterministic and a stochastic model
Interpretation

 Deterministic: ODEs are automatically
generated and solved using LSODA

e Stochastic: Reaction rates are converted
to reaction probabilities. Exact simulation
with Gibson/Bruck or hybrid simulation



Stochastic Simulation

Simulation means the computer calculates
the time course of the variables of the

system
For stochastic simulation

Model
l s converted into
Marcov chain

l realisations of the stochastic process are generated

Time courses



Steady State analysis

* Robust algorithm to find steady states

« Stability analysis (eigenvalues of
jacobian)

« Metabolic control analysis / MCA
(control coefficients)



Sensitivities

In general, a sensitivity can be described
as the partial derivative of some system
property with respect to some parameter,
scaled to relative values:
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Metabolic Control Analysis

MCA is a specific kind of sensitivity analysis
for steady states

 For a deterministic model of species and
reactions, translated into an ODE.

 The control coefficients are the dependency of
the steady state concentration/fluxes on the
rate of a the different reactions.

 There are robust algorithms to calculate the
control coefficients from properties of the single
reactions.



Parameter Fitting / Optimization
Many powerful algorithms

« Gradient based

- Steepest Descent
- Levenberg Marquardt

e direct deterministic

- Hooke-Jeeves
- Nelder-Mead (simplex)

e direct random

- random search

- simulated annealing

- Evolutionary programming

- Genetic Algorithm

- SRES (stochastic ranking evolutionary)
- Particle Swarm



Parameter fitting

 flexible input of experimental data
e arbitrary number of experiments

e simultaneously fitting of steady state and
time course data

» potentially large number of parameters
(takes a long time -> use command line version of
COPASI)



Things to specify

(for the optimization/parameter estimatio " p@ter et

Simulation

Calculat

Generate new
parameter set
k

Satisfied?
no
- Parameter ranges for parameter estimation:
- Algorithm for guessing - Experimental data
tyes - mapping data/model
Stop
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For support: User forum at
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The model in COPAS| ~ Screenshots

JJ 0l g I ;ﬂ'] [ [Enncentrations I.Q.'
MADH r Status Mame Equation Rate Law FJ;]:I fmin)
FF:EG 1 vgp P + Gly = G1P; amp function_4_vgp 0.00020513
PIC 2 vpglm |G1P = G6P function_4_vpgim 0.00020513
PCr 3 vpgi CE6P = FGP function_4_vpagi 0.00020513
PEP 4 vpfk atp + F6P = adp + FDP; amp  |function_4 wvpfk 0.00020513
PYR 5 vald FDP = DHAP + CAP function_4_wvald 0.00020513
adp & vipi CAP = DHAP function_4_vtpi 0.00020513
amp 7 vgapdh |P + CAP + NAD = NADH + DPG |function_4_vgapdh 0.00041026
atp B vpgk adp + DPG = atp + P3G function_4_vpgk 0.00041026
bReactions 9 vpgm P3G = P2C function_4_vpgm 0.00041026
g:::s' Quantities 10 ven  |P2G = PEP function_4_ven 0.00041026
Parameter Overview 11 vpk adp + PEP = atp + PYR function_4_wpk 0.00041026
vMathematical 12 vidh NADH + PYR = LAC + NAD function_4_vldh 0.00041026
Differential Equations 13 vek atp + Cr = adp + PCr function_4_vck 0
Matrices 14 vadk atp + amp = 2 *adp function_4_vadk .72451e-21
Update order 15 vatpase |atp -> adp + P Mass action (irreversible) |.000615389
Diagrams 16 vfout |LAC -> LACo Mass action (irreversible) |0.00041026
wTasks 17
wSeady-5tate
Result
b Stoichiometry
kTime Course
wMetabolic Control Analysis
Result
¢ Lyapunov Exponents .
p Time Scale Separation Analysis |+
_ﬁwﬁm - 11 f Commit \ “f Revert H‘ ( Elear) ( Delete,l’Undelete) ( New:]
[ m——— P




Example

A reaction in COPASI (continued)

~a ; ==
|o|e|a|@|+ | |55 |

I = =
™ A tat RDF B
PEP [—Raactlorr—| nnotation rowser
PYR.
adp Name vpfk
amp Chemical Equation atp + FEP = adp + FDP; amp
atp N
wReactions M g Reversible [ 1 Multi Compartment
vadk
vald Rate Law I' function_4 vpfk I-H ( MNew Rate Law :J
vatpase
vek Flux (mol/min} 0.00020513
ven "
viout Description Mame |‘u"a|ue |Ur1it |
vgapdh
vap m—= Substrate | F6P 'FeP 3] mol/l
vidh Symbol Definition
vofk —~uProduct 7 FDP 'FDP 3] mol/l
:ggik Parameter KpfkadpT_4 [ global 0.00271 mol/l
vpglm Parameter Kpfkadp_4 1 global 0.00271 mol/l
:EEm Parameter Kpfkamp_4 1 global 6e-05 mol/l
vIpi Parameter KpfkatpT_4 1 global 0.00025 mol/l
Global Quantities
Events Parameter Kpfkatp_4 "1 global 82-05 mol/l -
Parameter Overview Parameter KpfkfépT_4 [ global 0.02 mol/l v
whMathemartical
Differential Equations -
Matrices 1 ( Commit ) [: Revert :J [ New :J C Delete )
lLlndate nrder 1
l— ':I'*' _.-é




Example

ODEs generated from the reaction network (continued)

| [ NN (= sm10 - COPASI 4.4.28 (Debug) /Users/.../GAsmallestrangemin/sm10.cps —
H Ol |E &4 |5 5% ;m_m [ Concentrations | :1
Copasi R
wModel - Vvl ®
w¥Biochemical [FDP] [CAP] [DHAF]
:Esz?;"mems Kaldfdp_S, =~ Kaldgap 5 . =~ Kalddhap_5
»Reactions Vfald_5 - Kaldgap_ 5, - Kalddha
L L p_5
Global Quantities fealid) s fealid) et [DHAP] - [GAP]
Events \,l'fa|d_5[“|d] - [FDP] I(aldfdp_s[md] - 9.5e-05
Parameter Overview -
vMathematical d (IDHAPL - V) Kaldfdp_5,qq) Kaldgap_5 - Kalddhap_5
Differential Equations well _ sv_ .
Matrices dt ! [FDP] [GAP] [DHAP]
Update order
Diagrams Kaldfdp_5, ., Kaldgap_5 ., Kalddhap_5_
wTasks
vSteady-Siate Vfrpi_ﬁmpi] . I(tpidhap_ﬁmpi]
Resul ; Kpigap 6102 AP
B Stoichiometry Wrp"—ﬁlwpi] - [CAP] P93P B ’
»Time Course - Ktpi 6 - .
pigap_| : Ktpidhap_6_
¥Metabolic Control Analysis i) PICAP St
Result * Vvl "
» Lyapunov Exponents [CAP] [DHAP]
pTime Scale Separation Analysis 1+ i H
I(tplgap_ﬁm ; I-ttplr:ihap_ﬁ[\n ;
Parameter S5can i &
- Optimization
Vfald_5 - Kald 5 - Kalddh 5
»Parameter Estimation —atg) "I T A P . [DHAP] - [GAP]
- Sensitivities Vfald—s[\md] - [FDP] I(aldfdp_s[uld] - 9.5e-05
b Output -
vFunctions d ([GAP] - v Kaldfdp_5, ., Kaldgap_5, _ . - Kalddhap_5__
Allosteric inhibition (MWC) ( wol) - 4V .
Allosteric inhibition (empirical) dt e FDF o
Catalytic activation (irrev) L ] [GAP] [DHAP]
Catalytic activation (rev) I(aldfdp_SMld] I(aldgap_SMld] Kalddhap_SMld]
Competitive inhibition (irr) .
Competitive inhibition (rev) Vftpi 6, - Ktpidhap 6, Y
Constant flux (irreversible) &E : ) sl
Constant flux (reversible) local (displ | .l (s E I Disk )
Henri-Michaelis-Menten (irreve - ocal parameters play name E | oave Formula to Disk
Hill C tivi f
u.l.m.?fffr::im;m - functions | expand only kinetic functions | :1
14w




Example
(continued)

MCA results

* For the given parameters the steady state
IS almost completely controled by the
ATPase.

i A O0o (2 sm10 - COPASI 4.4.28 (Debug) /Users/.../GAsmallestrangemin/sm10.cps =
l Ol |8 @ |4 |5 |5 | by || [Concentrations -+
Copasi .
vModel Steady State found. All coefficients available. | scaled |4
ViEinchemica) " Elasticities | Flux Control Coefficients | Concentration Control Coefficients |
p Compartments
»Species Rows: Reactions (reduced system) —_—
»Reactions - Columns: |Reactions (reduced system) * Bars
Global Quantities
Events | (ven) | (vpk) tldh) (vck) (vadk) [vatpase) | (wFout)
Parameter Overview 0505e-07 4.65308e-06 0.000259506 1.80273e-06 -3.24216e-20 1.64236e-22 0.999713  0.00029317
v Mathematical 0505e-07  4.65308e-06/ 0.000259506  1.80273e-06 -3.24216e-20 1.64236e-22 0.999713  0.00029317
Differential Equations 0505e-07  4.65308e-06 0.000259506  1.80273e-06 -3.24216e-20 1.64236e-22 0.999713  0.00029317
E";:;i:ﬁmer 0505e-07  4.65308e-06 0.000259506  1.80273e-06 -3.24216e-20  1.64236e-22 0.999713  0.00029317
Diagrams 0505e-07  4.65308e-06| 0.000259506  1.80273e-06 -3.24216e-20/ 1.64236e-22 0.999713  0.00029317
wTasks 0505e-07  4.65308e-06/ 0.000259506  1.80273e-06 -3.24216e-20 1.64236e-22 0.999713  0.00029317
vSteady-State 0505e-07  4.65308e-06 0.000259506  1.80273e-06 -3.24216e-20 1.64236e-22 0.999713  0.00029317
Result 0505e-07  4.65308e-06 0.000259506  1.80273e-06 -3.24216e-20 1.64236e-22 0.999713  0.00029317
» Stoichiometry 0505e-07  4.65308e-06/ 0.000259506  1.80273e-06 -3.24216e-20/ 1.64236e-22 0.999713  0.00029317
» Time Course 0505e-07  4.65308e-06/ 0.000259506  1.80273e-06 -3.24216e-20 1.64236e-22 0.999713  0.00029317 &
'ME‘;bﬂ”ﬁ Control Analysis 0505e-07  4.65308e-06/ 0.000259506  1.80273e-06 _-3.24216e-20 __1.64236e-22 0.999713 0.00(12231"? 1
25U | >/
e —— . p
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