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Supplementary information

Table S1. Copasi: a Tutorial

Download the
free software
COPASI 4.41
(Build 283)

This is a simulator for biochemical networks. It is a joint project by the
Hoops group (Biocomplexity Institute of Virginia Tech), the Mendes group
(UCONN School of Medicine), the Kummer, and Sahle groups (University of
Heidelberg). It works under the Artistic License 2.0 Copyright (c) 2000-
2006, The Perl Foundation. You can download for free the software at the
following website (10.12.2023): https://copasi.org/Download/

@& COPAS]|

Home Download Research Support v

Projects v Events

CompCellBio About v

Download

The packages available on this page are provided under the Artistic License 2.0, which is
an OS| approved license. This license allows non-commercial and commercial use free of
charge.

If you are looking for older versions please go to the archive .
Select Version: [ COPASI 4.42 (Build 284) v |

It seems you are running on Windows. You may want to download .

< oomeowo |

Different Versions running under Windows, Linux, Mac X operating systems
are also freely available.

/2% COPASI-4.42.284-Windows.exe

Initialize the
Model

Once you open the COPASI software, you start with the model window.
Here you can define preliminary information of the model, such as Model’s
name and units. Units are those internationally recognized, such as meter
for length, second for time, mole for amount of substance, and liter for
capacity.

@ orac-new - COPAS| 4.41 (Build 283) C:/Users/.../06-COPASI|/orac-new.cps — [} X

| Eile Edit Tools Window Help

J H ] &= vf 95 s;; @ .gl Concentrations ¥

V- CORAST Model |DRAC assay| |
Model
Tasks Details Annotation RDF Browser
Output Specifications
Functions [40] Time Unit |s | Volume Unit |I |
Units [33]

Quantity Unit |mo| | Area Unit |m1 |

Avogadro's # 5.022140762+23 Length Unit [m |

Apply Stochastic Correction to Rate Laws

Initial Time [s] |D

Time [5] nan
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Define a
Reaction
Mechanism

Clicking on the down arrow behind “*Model”, a series of subfolders are
accessible. The first to look for is the “Reaction” subfolder. Here you can
define the mechanism of the kinetic model. For the ORAC assay, just copy
the content in Table 1. Alternatively, simply import the SBML file (File /
Import SBML...), which is also included in this work as Supplementary
information. This file contains an exact copy of the information reported in
the Figure below.

@ orac-new - COPASI 4.41 (Build 283) C:/Users/.../06-COPASI/orac-new.cps — O X

File Edit Tools Window Help

ITHEOE®ES % (F, ol |Concentrations v

v COPASI
v Model Search: | |
v Biochemical Flux

Compartments [1] # Name Reaction Rate Law [mol/s]

SpEcie 1] 1-(initiati AAPH + 02 -»> 2*ROO* Constant fl eversible) | nan

Reactions [9] i -(initiation) + - Constant flux (irreversible) | nan

Global Quantities [0] £ RO2-(termin peroxyl) 2* ROO* -> NRP on (irreversible) | nan

Events [0] §  RO3-(alkoxy) 2*RO0*-> 2*RO* + 02 nan

Parameter Overview . . .

Parameter Sets [0] 2 R04-(bleaching) FH + RO* -> F* + ROOH a nan
Mathematical 3 RO3-(inhibition) AH + ROO* -» A* + ROOH Ma nan
Diagrams 4 RO6-(repair) AH+F*=A*+ FH nan

Tasks .

Output Specifications 7 RO7-(termin alkoxyl) 2*RO*-> NRP nan

Functions [40] 8 RO2-(termin a*) 2*A*-> NRP 1an

Unies [33] 9 RO9-(termin ) 2*F*-> NRP an
New Reaction

Set the “initial
guesses” for
the kinetic
parameters

For each reaction defined in the model, you must set a “known” or
“guessed” value of each kinetic parameter that characterize the reaction.
Fill all the rate constants as defined in Table 1 of the manuscript. For
instance, for the initiation reaction R01, you should insert the rate value of
the reaction following a rate law based on a “constant flux (irreversible)”.
This is advantageous because we do not need to define a rate constant,
which is not known, but we simply measure the rate, which can be
measured or derived from the fitting routine. We also assume that the rate
of free radicals generation is constant during the all experiment. Setting
this rate value can be done by clicking on the “Reaction” menu, choosing
the item with the name of the reaction that you want to modify, and finally,
insert the rate value in the corresponding text box, as shown in the Figure
below:

(@ orac-new - COPASI 441 (Build 283) C:/Users/.../06-COPASI|/orac-new.cps — O X
File Edit Tools Window Help

') H ) & & !_Ss s; \? ;{ﬂ Concentrations ¥

V' [COPASI | Reaction [Roi-{nitiation) |
¥ Model
v Biochemical Detalls  Notes Annotation RDF Browser
Compartments [1]
Species [11] Reaction |AAPH +02->2 *RO0* |
v Rea [] reversible Multi Compartment
RO2-(termin peroxyl
¢ 3 ¥l Rate Law |Constant flux (irreversible) > | | o [] Add Noise

R03-(alkoxyl)
R04-(bleaching)
RO5-(inhibition)
RO6-(repair)
RO7-(termin alkoxyl)
RO8-(termin a*)
RO3-(termin f*)

Rate Law Unit Default molfs mol/(*s) |compartment

Symbol Definition Role Name Mapping Value Unit

Parameter v --local-- 1.4e-8 mol/(I*s)
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For setting the rate parameters of all the other reactions, the procedure is
similar. However, this time you should select the rate law “"mass action
(irreversible)”, like in the Figure below:

@orac-new - COPASI| 4.41 (Build 283) C:/Users/.../06-COPASI|/orac-new.cps — O X

File Edit Tools Window Help

iy HOSE WV ys s; @ .y |Concentrations ¥

™ CopAs] “| Reaction IRUZ»(berm\n peroxyl) ‘
¥ Model
v Biochemical Details Notes Annotation RDF Browser
Compartments [1]
Species [11] Reaction [2 *ROD*-> NRP ‘

¥ Reactions [9] [ reversible Multi Compartment

E\RDE-(aIkoxyl) Rate Law |Mass action (irreversible) ~| |l o/ [ Add Noise

R04-(bleaching) Rate Law Unit [] Default mol/s mol/(1*s) |compartment
RO3-(inhibition)

RO6-(repair) Symbol Defirktion, Role Name Mapping ~ Value Unit

RO7-(termin alkoxyl) Parameter ki —local-- 1000000 I/(mol*s)

ROB-(termin a*)

R09-(termin f*) =~ Substrate L substrate ROO* mol/l
Global Quantities [0] ROO* et/
Events [0]

For the repair mechanism (R07), the reaction is an equilibrium. In this case,
the reversed reaction must be set to 1x106 (Ms)-1, while the forward can
be set to any value as this will be optimized later by COPASI during the
fitting procedure. However, for performing a simulation, the forward rate
constant must be also defined. Here, a guessed value of 8x106 (Ms)-1 was
used.

@ orac-new - COPASI 4.41 (Build 283) C:/Users/.../06-COPASI/orac-new.cps — O X

File Edit Tools Window Help

J H B &E e 1’5 s;s @ d Concentrations ¥

™ Copas] “ | Reaction |R06~(repa|r) ‘
¥ Model
v Biochemical Details Notes Annotation  RDF Browser
Compartments [1]
Species [11] Reaction IAH +F*=A® +FH ‘
¥ Reactions [9] Reversible Multi Compartment

RO1-(initiation)
RO2-(termin peroxyl)
RO3-(alkoxyl)
R04-(bleaching) Rate Law Unit Default mol/s mol((%s) |compartment

Rate Law |Mass action (reversible) x| | o [] Add Noise

RO5-(inhibition) )
Symbol Definition Role Name Mapping  Value Unit
Parameter k1 --local-- 8000000 I/(mol*s)

ROB-(termin a*)

RO9-(termin f*) = Substrate jw substrate AH mol/l
Global Quantities [0] F mol/l
Events [0]

Parameter Overview Parameter k2 --local-- 1000000 I/(mol*s)
Parameter Sets [0] =* Product |wi product A* maol/l

v Mathematical
Differential Equations FH mol/l

Set the initial
concentrations
of reactants
and products

Once the reactions are defined, the folder “Species” become populated by
the chemical species identified by the names reported in the “Reaction”
folder. Next step is to define the initial concentrations of reactants and
products. Figure below shows the initial setup for the ORAC assay.
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é orac-new - COPASI 4.41 (Build 283) C:/Users/.../06-COPASI/orac-new.cps - (] X
File Edit Tools Window Help
J H ) 88 \/ lss s;: T d Concentrations ~
v COPASI
¥ Model Search: | |
V- Biochemical " N C T Uni Initial Concentration Concentrat]
Compartments [1] ? ame ompartment ype nit [Unit] [Unit]
Species [11] .
Reactions [9] 1 AAPH compartment  reactions mol/l |0.1 nan
Global Quantities [0] 2 02 compartment  reactions mol/l 1 0.0082 nan
Events [0] 3 ROO* compartment  reactions mol/l | 0 nan
Parameter Overview i
Parameter Sets [0] 4 F* compartment  reactions mol/l |0 nan
Mathematical X FH compartment  reactions mol/l |8e-07 nan
Diagrams 6 ROOH compartment  reactions mol/l |0 nan
Tasks
Output Specifications 7 Ax compartment  reactions mol/l |0 nan
Functions [40] 8 AH compartment  reactions mol/l  1e-05 nan
Units [35] 9 NRP compartment  reactions mol/l |0 nan
10 RO* compartment reactions mol/l |0 nan
1 ROH compartment  reactions mol/l |0 nan
Mew Species compartment reactions mol/l |1

As you see, only four chemical species have an initial concentration that is
different from zero. These species are the AAPH (0.1 M), oxygen (0.0082
M, obtained from n/V = p/RT, where p = 0.21, R = 0.082 L atm (K mol)-1,
and T = 313 K), FH (8x10-7 M), and AH (varying from 1x10-5 M to 1x10-
4 M, depending on the concentration and stoichiometry used in the
experiment. Here, [AH] is set to 1x10-5 M). All the other species are set to
zero.

Check the COPASI generates a system of ordinary differential equations (ODE) based
System of on conservation of mass balance. Each ODE represents the rate of one
Differential chemical species. The system of ODE used for the ORAC assay is presented
Equations below.
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d ([AAPH] Voo )
partment o . . "
dr = - I/Cornpa ament | CONStant flux (irreversible) (V("R[Jl-(initiation)"))
d ([02] Ve )
partment, o . . "
ar = - Vcompa ament | CONStant flux (irreversible) (v(..Rm_(initiation)..))
+ Vcompartment lkl("R03-(aIkoxyI)”) .["ROO*"] .["ROO*"]
d (["ROO*"] Voeom )
partment . . . - "
it =42 I/compa ament | CONStant flux (irreversible) (V("ROl-(initiation)"))
- I/compem:ment .kl(”RUS-(inhibition)”) .[AH] l["ROO*"]
-2 V:ompartment .kl("ROZ-(termin peroxyl)") .["ROO*"] l["ROO*”]
-2 l/compartment .kl("RUB-(aIkoxyI)”) .["ROO*"] l["ROO*”]
d ([II'F*"] . Vcom )
partment . . Nl "
dt =+ Vcompaltment kl("RU4-(bIeaching)") [FH] [ RO* ]
- compartment .(kl("RUG-(repair)") [AH] .["F*"] - kz("RUS-(repair)") ) ["A*"] [FH])
-2 Vcompartment .kl("R[JB-(termin %)) l["F*"] .["F*"]
d ([FH] Veom )
partment . . o "
dt =" Vcompartment kl(”R04-(bIeaching)") [FH] [ RO* ]
+ Vcompartment .(kl("ROS-(repair)”) .[AH] l["F*n] - kz(”ROG-(repair)”) .["A*"] ' [FH])
d(IROOH] Voo )
partment, . . Nl "
df =+ Vcompartment |(1("F(O‘I--(!::Ieaching)”) [FH] [ RO* ]
+ Vcompartment .kl("ROS-(inhibition)") .[AH] .["ROO*"]
d ([llA*ll] . I/com )
partment . . dll n
dr =+ Vcompartment |d‘(“F{US-(inhibition)“) [AH] [ ROO* ]
+ Vcompartment .(kl("ROS—(repair)”) .[AH] l["F*"] - kz(”RO&—(repair)”) .["A*"] ' [FH])
-2 l/::ompartment .kl("RUS-(termin a%)") .["A*"] .[”A*”]
d ([AH] Voo )
partment . . T "
dr = I/z:ompartment kl(”RUS—(inhibition)”) [AH] [ ROO* ]
- I/compartment .(kl("R06-(repair)") .[AH] .["F*"] - kz("ROé-(repair)") ' ["A*"] .[FH])
d ([NRP] Veom )
partment . . ny.Lrm "
dr =+ Vcompartment |d‘(“F{UZ-(termin peroxyl)") [ ROO* ] [ ROO* ]
+ Vcompartment lkl("RO?-(tarmin alkoxyl)") .["RO*"] l["RO*”]
+ Vcompartment lkl("ROS-(tarmin ax)") .[”A*”] .["A*"]
+ Vcompartment lkl("ROQ-(tarmin ) .["F*"] l["F*"]
d (["RO*"] Ve )
partment, . . Nl "
dt =- Vcompartment kl(”R04-(bIeaching)") [FH] [ RO* ]
+2: Vcompartment .kl(”ROS-(aIkoxyI)") l["ROO*"] .["ROO*"]
-2 Vcompartment .kl("R07-(termin alkoxyl)") .["RO*"] .["RO*"]

Start the
simulation

COPASI allows to simulate the concentration evolution of each chemical
species of the model by solving numerically the system of ODEs shown
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before. This is simply achieved by a user-friendly routing called “Time-
Course”, which is located within the folder "Taks"”. Once you have selected
the folder Taks / Time Course, you can define the duration of the
simulation (2000 s), the number of points that are simulated (2000 points).
Ba default, the simulation routine uses LSODA and LSODAR routines from
ODEPACK, a C algorithm that is particularly powerful to handle even stiff
equations.

@orac-new - COPASI 4.41 (Build 283) C:/Users/.../06-COPASI/orac-new.cps - O X

File Edit Tools Window Help
J H El 5 \/ lss s @ d Concentrations ~
v COPASI

v Model Time Course [ update model [] executable
v Biochemical

Compartments [1] Duration, Intervals OQutput Time Points

Species [11] Duration [s] |2000 ‘ Intervals |2000 ‘ Interval Size [s] [ Automatic

Reactions [9] ‘
Global Quantities [0] [ startin Steady State
Events [0] [ Suppress Output Before [s]

Parameter Overview
Parameter Sets [0]

v Mathematical
Differential Equations

[] output Events [[] save Resultin Memory

Integration Interval [s] 0 to 2000
Output Interval [s] 0t

Matrices
Diagrams
v Tasks Method :Deterministic {LSODA) -i
Steady-State =
Stoichiometric Analysis Name Value
v Time Course Integrate Reduced Model []
Result Relative Tolerance le-6
Metabolic Control Analysis Absolute Tolerance Te-12
Lyapunov Exponents Max Internal Steps 100000
Time Scale Separation Analysis Max Internal Step Size 0

Cross Section
Parameter Scan

Before running the simulation, you have to choose one of the default plots
available in COPASI by clicking the button “Output Assistant”, as shown in
the Figure below:

Time Course [ update model [ executable

Duration, Intervals Output Time Points
Duration [s] ‘Zﬂﬂﬂ | Intervals ‘2000 Interval Size [s] |1 ‘ [ automatic

[ start in Steady State

Output Assistent ? X
[ suppress Output Before [s] @ e e

[ output Events — Plots A | Title
Concentrations, Volumes, and Global Quantit | |Concentrations, Volumes, and Global Quantity Values
Particle Numbers, Volumes, and Global Quani

A plot of the variable species concentrations, variable

Complete Concentrations, Volumes, and Glok 3 2
- compartment volumes, and variable global quantity
Complete Particle Numbers, Velumes, and Gl vakies vs. time.

Concentration Rates, Volume Rates, and Glob

Integration Interval [s]

Output Interval [s]

Method | Determinste 5004 = Particle Number Rates, Volume Rates, and Glc
Name i Value Reaction Fluxes
Integrate Reduced Model [] Reaction Event Fluxes
Relative Tolerance le-6 Create New
Absolute Tolerance le-12 -- Reports
Max Internal Steps 100000 Time, Concentrations, Volumes, and Global Q

Time, Particle Numbers, Volumes, and Global
Complete Time, Concentrations, Volumes, an
Complete Time, Particle Numbers, Volumes, &
Time, Concentration Rates, Volume Rates, anc
Time, Particle Numbers Rates, Volume Rates, :
Time and Reactien Fluxes

Max Internal Step Size 0

Time and Reaction Event Fluxes v

< >

[ show all Cancel

Run Revert Report Qutput Assistant

Figure S1. Screenshot of the Output Assistant routine of the COPASI
Software to create plots
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For simulating the ORAC assay, it is sufficient to select the first plot
available and click on “Create” button.

Now, executing the simulation by clicking on the button “Run”, it is possible
to visualize the result of the simulation, as shown in the following Figure:

(@ COPASI Plot: Simulation = O X

File View Window
Print Save Image SaveData Zoomout LogX LogY  Show All Hide All Deactivate  Close

Simulation

110 |

8107

6107 -

molfl

4107 -

2107 -

L I
1500 2000

— [FH] — [AH] —— [rRO*]
— [ROO*]

The Figure shows the transient changes of fluorescein (red line), the
consumption of the antioxidant (blue line, [AH]0 = 1x10-6 M, with k5 set
to 5x104 (Ms)-1. Also shown the production of peroxyl radicals (cyan line),
while the alkoxyl radical formation is very small and not visible with the axis
ranges of this plot.

Fit the The values of the kinetic parameters can be optimized automatically using
experimental a fitting routine in COPASI. This routine is available under the “Task” folder,
data selecting the item “Parameter Estimation”, as shown in the Figure below.
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Eile Edit Tools Window Help
JTHEEES%S %@

R04-(bleaching)
RO5-(inhibition)
ROE-(repair)
RO7-(termin alkoxyl)
RO8-(termin a*)
ROS-(termin f*)
Global Quantities [0]
Events [0]
Parameter Overview
Parameter Sets [0]
¥ Mathematical
Differential Equations
Matrices
Diagrams
v Tasks
Steady-State
Steichiometric Analysis
v Time Course
Result
Metabolic Control Analysis
Lyapunov Exponents
Time Scale Separation Analysis
Cross Section
Parameter Scan
Optimization
Parameter Estimation
Sensitivities
Linear Noise Approximation
Time Course Sensitivities

~

@ orac-new - COPASI 4.41 (Build 283) C:/Users/.../06-COPASI/orac-new.cps

ol | Concentrations  ~

Parameter Estimation

Randomize Start Values [[] Create Parameter Sets Calculate Statistics

Parameters (3) Constraints {0)

[] update model [] executable
Experimental Data|  Validation Data

[] use Time Sens

1 1e3 £ (RO5-(inhibition)).k1 £ 1ef; Start Value = 6007.687519
2 1e6 < (RO6-(repair)).k1 < 1e9; Start Value = 4800818941
3 9e-06 < [AH]_D £ 1.1e-05; Start Value = 1,096858062e-5

Object RO5 @ o e C
Lower Bound [] - Infinity | 1e3 @ o W
Upper Bound [ +Infinity |1e6 @ |
Start Value 6007.687519

Affected Experiments all n
Affected Validations all

Duplicate for each Experiment

Method Show Settings

Name Value
Number of Generations 200
Population Size 20

Pf 0475

Within Parameter Estimation routine, you must choose the parameters to
be optimized. In this example, three parameters were selected,
respectively, the rate constant for the Reactions RO5 and R06, and the
initial concentration of the antioxidant [AH]O0.
For each parameter, you can define the lower bounds within which the
iterative fitting program in COPASI is allowed to find the optimal value that
best match the experimental curve. A good practice is to flag the option
“Randomize Start Value”. This option allows COPASI to randomly set an
initial guess value for each of the chosen parameters. This option is
important for establishing the convergence of the optimal values of the

parameters even if the initial value is changing. As method for finding the
optimal parameters, we choose the SRES method, as shown in the Figure
above. Details of this method are given in the manuscript.

Finally, the experimental data must be loaded by clicking on the button
“Experimental Data”. Experimental dataset must be saved in a .txt or .csv
file, in a format like that represented in the following Figure:
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I BT FEPT

O

_ | Chlorogenic_2.5...

X

File Edit Format View Help

Time (s),Chlorgenic 2.5 &
0.886,0.0000008
60.888,8.01482E-07 1
120.902,7.97099E-07 u
180.917,7.9716E-07
240.919,7.91172E-07
300.927,7.90802E-07 I
360.935,7.83702E-07 1
4209335 1: I'TU3BE=0] |
480.942,7.63022E-07
Bdl 838 3121TTE=0T v
600.96,7.03388E—07‘ o
660.962,6.63261E-07
720.966,6.0801E-07
1780.973,5.42881E-07 F
840.977,4.75901E-07
900 9834, U601 9E~Q7
960.983,3.37927TE=Q7 F
1021.003,2.75206E-07 [
1081.009,2.1193E-07
1141009, 1.55938F-07
1201.015,1.09453E-07 I

1A/ AN T ARC~ACAT AN

10 Windows (CRLF) UTF-8 with BOM I
T

T FTOTS 13T T

Next, the dataset can be loaded in COPASI by clicking on the button
“Experimental Data” and than selecting the stored .csv. or .txt file, as it is
shown in the following Fugure:

@ copas , :

o e ®

Its Ed
JH -1 RN J ‘J;
R04-(bleaching) ~
RO5-(inhibition)
RO6-(repair)
\ RO7-(termin alkoxyl)
RO8-(termin a*)
RO9-(termin f*)
Global Quantities [0]
Events [0]
Parameter Overview
Parameter Sets [0]
v Mathematical
Differential Equations
Matrices
Diagrams
v Tasks
Steady-State
Stoichiometric Analysis
v Time Course
Result

s (E‘ d Concentrations ¥

Parameter Estimation [ update model [ executable

Experimental Data| |Validation Data

Randomize Start Values [ ] Create Parameter Sets Calculate Statistics [] Use Time Sens

@

15 | 16

File Experiment

=

Chlorogenic_2.5.csv ‘ |Experiment

(@ Replace Data File

™ <« 03-C.. » Chlorogenic ... v

Search Chlorogenic acid

@ @

Date

Organize v New folder -

~

Videos G Name Status

Metabolic Control Analysis
Lyapunov Exponents
Time Scale Separation Analysis
Cross Section
Parameter Scan
Optimization
Parameter Estimation
Sensitivities
Linear Noise Approximation
Time Course Sensitivities
v Qutput Specifications
v Plots [4]
Fitting

E: ‘&= 0SDisk (C3)
=g DATA (\\UBZOTFST\PROFS'

:\ Chlerogenic_0pM.csv
| Chlorogenic_2.5.csv
' Libraries E | Chlorogenic_3.csv
¥ Network
ASN

desktop

:\ Chlerogenic_7.5.csv
:\ Chlerogenic_10.csv

| Chlorogenic_12.5.csv
v <

[oNoNoNoNoNG]

File name: | [Chlorogenic_2.5.c:

~ ‘ Data Files (*.bct *.csv *.tsv)

Cancel

Once load the file, COPASL recognize automatically the structure of the
dataset. However, you can define manually the first raw where the data
start (i.e., “1"), the last row (i.e., "50"), and the separator symbol (i.e.,

Also, be careful to select the flag “Time Course”, which indicates that your

file has in the first column a “time” variable.

A\S/

4
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Finally, associate column names. The first column, as said before, is
automatically associated with the type “Time”. The other column is FH, that
must be associated with the corresponding chemical species defined in the
model.

@ - O

JHEDERES % f?, ls | Concentrations v

R04-(bleaching) ~
RO5-(inhibition) Parameter Estimation [] update model [] executable
RO6-(repair)
RO7-(termin alkoxyl) Experimental Data| Validation Data
ROB-(termin a*) Randomize Start Values [ ] Create Parameter Sets [/] Calculate Statistics [ use Time Sens
RO9-(termin *)
Global Quantities [0] @ Experimental Data 2 X
Events [0]
Parameter Overview File &8 | e |...| Experiment o e ]
Parameter Sets [0] - =
v Mathematical Chlorogenic_2.5.csv Experiment
Differential Equations
Matrices
Diagrams i
v Tasks
Steady-State Experiment |Experirnent | First Row Last Row
Stoichiometric Analysis Header Separator l:l [ <tab>
v Tlm;eC;JTtrse Copy Settings [] from previous [ ] to next [ to all following
Metabolic Control Analysis Experiment Type (O Steady State (@) Time Course
Lyapunov Exponents Weight Method | Mean Square 7 Normalize Weights per Experiment
Time Scale Separation Analysis
Cross Section Column Name Type Model Object ~ Weight
Parameter Scan 1 Time (9 Fiiia
Optimization
Parameter Estimation 2 Chlorgenic 2.5 dependent @ [FH] )]
Sensitivities
Linear Noise Approximation
Time Course Sensitivities \
v Output Specifications Revert Cancel
v Plots [4]

Finally press "OK"”, and, then, when returned to the main COPASI window,
press the button "Run”. The iterative fitting routine starts automatically
finding the optimized values for the kinetic parameters of the chosen
variables. A dialogue window appears, indicating the iterations that the
fitting program is running and the goodness of the fit, indicated by the
textbox “Best value”, as shown in the following Figure:

i| @ COPASI Progress Dialog -

w 0 O] & r

| Bestvale |3.342476729e-16] |

Function Evaluations | 15543 |

Current Generation _ 65%

When the oterative fitting program has found the optimal value of the
kinetic parameters that minimize the sum of squared difference between
the experimental and simulated data, then the software provide a complete
statistical analysis of the fitting routine, as shown in the Figure below:

10
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(@ orac-new - COPASI 441 (Build 283) C:/Users/.../06-COPAS/orac-new.cps - o X
File Edit Jools Window Help
H B8 %5 @ & [concentratons +

v copasi
Model Parameter Estimation Result Update Model | Save to File
v T Main  Parameters  Experiments  FittedVales  Correlaton  Fisher Information  Validation Experiments  Validation Fitted Vaiifish
Steady-State :
Stoichiometric Analysis Parameter Lower Bound  Start Value Value Upper Bound ~ Coeff. of Variation [%] Gradient Std. Deviation
Time Course 1 (ROS-(nhibition))K1 1e3 199606 602337 1e6 18349 524822620 110523
Metabolic Control Analysi -
eholc ontre nalysis 2 (ROG-(repaif) ki 1e6 5344246408 3.16020+06 169 903785 -8.76993e-23 285622
Lyspunov Exponents
3 [AHLD 906 9.01863¢-06 1.06395¢-05 1.1e-05 571967 2138711 6.08546e-07

Time Scale Separation Analysis
Cross Section
Parameter Scan
Optimization
v Parameter Estimation
Result

Also, by creating the p'Iot with the “"Output Assistant” button, it is possible
to create a plot that shows the experimental data (as points) and the
simulated data (as line), as shown in the following Figure:

| @ copasl Plot: Fitting - a X

Eile View Window
Print SaveImage SaveData Zoomout LlogX Log¥Y  Show Al Hide Al Deactivate  Close
Fitting

8107

6107

14107

2107

500 1000 1500 2000 2500 3000

<o Experiment,[FH](Measured Value) — Experiment,[FH](Fitted Value)

11
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non-radical

Oz
H
H
N ROO products

o) H H 00" ki
INOO’ % Eio Eﬁo
k & H
INOOH >_p< m OOH
H ooH H 4 F+lL P
60 60
Scheme S1. Mechanism of autoxidation of tetrahydrofuran (THF) initiated by InOQe

radicals in the presence of fluorescein (FH).

12
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Figure S1. 02 consumption during the autoxidation of tetrahydrofuran (3.1 M) in water
at pH 7.0, initiated by AAPH (50 mM) at 30°C, in the absence (a) and in the presence of
fluorescein 25 uM. Oximetry Analysis of Fluorescein Reactivity Toward Peroxyl Radicals.
Autoxidation were performed in a two-channel oxygen uptake apparatus, based on a
Validyne DP 15 differential pressure transducer built in our laboratory. The peroxyl
radical-trapping activity was evaluated by studying the inhibition of the thermally
initiated autoxidation of tetrahydrofuran (THF) in buffered water at pH 7.4. THF has
been purified by distillation before the experiment to remove the inhibitor. In a typical
experiment, THF (0.5 mL), AAPH and 100 mM phosphate buffer were added to a round
bottomed flask to reach an overall volume of 4 mL. The sample was equilibrated with
an identical reference solution containing an excess of Trolox. The oxygen consumption
in the sample was measured after calibration of the apparatus from the differential
pressure recorded with time between the two channels. The rate constant of the

reaction between alkylperoxyl radicals (ROOe) and fluorescein in water was obtained
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from the slopes of 02 consumption in the presence and in the absence of fluorescein
(FH) (Rin and Ro, respectively) by equation 1, where R; is the initiation rate ( 1.5 x 1078
M s71), nis stoichiometric coefficient of FH and 24: is the termination constant of THF
(6.6 x 107 M-1s71) [49]. The experiments were performed in triplicate.

(RO/Rin) / (Rin/RO) = (n Kuni [FH]) / (R| 2/(t)1/2 (1)
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