
Table of Computational models of redox sensitive pathways 
 

Reference Model Description New Insights Limitations Availability Tool 

Atom 

(16) • Chemical/atom structures 

• Quantum transport 

Electron transport 
increases or is 
disrupted depending of 
zinc binding location 

Difficult to 
integrate into 
bigger systems 

Not open 
access 

Transiesta 
4.0 
NWChem 
6.4 

(15) • FAD in Cry1At 

• Vertical energy gaps 

• Vertical ionization energy 

• Vertical electron affinity 

• Gibbs free energy 

• Accurate estimates of 
redox potentials of 
biological 
macromolecules 

• Importance of long-
range electrostatic 
interactions 

Difficult to 
integrate into 
bigger systems 

Equations 
and 
parameters 
available in 
supplementa
ry material 

BioEFP 
method 
Specifics 
unknown 

Kinetic, ODE, and Agent 

(2) • Modulation of ETC ROS 
production state 3 and 4 
respiration 

• Role of substrates and 
respiratory inhibitors 

• Membrane potential 

• ROS scavengers 

• ROS levels are 
controlled by 
mitochondrial redox 
balance 

• ROS production 
declines with 
decreasing membrane 
potential 

• ROS increase when 
scavenging capacity is 
exhausted 

• Conservative 
number of 
states 

• Limited range 
of timescales 

• Qi considered 
thermodynami
cally stable 

 
http://icm.jhu.
edu/models 

MATLAB 7.1 

 
(1) 

• IL-4 network 

• ODE including elementary 
mass action kinetics for all 
reactions 

• pSTAT6 dynamics 

• Systems model including 
ROS 

• Reversible PTP 
oxidation  is the 
primary redox 
regulatory mechanism 
in IL-4 redox pathway 

• Specific to the 
IL-4 signaling 
pathway of the 
immune 
system 

• Lack of 
compartmenta
tion 

https://simtk.
org/projects/il
4_redox 

MATLAB 
Symbiology 

toolbox 

(4) • Rule based (ODE), CTMC 

• ROS 

• Lipid draft 

• WNT signalling 

• Considers spatial  

• Characterisation of 
interplay between 
ROS and WNT 
signalling controlling 
nuclear beta-catenin 
levels 

Neuron specific Specification
s in 
supplementar
y material 

James II 
SESSL 

experiment 

(9) 
• Electron carriers for C1, 

C3, C4 + quantities 

• Electron transfer network 

• Reactions + rate 
equations 

• pH 

• Membrane potential 

• Semiquinone of c1 
may be ROS forming 
site 

• Inhibition of c3 and 4 
reduces ros 
production by c1 
semiquinone 

• Depolarization 
activates ros 
production by 
antimycin-inhibited 
complex3 

Non stated http://insysbi
o.ru 

DBSolve 
Optimum 
software 

(5) 
• Agend based 

• Intramitochondrial 
reactions 

• Cytosolic activities 

• NAD+ and ATP 
decline, and ROS 
decrease in an age 
dependent manner 

• Effects of mitophagy 

Based on c. 
elegans 

Parameters 
and 
equations 
given in 
supplementa

AnyLogic 
multimethod 
simulation 
software 
GraphPad 



• Nuclear activities 

• Mitochondrial stress-state 
phenotyping 

• DAF16 and SKN1 
expression required 
for healthy ageing 

ry material Prism 7.0 

(8) 
• Energetic-redox, 

• Ionic processes 

• pH regulation 

• Transport between 
compartments 

• SOD 
compartmentation and 
ROS generation can 
lead to mitochondrial 
chaotic dynamics 

• SOD2 levels dictate 
chaotic, stable, and 
pathological function 

• Hypothesized to lead 
to cardiac fibrillation 

None stated Available on 
request 
 
Initial 
conditions 
available in 
supplementa
ry material 

MatCont 2.4 
(MATLAB) 
 
Time series 
of state 
variables - 
phase space 
reconstructio
n: 
MutualInfor 
0.9 package 
 
Lyapunov 
exponents: 
FET  
 
Power 
Spectrum 
Analysis 
Fast Fourier 
Transform 

(10) • Core motif 

• Active Prx 3 

• Inactive Prx3 

• Mitochondrial H2O2 

• Cytosolic H2O2 

• Mitochondrial Srx 

• Reaction rates 

delay in mitochondrial 
Srx import, in 
combination with 
separation of fast and 
slow reactions, is 
sufficient to generate 
self-sustained 
relaxation-like 
oscillations 

Parameters 
differs between 
cell and tissue 
types 

Available in 
supplementa
ry material 

Python - 
odeint 
(scipy) 

(11) • Kinetic /network 

• Peroxiredoxins 

• Thioredoxins 

in vivo thioredoxin 
oxidation measures can 
be used as surrogate 
indicators for flux 

Allows 
qualitative (not 
quantitative) 
comparisons 

Equations 
and 
parameters 
stated 
directly in 
the article 

PySCeS 
Copasi 

Network 
based 

     

(17) 
• ROS-induced ROS 

release based on 
reaction-diffusion 

• Network of individual 
mitochondria including 
ROS dependent 
mechanisms 

• Membrane potential 
 

Clusters of oscillating 
mitochondria can lead 
to cell death and 
progression of heart 
disease 

• Cardiomyocyt
e specific 

• Does not 
reproduce 
entirety of 
network 
properties 

• 2D, however 
O2 can diffuse 
in three 
dimensions 

Parameters 
and 
equations 
given in 
supplementa
ry material 

CVODE 
(ODE solver) 

(13) 
• Boolean network model 

• Oxidative stress response 

• PI3k/Akt pathway 
apoptosis 

• Nrf2-Keap1 signalling 

New approach to 
pinpoint fault locations 
by using temporal 
variations in oxidative 
stress input 

None stated Not open 
access 

MATLAB 



(12) 
• Transcriptional feedback 

through FOXO 

• Interaction with ROS 

• Insulin signalling 

• ODE 

• Long term dynamics of 
insulin 

• Describes the 
concentration 
dependent regulatory 
effect of oxidative 
stress on  insulin 
signalling 

• None stated 

• Author 
suggested 
extension of 
model 
including 
glycolysis, 
oxidative 
phosphorylatio
n, and ROS 
production 

Biomodels 
MODEL1212
210000 

SBML, 
Copasi v4.6 
R v2.9.2 

(6) • SBML 

• Oxidative stress 

• TGFbeta 

• IL1 

•  

Highlighted the role of 
oxidative stress in 
cartilage breakdown 
associated with ageing 

Specific to 
ageing 

Biomodels 
MODEL1402
200004 

CellDesigner 
COPASI 

(3) 
• Network based 

• FDX, FTR, FNR 

• NADPH, NTRC pathway 
 

• Based on previously 
published models 

• Describes functional 
state of chloroplast 
thiol regulatory 
network 

• The stromal redox 
state is H2O2 
dependent 

Specific to 
chloroplast 
metabolism 

provided in 
supplementa
ry material 

MATLAB 

(7) 
• Kinetic metabolism model 

CardioGlyco 

• Redox cofactors 

• Metabolites and equations 
of interactions 

Phosphoglucose 
isomerase activity 
affects myocyte growth 
via mTOR activity 

Cardiomyocite 
specific 

Biomodels: 
MODEL1910
170001 

COPASI 

ML 

     

(14) • Sequential distance 

• Position-specific scoring 
matrix profile 

• Predicted secondary 
structure 

• Predicted solvent 
accessibility 

• Physical chemical 
property 

• ML: SVM 

• Prediction of redox-
sensitive cysteines 

• Independent of protein 
structure data 

None stated http://biocom
puter.bio.cuh
k.edu.hk/RS
CP 
Does not 
seem to be 
supported  

PSI-Blast 
SSpro 
Matlab: 
Libsvm 3.2 + 
svm-rfe 
R - nnet 
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