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Infrastructure Systems Biology Europe (ISBE)

1) The Make Me My Model (M4) pillar consists of a software infrastructure that helps customers to make their
various types of data (genome sequence, transcriptome, proteome, metabolome, physiological, kinetic, etc.)
predictive and understood via modeling (www.isbe.nl).

2) The Do Me an Experiment pillar is a distributed hardware-plus-service infrastructure that performs systems-
biology quality assays as a service (M5; Make Me My Mass Spectra Measurements, enzyme kinetics,
metabolomics, and epigenetics will be soon available. For the time being, there is a Systems Metabolomics
service at ISBE.IT (www.sysbio.it/isbe): a complete metabolomic platform to perform ad hoc experiments,
coupled with constraint-based modeling approach.

3) The Live Model Repository (LMR) of ISBE is a software infrastructure of interconnectable, systems-biology-
quality kinetic models through JWS Online (https://jjj.bio.vu.nl/) and COSYS (sysbio.it/cosys/), where users
can perform construction, modification, and simulation of kinetic models, and storage of curated ones (JWS),
or define mathematical models of biological systems and perform constraint-based (e.g., Flux Balance Anal-
ysis) and mechanism-based dynamic simulations (either deterministic or stochastic), drastically accelerated
by GPUs (COSYS).

4) The Data and Model Stewardship of ISBE called FAIRDOM (http://fair-dom.org). The FAIRDOM Project was
started under the auspices of the ERA-NET programme ERASysAPP and ISBE, jointly funded by CH, DE,
NL and UK. FAIRDOM assists researchers to be in control of collecting, managing, storing, and publishing
data, models, and operating procedures. FAIRDOM takes responsibility for the Stewardship of research
assets services of ISBE.

5) Help Me to Model (HMTM) provides training to customers wishing to make models themselves, in online or
workshop tutorials (www.isb.nl ).



Findable, Accessible, Interoperable, Reusable (FAIR)
Model management for ISBE services in FAIRDOM



ISBE.NL at EOSC-Life (European 
Open Science Cloud)

User

Transcription data 
(through ELIXIR)

ISBE models at JWS 
online (linked with 
FAIRDOM)

Kinetic constants data
(through SABIO-RK)

EOSC-Life
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CORBEL supported services: 
Integration of Systems Biological Infrastructures
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(e.g. ISBE)

Service 1 Service 2

money money

pr
op

os
al

Facilitates interactions 
for coordinated services



Contents

712/17/2021

• Virtual Human – the fate of Systems Biology

• How reconstruction of biological behavior in silico leads to 
delegation of our understanding to computer models

• Top-down, middle-out and bottom-up aproaches

• What does help us to build Virtual Human

• What does Virtual Human bring to us

• Philosophical aspects of Virtual Human

• …….with biological examples

Reactive Oxygen Species and Aging

COVID-19 pandemics modelling 



Reductionism (one gene –> one disease)

Inferred from the central dogma of 
molecular biology
DNA (cause)=>RNA=>Protein (effect) 

Classical picture

Does not work



Circular causality

The cell manages both storage and reading DNA information as a 
whole; metabolites and proteins regulate transcription

Circular causality in biology
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Enucleated egg goldfish

An example of circular causality

Cell as a whole decides which 
information to read



Elements A and B interacting in the 
system S(A,B)

BA

Properties of components

Biological emergent behavior

Emergentism in biology

By Broad, C.D. (1925). The Mind and Its Place in Nature, London: Routledge & Kegan Paul, first edition

• thesis of synchronous determinism: There can be
no differences in the systemic properties without
there being some differences in the properties of the
system’s parts and their arrangement

• thesis of systemic property: Property of the 
system is absent when A and B are in isolation

• thesis of physical monism: 
A and B are physical entities



Strong emergenceWeak emergence

Carbon atoms in the diamond
"erkenne dich selbst“

Gnothi Seauton (ϒνωθι σεαυτον) 

Broad, C.D. (1925). The Mind and Its Place in Nature, London: Routledge & Kegan Paul, first 
edition

Problem, unsolved by C.D. Broad

vs
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High state-dependency of component 
properties e.g. interactions between proteins A 
and B depends on 
• Other components (C,D,E,F…)
• Hysteresis
• Flow of mass and energy through the system
• Initial and boundary conditions, etc.

The more information about state dependency is 
required to reconstruct the emergence - the stronger 
is the emergence
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d(A1000)
dt

=kf1000 x [A999] x  [A998]

………

The information about state 
dependency might be described in 
the form of mathematical 
equations

d(A1002)

dt
=kf1001 x [A1000] x  [A1001]

d(A555)
dt

=kf555 x [A546] x  [A549]

d(A555)
dt

=kf555 x [A546] x  [A549]

solve

Systems Biology – holism and 
reductionism at the same time





Physics

How emergent properties of system relate to 
each other:

How properties of system emerge:

Ek=3/2k*T

Stamp collecting

Ideal gas law



Biology: from “Stamp collecting” to 
“physics”

Disease Type of Inheritance Gene Responsible
Phenylketonuria (PKU) Autosomal recessive Phenylalanine hydroxylase (PAH)
Cystic fibrosis Autosomal recessive Cystic fibrosis conductance transmembrane regulator

(CFTR)

Sickle-cell anemia Autosomal recessive Beta hemoglobin (HBB) 

Albinism, oculocutaneous, type II Autosomal recessive Oculocutaneous albinism II (OCA2) 

Huntington's disease Autosomal dominant Huntingtin (HTT)

Myotonic dystrophy type 1 Autosomal dominant Dystrophia myotonica-protein kinase (DMPK) 

Hypercholesterolemia, autosomal dominant, 
type B 

Autosomal dominant Low-density lipoprotein receptor (LDLR); apolipoprotein 
B (APOB) 

Neurofibromatosis, type 1 Autosomal dominant Neurofibromin 1 (NF1)

List of genes associated with 6000 genetic diseases:



Systems Biology: Virtual Human instead of a single 
equation 

How to explain biological behavior in terms of interactions 
between components

How to compute Life

Virtual Human



more complicated model

A B C D

simpler model

A B C

Which model is more likely to be correct?

William of Occam (1285-1349): 
“One should not postulate (pose) more things without 
necessity” (Pluralitas non est ponenda sine necessitate)

Occam’s razor

A B C D A B C



More likely to be correct

Hans V. Westerhoff (at the beginning of the XXI century): 
One should not remove things without necessity
(Pluralitas non est eliminanda sine necessitate)

Systems Biology

A B C

D

more complicated model simpler 
model

A B C



Virtual Human is a model (a projection of one
system to another system)

H2O

But all our “Data” are also “Models”; 
it is what is “taken” rather than what is “given”



Emergent property

Digital/Virtual/Silicon Human

Interacting components

Middle-out 
(Virtual Human)

Data-driven
(Digital Human)

Mechanism-driven
(Silicon Human)



Universal building blocks for all biological systems

glucose



“Domino” approach “Blue-print” modelling

Design principles study

emergent behavior

design feature



“Blue-print” modelling

Cell differentiation Organisms differentiation

Blue-printmodel

AK1



Slide 25

AK1 Alexey KOLODKIN, 7/15/2014



Hourglass principle in blue-print modelling

Diverse information for building the model (al lot of Data)

Blueprint modelling

Model instantiations specific for: species, diseases, persons



We model “ideal” behavior of homeostatic systems

Robustness through networking

Shukhov tower, 350m (reduced to 
160 m), Moscow, 1920-1922

Disease as a network 
perturbation



Reconstruction of emergent behavior and 
state-dependency of components properties. 

Example.



Complexity and state-dependency in 
Parkinson's disease

Molecules:
25,000 genes
1014 cells
105 interactions

Measured
emergent 
behaviour:

Symptomatic motor disorders;
sleeping disorders….

Lack of dopamine 
secretion in 
dopaminergic neurons

lack of substrate (in PK)

pesticides

mutations (DJ1)

oxidative stress



Insight and Reproducibility are compromised if 
we take fragments

Molecules:
25,000 genes
1014 cells
105 interactions

Measured
emergent 
behaviour:

123 publications
Two independent experimental data 
sets:
• University of Milano Bicocca
• University of Maastricht



A system should be taken as a whole

Molecules:
25,000 genes
1014 cells
105 interactions

Measured
emergent 
behaviour:

Computer and AI will do it
better than human brain

Robot-scientist is working
in Manchester



We start with ROS (Reactive Oxygen Species)

Molecules:
25,000 genes
1014 cells
105 interactions

Measured
emergent 
behaviour: behavior

ROS
Image adopted from Wikipedia



Step by step, we add new network features and observe 
new emergent properties (design principles study)

Molecules:
25,000 genes
1014 cells
105 interactions

Measured
emergent 
behaviour:

New emergent behavior

ROS New network feature



Step by step, we add new network features and observe 
new emergent properties (design principles study)

Molecules:
25,000 genes
1014 cells
105 interactions

Measured
emergent 
behaviour:

Another emergent behavior

ROS New network feature

New network feature



Initial module: Mitochondrial damage and ROS form 
positive feedback 

3512/17/2021
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Design 1: Adding mitophagy and ROS removal
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Steady state emerged
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Design 1: With mitophagy and ROS removal
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No structural robustness No dynamic robustness

0
20
40
60
80

100

0 0.5 1 1.5 2

R
O

S
 (

n
M

)

Time (days)

Perturbation of ROS 
synthesis 

design 1 No design

0

20

40

60

80

100

0 1 2 3 4

R
O

S
 (

n
M

)
Time (days)

Perturbation of ROS 
concentration 

design 1 No design



Design 1: summary
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No structural robustness
No dynamic robustness 

no design design 1

Feature - Mitophagy and 
ROS removal

P
ro

p
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e
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e
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e
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e
d

Steady state - +

Structural 
robustness

- -

Dynamic 
robustness

- -

Steady state emerged



Design 2: Healthy mitochondria is variable
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Structural robustness 
emerged

Design 2: Healthy mitochondria is variable
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Dynamic robustness 
emerged

0

20

40

60

80

100

0 1 2 3 4
R

O
S

 (
n

M
)

Time (days)

Perturbation of ROS 
concentration 

design 1 design 2 No design

0

20

40

60

80

100

0 0.5 1 1.5 2

R
O

S
 (

n
M

)

Time (days)

Perturbation of ROS synthesis 

design 1 design 2 No design



Design 2: Healthy mitochondria is variable

4112/17/2021

No homeostasis
𝑹𝑶𝑺 𝒊𝒏𝒇𝒍𝒖𝒙 𝒓𝒂𝒕𝒆
𝑹𝑶𝑺



Both structural and dynamic 
robustness emerged

Design 2: summary
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No homeostasis

no design design 1 design 2

Feature - Mitophagy 
and ROS 
removal

Healthy 
mitochondria 
is variable

P
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d Steady state - + +

Structural 
robustness

- - +

Homeostasis - - -

Dynamical 
robustness

- - +



Design 3: Adding Nrf2-keap1 and p62 feedback
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Homeostasis emerged

Design 3: Nrf2-keap1 and p62 feedback

𝑹𝑶𝑺 𝒊𝒏𝒇𝒍𝒖𝒙 𝒓𝒂𝒕𝒆
𝑹𝑶𝑺



Homeostasis emerged

Design 3: summary
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Robustness with respect to the second pulse of ROS

We continue design principle studdies
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no 
design

design 1 design 2 design 3 design 4 design 5

Feature - Mitophagy 
and ROS 
removal

Healthy 
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Nrf2-Keap1 
and p62 
feedback

NFkB
signaling for 
mitochondri
al repair

DJ1 
balancing 
responses
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- - + + + +

Homeostasis - - - + + +

Dynamical 
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Robustness 
with respect 

to the second 
pulse of ROS

- +70 pages of Supplementary Material,
108 plots, 138 COPASI models



Detailed ROS model
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Validation of ROS model in terms of response to 
menadione and hydrogen peroxide

4812/17/2021

Design principles were checked again



Emergent behavior reconstructed in silico

4912/17/2021

Preconditioning to 
oxidative stress (memory) Aging

Data are “live”

Time (hours)

ROS

ATP

ROS synt



Sensitivity analysis of the dependence of steady 
state ROS levels on various parameters
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Life-time control coefficient
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Best network-based target 
processes for drugs to 
retard aging

Sum of all individual time-control 
coefficients = 
Time-control by simultaneous activation of 
all molecular processes = -1



Aging, Parkinson's disease and personalised medicine



Aging, Parkinson's disease and personalised medicine

α-synuclein



Aging, Parkinson's disease and personalised medicine

α-synuclein



Aging, Parkinson's disease and personalised medicine

DJ1



Aging, Parkinson's disease and personalised medicine

DJ1



Aging, Parkinson's disease and personalised medicine

p62



Aging, Parkinson's disease and personalised medicine

p62
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