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Challenge of Systems Medicine: 
combination of -omes   vs  disease
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Challenge of Systems Medicine: 
combination of -omes   vs  disease

e.g. Ovarian cancer
Breast cancer

Pancreatic cancer?
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Challenge of Systems Medicine: 
combination of -omes   vs  disease

e.g. Ovarian cancer
Breast cancer

Pancreatic cancer?

Understanding of dynamics?
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Why systems of coupled simple units 
can have complex dynamics?
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Why systems of coupled simple units 
can have complex dynamics?

Somehow surprising
System independent effects
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1. Pioneering experiments and basic elements in 

synthetic biology.

2. Suprising dynamics in:

1. Intercell communication :

        Synchronization vs Desynchronization

2. Decision making

3. Cellular intelligence

3. Summary
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Idea of reduced complexity: 
construction of simple 

biological models which mimic more
complex natural systems.

Nanorobots to be ÒdownloadedÓ 
into cells to perform elaborated

functions. 
Intelligent drugs. Programmed chips. 

Research spectrum:

Synthetic biology: combines science and engineering to design novel biological systems

Synthetic Biology
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Switch
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Repressilator
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Relaxator
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Repression activity of CI is 
signiÞcantly larger  than of LACI

Quorum-sensing
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1.Logical devices
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Synchronization vs 
Desynchronization
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For example, repressilator equations:
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1. Experimentally implemented synchronization of 

synthetic genetic networks.
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 Desynchronization

Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Tuesday, 13 August 13



Epigenetic decision making
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Epigenetic decision making

Another desicion

One decision

Parameter

Point of the decision
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Epigenetic decision making

Another desicion

One decision

Parameter

Point of the decision

Timing matters!
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Where important:

¥ Un

Understanding of natural cell differentiation circuits 

Differentiation of 
progenitors in immune 
systems (Graf 2008)

¥ DNA Methylation 
signature is different in 

cancer in networks 
responsible for stem cell 

differentiation
  

 From M. Widschwendter et 
al, Nature Genetics (2006)
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Design of therapies:

Tuesday, 13 August 13



Design of therapies:
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The Genetic Switch in Bacteriophage !  
 

Let us consider paradigmatic genetic switch
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Let us consider the paradigmatic genetic switch:
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals

Dephosporylation
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals

Mutual Inhibition:

Tuesday, 13 August 13



Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals

Noise:
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals

Noise:

Degradation
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So we have bifurcation, noise and asymmetry

Delayed Bifurcation!
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R is  the ratio Ph/(Ph+Pl) where Ph is the probability 
to choose the upper branch, Pl - the lower one.
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Speed- dependent Cellular decision making

Speed

Asymmetry Ratio
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In genetic decision networks:
¥ natural noise and asymmetry
¥ decision depends on the scenario, choosing the branch 
and speed of the decision making

Mechanism:
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In genetic decision networks:
¥ natural noise and asymmetry
¥ decision depends on the scenario, choosing the branch 
and speed of the decision making

Biology, Synthetic Biology, Medicine

Mechanism:
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Further research: multidimensional genetic switch
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What is the difference?

Tuesday, 13 August 13



What is the difference?

Intelligence and ability to learn
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Multicellular intelligence
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Intracellular intelligence
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Content

¥  What is intelligence? (ArtiÞcial intelligence)

¥ Stochasticity in gene expression

¥ Stochasticity in intracellular intelligence?

¥     Basic RosenblattÕs perceptron

¥     Associative perceptron

¥ Summary
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Perceptron inside the cell??
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In silico 
learning!
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What is the effect of noise
in

intracellular intelligence?
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Pseudo-genetic 
implementation  
of a linear classifier 

Inputs

Output

Tuesday, 13 August 13



A Genetic Linear ClassiÞer

Addition of Noise 

By adding noise to these points 
we essentially transform them into 
a distribution rather than a fixed 
point. 

D?"
"
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A Genetic Linear ClassiÞer

Monte Carlo Results 

D>"
"
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A Genetic Linear ClassiÞer

Monte Carlo Results 

Stochastic Resonance in a Genetic Perceptron

D>"
"
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What is Associative Learning?

Also known as classical/Pavlovian conditioning  (Pavlov's dogs)
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The Model Network

meat bell

basal
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The Model Network

meat bell

basal

meat bell
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Out of range of non noisy system 

E?"
"
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Stochastic Resonance in a Genetic Perceptron
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Summary

¥ Inside the cell we can have

¥ basic perceptron

¥ associative perceptron  

¥ Surprisingly stochasticity (intrinsically present in 

gene expression) may improve the classiÞcation 

performed by intracellular perceptron
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Open Questions Brain as Network of Networks
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Open Questions Brain as Network of Networks
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Open Questions Heterogeneity of Cancer
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Open Questions Perceptrons in Synthetic Biology
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To be synthetically implemented:

 Suprising dynamics in:

1. Intercell communication :

1. Desynchronization, rhythm generation, memory

2. Decision making

3. Cellular intelligence and effect of noise on 

this intelligence
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THANK YOU!!
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