
Nov 8:          Eric Deeds, University of California at Los Angeles 
                    "The evolution of cellular individuality" 
                   
Nov 15:        Daniel Merkle, University of Southern Denmark 
                    "Graph rewriting and chemistry" 

Nov 22:        Jean Krivine, Paris Diderot  
                    "From molecules to systems: the problem of knowledge representation in  
                     molecular biology" 
                   
Nov 29:        Eric Smith, Earth Life Sciences Institute, Tokyo 
                    “Easy and Hard in the Origin of Life" 
                   
Dec 6:          Massimiliano Esposito, University of Luxembourg 
                    "Thermodynamics of Open Chemical Reaction Networks: Theory and Applications"  

Dec 13:        Yarden Katz, Harvard Medical School  
                    "Cells as cognitive creatures" 
                    
Jan 17:         Aleksandra Walczak, ENS Paris 
                    "Prediction in immune repertoires" 

Jan 24:         Tommy Kirchhausen, Harvard Medical School 
                    "Imaging sub-cellular dynamics from molecules to multicellular organisms"



1. The Topology of the Possible  
(La représentation de l’information biologique) 

Previous Lectures

2. Propagation of Genetic, Phenotypic, and Molecular information 
(Limites de la transmission de l’information biologique) 



Mutation and (Simple) Darwinian Selection

sequencesmaterials in excess

with



Error Thresholds

fraction of neutral mutants

superiority of master sequence
sequence length

genotypic error threshold

phenotypic error threshold



Putting it All Together
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Lecture Two.5…

2. (part 2) 
The Propagation of Genetic, Phenotypic, 
and Molecular information
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connects energetics with kinetics



Basics

R P

R

P

Reaction coordinate

G
ib

bs
 fr

ee
 e

ne
rg

y 



EEF ET

F
E

T
EE

Kinetic Proofreading Problem

andat steady-state

assume

discriminating factor

error rate
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Kinetic Proofreading Scheme

drawing after Jeremy Owen



Energetic discrimination

wrong right
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Kinetic discrimination

long time

short time
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short time

Proofreading Schemes

S. Pigolotti & P. Sartori. J Stat Phys (2016) 162:1167–1182



Lecture Three

3. 
Modeling cellular information processing
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Signaling: A Circulatory System of Information

cell fate, 
division, 
repair, 

cell death, 
motility, 

morphology, 
…

tasks:



molecular species18 868 902 333 942 991 917 533 566 435 344 349

Signaling: A Circulatory System of Information

not a physical network, but a network of possibility



Start with simplicity…

Where To Begin ?
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Multiple Binding Sites: Scaffolds
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molecular species

reactions

Combinatorial Reaction Network
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n binding sites (disordered)
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Sequential Binding



n=2

n=10

sequential binding all-or-none cooperativity (Hill)
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(e.g. a kinase)

(e.g a phosphatase)
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A Do-Undo Loop



small G proteins
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and

...
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The Do-Undo Loop Cascade With “Depth” and “Width”
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