
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, IRIF, Université de Paris 
                    "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 And Look-Ahead

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

3. Modeling cellular information processing the classical way 
(Modélisation ‘classique’ du traitement de l’information cellulaire) 

4. Modeling cellular information processing the rule-based way 
(Modélisation basé sur les règles; introduction) 

5. Examples of rule-based models 
(Modélisation basé sur les règles; examples) 

6. Causality in rule-based dynamics 
(Causalité) 

7. Combinatorial scaffolding 
(Echafaudage combinatoire) 

8. Cellular learning? 
(Apprentissage cellulaire?) 
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Reactions Don’t Leverage Independence



stochastic rate constant

rule activities

rules

system activity

r : Lr → Rr @ γr
<latexit sha1_base64="YytpGP/Db2mVcD45Pb6iYEeqhzo="></latexit>

advance time

select rule

update

initialize

λ
<latexit sha1_base64="45D28HOpz1dvBLei+CETTig2xoU="></latexit>

αr
<latexit sha1_base64="5Rl2vAkBiIKWq7B+v6fxjs587wI="></latexit>

all and

Basic CTMC Loop



Lecture Five

5. 
Modeling with Kappa



state identifier

bond identifier (comes in pairs)the interface of A is a set, not a multi-set
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Kappa: Patterns



Kappa: Rules

tokens



Kappa: Rule Examples



Kappa: Rule Examples



Kappa: Rules in “Edit Notation”
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Kappa: Concatenating Chains



Kappa: Signature

the possible binding states of A at site x

the possible internal states of A at site z

a “binding stub”



Hello Biology
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Hello Biology

substrate in excess of enzyme enzyme in excess of substrate



copy machine

original

copy

reservoir of monomers

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

Copying a Polymer (Single-Step)



copy machine

original

copy

reservoir of monomers

Copying a Polymer (Single-Step)



Copying a Polymer (Single-Step)
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Free Energy Landscape in Composition Space

compositional space

free energy



configurational space

free energy

Free Energy Landscape in Configurational Space



configurational space

Rate Constants and Driving Potential



facilitates R over W

favors a direction

or

or

difference in barrier  
for W and R

Copying



error rate

error probability

(single step) error rate in the reversible limit

(single step) error rate in the irreversible limit

Error Rate



Copying a Polymer (Single-Step)
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Copying a Polymer (Contact Map)
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{off, a, …, z, on}


