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Molecules as Automata
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50 Years of Molecular Cell Biology

ɷThe genome (human: 3 GBases= 750MB) 
is made of DNA
ðStores digital information as sequences of 4 

different nucleotides

ðDirects protein assembly through RNA and the 
Genetic Code

ɷProteins (~1M coded from ~30K genes) 
are made of amino acids strings
ðCatalyze all biochemical reactions

ðControl metabolism (energy & materials)

ðProcess signals, activate genes

ɷBootstrapping still a mystery
ðDNA, RNA, proteins, membranes are today 

interdependent. Not clear who came first

ðNot understood, not essential for us
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Cells Compute

ɷNo survival without computation!
ð Finding food

ð Avoiding predators

ɷHow do they compute?
ð Unusual computational paradigms.

ð Proteins: do they work like electronic circuits? 
or process algebra?

ð Genes: what kind of software is that?

ɷSignaling networks
ðClearly òinformation processingó

ðThey are òjust chemistryó: molecule interactions

ð But what are their principles and algorithms?

ɷComplex, higher -order interactions
ð MAPKKK = MAP Kinase Kinase Kinase: 

that which operates on that which operates on that 
which operates on protein.
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Ultrasensitivity in the mitogen -activated protein cascade, 
Chi-Ying F. Huang and James E. Ferrell, Jr., 1996, Proc. 
Natl. Acad. Sci. USA , 93, 10078 -10083.

http://www.pnas.org/cgi/content/abstract/93/19/10078
http://www.pnas.org/cgi/content/abstract/93/19/10078
http://www.pnas.org/cgi/content/abstract/93/19/10078
http://www.pnas.org/cgi/content/abstract/93/19/10078
http://www.pnas.org/
http://www.pnas.org/
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Stochastic Collectives
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Stochastic Collectives

ɷòCollectiveó:
ðA large set of interacting finite state automata:
ɷNot quite language automata (òlarge set ó)
ɷNot quite cellular automata (òinteracting ó but not on a grid)
ɷNot quite process algebra (òcollective behavior ó)
ɷCf. multi -agent systems and swarm intelligence

ɷòStochasticó:
ðInteractions have rates
ɷNot quite discrete (hundreds or thousands of components)
ɷNot quite continuous (non-trivial stochastic effects)
ɷNot quite hybrid (no òswitchingó between regimes)

ɷVery much like biochemistry 
ðWhich is a large set of stochastically interacting molecules/proteins
ðAre proteins finite state and subject to automata -like transitions ?
ɷLetõs say they are, at least because:
ɷMuch of the knowledge being accumulated in Systems Biology 

is described as state transition diagrams [Kitano].
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Towards Systems Biology

State Transitions!
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Compositionality (NOT!)

http://www.expasy.ch/cgi -bin/show_thumbnails.pl

Roche Applied Sciences Biochemical Pathways Wall Chart


