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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/
http://www.pnas.org/
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Structural Architecture

Nuclear
membrane

Membranes
everywhere

Mitochondria

Plasma 
membrane

(<10% of all 
membranes)

Vesicles

Eukaryotic
Cell

(10~100 trillion 
in human body)

Golgi

E.R.

H.Lodish et al.
Molecular Cell Biology 
fourth edition p.1
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Functional Architecture

Gene
Machine

Protein
Machine

Regulation

Metabolism, Propulsion
Signal Processing
Molecular Transport

Confinement
Storage
Bulk Transport

Implements fusion, fission

Holds receptors, actuators 
hosts reactions

Nucleotides

Aminoacids

Model Integration
Different time 

and space scales
P Q

Membrane
Machine
Phospholipids

Functional Architecture
Diverse 
- chemical toolkits
- instruction sets
- programming models
- notations

[   ]Glycan
Machine

Sugars

Surface and 
Extracellular 
Features

Biochemical 
Networks

Transport 
Networks

Gene Regulatory 
Networks
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records hierarchical 
multisets

trees
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H.Lodish et al. 
Molecular Cell Biology. 
fourth Edition p.730.

LDL-Cholesterol Degradation

Viral Replication

Protein Production and Secretion

Voet, Voet & Pratt
Fundamentals of Biochemistry
Wiley 1999. Ch10 Fig 10 - 22.

Adapted from: B.Alberts et al. 
Molecular Biology of the Cell 

third edition p .279.
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