
information is stored in linear sequences of nucleotides 
in DNA and RNA, and the information in a gene is trans-
lated into a linear chain of amino acids that folds into 
a protein. In the nervous system, sensory information 
is encoded in �ring patterns of sensory neurons, and 
these input signals are processed by the brain, which 
generates appropriate responses via motor neurons and 
neurosecretory cells. The nervous system is dynami-
cally programmed during use by continually revising 
the strengths of synaptic connections between neu-

rons,1 so that organisms can learn to cope with their own 
unique life situations. Similarly, the genome�s output 
is dynamically programmed during development by 
switching on or off whole suites of genes, so that the tis-
sues of a multicellular organism can adopt and maintain 
their unique roles within the body.

Living organisms have a third, equally important, in-
formation-processing system based on complex protein 
signaling networks that sense a cell�s chemical state and 
respond appropriately. These signaling networks consti-
tute the core of what a living cell does, namely, monitor its 
external environment (food sources, salt balance, soluble 
signaling molecules coming from other cells), take into 

O f the many types of information process-
ing systems known to us, the least well 
understood are the complex, intracellular 
molecular reaction networks that control 
the physiology of living cells and organisms. 

Protein-based computers are very different from their 
silicon-based counterparts, and the intellectual tools 
necessary to understand, intervene in, and reengineer 
these information processing systems are likely to be 
quite different from the paradigms that have been so suc-
cessful in electrical engineering and computer science.

Much is known about how living cells and organisms 
encode and process information. For example, genetic 
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Protein-based computers are ripe for 
spectacular scientific advances because 
we know a great deal about these circuits’ 
molecular components. But we are only 
beginning to understand how they process 
information and make decisions.
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