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Short Abstract — Signaling proteins typically co-localize in
allosterically regulated, multi-state macro-molecular complexes
when processing signals. Combining a rule-based modeling
approach with a genetic algorithm, we can evolve (or design)
protein modules that accomplish specified functions. With the
analysis of these modules, we intend to recover known signaling
design principles and suggest novel ones.
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I. INTRODUCTION

S EVERAL recent theoretical studies have demonstrated
the value of an in silico evolutionary approach to
increasing our understanding of gene networks [1] and
protein signaling networks [2, 3]. These studies shed light on
the design principles of functional modules and suggest how
evolution might have given rise to a module in small
incremental steps [1-3].

In contrast to these studies, our approach emphasizes the
importance of recruitment and co-localization, allosteric
transitions [4], and the modular structure of signaling
proteins [5]. Our methodology includes a rule-based
modeling tool [6], which takes as input a high-level textual
description of an evolved functional module and generates a
detailed network of interactions. This high-level description
facilitates subsequent analysis: we can delineate functional
modules within proteins, ascribe them adaptor/scaffolding
roles, and gain an understanding of the interplay between co-
localization and allosteric regulation in signaling [4, 5].

II. METHOD

We use an in silico evolutionary method to discover
signaling networks. A genetic algorithm simulates evolution
on a population of virtual genomes. Each genome is
translated into a high-level model consisting of a set of
proteins and their interactions. This model is “unrolled” by
an allosteric network compiler to produce a detailed set of
biochemical equations. We simulate the response of the
network to an appropriate stimulus. A scoring function
ascribes a fitness value to the network quantifying how
closely the network output matches the desired response.

A. Genetic algorithm

Our genetic algorithm simulates genome evolution on a
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population of virtual genomes. From generation to
generation, the genomes replicate, mutate and die according
to their fitness value, driving the population towards
incrementally better designs. Mutational operators include
gene duplication, gene deletion, domain shuffling, and point
mutations.

B. Genotype-phenotype mapping

A set of mapping rules delineates proteins and protein
domains within the virtual genomes and generates a high-
level description of the protein interaction network.

C. Allosteric Network Compiler (ANC)

ANC is a rule-based modeling tool [6]. Its input is a high-
level, textual description of each signaling protein’s
structure, allosteric transitions if any, and active site ligands
or substrates. ANC infers and outputs the set of biochemical
equations implied by the textual description. The equations
output by ANC are translated into ODE form for simulation
in MATLAB [7].

III. RESULTS AND CONCLUSION

We first used a suitable scoring function to evolve an
ultrasensitive switch. We succeeded and the networks thus
obtained all operated using 0"-order ultrasensitivity [8].
Recovering this well-known design principle de novo is
encouraging and validates our methodology.
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