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Abstract. The complexity of networks of biological signalling pathways
is such that the development of simplifying models is essential in trying to
understand the wide-ranging cellular responses they can generate. In this
paper a continuous variant of membrane systems is introduced and used
to model the epidermal growth factor receptor signalling network which
is known to play a key role in tumour cell proliferation, angiogenesis and
metastasis.
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1 Introduction

Membrane Computing is an emergent branch of Natural Computing introduced
by G. Paun in [7]. Since then it has received an important attention from the
scientific community. In fact, Membrane Computing has been selected by the
Institute for Scientific Information, USA, as a fast Emerging Research Front in
Computer Science, and [6] was mentioned in [11] as a highly cited paper in
October 2003.

This new non-deterministic model of computation starts from the assumption
that the processes taking place in the compartmental structure of a living cell can
be interpreted as computations. The devices of this model are called P systems.
Roughly speaking, a P system consists of a cell-like membrane structure, in the
compartments of which one places multisets of objects which evolve according
to given rules in a synchronous non-deterministic maximally parallel manner.

Most variants of membrane systems have been proved to be computationally
complete, that is equivalent in power to Turing machines, and computationally
efficient, that is being able to solve computationally hard problems in polynomial
time. P systems as a discrete model of computation have also been used to model
biological phenomena (see the volume in [1]); and as a continuous model in [5].
A first formalization of non-discrete P system and a way to approximate them
was introduced in [2].



In this paper we introduce a continuous variant of P systems different from
that in [5] and we use it to model the epidermal growth factor receptor (EGFR)
signalling network. Up to now the usual mathematical formalization of biochem-
ical signalling networks has been done using differential equations. This paper
introduces a novel formalization of these phenomena in a computational frame-
work.

The epidermal growth factor receptor (EGFR) belongs to the tyrosine ki-
nase family of receptors. Binding of the epidermal growth factor (EGF) to the
extracellular domain of EGFR induces receptor dimerization and autophospho-
rylation of intracellular domains. Then a multitude of signaling proteins are
recruited starting a complex signalling cascade that transfers the activation sig-
nal from the receptor to the nucleus. Dysregulated EGFR expression, ligand
production and signalling have been proved to have a strong association with
tumourgenesis. As a result of this, EGFR has been identified as a key biological
target for the development of novel anticancer therapies.

The paper is organised as follows. Continuous P systems are introduced in
the next section. In section 3 we discuss how continuous P systems can be ap-
proximated by discrete systems in order to implement them in computers; a
description of the EGF signalling network is given in section 4. In section 5 the
model of the EGF signalling network is presented. Some results are exposed
in the next section. Finally, conclusions and future work are given in the last
section.
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