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Abstract. In this paper it is presented the use of P systems and w-calculus to model
interacting molecular entities and how they are translated into a probabilistic and symbolic
model checker called PRISM.

1 Introduction

The complexity of biomolecular cell systems is currently the focus of intensive experimen-
tal research, nevertheless the enormous amount of data about the function, activity, and
interactions of such systems makes necessary the development of models able to provide a
better understanding of the dynamics and properties of the systems. A model, an abstrac-
tion of the real-world onto a mathematical/computational domain, highlights some key
features while ignoring others that are assumed to be not relevant. A good model should
have four properties: relevance, computability, understandability and extensibility, [20].
A model must be relevant capturing the essential properties of the phenomenon investi-
gated; and computable so it can allow the simulation of its dynamic behaviour, and the
qualitative and quantitative reasoning about its properties. An understandable model will
correspond well to the informal concepts and ideas of molecular biology. Finally, a good
model should be extensible to higher levels of organisations, like tissues, organs, organism,
etc, in which molecular systems play a key role.

In this paper we will deal with models developed within the framework of membrane
computing. Membrane computing is an emergent branch of natural computing introduced
by G. Paun in [15]. This new 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.

Although most research in P systems concentrates on the computational power of
the devices involved, lately they have been used to model biological phenomena within
the framework of computational systems biology. In this case P systems are not used
as a computing paradigm, but rather as a formalism for describing the behaviour of the
system to be modelled. In this respect several P systems models have been proposed
to describe oscillatory systems [8], signal transduction [17], gene regulation control [16],
quorum sensing [12, 18, 21] and metapopulations [19]. These models differ in the type of
the rewriting rules, membrane structure and the strategy applied to run the rules in the
compartments defined by membranes. Some of these models using metabolic algorithm [5],
dynamical probabilistic P systems [19] and (multicompartmental) Gillespie Algorithm [17]
were applied in certain case studies.

As P systems are inspired from the structure and functioning of the living cell, it is
natural to consider them as modelling tools for biological systems, within the framework of
systems biology, being an alternative to more classical approaches like ordinary differential
equations (ODEs) and to some recent approaches like Petri nets and w-calculus. Differen-
tial equations have been used successfully to model kinetics of conventional macroscopic
chemical reactions where the main focus is on the average evolution of the concentration of
chemical substances across the whole system. Nevertheless, there is an implicit assumption
of continuously varying chemical concentration and deterministic dynamics. Two critical
characteristics of this approach are that the number of molecules of each type in the reac-
tion mix is large and that for each type of reaction in the system, the number of reactions
is large within each observation interval, that is reactions are fast.

When the number of particles of the reacting species is small and reactions are slow,
which is frequently the case in some biological systems, both of the previous assumptions
are questionable and the deterministic continuous approach to chemical kinetics should be
complemented by an alternative approach. In this respect, one has to recognise that the
individual chemical reaction steps occur discretely and are separated by time intervals of
random length. Stochastic and discrete approaches like the ones used with Petri nets [11],
w-calculus [20] and P systems [17,19] are more accurate in this situation. Nevertheless,
these formalisms differs in some essential features that will be discussed briefly in this
paper.

Most research in systems biology focuses on the development of models of different
biological systems in order to be able to simulate them, accurate enough such as to be
able to reveal new properties that can be difficult or impossible to discover through direct
experiments. One key question is what one can do with a model, other than just simulate
trajectories? This question has been considered in detail for deterministic models, but less
for stochastic models. Stochastic systems defy conventional intuition and consequently are
harder to conceive. The field is widely open for theoretical advances that help us to reason
about systems in greater detail and with finer precision.

An attempt in this direction consists in using model checking tools to analyse in an
automatic way various properties of the model. There are previous studies investigating
the use of model checking for P system specifications [2, 7].

Our current attempt uses a probabilistic symbolic model checking approach based on
PRISM (Probabilistic and Symbolic Model Checker) [22] and investigates continuous time
P systems with Gillespie dynamics using protein-protein interaction rules.



Systems consisting of interacting molecular entities have been modelled by using -
calculus formalism [20] explaining the principles of transforming the biological system into
a m-calculus model in a coherent way.

In this paper it is shown how m-calculus and P systems can model systems consisting of
reactions with biochemical entities. The specification is translated into PRISM and various
properties are studied. Some simulations obtained using the the PRISM simulator as well
as a P system simulator with Gillespie dynamics are presented.

The paper is organised as follows: in section 2 a brief overview of PRISM is presented;
section 3 deals with P system specifications in PRISM, section 4 presents a case study
representing the cell cycle in eukaryotes described using a P system specification and a
m-calculus definition; both are then translated into PRISM and contrasted in section 5;
conclusions are drawn in section 6.
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