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Regulation of Cell Motility via Functional Phases and Modules

oHANS-GUNTHER DOBEREINER!?2, BENJAMIN J. DUBIN-THALER!,
GREGORY GIANNONE!, HARRY S. XENIAS!, and MICHAEL P. SHEETZ!
— !Department of Biology, Columbia University, New York, NY 10027
— 2Department of Physics, Columbia University, New York, NY 10027

We have observed the existence of distinct phases [1] and dynamic
phase transitions [2] in the motile behavior of mouse embryonic fibro-
blasts. The main phase exhibits periodic contractions of the actomyosin
cytoskeleton. These periodic contractions are used by the cell to probe
the elasticity of the substrate via integrin linkages [3]. We suggest a hier-
archical classification of proteins into modules linked to phase structure,
phase regulation parameters, and pure signaling components controlling
these parameters. A tentative phase diagram is presented. A phase model
of motility could serve as a paradigmatic example for a powerful general
ordering principle in quantitative systems biology.
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Network Topology Induces Speed Limits to Coordinating Spikes
— An Approach Using Random Matrix Theory — eMARC
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Stromungsforschung, 37073 Gottingen, Germany

When a neural network processes information, a number of specific
neurons need to coordinate their activity, e.g. synchronize their spikes.
Given that neurons are typically interconnected to a large network of
complicated topology the question arises: How fast can neurons in such
a network coordinate their spikes?
Here we analyze the dynamics of large random networks of integrate-
and-fire neurons. In such networks, a balanced state of irregular activity
coexists with a regular synchronous state [1]. Using a random matrix ap-
proach, introduced by Wigner in the 1950s to characterize energy spectra
of atomic nuclei, we predict the characteristic time of synchronization in
dependence of neuron and network properties [2]. We find that the speed
of synchronization is limited by the network topology and remains finite,
even if the coupling strengths between neurons become infinite.
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Interaction networks are of central importance in post-genomic molec-
ular biology, with increasing amounts of data becoming available by high-
throughput methods. Examples are gene regulatory networks or protein
interaction maps. It is clear that the arrival of large-scale data in the
form of networks also brings the need for new concepts and tools for its
analysis.

Topological motifs, i.e., patterns occurring repeatedly at different po-
sitions in the network have recently been identified as basic modules
of molecular information processing, implementing simple computations,
such as filtering, on a molecular level. Using concepts from sequence align-
ment and from the statistical mechanics of networks, I discuss a scoring
function and alignment algorithm for network motifs. The algorithm is
applied to the regulatory network of E. coli. I also discuss global graph
alignment in order to compare biological networks across species.
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Structural and game-theoretical analysis of biochemical net-

works — eSTEFAN SCHUSTER — Universitéat Jena, Lehrstuhl fiir Bioin-
formatik, Ernst-Abbe-Platz 2, 07743 Jena

A major challenge in biology is to clarify the relationship between

structure and function in complex intracellular networks. Dynamic math-
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ematical modelling of large-scale metabolic and regulatory networks
meets difficulties as the necessary mechanistic detail is rarely available.
In contrast, structure-oriented methods such as metabolic pathway anal-
ysis only require network topology. One of the central concepts in this
analysis is that of elementary flux modes. Here, we explain that con-
cept and an algorithm for calculating all elementary modes. We show
that it is well-suited for determining routes enabling maximum yields of
bioconversions and for analysing redundancy and robustness properties
of living cells. For understanding the characteristics of metabolic path-
ways, evolutionary game theory is a promising approach. Two species
of micro-organisms that use the same nutrient, but may choose between
two different pathways of ATP production, can be considered as play-
ers in the sense of game theory. The pathways are regarded as distinct
strategies to which payoffs can be assigned. The payoffs are assumed to
be proportional to the steady-state number of individuals sustainable on
the basis of these strategies. For each species (or strain), this number
does not only depend on the strategy chosen by that species but also
on the strategy of the other species. In a certain parameter range, the
payoffs fulfil the conditions for the prisoner’s dilemma.



