Berlin Center for Studies of Complex Chemical Systems e. V.

Fritz-Haber-Institut der Max-Planck-Gesellschaft, Humboldt-Universitét,
Max-Delbriick-Centrum fiir Molekulare Medizin, Otto-von-Guericke-Universitat
Magdeburg, Physikalisch-Technische Bundesanstalt, Technische Universitat
Berlin, Universitat Potsdam

Seminar

Complex Nonlinear Processes in Chemistry and Biology

Honorary Chairman: G. Ertl
Organizers: M. Bar, C. Beta, H. Engel, M. Falcke, M. J. B. Hauser,
A. S. Mikhailov, P. Plath, L. Schimansky-Geier, H. Stark

Friday, 19 November 2010, 16:00 s.t.

Dr. Arthur Straube

Complex Systems group, Department of Physics, Humboldt University

Stochastic theory of enzyme networks: finite copy number
corrections to rate equation models

Abstract

Chemical reactions inside cells occur in very small compartment volumes, typically in the range
of atto- to femtolitres. Physiological concentrations realized in such small volumes imply low
copy numbers of interacting molecules with the consequence of considerable fluctuations in the
concentrations. In contrast, rate equation models are based on the implicit assumption of the
very large number of interacting molecules, or equivalently, that reactions occur in infinitely
large volumes. In this contribution we compute the finite-volume corrections to the solutions
of the rate equations for chemical reaction networks. This is achieved by applying a mesoscopic
version of the quasi-steady state assumption to the exact Fokker-Planck equation associated with
the Poisson representation of the chemical master equation. The procedure yields impressively
simple and compact analytical expressions for the finite-volume corrections. The theoretical
predictions are shown to be in excellent agreement with stochastic simulations.
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