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Abstract

Escherichia coli chemotaxis provides a well-characterized model system for the bacterial
signaling. Two features of this system include signal amplification and robustly accurate
adaptation. Recent simulation studies considering the effects of multiple receptors have
suggested possible mechanisms for signal amplification. Although precise adaptation to
aspartate has been explained by conventional kinetic models, the adaptation behavior of
models incorporating the effects of multiple receptors remain unclear. We analyzed these
models by perturbation of kinetic parameters. The results suggest that accurate adaptation
can be maintained through control of both the interaction of cytoplasmic proteins and the
activity of the receptor complex.

Introduction

The bacterial chemotaxis signal transduction pathway is recognized as a model two-component
regulatory system. The structure of the chemotaxis signal transduction system is well-
characterized, including the kinetic rate constants for the interactions of Che proteins (recent
review: [1]).

Recent simulation studies using models that incorporate the coupling effects of receptor ac-
tivity among different receptors have suggested mechanisms for signal amplification [4]. The
model reproduces signal amplification consistent with the experimental data [6]. Although
precise adaptation to aspartate has been explained by conventional kinetic models, further
investigation is needed to elucidate the adaptation behavior of these models. The main goal
of this study was to elucidate how these proposed mechanisms of receptor crosstalk affect
the error minimization in the model system.

Methods

We analyzed a dynamic model that represented each methylation of the receptor complex
and phosphorylation of proteins [4, 7] to assess the individual effects of various states of
methylation and phosphorylation of the chemotaxis proteins.

Results

To address signal response magnitude and adaptation error, we added 10uM aspartate to
medium devoid of any attractant (Figure 1). We performed simulations in which we individu-
ally varied each kinetic rate constant from 0.1- to 10-fold for all the chemical reactions in the









