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A model of E. coli thermotaxis
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Short Abstract — Thermotaxis is the phenomenon where an
organism directs its movement towards its preferred
temperature. So far, the molecular origin for this precision-
sensing behavior remains a puzzle. Here we propose a model of
E. coli thermotaxis and show that the precision-sensing
behavior in E. coli can be carried out by the gradient-sensing
chemotaxis pathway, that is, E. coli thermotaxis is achieved by
the cryophilic and thermophilic responses for temperature
above and below a critical temperature T, which is encoded by
internal pathway parameters. Our model results are supported
by both experiments with adaptation-disabled mutants and the
recent temperature impulse response measurements for wild
type cells.
precision sensing,
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1. INTRODUCTION

ONE of the main challenges in modern biology is to
understand the molecular mechanisms for multiple
cellular processes. For E. coli thermotaxis, Imae et al. [1,2]
found that the thermotactic behavior is governed by the
same signaling pathway responsible for E. coli chemotaxis
(see recent review [3]).

Imae et al. [2,4] shown that one major chemoreceptor Tar
switches from warm sensing to cold sensing as receptor
methylation level increases pass a critical level, which
behaviorally cause cells to migrate to a particular
temperature [5]. This is just precision-sensing, different
from gradient-sensing in chemotaxis. Recently several
quantitative measurements on thermotaxis [6,7] found that
response to a temperature impulse is inverted as the base
temperature increases pass certain critical value and E. coli
thermotaxis behaviors depends strongly on the chemical
background and growth condition.

In this paper we develop a general mathematical
description of E. coli themotaxis by extending a model for
chemotaxis to include temperature effects. Our model can
not only explain the recent impulse response, the observed
overshoot, but also can be used to study integration and
interference between chemical and thermal stimuli. Finally
we suggest the general mechanism for precision sensing may
provide insights in studying other systems, such as
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thermotaxis in C. elegans.

II. RESULTS

Using the temperature dependent methylation energy in
our model, we reproduce the inverted response at high
methylation levels for cheRcheB mutants, in agreement with
previous experiments [2].

For thermotaxis in wt E. coli cells, we apply a temperature
dependent adaptation kinetics and know that the critical
temperature is encoded in the adaptation process using
steady state analysis. We use the same temperature profile as
experiment [6] to show the inverted thermoresponse. Also
our model explains the presence and absence of overshoot in
temperature impulse response for base temperature below
and above the critical temperature T, respectively found in
the experiment.

About chemical and thermal interference and integration,
we predict that the critical temperature decreases with
increasing attractant ligand concentration, as verified by
direct simulation of our model. Also an increase of the
ligand/receptor dissociation constant with temperature can
further decrease the critical temperature.

III. CONCLUSION

In this paper we have developed a quantitative model for
E. coli thermotaxis by introducing temperature effects in the
chemotaxis pathway. Their adaptation processes differ
significantly, perfect adaptation in chemotaxis and imperfect
adaptation in thermotaxis, allowing the system to carry out
both precision sensing (of temperature) and gradient sensing
(of ligand concentration).
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