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1.  Bacterial Chemotaxis: Using Computer Models to 
Unravel Mechanism.  DENNIS BRAY, Physiology Devel-
opment and Neuroscience, University of Cambridge, CB2 
3DY, UK

The set of biochemical reactions by which an Esche-
richia coli bacterium detects and responds to distant 
sources of attractant or repellent molecules is probably 
the simplest and best understood example of a cell sig-
naling pathway. The pathway has been saturated geneti-
cally and all of its protein components have been 
isolated and  measured biochemically, and their atomic 
structures have been determined. We are using detailed 
computer simulations, tied to experimental data, to find 
how the pathway works as an integrated unit. Increas-
ingly, we find that the physical location of molecular 
components within the molecular jungle of the cell in-
terior is crucial for an understanding of their function. 
Signal amplification, for example, appears to depend 
on the propagation of activity across clusters of recep-
tors and associated molecules.

Simulation of the swimming behavior of individual 
bacteria allows us to define the molecular parameters 
necessary for movement and accumulation of bacteria 
in defined gradients of attractants. Effective accumula-
tion requires not only high sensitivity but also rapid ad-
aptation, with rates of methylation some ten times 
higher than indicated by in vitro assays. Responses to 
conflicting gradients of different attractants suggest a 
“canalization” mechanism that favors the first attractant 
encountered.

For more information, see www.pdn.cam.ac.uk/ 
comp-cell.

2.  Dynamics of the Bacterial Chemotaxis Pathway.  
VICTOR SOURJIK, Zentrum für Molekulare Biologie Hei-
delberg, University of Heidelberg, D-69120 Heidelberg, 
Germany

Chemotaxis pathway in Escherichia coli is a relatively 
simple and well-studied model system for signal trans-
duction, noted for its high sensitivity, integration of 
multiple stimuli, wide dynamic range, and robustness to 
various sources of perturbation. To better understand 
functioning of the pathway in vivo, we apply several 
fluorescence microscopy techniques, including fluores-
cence resonance energy transfer (FRET) and fluores-
cence recovery after photobleaching (FRAP), to study 
spatial and temporal dynamics of the intracellular sig-
nal processing. We recently constructed a complete li-
brary of YFP and CFP fusions to chemotaxis proteins 
and tested all 28 possible binary protein interactions in 
the pathway by FRET. Our assay detected a majority (10 
out of 12) of the interactions that were expected based 
on previous genetic and biochemical studies, but also 
nine positive FRET pairs that were not predicted. 
Among FRET-positive interactions, only interactions 
that involve response regulator CheY and interactions 
between receptors were found so far to depend on at-
tractant or repellent stimulation. The former reflect 
binding of CheY to the sensory complex, whereas the 
latter indicate conformational changes in the complex. 
We also performed a FRAP-based analysis of protein ex-
change kinetics at the chemoreceptor cluster. In addi-
tion to a rapid recovery of unclustered proteins, we see 
three classes of protein exchange kinetics: stable core of 
the sensory complex (receptors, CheA, and CheW) with 
an exchange half-time of over 10 min; CheR, CheZ, and 
CheB proteins with intermediate exchange half-times of 
∙30 s; and rapidly exchanged CheY protein with a half-
time of ∙1 s. Together, these results suggest that the 
cluster is stable on the time scale of signaling, with the 
only exception being CheY that has to diffuse from re-
ceptor clusters to flagellar motors. (Supported by 
Deutsche Forschungsgemeinschaft grants SO 421/3-1 
and SO 421/6-1.)
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