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Abstract
Noble gases are chemically inert yet have
important and useful interactions with
biological molecules. The E. coli maltose
binding protein (MBP) has been shown to bind
xenon. Can we retool MBP to detect noble
gases?

Introduction
Surprising biological interactions with xenon
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biosensor development 
-Well-characterized protein
-E. coli is a model organism
-Tools for genetic selections
-Tools to evolve improved gas

binding properties 

Hypothesis: Xe will inhibit MBP activity
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Methods
Designing a maltose biosensor
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Results
MBP is required in maltose minimal media
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MBP is required for maltose detection

Response is maltose dose-dependent.
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We designed the maltose biosensor to test if noble gases
inhibit MBP-mediated transport of maltose (below). The
prediction is that if Xe inhibits MBP activity there should
be a decrease in fluorescence output due to the reduced
transport of its substrate. Supporting the hypothesis, there
is a significant decrease in fluorescent signal for the Xe-
treated biosensor (red arrow) cornpared to controls.

The reduction in
growth for the cells
exposed to Xe is due
to the loss of maltose
as a carbon source.
Experiments are
underway to test
whether other noble
gases show this effect
and whether mutants
of MBP will relieve
the inhibition.
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Results (continued)
Chemotactic swarming motility requires
MBP to "multitask," both transport and
signaling functions are required.
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As shown previously, MBP is required for
swarming motility of E. coli on maltose (left
picture) but not glucose (right picture).3 In
contrast to the previous assay, noble gases had
no significant effect on swarming on maltose
media (m) or glucose media (g) under these
conditions. This could be due to a reduced
solubility of gas in this semi-solid media.

Xe

Summary and Next Steps

We have detected evidence of responsiveness to
Xe in the model organism E. coli. This is
significant because it could be further developed
to address a critical knowledge gap of how noble
gases interact with biological systems.
It will be important to determine if the inhibition
is specific to known Xe-binding sites in MBP and
test whether inhibition occurs in vitro. If so, we
will begin using directed evolution methods to
evolve a MBP with greater sensitivity to the
presence of Xe and other noble gases.
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