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Controlling MscS gating in Droplet Interface Bilayers. 
 
Description of project: 
Our lab has recently developed a new mimic of the cell membrane based on the 
contact of aqueous droplets in a solution of lipid and oil. Droplet Interface Bilayers 
permit single-molecule fluorescence imaging whilst retaining control of the 
membrane potential. This has the potential for experiments capable of correlating 
single-molecule measurement of ion-channel conformational change with single-
channel electrophysiological measurements of ion channel function. 

 

You will build on current work in the lab to reconstitute the mechanosensitive 
channel of small conductance MscS into Droplet Interface Bilayers. We will seek to 
reproduce the single-channel conductance events from MscS in this in vitro model, 
and control gating through manipulation of the lateral pressure of the bilayer. 

Reasonable expected outcome of project: 
This work will pave the way to reconstitution of FRET-labelled MscS and 
simultaneous single-molecule fluorescence and single-channel electrophysiology. 
 
Location: 
This work will be conducted in the Chemistry Research Laboratory (South Parks 
Road). 

We will first duplicate our recent  experiments where manual control of bilayer position can be used to 
control the location of an IM protein; however now we will be able to make more precise changes in bi-
layer position and area. Using our feedback control, we will also examine how small we can create bilay-
ers. We will then seek to examine the effects of these applied forces on diprenyl and bodipy-PC based 
fluorescent  probes of membrane lateral pressure [61]. We will compare our results to those from GUVs of 
different sizes, and hence explore the lnk between lateral pressure and membrane curvature.
These measurements will provide us with the tools to apply controlled lateral forces to the bilayer.
WP2.2: Following development in WP2.1 we will validate our approach 
by studying the mechanosensitive channel MscS from E.coli. Me-
chanosensitive channels are the biological transducing elements respon-
sible for hearing, touch, balance, and osmotic homeostasis [62]. MscS is 
the archetypical bacterial mechanosensitive ion channel [63]. Thus far 
the heptameric MscS pore has been primarily studied by applying suction 
to bilayers present in a patch-pipette. In this configuration, the mean 
stress on the bilayer is complicated to define, and difficult  to quantify 
[64]. In our case, we are able to provide a simple lateral force on MscS.
We will express and purify MscS following previous reports [65]. Fol-
lowing characterization of single-channel kinetics and macroscopic cur-
rents in response to osmotic stress in planar bilayers, and DIBs, we will 
apply lateral forces to the bilayer and examine channel gating.
These measurements will allow us to quantify the effects of lateral forces on the gating kinetics of a me-
chanosensitive ion channel.
WP2.3: Changes in the curvature of the cell membrane play 
an important  role in many important biological processes, 
including cell division, vesicle trafficking, and neurotrans-
mission. These changes in morphology are not  just a passive 
consequence of other events in the cell, but  can also drive 
the action of other proteins. Although current  methods can 
measure the presence of such interactions [66], they cannot directly measure real-time changes in mem-
brane curvature. Current methods typically exploit unilamellar vesicles to create bilayers with a particular 
fixed curvature. Without a mechanism to directly control curvature, the closed nature of a lipid vesicle 
imposes a direct link between lateral pressure in the bilayer and the spontaneous membrane curvature. 
This has not stopped the rapid advance of theoretical models describing the modulation of protein behav-
ior by a lipid bilayer [67]. The contrast in capabilities between theory and experiment presents an oppor-
tunity for the development of new methods able to test these theoretical predictions.
Our preliminary evidence suggests that we 
can adapt  our droplet  bilayer approach to 
make real-time changes in membrane curva-
ture by creating the bilayer on a micro-
patterned hydrogel substrate, and translating 
the droplet over different regions of curva-
ture. Our experiments, alongside work by 
others [68] indicate that the morphology of an 
underlying substrate is reflected in the shape 
of the bilayer. However, unlike previous ex-
periments, we are also able to translocate a 
bilayer between areas with different fixed 
curvature and study its response. We propose 
to use several substrate-patterning techniques: For features smaller than 1 micron, we will deposit nano-
particles in the solid substrate to induce curvature. For larger features, soft-lithography (<100 microns) 
and reductive micromachining (>100 microns) will be used to generate a positive mould from which a 
patterned substrate will be fabricated. These methods are routinely used by our lab in other projects. Ini-

The MscS pore gates in response 
to applied pressure. 
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Droplet formation on a micropatterned PDMS substrate (left).Bilayer 
translation over substrate containing agarose microspheres (right). 
Droplet Bilayer formation on a micropatterned PDMS substrate 
(lef). Bilayer translation over a substrate containing agarose micro-
spheres (right).


