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lon channels constitute important targets for pharmacological drugs [1] and can be characterised at a single-channel level with a number of

electrophysiology techniques. These include patch clamping, where a glass pipette makes a seal with a cell membrane, or bilayer lipid membranes, ::-;-':i "ﬁw,l

where purified ion channels are introduced into an aperture-suspended bilayer of synthetic lipids. The first method requires precise positioning and “hv Ji
clamping of the glass pipette over a small membrane patch, while the second method requires protein purification, reconstitution into i ®
proteoliposomes and incorporation into the lipid bilayer. Both methods require overexpression to generate sufficient amounts of the channel of . -~ . .
interest, which may be toxic to the cell [2]. Membrane proteins can also be obtained by cell-free protein expression, an in-vitro method which uses a w

stabilised cell lysate to express proteins from a supplied DNA template, with or without the addition of detergents or liposomes [3]. This method does
not require significant molecular biology infrastructure but is not suitable for large amounts of protein because of the high cost of commercial cell
lysates. We have explored the potential of cell-free expression of a small potassium channel, KcsA from Streptomyces lividans, for electrophysiological
characterisation in microdroplets with the motivation that microvolume cell-free expression is economical and that microdroplet technology has the
potential to be scaled up to array format for high-throughput studies, including drug screening.
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individual gating events is 2-20 ms in bursts of activity lasting 50-500 ms. current (pA)

The mean conductance, inactivity-separated current bursts, and pH-induced 25 pA‘
gating are consistent with KcsA literature data, for example 16 pA current

steps (conductance = 160 pS) which last from 20-40 ms in POPC/POPG [5]. 5OV

To verify our current measurements we purified cell-free expressed His-tagged
KcsA; a 18 kDa band (~KcsA monomer) was observed on SDS PAGE gels. 25 pA
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Confirming previous observations [6], we found that the cell-free mixture destabilises interdroplet bilayers, possibly because of the high protein content of the S30 lysate, but
bilayer lifetime can be improved by the addition of liposomes to the cell-free mixture and by dilution of the mixture.

Significantly, our results show that we can express KcsA using a commercial cell-free system and can obtain electrophysiological data without any purification or reconstitution of
the KcsA channel. Channel insertion into the interdroplet bilayer could be facilitated by KcsA association with liposomes in the cell-free mixture, as observed for MscL [7].

Cell-free expression of ion channels in microdroplets in combination with spontaneous bilayer insertion has the potential to substantially accelerate ion channel
electrophysiology studies while avoiding the need for cell cultures and significant molecular biology infrastructure. Moreover, the microdroplet format is amenable to
parallelization, for example for high-throughput drug screening applications.

References [4] Bayley et al (2008) Mol. BioSyst. 4, 1191 e ey
[1] Overington et al (2006) Nat. Rev. Drug Discov. 5, 993 [5] Marius et al (2008) Biophys. J. 94, 1689 E PS RC
[2] Demarche et al (2011) Analyst 136, 1077 [6] Syeda et al (2008) J. Am. Chem. Soc. 130, 15543 e

[3] Junge et al (2011) N. Biotechnol. 28, 262 [7] Berrier et al (2011) Biochim. Biophys. Acta 1808, 41 Engineering and Physical Sciences
Research Council

Author contact: msflrO9@ecs.soton.ac.uk, mdp@ecs.soton.ac.uk



