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IntroDuctIon
Cell walls allow selective permeation of nutrients or signaling 
compounds while protecting the interior from substances that  
are toxic to cells. Investigation of their permeability is funda-
mental for the understanding of cellular function, and whole-cell  
permeability assays might give answers to questions about  
biological phenomena. In general, the cell walls have a com-
plex structure that contains one or more lipid membranes and  
polymer layers. To gain an understanding of the underlying 
molecular mechanism of permeability, it is necessary to reduce 
the number of parameters involved. In general, the lipid mem-
branes with embedded channel-forming proteins are the typi-
cal selective filter for hydrophilic small molecules. One class of 
membrane gates are water-filled channel-forming proteins that 
allow ions and hydrophilic molecules to cross the membrane1–3. 
However, to date, there is no general direct method to determine 
the rate at which small molecules move through single protein 
channels, as all methods for detecting the flux require the signal 
to be amplified.

Signal amplification in electrophysiology is based on differences 
in conductance: the lipid membranes are almost perfect insulators, 
and thus the presence of even a single conducting channel in a  
1-mm2 large lipid membrane is readily detected1,4–13. This extreme 
contrast in conductance makes electrophysiology the most  
suitable method for detecting minor changes in membrane  
conductance: patching a piece of cell membrane with a pipette  
and recording the ion current across the membrane provides 
information on channel structure, ion selectivity, channel con-
formation changes or on the passage of uncharged molecules4–13.  
However, not all cells can be patched. Typically, bacteria are  
too small, and, moreover, they contain lipopolysaccharides  
(LPSs), a polymer layer that inhibits the formation of an electri-
cally tight seal.

Fifty years ago, Rudin and co-workers5 presented a method 
known as black lipid membranes (BLMs) to characterize the 
physicochemical properties of lipid membranes. Lipids extracted  
from natural membranes were used to form 6–9-nm-thick and 
10-mm2 large patches across an orifice. Limited by a lack of 

precise knowledge of membrane proteins, early investigations 
reported only on electrical properties of ‘membrane active  
components’5. In the following decade, this technique was 
refined and applied to characterize the electrical properties of 
lipid membranes, including membrane dielectric constants,  
surface charge or inner membrane potentials14–16. Moreover, 
nowadays substantially more information on membrane  
proteins is available, and their reconstitution into planar 
lipid bilayer contributes enormously to our understanding of  
their function. Even without knowing the structure of the 
protein, using only a tiny amount of material in planar lipid 
bilayer experiments provides crucial preliminary information 
on the size of a channel and its functional characteristics8–10. 
Typical channel-related questions for which electrophysiol-
ogy provides an answer concern the potential channel size and  
surface charge or binding sites inside the channel. Other  
questions can be answered by experiments involving target 
channel gating induced by voltage, pH, mechanical stress or 
ligand binding.

Overview of approaches used in our laboratories
The first method suggested by Mueller et al.5 was the so-called 
solvent-containing membrane, and it is detailed in Step 1A of 
the PROCEDURE. Here the lipids are dissolved in an organic 
solvent, typically decane, and they are painted across a small  
circular hole5,9. These solvent-containing membranes appear 
to be soft and flexible. This method is recommended when the  
aim is to elucidate the potential channel-forming activity of 
uncharacterized proteins (or peptides). The presence of hydro-
phobic solvent inside the lipid bilayer allows one to adapt the 
hydrophobic thickness of the membrane thickness and thus to 
match the hydrophobic part of the protein. Thus, it simulates a 
broad spectrum of possible natural membranes.

In a second so-called solvent-free method suggested by 
Montal and Mueller6, the lipids are spread with an organic sol-
vent on top of the aqueous buffer. This is described in Step 1B of  
the PROCEDURE. The Montal-Mueller technique (Fig. 1, top) 
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the reconstitution of channel-forming proteins into planar lipid bilayers enables their functional characterization at very  
low (sometimes below attomolar) concentrations. We describe the three main approaches used in our laboratories  
(the Mueller-rudin technique, in which the bilayers contain an organic solvent, the Montal-Mueller or solvent-free technique,  
and a method for membrane reconstitution via liposome formation), and we discuss their respective advantages and  
limitations. Despite the differences in the reconstitution procedures, subsequent protein characterization is based on the  
same electrophysiological technique. a transmembrane electric field is applied, inducing an ion current and allowing conclusions 
to be drawn on apparent pore sizes, or suggesting functional properties such as channel opening and closing upon ligand binding, 
pH-induced conformational changes, ion selectivity or substrate specificity.
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