Ion Channel Activity Assay by Planar Lipid Bilayer System

A detection of glucose-release activity from the liposome assay has suggested that
our PEP-4 peptide is capable of forming a pore on the unilamelar lipid vesicle. A further
investigation for a pore-forming activity of this peptide was performed on a planar lipid
bilayer (PLB) system. Even through the setup and sample preparation for PLB experiment is
complicated, but the experimental results can give a number of qualitative and quantitative
data enough to describe for the ion channel property of the peptide. In our PLB experiment,
we performed both symmetrical and asymmetrical assays for the purified PEP-4 peptide.
While the results from a symmetrical system can be used to determine a conductance value
that is specific for each ion channels, asymetrical system can reveal whether the channels are
cation or anion selective.

A general PLB system contains two solution chambers, cis and rrans, connected to
each other through a small aperture painted with a lipid film. Our symmetrical system was
filled with 150 mM KCI in both chambers, while the asymmetrical system was filled with
450 and 150 mM KCl in cis and frans chambers respectively. The command potentials were
applied through small electrodes located inside the two chambers and electrical current was

monitored for various potentials.

Symmetrical planar lipid bilaver experiments

Planar lipid bilayer experiment in symmetrical mode was performed to deduce the
channel conductance. This parameter represents a characteristic value of the pore on lipid
membrane. The results were obtained and depicted as a plot between the current observed
versus progressive time period (Figure 12 to Figure 20 ). Our observation period for baseline
experiment at 0 milivolt of applied potential was set 30-45 minutes to test for lipid
membrane stability. Data derived from experiments with applied potentials from —100 to +
100 millivolts were collected for 60,000 to 100,000 milliseconds on a computer and only

2,000 milliseconds were shown in the figures.



Ion channel assay at 0 millivolt

At the starting condition, a command potential of 0 millivolts was applied to the electrodes
and the current signal was monitored against time for more than 45 minutes. The current was
detected at the zero value as an indication for no channel activity. This condition was then

used as a reference or baseline condition for other experiments.
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Figure 12: A plot between current and time obtained from planar lipid bilayer experiment at
applied command potential of 0 millivolt. The time period shown is from 0 to 2000

milliseconds.



Ion channel assay at -100 millivolts

When a command potential of -100 millivolt was applied to the, we found a current
jump from zero to a negative current signal. Signal analysis by AXOFit software gave a
current value of —22.2 picoamperes. It is suggested that the channel activity were established
on the membrane allowing ions to pass across and generate electrical current. The stability of

the current indicated that the channel was in open state at all times.
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Figure 13: A plot between current and time obtained from planar lipid bilayer experiment at
applied command potential of -100 millivolts. The time period shown is from 0 to 2000

milliseconds. S



Ion channel assay at +100 millivolts

When a command potential of +100 millivolts was applied to the electrodes, we
found a current jump from a negative to a positive current signal. Signal analysis by AXOFit
software gave a current value of +18.]1 picoamperes. It was suggested that there was an ion
channel activity on the membrane. The current signal was found with a numbers of square
jumps down to zero current indicating a transition from an opened to a closed state. However

the open states were predominant than the closed state.
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Figure 14: A plot between current and time obtained from planar lipid bilayer experiment at
applied command potential of +100 millivolts. The time period shown is from 0 to 2000

milliseconds.
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Ion channel assay at -80 millivolts

When a command potential of -80 millivolts was applied to the electrodes, we found
a current jump to a negative current signal. Signal analysis gave a current value of -14.2
picoamperes. This data suggested a channel activity on the membrane. The current signal

was stable on the negative mode indicating an open state of channel.
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Figure 15: A plot between current and time obtained from planar lipid bilayer experiment at
applied command potential of -80 millivolts. The time period shown 1s from 0 to 2000

milliseconds.
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Ion channel assay at +80 millivolts

When a command potential of -80 millivolts was applied to the electrodes, we found
a current jump to a positive current signal. Signal analysis gave a current value of +11.3
picoamperes. This data demonstrated a channe] activity on the membrane. The current signal
was found to have square jumps back to zero current frequently showing a defined transition

between open and close states of the channels
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Figure 16: A plot between current and time obtained from planar lipid bilayer experiment at
applied command potential of +80 millivolts. The time period shown is from 0 to 2000

milliseconds.



Ion channel assay at -60 millivolts

After a command potential of -60 millivolts was applied to the system, we found a
current jump to a negative current signal. Signal analysis gave a current value of —12.8
picoamperes. It was an indication for the channel activity on the membrane. The current
signal was found with no square jumps back to the zero current revealing that the channels

were in the open state.
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Figure 17: A plot between current and time obtained from planar lipid bilayer experiment at
applied command potential of -60 millivolts. The time period shown is from 0 to 2000

milliseconds.
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Ion channel assay at +60 millivolts

When a command potential of +60 millivolts was applied to the system, we found a

current jump to a positive signal. Signal analysis yielded a current value of +11.0

picoamperes. It was an indicator for the channel activity on the membrane. The current

signal was found to have no square jumps back to zero current revealing that the channel was

in an open state.
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Figure 18: A plot between current and time obtained from planar lipid bilayer experiment at

applied command potential of +60 millivolts. The time period shown is from 0 to 2000

milliseconds.
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Jon channel assay at -40 millivolts

A command potential of -40 millivolts applied to the system had led to a current
jump to a negative signal. Signal analysis gave a current value of —8.4 picoamperes. It was
an indication for the channel activity on the membrane. The current signal was found with a
few square jumps back to the zero current showing a transition from open to close state.

However the open state were much more predominated than the closed state.
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Figure 19: A plot between current and time obtained from planar lipid bilayer experiment at
applied command potential of -40 millivolts. The time period shown is from 0 to 2000

milliseconds.
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Ion channel assay at +40 millivolts

After a command potential of +40 millivolts was applied to the system, we found a
current jump to a negative current signal. Signal analysis yielded a current value of +7.0
picoamperes. It was an indication for the channel activity on the membrane. The current

signal was found with no square jumps back to the zero showing open state of channel.
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Figure 20: A plot between current and time obtained from planar lipid bilayer experiment at
applied command potential of +40 millivolts. The time period shown is from 0 to 2000

milliseconds.
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Based upon the zero current detected for the baseline at 0 millivolt potential, the
nonzero current detected for all cases with applied potentials from —100, -80, -60, -40, +40,
+60, +80, +100 millivolts indicated an ion channel activity of the PEP-4 peptide. The sign of
detected currents were found to be corresponding to the sign of applied potentials. We found
several square jumps of current to zero ampere and back to their stable values in several
conditions (for +100, +80, and +60 mV potentials). These current jumps represent a rapid
transition between an open state (nonzero current) and close state (zero current). However
the channel observed in our experiments were found to spend most of their time in an open
state.

The PLB experiment in symmetrical mode has allowed us to determine a
conductance for this 1on channel via a plot of detected currents against applied potentials.
According to Ohm’s law a slope of this plot (I/V) is a reciprocal of resistance or defined as a
conductance.

1/V = 1/R = Conductance

The coordinates for the | and V plot was listed in table 5, corresponding to detected currents
in picoamperes and the applied potentials in millivolts.

Applied Detected
Potentials Currents
(mV) (pA)

0 0.0
- 100 - 2272
+ 100 + 18.1
- 80 - 14.2
+ R0 +11.3
- 60 - 12.8
+ 60 +11.0
- 40 -84
+ 40 +7.0

Table 5: Detected current values at various applied potentials obtained from symetric planar

lipid bilayer experiment.
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A plot of I against V has produced a linear relationship with correlation factor (R?) of
0.988. The slope determined from the fitted equation, I = 0.188V — 1.133 was 183 pS. This

means that the ion channel produced from PEP-4 peptide has a characteristic conductance of
188 pS.
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Figure 21: A plot between applied potentials and detected currents obtained from

symmetrical planar lipid bilayer experiment.
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Asymmetrical planar lipid bilaver experiments

We continued the experiment on planar lipid bilayer in an asymmetrical mode aiming
to determine the type of 1on channel. Cis chambers was filled with a higher concentration of
KCI (450 mM against 150 mM) and the modulated activity was monitored at various
potentials. The data were depicted as a plot between detected currents and progressive time

periods (Figure 22 to Figure 29)
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Figure 22: A plot between current and time for asymetric planar lipid bilayer experiment at

applied potential -80 millivolts. Signal analysis gave the current value at -18.5 picoamperes.
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Figure 23: A plot between current and time for asymetric planar lipid bilayer experiment at
applied potential +80 millivolts. Signal analysis gave the current value at +29.0 picoamperes.
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Figure 24: A plot between current and time for asymetric planar lipid bilayer experiment at
applied potential -50 millivolts. Signal analysis gave the current value at -8.4 picoamperes.
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Figure 25: A plot between current and time for asymetric planar lipid bilayer experiment at
applied potential +50 millivolts. Signal analysis gave the current value at +18.5 picoamperes.
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Figure 26: A plot between current and time for asymetric planar lipid bilayer experiment at
applied potential -20 millivolts. Signal analysis gave the current value at -0.9 picoamperes.
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Figure 27: A plot between current and time for asymetric planar lipid bilayer experiment at
applied potential +20 millivoits. Signal analysis gave the current value at +9.6 picoamperes.
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Figure 28: A plot between current and time for asymetric planar lipid bilayer experiment at
applied potential -18 millivolts. Signal analysis gave the current value at -0.4 picoamperes.
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Figure 29: A plot between current and time for asymetric planar lipid bilayer experiment at
applied potential -16 millivolts. Signal analysis gave the current value at +0.2 picoamperes.

48



From the detected currents observed in various applied potential conditions, we can
summarize the data as listed in Table 6.

Applied Detected
Potentials Currents
(mV) (pA)

- &0 - 18.5
+ 80 +29.0
- 50 -84
+ 50 + 18.5
- 20 -0.9
+ 20 +9.6
- 18 -04
-16 +0.2

Table 6: Detected current values at various applied potentials obtained from asymetric
planar lipid bilayer experiment.

A plot of detected currents against applied potentials has produced a linear
relationship between the two variables (Figure 30). Curve fitting was performed with good
correlation factor (R?) of 0.997 and fitted equation of 1 = 0.288V + 4.862. Unlike a
symmetrical mode, the asymmetrical experiment will not give a zero current at applied
potential of 0 mV. To get a zero current in this system, there must be some potential applied
for a reversal of an ion flow. This reversed potential can be determined from the fitted
equation by substitution of I with zero. A reversed potential obtained for our PEP-4 peptide
was -16.88 mV. Since a negative potential is needed to inhibit ion flow of K+ ion, this
channel is classified as a cation-selective channel.

From our planar lipid bilayer experiment the results revealed that the pore or channel
can be generated on the artificial membrane by PEP-4 peptide. The characteristics of this
channel are the conductance of 188 pS and selecting for cation. However other morphology

and properties of this channel can not be characterized by planar lipid bilayer experiment.
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Figure 30: A plot between applied potentials and detected currents obtained from planar

lipid bilayer experiment in asymmetrical mode.
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Concluding Remarks

We have demonstrated a process for de novo design for an alpha-helical peptide with
pore-forming activity. The design strategy was based on the selection of amino acid residue
of high helical propensity, the minimal length of helix for membrane insertion, and the
amphipathicity containing one-third of hydrophobic surface. The designed peptide models
were analyzed and showed comparable stability with known helical peptide and then
synthesized by solid phase synthesis. Characterization of the purified peptides indicated an
alpha helical structure as expected. We found one peptide, PEP-4 of sequence Acetyl-
YALSLAATLLKEAASL-OH, 1s capable ot rcleasing glucose entrapped in the liposome.
Further characterization of this peptide on an artificial membrane using planar lipid bilayer

gave a channel activity for cation permeability with 188 pS conductance.

This work has proved to be an accomplishment of peptide design strategy based on a
simple structural concept. However the application of the design principle may not be the
universal rule for definite prediction of structure and function. It has rather been employed as
a valuable facilitating tool for structural prediction and for more understanding on the

concept of protein and peptide structure and function.
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