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FIGURE S1 Snapshots at 30 ns for the (A) antiparallel and (B) parallel β-sheet channels 
of PG-1 in the DOPS/POPE: (1:2) bilayer. In the surface representation for the channels, 
the front part of the channels in the lateral view has been removed to allow a view of the 
pore. In the channel structures, hydrophobic residues are shown in white, polar and Gly 
residues are shown in green, and positively charged residues are shown in blue. The 
lipids tails are shown as thread in lime color for POPE and in purple for DOPS. 
Phosphate atoms in the lipid head group are shown as meshed sphere with the same 
colors as in the lipid tails. Water molecules are shown in tiny red (oxygen) and white 
sticks (hydrogen). Mg2+ is shown in green bead, Na+ is shown in yellow bead, and Cl- is 
shown in white bead. 
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FIGURE S2 Time series of the root-mean-squared-deviation (RMSD) from the starting 
point for backbone atoms in the antiparallel (blue line) and parallel (red line) β-sheet PG-
1 channels. 
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FIGURE S3 Time series of the charged state induced by ions (Mg2+, Na+, and Cl-) in the 
pore of the antiparallel (blue lines) and parallel (red lines) β-sheet PG-1 channels. The 
number of charges are counted in the pore with cutoffs, -10 nm < z < 10 nm (upper panel) 
and -15 nm < z < 15 nm (lower panel), from the bilayer center along the pore axis. 
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FIGURE S4 Comparative behavior of PG-1 in PS/PE (1:1) bilayers obtained by either the 
folded (A) or painted methods (B). Similar PG-1 concentrations tend to elicit a spikier and 
short-lived channel behavior in folded bilayers when compared to painted bilayers. Events 
seem to have comparable current amplitudes, but given the multiple conductances present in 
these lipid compositions, it is difficult to conclusively state that. The traces are recorded at 
various voltages as shown below each trace. The electrolyte used was 100 mM KCl, 10 mM 
Hepes and 1 mM MgCl2. PG-1 was added into one side of the bilayer chamber. 
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SUPPORTING MATERIALS AND METHODS 
 
Chemicals 
 
n-hexane, n-heptane, KCl, ZnCl2 and Hepes were from Sigma-Aldrich (St Louis MO). Lipids 1-
palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE), 1,2-diphytanoyl-sn-glycero-3-
phosphocholine (DiPhyPC), 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS), 1,2-dioleoyl-
sn-glycero-3-phosphoethanolamine (DOPE), and 1,2-dioleolyl-sn-glycero-3-phosphatidyl-
choline (DOPC) were from Avanti Polar Lipids (Birmingham, AL). The PG-1 peptide, 
synthesized in Dr. Carl Saxinger lab at the NCI-Frederick, was dissolved in 0.01% acetic acid to 
1 mg/mL concentration and aliquoted. Aliquots were thawed only once. 
 
Molecular Dynamics (MD) Simulations 
 
The PG-1 channels were made with ten identical β-hairpins of PG-1, initially arranged to form a 
perfect annular shape of a single layer β-sheet. We used the prerelaxed β-hairpin structure 
obtained from preliminary simulations of the solution NMR structure of the PG-1 monomer (1) 
in the lipid environment, as described in previous simulations (2). Depending on the β-hairpin 
arrangement, the PG-1 channel has two potential β-sheet motifs; antiparallel (turn-next-to-tail) 
and parallel (turn-next-to-turn) β-sheets in a multimeric NCCN packing mode (3). The channel is 
minimized with a rigid body motion for the peptides to enhance the formation of intermolecular 
backbone H-bonds between the β-strands. The minimized channel is next embedded in the lipid 
bilayer containing DOPS/POPE (mole ratio 1:2). For the bilayer topology, the intrinsic barrel-
stave membrane pore was initially prepared for the β-sheet channels (4). 

Next, we construct a unit cell containing a single channel, lipids, salts, and waters; overall 
using almost 152,000 atoms. Because the simulation method here closely follows the protocol 
previously described for the PG-1 monomer (5), dimer (6), octamer (2), Aβ channels (7,8), and 
K3 channels (9) simulations, in this study we only describe briefly key parameters used for the 
decameric PG-1 channel simulations. For the lipid bilayer, 420 lipids (140 DOPS and 280 POPE 
lipids) constitute the lateral cell. TIP3P waters were added and relaxed through a series of 
minimization and dynamics. The system contains MgCl2 and NaCl at the same concentration of 
50 mM to satisfy a total cation concentration of approximately 100 mM. The CHARMM 
program (10) was used to construct the set of starting points and to relax the systems to a 
production-ready stage. For production runs to 30 ns, the NAMD code (11) on a Biowulf cluster 
at the NIH was used for the starting point. Averages were taken after 10 ns discarding initial 
transient. 

In addition to the decameric PG-1 channel simulations, we also performed the 
simulations for the decameric PG-1 fibrils on the surface of the same anionic lipid bilayer. The 
decameric PG-1 fibril was initially constructed as a linear shape. Two different β-sheet motifs, 
antiparallel (turn-next-to-tail) and parallel (turn-next-to-turn) β-sheets in a multimeric NCCN 
packing mode (3), were also used in the fibril constructions. For the lipid bilayer, 480 lipids (160 
DOPS and 320 POPE lipids) constitute the lateral cell with almost 160,000 atoms. A series of 
minimization and dynamics for the PG-1 fibril/lipid system were performed with the same 
simulations parameters used for the PG-1 channel simulations. 
 

S6 
 



Sample Preparation for AFM Imaging  
 
For AFM imaging of peptides on mica, a 1mg/mL aliquot was sonicated in the ice-water bath for 
20-30 min. PG-1 was diluted to the final concentration of 200-300 g/mL by adding PBS. A 50 
L droplet of this solution was then deposited on mica and imaged after a few minutes. 

For AFM imaging of the peptides reconstituted in lipid bilayers, the samples were 
prepared following the protocols described by previously published protocols (12,13). The lipid 
mixture of 1:1 (w/w) DOPS/POPE dissolved in chloroform was vacuum-dried. The peptide 
solution, diluted in PBS, was used to hydrate the lipid cake to concentrations of 300-500 µg/ml. 
This was followed by 15 min vortexing and 20-30 min sonication in an ice-water bath kept at ~ 4 
ºC. A 50 L droplet of a solution of peptides reconstituted in liposomes was allowed to adsorb 
for 5-15 min on freshly cleaved mica to create a supported lipid bilayer with pre-incorporated 
peptides. The sample was rinsed 3 times with PBS to eliminate all unincorporated peptides as 
well as liposomes that were not ruptured. 
 
AFM Imaging and Image Analysis 
 
AFM images were acquired using a 5.30 Nanoscope controller with an Extender electronics 
module (Veeco, Santa Barbara, CA). Oxide-sharpened silicon nitride cantilevers with nominal 
spring constants (kn) of 0.12 N/m (Veeco, Santa Barbara, CA) were used to image PG-1 peptides 
on mica. TR400PB Olympus cantilevers (Asylum Research, Santa Barbara, CA) with kn=0.02 
N/m were used for imaging PG-1 reconstituted in lipid bilayers. Images were acquired in tapping 
mode at scan frequencies of 0.5-1 Hz and drive amplitudes below 100 mV. The cantilever 
oscillation frequency was 5-10 Hz. All scans were performed in PBS at room temperature using 
a fluid cell from Veeco. Image analysis was performed using the Veeco software (13). Some 
AFM images were low-pass filtered to remove noise. Sizes of the reconstituted channels in the 
membrane were obtained from the height images using cross-sectional analysis. Channel 
diameters were measured at two-thirds full height with respect to the lipid bilayer surface. 
 
Formation of Planar Lipid Bilayers 
 
We generated vertical planar lipid bilayers (PLBs) by either the painting (14) or the folding 
methods (15). As electrolyte we used in both methods 100 mM KCl, 10 mM Hepes pH 7.4 and 1 
mM MgCl2. For painted membranes we applied lipid mixtures of DOPS/POPE 1:1 (w/w, 20 
mg/ml in heptane) over a pore. We used bilayer cups made of Delrin with a pore diameter of 
~250 μm in a Delrin septum (Warner Instruments, Delrin perfusion cup, volume 1 ml) pretreated 
with the same lipid mixture dissolved in hexane (9,16). Prior to painting the membrane we 
verified that the electrode asymmetry was always less than 1 mV. Upon membrane formation we 
screened for membranes that were stable and had conductances of less than 10 pS up to voltages 
of ± 100 mV for a period of at least 10 min with capacitances higher than 100 pF (typically ~150 
pF). When the above three criteria were fulfilled, we added 2 to 40 μL of PG-1 dissolved in 
0.01% acetic acid leading to final concentrations in the range of 0.25 to 10 μM to the cis 
compartment (hotwire) and stirred for 1-2 min. For the folded membranes we used a Teflon film 
(Eastern Scientific Inc, pore diameter ~0.1 mm) pretreated on each side with 2 μL of 5% 
hexadecane in pentane and allowed solvent evaporation. This film was then mounted using 
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vacuum grease (Dow Corning, High vacuum grease) to a custom-made Teflon chamber 
separating two buffer compartments each with a volume capacity of 3 mL. After addition of 1 
mL of electrolyte to each compartment, lipids were spread from a solution in pentane onto the 
surface of the electrolyte solutions (specifically, we added 4−6 μL from 25 mg/mL solutions pure 
DiPhyPC (17), DOPC or 1:1 (w/w) mixtures of DOPS/DOPE, DOPC/DOPE (16) on top of the 
recording buffer in the bilayer chamber). Two additional milliliters of electrolyte solution were 
added to each side of the chamber to raise the liquid levels above the aperture. We formed the 
bilayers from apposition of two monolayers of lipids (14,15) until a bilayer was obtained that had 
a minimum capacitance of 70-90 pF and until the resulting membrane was stable (i.e., no 
significant current fluctuations above the baseline noise level) in the range of ±100 mV applied 
potential for 10 minutes. When these criteria were satisfied, we added PG-1 as indicated above. 
We found that often in our bilayer-chamber the use of DOPC formed unstable bilayers prior to 
addition of PG-1; we hence focused with DiPhyPC to form PC bilayers. 
 
Bilayer System and Data Analysis 
 
We performed all recordings using an EPC-7 amplifier on “voltage clamp mode” (set at a gain of 
10 mV pA-1 and a filter cutoff frequency of 3 kHz) using Ag/AgCl electrodes. Data acquisition 
and storage was carried out using custom software (18). Sampling frequency was set at 15 kHz 
for all bilayer experiments. Analysis of the single channel current traces was done by computing 
histograms of the current-time traces with ClampFit 9.2 software from Axon Instruments. For 
representation in figures, we filtered the current traces with a digital Gaussian low-pass filter 
with a cutoff frequency of 100 Hz. 
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