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ABSTRACT: host defence peptides are critical factors of immune systems in all life forms.
Considered for therapeutic development in the post-antibiotic era, these molecules rupture
microbial membranes at micromolar concentrations. Here we report a self-concentrating
mechanism of membrane disruption, which occurs at therapeutically more relevant nanomolar
concentrations. Induced by a four-helix bacteriocin the mechanism manifests in a multi-modal
disruption pattern. Using in situ atomic force microscopy we show that the pattern and its
kinetic profiles remain the same in a range of nano-to-micromolar concentrations. We reveal
that the bacteriocin creates its own boundaries in phospholipid bilayers in which it self-
concentrates to promote transmembrane poration. The findings offer an exploitable insight into

nanomolar antimicrobial mechanisms.

INTRODUCTION

Host defence mechanisms of all life forms employ antimicrobial peptides (AMPS) to deter
microbial invasions. Although AMPs are evolutionarily conserved molecules, a widespread
resistance against them has yet to be reported. This inspires continuous efforts to develop
antimicrobial therapies on their basis.> Unlike conventional antibiotics, which must cross
microbial membranes to bind to intracellular targets, AMPs attack the membranes and disrupt
their lipid packing, causing cell lysis and death.® However, the antimicrobial action of these
peptides is not limited to membrane damage. They readily engage with multiple targets in the
bacterial cell (e.g. nucleic acids, ribosomes) and inhibit processes critical for cell viability (e.g.
cell wall synthesis, metabolic pathways). These peptides are designed to kill microbial cells
indiscriminately and rapidly, or at least within the timeframe of their proteolytic stability, i.e.
minutes. To generate a substantial enough damage within this timeframe, AMPs attack in
groups, which allows them to assemble into membrane-disrupting pores and lesions. The type
of membrane disruption may vary from one AMP to another, and for the same peptide it may

alter depending on variations in membrane composition and external stimuli.*®



Notwithstanding these differences, there tends to be one disruption mode per AMP within one
set of environmental conditions, with each mode activated upon reaching a threshold peptide
concentration in phospholipid bilayers. Such a concentration may be sufficient for pore
formation, but it remains unclear how it relates to minimum inhibitory concentrations (MICs),
which are used as a measure of the efficacy of antimicrobial agents. AMPs can form pores in
membranes at concentrations as low as a few nanomoles per liter.® Yet, these are deemed
insufficient for antimicrobial activity as MICs for AMPs are typically in micromolar ranges. It
is therefore argued that pores induced at nanomolar concentrations are transient, ion
conducting, but do not permit molecular transport.”® It is further argued that antimicrobial
activities correlate with the formation of stable pores, which thus far have been shown to occur
at micromolar concentrations.'® Here we reason that stable pores can form at nanomolar
concentrations, which is defined by the efficacy of an antimicrobial peptide to self-concentrate
on membrane surfaces. We demonstrate this by the time-resolved imaging of pores formed by
a self-concentrating mechanism permitting the same poration modes at both micro- and nano-

molar concentrations.

RESULTS AND DISCUSSION

Experimental model for nanomolar antimicrobial mechanism

Demonstrating a self-concentrating mechanism and that it can support pore formation at
nanomolar concentrations requires at least two capabilities: (i) an antimicrobial peptide with
MICs in a sub-micromolar range, and (ii) a measurement approach allowing for direct, time-
resolved visualisation at the nanoscale.

Recently, we have shown that four-helix bacteriocins, such as epidermicin NI101 and aureocin
A53, disrupt membranes via a multi-modal mechanism at micromolar concentrations.! Helices
in these small proteins are arranged into helical hairpins, each responsible for a particular

disruption mode in bacterial membranes. For example, individually hairpins of N101 form



transmembrane lesions, circular pores, or membrane-thinning patches. However, as parts of the
intact protein they act synergistically giving rise to a flower-like disruption pattern, in which

the lesions with pores radially emanate from membrane thinning patches (Fig 1).1!

lesion

Figure 1. Flowering poration in phospholipid bilayers by epidermicin. (A) An AFM topography
image of anionic POPC/POPG (3:1, molar ratio) SLBs treated with the bacteriocin (250 nM, 30 min
incubation). Scale and colour bars are 200 nm and 15 nm, respectively. Reproduced under a Creative
Commons license (CC BY-NC-ND 4.0) from.™ (B) A schematic of radially forming transmembrane
lesions and pores based on the image and (C) a side-view schenatic of flowering poration in membranes
caused by the bacteriocin. The schematics were drawn using a 3D computer graphics software (Blender)
to illustrate the observed effects. Lipid and epidermicin molecules are shown in grey and green,

respectively.

This complex mechanism, termed flowering poration, is consistent with that most AMPs adopt
simpler conformations, i.e. a single o-helix, B-sheet or hairpin, favouring one mode of
membrane disruption.’?13 In contrast to AMPs, the four-helix fold of N101 can be viewed as a

small ensemble of AMPs, which self-concentrate and propagate on the surface of the bacterial



membranes in a manner similar to that of pore-forming toxins, e.g. lysenin and equinatoxin.41°
As a likely consequence, NI0O1 more readily reaches its local threshold concentration on
membranes, resulting in sub-micromolar MICs (80-330 nM) against a range of bacteria
including methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant
Enterococci (VRE).1%18 Therefore, to probe a self-concentrating mechanism and whether it can
support pore formation at nanomolar concentrations we studied the impact of NI0O1 on
phospholipid bilayers in the range of nano-to-micromolar concentrations in situ using atomic
force microscopy (AFM). Since membrane disruption is kinetically driven and in live cells
occurs over short timescales (minutes), supported lipid bilayers (SLBs) mimicking bacterial
membranes were used to directly access defects formed as a result of peptide treatment. Devoid
of live cell processes, such defects can be directly imaged by AFM in a time-resolved manner
with a nanoscale accuracy.*®

Imaging kinetics of membrane disruption

The kinetics of membrane disruption by NIO1 were directly monitored after injecting the
peptide onto the SLBs (Video S1, Fig 2A). No changes were observed over the first 50 s, which
is consistent with the time during which NIO1 accumulated on the membrane. It remains
challenging to capture individual peptides in such a surface-bound state or S-state?® in fluid
membranes,?1?? since peptides and lipids when imaged in liquid diffuse can rapidly across the
bilayer (~ 1-2 um?/s).%2 However, time-resolved AFM imaging allows monitoring nanoscale
membrane defects within the relevant timescales, i.e. minutes. Indeed, in the subsequent 1.5
min, the formation of expanding membrane thinning patches became apparent (Fig 2A, B).
These areas of reduced membrane thickness, by 1.5 nm, continued to grow laterally with
radially expanding transmembrane lesions (Fig 2A). The lesions appeared to grow from the
boundary of the patches, suggesting that a boundary edge drives membrane disruption in two

stages. It starts with an intrinsic disorder of lipids, which offers less resistance to pore



formation, and introduces the unfavourable line tension of the boundary accelerating peptide

binding.?
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Figure 2. Time-resolved imaging of reconstituted membranes treated with NI01. (A) AFM
topography images of anionic SLBs (see Methods and Materials) treated with N101 at a concentration
of 375 nM (in a~200 pL volume). Images are digital zooms of selected frames from continuous imaging
(Video S1) showing the initial formation of defects in the membrane. Time stamps are referenced to the
moment of injection (00:00) of NIO1 into the tubing, which then travels to the fluid cell. Patches of
membrane thinning form first, with transmembrane lesions and pores growing from the boundary edge
of the patches. Colour (height) and scale bars are 15 nm and 500 nm, respectively. (B) Cross-section
line profiles along the white dashed lines in (A) at time 04:19, showing the depth of membrane thinning
patches (i) and transmembrane lesions (ii). (C) Total defect area plotted versus time for all frames in

the first 10 min of imaging at 375 nM peptide (left) and in the first 5 min of imaging at 750 nM peptide

(right).



Compared with pore-forming proteins such as lysenin and equinatoxin,?>2¢ which prefer to
porate membranes on existing boundaries between phase-separated lipid domains, N101 then
creates its own, new domain boundaries between thinned and unaffected membrane areas. The
new formed boundaries become preferred locations for further peptide recruitment, which
drives flowering poration to completion. As peptide supply is depleted in the fluid cell of the
microscope, the rate of defect formation decreases reaching a saturation point (Fig 2C).
However, the morphological characteristics of the defects and their sequential formation, i.e.
from membrane thinning via transmembrane poration to the saturation of defect growth, remain
independent of the concentration used. Indeed, the same behaviour and comparable kinetic
profiles were observed at double the peptide concentration used (Fig 2C, Video S2, Fig S2).
The higher concentration only led to larger total defect areas which grew at double the rate
observed for the lower peptide concentration.

The kinetic profiles observed are different from those characteristic of pore expansion
mechanisms resulting in complete membrane disintegration,?'27-2° and from those supporting
different modes of membrane disruption at different peptide concentrations.3%-32 All these cases
are concentration dependent and promote the non-specific, progressive disruption of the
phospholipid bilayer, which is proportional to the amount of peptide available on the membrane
surface. In contrast, NIO1 creates the same membrane disruption pattern at any concentration
used within the nano-to-micromolar range and within the same timeframe, suggesting that its
local threshold concentration does not depend on the concentration used either. Therefore, once
the threshold is reached, which manifests in the completed disruption pattern, the kinetics of
membrane disruption should remain the same. To test this conjecture, we added three
subsequent injections of NI01 to the SLBs with fully formed floral patterns. The total defect
area first decreased and then resumed growth exhibiting kinetics, which matched those of the

first injections (Fig 3A).



The initial decrease occurred at the expense of membrane thinning patches: the areas of the
patches shrunk, whereas their boundaries elongated, initiating the growth of new
transmembrane lesions (see transitions from left to middle, and middle to right column in Fig
3B, C). No noticeable changes occurred in the transmembrane lesions which were formed

during the previous injections and no new areas of membrane thinning could be observed.
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Figure 3. Repeated injections of NI01 onto membranes. (A) A plot of total defect coverage versus

time (min) for anionic SLBs treated with N101 (375 nM). The results for the first ~10 min are duplicated
from Figure 2C. Three additional peptide injections are applied over 30 min (labelled 1-3) and each
peptide injection restarts the growth of the defects followed by the same kinetics trait. (B) Digital zoom
of selected frames from Video S1 showing the response of a single area of membrane to three additional
injections (top, middle and bottom rows, respectively). Blue arrows highlight injection points. Thinned
membrane patches shrink and elongate their boundaries, new channels are formed at the boundary edge,

and existing lesions do not respond to the injections. (C) A digital zoom of selected frames from Video



S1 showing the response of a single defect to the injection of additional peptide (highlighted by blue
arrow). Colour bars are 15 nm in all images, scale bars are 500 nm (B) and 200 nm (C).

These results confirm that once formed membrane thinning patches act as recruitment sites for
additional peptide from which it proceeds forming new transmembrane lesions.

Quantitative analyses of defect areas revealed that thinned membrane patches decreased in area
by 50% after peptide injection (Fig S3A, E). This drop in thinned membrane area was
accompanied by an increase in boundary length per unit area of 100% for the thinned
membrane patches (Fig S3A, E). This effect was specific for the thinned membrane patches.
No such response to peptide injection was found for the transmembrane lesions (Fig S3B).
Over time, the transmembrane lesions grew in size, but their boundary lengths per unit area
remained approximately constant (Fig S3B). An apparent lower propensity of the lesions to
recruit more peptide could be attributed to a lower line tension at the lesion edge. Plotting the
absolute values of the boundary length per unit area for the defects showed that the
transmembrane lesions have a more elongated boundary than the thinned membrane patches,
which is consistent with a lower line tension (Fig S3C).

The initial decrease of the thinned membrane domains indicates that additional peptide
preferentially accumulates at the domain boundaries. From the subsequent transmembrane
poration at these boundaries, we conclude that the accumulation and thereby enhanced local
concentration of NIO1 facilitates the formation of transmembrane defects at the boundaries.
The changes in the boundary shape also indicate that the boundary of thinned membrane
patches undergoes significant remodelling, which is consistent with peptide binding to the
edge, reducing the line tension, and allowing a more elongated boundary edge. The
simultaneous formation of new transmembrane defects at the remodelled boundary provides
the confirmation of a local peptide concentration that is sufficient to surpass the threshold

required for poration.



Forming pores at low nanomolar concentrations

Since no differences were observed in the mode of membrane disruption by NI01 as a function
of concentration, the peptide should induce the same defect patterns on membranes at a lower
range of nanomolar concentrations within the same timeframe. This is in contrast to AMPs,

which at such low concentrations do not disrupt membranes.
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Figure 4. Comparison of NIO1 to magainin 2 at nanomolar concentrations. Representative
topography images of POPC/POPG (3:1, molar ratio) SLBs after 30 min of incubation with (A)
magainin 2 (10 nM) and (B) NI0O1 (10 nM). For each case, cross-section line profiles along the dotted
lines are shown, to indicate depth profiles of the membrane surfaces. Two different SLB areas of the
same sample are shown for each case. A digital zoom of the white box in (B) highlights membrane
thinning patches (i) and transmembrane lesions (ii). Colour (height) and scale bars are 15 nm and 500

nm, respectively. The scale bar for the zoom image is 100 nm.

To probe this, membrane disruption by NI01 was compared with that by magainin 2, an

archetypal AMP known to induce transmembrane pores in SLBs at micromolar concentrations



(Fig S4).22 As expected, no changes were observed in SLBs treated with magainin 2 at
nanomolar concentrations (10 nM): after 30 min of incubation, the surface of the SLB remained
featureless (Fig 4A). In contrast, N101 produced its characteristic floral pattern in SLBs at these
concentrations. Over 30-min incubations, the surface of the SLB showed transmembrane
lesions growing from thinned membrane patches (Fig 4B). The findings confirm that upon the
formation of the thinned membrane areas NI01 self-concentrates at their boundaries reaching
its threshold concentration to form transmembrane lesions. The smaller patch areas observed
at these low nanomolar concentrations are consistent with that larger areas are produced at
higher concentrations (Fig 2), and indicate that transmembrane lesions start forming as soon as
the boundaries of the patches become apparent and able to recruit all the peptide available to
complete the disruption pattern. Instead of accumulating in and expanding the patch areas,
NI101 self-concentrates at available boundaries forming transmembrane defects and completing

the pattern.

CONCLUSION

These findings prompt a working model for the self-concentrating effect by NIO1, drawing
parallels with the mechanisms of pore-forming peptides, proteins, and toxins. Similar to AMPs,
NI01 binds to and accumulates on the membrane surfaces to form initial defects, i.e. membrane
thinning patches. This occurs during a lag-time phase typical for most AMPs following the S-
state,>® which allows time for a transition into folded forms and oligomerisation at the
membrane surface until threshold concentrations for defect formation are reached. Once started
forming, thinned membrane patches create boundary edges, which due to their inherent
disorder and high line tension actively recruit more N101. The bacteriocin molecules recruited
from solution on to the membranes are likely to undergo a structural transformation. In
solution, N101 exits as a monomer folded as a globular four-helix bundle, with the hydrophobic

residues forming the core of the bundle to stabilise the fold.*! In the membrane the core is no



longer needed and can no longer support the fold given competing interactions with
phospholipids. Therefore, the bacteriocin re-folds with its constituent helices re-arranging to
better integrate in the membrane. Because at the boundary edges lipids are more distorted and
their hydrophobic, aliphatic chains are more exposed to NIO1, the helices re-orient their
hydrophobic faces to engage with the lipids prompting the remodelling of the boundary. Thus,
membrane thinning continues with increasing local concentrations until it reaches a
concentration threshold, at which the boundary starts remodelling and lesions are formed. This
scenario is accompanied by oligomerisation in a manner similar to that of four-helix toxins
assembling into multimers which porate membranes.3* This is consistent with the preference
of transmembrane pores to form at thinned boundary edges and is akin to the way some pore-
forming proteins exploit phase-separated lipid domains.?2¢ However, NI01 arranges and
regulates forming boundaries by self-concentrating, which allows it to complete its disruption
pattern at low nanomolar concentrations. The multimodal mechanism of NIO1 progresses by
recruiting peptide through membrane thinning domains, which grow rapidly reaching poration
thresholds at the domain boundaries, even at low nanomolar concentrations, driving the pore

formation to completion.

MATERIALS AND METHODS

Peptide Synthesis and Purification

NIO1 was assembled in a Liberty microwave peptide synthesizer (CEM Corporation) using
conventional Fmoc/tBu synthesis protocols and HBTU/DIPEA coupling reagents, at 0.1 mmol
scale, on a Fmoc-Ala-Wang resin. The bacteriocin was capped at its N-terminus using p-
nitrophenylformate, then was cleaved and deprotected using a cleavage cocktail (94% TFA,
2% TIS, 2% DODT, 2% water), then purified by semi-preparative RP-HPLC. The purity and
identity of NI01 was confirmed by analytical RP-HPLC (>95%) and MALDI-ToF mass-

spectrometry: MS [M + H]*: m/z 6072.3 (calc.), 6072.8 (found). Analytical and semi-



preparative RP-HPLC runs were performed on a Thermo Scientific Dionex HPLC System
(Ultimate 3000) using a Vydac C18 analytical and semi-preparative (both 5 um) columns.
Analytical runs used a 10-70% B gradient over 30 min at 1 mL/min, semi-preparative runs
were optimised for the peptide, at 4.5 mL/min. Detection was at 280 and 214 nm. Buffer A and
buffer B were 5% and 95% (v/v) aqueous CH3CN containing 0.1% TFA.

Lipid Vesicle Preparation

1-palmitoyl-2-oleoyl-glycero-3-phosphocholine  (POPC) with  1-palmitoyl-2-oleoyl-sn-
glycero-3-phospho-(1'-rac-glycerol) (POPG) lipids were used to assemble liposomes in 3:1,
molar ratios. The lipids were purchased from Avanti Polar Lipids (Alabaster, USA). The lipids
were weighted up and were dissolved in chloroform. The preparations were then dried under a
nitrogen stream to form a thin film, and the film was hydrated in 10 mM phosphate buffer (pH
7.4), vortexed for 2 min and bath sonicated for 30 min. The obtained suspension was extruded
using a hand-held extruder (Avanti Polar lipids) (29 times, polycarbonate filter, 0.05 um) to
give a clear solution of small unilamellar vesicles following the re-suspension of vesicles to a
final concentration of 1 mg/mL.

Preparation of SLBs for In-Liquid AFM Imaging

SLBs were formed using a vesicle fusion method as described elsewhere.®® Briefly, freshly
prepared POPC/POPG (3:1, molar ratio) vesicles (5 uL 1 mg/ mL) were added to cleaved mica
that was pre-hydrated in 20 mM MOPS, 120 mM NaCl, 20 mM MgClz (pH 7.4). After
incubation over 45 min, the samples were washed 10 times with an imaging buffer (20 mM
MOPS, with 120 mM NaCl, pH 7.4) to remove unfused vesicles. AFM was used to confirm
that the resulting SLBs were free of defects and were flat to within < 0.3 nm before use in
experiments. Mica discs (Agar Scientific, Stansted, UK) were glued to a metal puck, and
freshly cleaved prior to lipid deposition.

Peptide Addition to the SLBs



All peptide solutions were prepared in AFM imaging buffer to avoid introducing changes in
the ionic strength or pH of the solutions. Peptide solutions were then injected directly into the
fluid cell via a syringe and tubing system. Tubes were pre-filled with the AFM imaging buffer
to prevent the introduction of air bubbles. The fluid cell has a volume of ¢.100 uL and each
injection consisted of c¢. 200 uL peptide solution. Therefore, the imaging solution in the fluid
cell is entirely replaced with the injected solution and the concentration of the peptide solution
was prepared at the final desired concentration, whereas the excess above the 100 pL capacity
of the fluid cell is flushed out into a waste syringe.

Photothermal Actuation and In-Situ Injection Set-Up

The AFM experiments were carried out with a Cypher ES AFM (Oxford Instruments Asylum
Research) equipped with photothermal actuation (blueDrive™). This AFM has a fully sealed
measurement cell that allows the perfusion of liquids and gases during measurements (Fig S1).
The peptide solution is introduced during imaging to capture dynamics in real time. The
introduction of a new liquid into the cell can destabilise the mechanical driving mechanism
commonly found in conventional AFM systems and often measurements have to be stopped to
retune the probe. This is due to changes in the environmental conditions, namely the size and
concentration of the liquid droplet and the operating temperature. Photothermal excitation of
the cantilever was employed as it can be less sensitive to these changes. This involves direct
actuation with a secondary laser with a wavelength of 405 nm. This laser is directed to the base
of the cantilever and modulation of the power causes the probe to oscillate due to the
photothermal effect. Small changes in temperature cause the probe to bend at the base of the
cantilever whilst there are negligible differences at the tip. Time-resolved imaging was
performed using the actuation laser at a low power (0.3 mW DC) to avoid artefacts due to
sample heating.

AFM Operation



Images were recorded in amplitude modulation (tapping, AC) AFM mode, using photothermal
excitation, with an Olympus AC10 probe (nominal resonance frequency in air = 1500 kHz;
nominal spring constant = 0.1 N / m, tip radius < 10 nm, tip side angle = 10 °). In solution, the
cantilever was actuated at its in-liquid resonance frequency of 443 kHz to an amplitude of ~0.5
nm. Images were recorded with a setpoint amplitude at approximately 60 % of the free
amplitude just above the surface, with the setpoint and gains continuously adjusted to obtain
the lowest imaging force without sacrificing contrast and resolution. Images were recorded at
line rates of 20 Hz, resulting in frame times of ~25 seconds.

Post-Image Processing

All image processing was done using Gwyddion (http://gwyddion.net/). Background tilt across
the image was removed via plane-fitting and first-order line fitting. Following plane fitting and
first-order levelling, the height at the membrane surface was defined as 0 nm to allow
comparison between all images. All depth profiles were plotted using Origin (OriginLab

Corporation).

SUPPORTING INFORMATION
Figures and Movies are included as described in the text: experimental in situ injection set-up

for AFM operation, AFM images and videos with quantitative analyses.
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In-situ nanoscale imaging reveals self-concentrating nanomolar

antimicrobial pores
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Figure S1. Set up of Cypher ES AFM (Oxford Instruments Asylum Research) equipped with photothermal
actuation (blueDrive™). (A) Comparison of cantilever response (amplitude vs frequency) for piezoelectric
cantilever excitation (red) and photothermal excitation (blue). Piezoelectric excitation subjects the entire fluid cell
to mechanical excitation resulting in multiple peaks. Photothermal methods directly excite the cantilever, resulting
in a single peak. Spectra taken in water, reproduced with permission from?. (B) Schematic cut away of the sealed

measurement cell of the AFM showing connection of tubing to allow the introduction and withdrawal of liquid.
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Figure S2. Time-resolved imaging of membrane disruption by N101. (A) Representative AFM topography images of anionic POPC/POPG (3:1, molar ratio)

SLBs following injection of NI01 (750 nM) at 00:00 min. The images are digital zooms of selected frames from Video S2. Scale and colour (height) bars are

500 nm and 15 nm, respectively.
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Figure S3. Response of membrane thinning patches to additional injections of NI01. (A, B) Plots of the surface area (black) and boundary length per unit
area (blue) for the thinned membrane patches (A) from topography images in Fig 3C. Image sequence numbers refer to the topography images labelled from
left to right, and the point of injection occurs after image 2, as highlighted by the blue arrow. Values are normalised to the value in image 1. (C) Comparison of
the absolute value for boundary length per unit area between transmembrane channels (blue) and patches (black) in Fig 3C. (D -E) topography images (D) and
corresponding plots of the surface area (black) and boundary length per unit area (blue) for a thinned membrane patch (E) . Image sequence numbers refer to
the topography images in (D), labelled from left to right and the point of injection is highlighted by the blue arrow. Values are normalised to the value in image

1. Images in (D) are digital zooms of selected frames from continuous imaging (Video S1). Colour (height) and scale bars are 15 nm and 180 nm, respectively.
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Figure S4. Membrane disruption with higher concentrations of magainin 2. AFM topography
image of anionic POPC/POPG (3:1, molar ratio) SLB treated with magainin 2 (200 nM, 20 min
incubation). Transmembrane pores with a heterogenous diameter of 5 — 40 nm form across the surface.

Scale and colour bars are 200 nm and 5 nm, respectively.

Video S1. Time-resolved scanning of membrane disruption by N101. The video shows consecutive
scans from 3 min prior to peptide injection, to 30 min after peptide injection, for anionic POPC/POPG
(3:1, molar ratio) SLBs treated with NI01 (375 nM). The video is recorded in a Cypher ES, with an

AC10 cantilever, in tapping mode, at a line rate of 20 Hz and 25.8 seconds per frame. Scan size is 4

gm.

Video S2. Time-resolved scanning of membrane disruption at higher NI01 concentrations. The
video shows consecutive scans from 1 min prior to peptide injection, to 6 min after peptide injection,
for anionic POPC/POPG (3:1, molar ratio) SLBs treated with NIO1 (750 nM). The video is recorded in
a Cypher ES, with an AC10 cantilever, in tapping mode, at a line rate of 20 Hz and 23.8 seconds per

frame. Scan size is 4 pm.
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