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Abstract
In this paper, we investigated the molecular interactions of Magainin 2 with model cell membranes
using Sum Frequency Generation (SFG) vibrational spectroscopy and Attenuated Total Reflectance
– Fourier Transform Infrared spectroscopy (ATR-FTIR). Symmetric 1-Palmitoyl-2-Oleoyl-sn-
Glycero-3-[Phospho-rac-(1-glycerol)] (POPG) and 1-Palmitoyl-2-Oleoyl-sn-Glycero-3-
Phosphocholine (POPC) bilayers, which model the bacterial and mammalian cell membranes
respectively, were used in the studies. It was observed by SFG that Magainin 2 orients relatively
parallel to the POPG lipid bilayer surface at low solution concentrations, around 200 nM. When
increasing the Magainin 2 concentration to 800 nM, both SFG and ATR-FTIR results indicate that
Magainin 2 molecules insert into the POPG bilayer and adopt a transmembrane orientation with an
angle of about 20 degrees from the POPG bilayer normal. For the POPC bilayer, even at a much
higher peptide concentration of 2.0 µM, no ATR-FTIR signal was detected. For this concentration
on POPC, SFG studies indicated that Magainin 2 molecules adopt an orientation nearly parallel to
the bilayer surface, with an orientation angle of 75 degrees from the surface normal. This shows that
SFG has a much better detection limit than ATR-FTIR and can therefore be applied to study
interfacial molecules with much lower surface coverage. This Magainin 2 orientation study and
further investigation of the lipid bilayer SFG signals support the proposed toroidal pore model for
the antimicrobial activity of Magainin 2.

1. Introduction
Isolated from the African clawed frog Xenopus laevis, Magainins have been shown to have
antimicrobial activity.1–3 At low concentrations, magainin peptides are able to disrupt the
bacterial cell membrane, leading to cell death. At these concentrations, however, magainin
peptides have been shown to be harmless to mammalian cells.2 The Magainin family is
considered to be the most well-studied group of peptides among all antimicrobial peptides.
Magainins have been shown to have antimicrobial activity against a large number of bacterial
strains, and it is believed that they have a great therapeutic potential in the treatment of bacterial,
fungal and protozoan infections in humans.2 Among its family, Magainin 2 possesses a broad
antimicrobial spectrum with high potency. Experimental tests have shown that Magainin 2 is
about 5 to 10 times more potent than Magainin 1.2 Extensive studies have been carried out to
understand the antimicrobial activity of Magainin 2 using different techniques ranging from
experimental methods such as External Reflection-Fourier Transform Infrared spectroscopy
(ER-FTIR), neutron reflectivity,4 oriented circular dichroism,5,6 X-ray diffraction,7 confocal
laser scanning microscopy,8 differential scanning calorimetry, solid-state NMR,9 atomic force
microscopy10 and fluorescence spectroscopy11–13 to molecular dynamics simulations.14,15
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Many of the above efforts were trying to unveil the differences in the interaction schemes of
Magainin 2 with bacterial cells as opposed to mammalian cells. Even though a consensus has
not been reached, it is generally believed that Magainin 2 disrupts bacterial cells by forming
toroidal pores (wormholes) in the membrane; whereas it binds horizontally to the mammalian
cell membranes and hence exhibits no disruptive activity.16–18

The lipid compositions of cell membranes play a significant role in the ability of many
antimicrobial peptides to distinguish between bacterial cell membranes and mammalian cell
membranes. Bacterial cell membranes consist of a substantial amount of lipids with negatively
charged head groups (e.g., phosphatidylglycerol – PG) in addition to zwitterionic lipids (e.g.,
phosphatidylethanolamine – PE). Mammalian cell membranes, on the other hand, mainly have
zwitterionic lipids (e.g., phosphatidylcholine – PC) and other components (e.g., cholesterol).
Most antimicrobial peptides contain amino acids that are positively charged, and this
electrostatic attraction between the negatively charged lipids and the positive charges on the
antimicrobial peptides is believed to be the driving force for their binding to bacterial cell
membranes, but not mammalian ones.

Sum Frequency Generation (SFG) vibrational spectroscopy is a non-linear optical
spectroscopic technique that is becoming more prevalent in the studies of a variety of interfaces
due to its intrinsic surface/interface sensitivity. The advantages and strengths of using SFG in
interfacial studies have been previously discussed extensively,19–27 and will not be repeated
in detail here. In this paper, we will report the results obtained from SFG studies on Magainin
2 in mammalian and bacterial model membranes. Attenuated Total Reflectance – Fourier
Transform Infrared spectroscopy (ATR-FTIR) was also used in this study as a supplemental
technique to SFG. The combination of SFG and ATR-FTIR in the study of peptide-membrane
interactions was shown to be valuable in our previous publication on the interactions between
melittin and lipid bilayers.28 In this paper, SFG and ATR-FTIR data indicated similar Magainin
2 orientations in the respective lipid bilayers. This is the first report on the quantitatively
measured average orientation angles of Magainin 2 molecules in a model bacterial cell
membrane (a single POPG/POPG bilayer) in situ using SFG. The modes of action of Magainin
2 on both mammalian and bacterial cell membranes can be proposed through Magainin 2
orientations and SFG observations of lipid bilayers.

2. Materials and methods
Magainin 2 (GIGKWLHSAKKFGKAFVGEIMNS) was purchased from Bachem (Torrance,
CA). Hydrogenated 1-Palmitoyl-2-Oleoyl-sn-Glycero-3-[Phospho-rac-(1-glycerol)] (POPG)
and 1-Palmitoyl-2-Oleoyl-sn-Glycero-3-Phosphocholine (POPC) were ordered from Avanti
Polar Lipids (Alabaster, AL).

For SFG experiments, right-angle CaF2 prisms purchased from Altos (Trabuco Canyon, CA)
were soaked in toluene overnight and then sonicated in a Contrex AP solution from Decon
Labs (King of Prussia, PA) before the first use. Before each lipid deposition, the CaF2 prisms
were stored in a Contrex AP solution overnight and then rinsed with water before being
immersed in methanol for an hour. The prisms were rinsed thoroughly with a large amount of
deionized water and then cleaned in a glow discharge plasma chamber for 4 minutes
immediately before the bilayer preparation. Substrates were tested by collecting SFG signals
from their surfaces, and no contamination was detected.

We used the Langmuir-Blodgett and Langmuir-Schaefer (LB/LS) method to deposit the
proximal and the distal leaflets, respectively.29, 30 A KSV2000 LB system and ultrapure water
from a Millipore system (Millipore, Bedford, MA) were used throughout the bilayer
preparation, which is briefly described below. A prism was attached to a sample holder via one
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right-angle face. The other right-angle face was perpendicularly immersed in the water inside
the Langmuir trough. An appropriate amount of lipid chloroform solution was then gently
spread onto the water surface, and the chloroform was allowed to evaporate. The lipid
monolayer area was compressed by two barriers at a rate of 5 mm/min until a surface pressure
of 34 mN/m was reached. The prism was lifted out of the subphase at a rate of 1 mm/min. A
monolayer of lipid on the prism was thus prepared. A 2 mL reservoir was placed in a large
trough slightly deeper than it so that water could cover it. The right-angle surface of the prism
with the monolayer was horizontally lowered to contact the monolayer deposited on the water
surface (with a surface pressure of 34 mN/m) of the trough to form a lipid bilayer. After the
formation of the bilayer, the extra lipids at the air-water interface were removed using a
micropipette. Water in the large trough was drained while keeping the bilayer immersed in
water inside the small reservoir so that a much smaller amount of peptide/protein would be
sufficient for the experiment. The bilayer was immersed in water throughout the entire
experiment, and a small amount of water was added to the reservoir, when needed, to
compensate for water evaporation during lengthy experiments.

For the Magainin 2-bilayer interaction experiments, a specific volume of the Magainin 2
aqueous stock solution was injected into the small reservoir of 2 mL to achieve the desired
concentration. A magnetic microstirrer was used to ensure a homogeneous concentration
distribution of peptide molecules in the subphase below the bilayer. All experiments were
carried out at room temperature (~24°C), at which both POPG and POPC bilayers are in the
fluid phase.

The SFG setup used in this study was purchased from EKSPLA. Details of the setup can be
obtained from the manufacturer, and some details have been described in previous publications
and will not be reiterated here.31, 32 Input laser beams were incident onto the prism through
one of the right-angle faces and then reflected by the other right-angle face coated with the
bilayer (Figure 1). The prism was arranged such that total reflection of the 532-nm green beam
was achieved. Under these conditions, the infrared (IR) beam was not totally reflected. For
orientation analysis, SFG spectra were collected using ssp (s-polarized output SFG signal, s-
polarized input visible beam and p-polarized input IR beam) and ppp polarization
combinations. Details about the analysis of SFG spectra will be presented later in section 3.

ATR-FTIR experiments were carried out with a Nicolet Magna 550 FTIR spectrometer using
a detachable ZnSe total internal reflection crystal (Specac Ltd. RI, United Kingdom). The LB/
LS method was used to deposit the lipid bilayer onto the ZnSe crystal surface that had been
pre-cleaned with methanol, Contrex AP solution, deionized water and eventually treated in a
glow discharge plasma chamber for 2 minutes immediately before the bilayer preparation.
After the lipid bilayer was deposited onto the crystal, the water that kept the bilayer hydrated
was flushed multiple times with D2O to avoid signal confusion between the O-H bending mode
and the peptide amide I mode, and to ensure a better S/N ratio in the peptide amide I band
region. Next, the appropriate volume of a Magainin 2 stock solution (in D2O) was injected into
the subphase of 1.6 mL to achieve the desired concentration. S and P polarized ATR-FTIR
spectra of Magainin 2 in the lipid bilayer were taken for orientation analysis after the system
reached equilibrium (about one hour).

3. SFG Data analysis
Magainin 2 is known to possess no well-defined secondary structure in aqueous solutions.33–
36 However, CD, FTIR and solid-state NMR studies suggest that it folds into an α-helical
structure in the presence of phospholipid bilayers.33–39 The average orientation of Magainin
2 molecules was calculated based on the orientation of the amide C=O bonds, which are held
up in the direction of the helical axis by the hydrogen bonds within the peptide molecules. This
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average orientation was deduced by analyzing the polarized SFG amide I signal (between 1600
to 1700 cm−1). SFG amide I spectra are deconvoluted such that the α-helical spectral
component (centered at ~1655 cm−1) can be extracted from the band. In addition, SFG spectra
collected from the lipid bilayer in the C-H stretching frequency regime (2800 cm−1 to 3000
cm−1) (with or without the peptide addition) were investigated according to the thin film model
as discussed in one of our previous publications.40

The peptide’s orientation information can be obtained by SFG using polarization combinations
of ssp and ppp collected in the amide I regime. The SFG susceptibility tensor element χijk (i,
j, k = x, y, z) is related to the SFG molecular hyperpolarizability tensor element βlmn (l, m, n
= a, b, c) by Euler angle projections.41 The relationship between the SFG susceptibility tensor
elements for α-helices, the orientation angle (θ) and the hyperpolarizability components can
be expressed as:

(1)

Where 

(2)

where Ns is the surface density of the α-helical repeat units. The SFG hyperpolarizability tensor
elements can be deduced from Raman and IR properties of the α-helical molecules, which
makes it possible to deduce the relations among these elements. From these deductions, we
obtained r= 0.61 and βaca= 0.33βccc with the adoption of the bond additivity model on an α-
helical symmetry that consists of 23 amino acid residues.42

We have developed a methodology to determine the orientation of α-helical structures using
SFG amide I spectra collected with different polarization combinations.28,41,42 This method
is based on the SFG data analysis for an α-helix with one unit length (eighteen amino acids)
or infinitely long. We also completed the methodology by considering α-helices with a number
of amino acid residues that is not a multiple of one unit (i.e., with the number of amino acids
not being a multiple of 18). We presented a systematic discussion on the determination of the
orientation of α-helices (as well as 3–10 helices) using SFG in reference 42. The current SFG
study on Magainin 2 orientation can be considered as a successful application of the method.

4. Results and Discussions
4.1 SFG and ATR-FTIR Amide I Spectra

4.1.1 Magainin 2 in a POPG/POPG lipid bilayer—It has been shown that the minimum
inhibitory concentration (MIC) of Magainin 2 against E. coli is around 20 µM.43 The positively
charged Magainin 2 molecules tend to target anionic lipids in the cell membrane via
electrostatic attraction. E. coli cell membranes only contain about 32% anionic lipids,44 thus
a purely negatively charged lipid bilayer should require a lower peptide concentration for
disruption than the MIC. In this set of experiments, we employed anionic POPG lipids to
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represent the bacterial cell membrane, and therefore a lower concentration of 800 nM of
Magainin 2 was believed to be sufficient to ensure effective interactions between Magainin 2
and the POPG bilayer. Even at this 25-fold lower concentration than the MIC against E. coli,
Magainin 2 exhibited excellent SFG signal strength (Figure 2), enabling for a reliable
orientation analysis of Magainin 2 molecules in the bilayer using SFG.

Before we discuss the interactions between the POPG/POPG bilayer with Magainin 2 of a
peptide solution of 800 nM, we first present the results on a lower Magainin 2 concentration
of 200 nM. The CaF2 supported POPG/POPG bilayer was in contact with 2 mL deionized
water, and 1 µL of the peptide stock solution was introduced. No discernable SFG signal in
the amide I region could be detected after 1 hour (data not shown), but some changes in the
lipid signal were observed (see later discussions for more details). This can be explained by
the fact that the α-helical Magainin 2 peptides could be lying down on the bilayer surface,
generating a much weaker SFG amide I signal than that generated from vertically oriented
peptides in the bilayers, but still causing changes in the bilayer organization (see Section 4.2).
Magainin 2 has an amphiphilic α-helical structure, which allows the peptide molecules to lie
on the membrane surface at low peptide concentrations.45,11

A higher peptide concentration experiment was then carried out in which 4 µL Magainin 2
stock solution was added to the water subphase to reach a concentration of 800 nM. Magainin
2 was allowed to interact with the POPG/POPG bilayer and SFG spectra were collected. Figure
2 displays SFG spectra of the amide I range of Magainin 2 in association with the POPG/POPG
bilayer after the signal had stabilized (around one hour). Both ssp and ppp spectra exhibit a
dominant peak centered at 1657 cm−1. According to the previous vibrational spectroscopic
studies on protein/peptide amide I signals and our previous research on melittin, the amide I
mode (dominated by the C=O stretching mode) of the α-helical peptide units is centered at
around 1655 cm−1.28,29,46–48 The amide I peak center obtained here affirms that Magainin 2
adopted a well-defined α-helical structure in the POPG/POPG bilayer.

SFG spectra can be fitted using the following equation:

(3)

where Aq, ωq, and Γq are the strength, resonant frequency and damping coefficient of the
vibrational mode q respectively, and  is the nonresonant background.

The correlation between the ratio χppp/ χssp and the peptide orientation angle θ for Magainin 2
is plotted in Figure 3. Details regarding how to deduce such a correlation can be found in
reference 42. According to the measured SFG signal, the χppp/χssp ratio for Magainin 2 in the
POPG/POPG bilayer is about 1.55. It can be deduced from Figure 3 that Magainin 2 adopts a
transmembrane orientation in POPG/POPG bilayers (Table 1). Quantitatively, the tilt angle
(θ) between the helical principal axis of the Magainin 2 molecule and the POPG/POPG bilayer
surface normal was found to be around 22 degrees if a delta-orientation distribution is assumed.

ATR-FTIR was used as a supplemental technique to our SFG measurements. As mentioned
above, the amide I signal of an α-helical peptide is centered at about 1655 cm−1. Due to the
strong H2O bending mode in this frequency range, which may complicate the amide I ATR-
FTIR signal analysis, a Magainin 2 D2O solution was used in the ATR-FTIR study. The amide
I signal undergoes a slight red-shift for α-helical peptides when D2O is used. In the ATR-FTIR
experiment with Magainin 2 and a POPG/POPG lipid bilayer in a D2O solution, a peak
maximum at 1652 cm−1 was observed, indicating a Magainin 2 α-helical conformation in the
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POPG/POPG bilayer (Figure 4).46 The peak center position is in good agreement with a recent
study of Magainin 2 interacting with DPPG monolayers using ER-FTIR.4

The ATR-FTIR spectra were fitted using Lorentzian functions. While fitting the ATR-FTIR
amide I signal of Magainin 2, a minor peak at around 1644 cm−1 was also included to account
for the C=O bonds that adopted a random coil structure for the “insolvent” Magainin 2
molecules that did not fold into α-helical structures.

Using the polarized ATR-FTIR measurement, the dichroic ratio of the 1652 cm−1 peak of
Magainin 2 (800 nM) in a POPG/POPG lipid bilayer was determined to be 2.79, which gives
the order parameter Sθ a value of 0.818. The order parameter Sθ can be calculated by using the
following equation:

(4)

where α is 42 degrees and Ex, Ey and Ez are the electric field amplitudes in the x, y and z
directions. The average angle θ between the helical axis of the Magainin 2 molecule and the
bilayer surface normal was calculated to be approximately 20 degrees if a delta-orientation
distribution is assumed. This is in excellent agreement with the SFG data. As we discussed in
our previous publications, SFG measures <cosθ> and <cos3θ> while ATR-FTIR measures
<cos2θ>.28 Since SFG and ATR-FTIR measure different orientation parameters, the excellent
agreement between the two methods indicates that Magainin 2 adopts a well-defined
orientation (a delta-distribution or an orientation distribution with a narrow width) in the POPG/
POPG bilayer. If the orientation distribution is not narrow, the results should be substantially
different when deduced from the different measured parameters, <cosθ>, <cos2θ> and
<cos3θ>. Here both SFG and ATR-FTIR studies show that Magainin 2 adopts a transmembrane
orientation when its concentration is 800 nM, different from what was observed when the
concentration is 200 nM.

Our spectroscopic measurements match the published results from Molecular Dynamics
simulations performed on a constructed Magainin 2 toroidal-pore model.14 In this simulation,
a Magainin pore that consisted of five Magainin 2 molecules, 138 1-palmitoyl-2-
oleoylphosphatidylethanolamine (POPE) molecules and 46 POPG molecules was left to
equilibrate for 250 ps. During this period of time the reorientation of Magainin 2 molecules
was observed. Magainin 2 molecules lining the pores were found to tilt at about 21 degrees
from the membrane normal.

4.1.2 Magainin 2 in a POPC/POPC lipid bilayer—A POPC/POPC bilayer was used as
a representation of the mammalian cell membrane. Different from POPG, POPC is a
zwitterionic lipid. For this set of experiments, a higher Magainin 2 concentration of 2.0 µM
was used. At this peptide concentration, discernable SFG amide I signal was detected, allowing
for a reliable analysis of the peptide orientation (Figure 5). A supplemental ATR-FTIR
experiment at the same concentration of Magainin 2 (2.0 µM) was also carried out, but no
amide I signal was detected (data not shown). This is likely due to the fact that the Magainin
2 coverage on the POPC/POPC bilayer was not high enough to produce detectable ATR-FTIR
signal.

From the SFG ssp and ppp polarized spectra (Figure 5), the average tilt angle (θ) of Magainin
2 in the POPC/POPC bilayer was determined to be ~75 degrees if a delta-distribution
orientation is assumed (Table 2), which is very different from that in the POPG/POPG bilayer.
This result strongly agrees with previous findings in the literature stating that Magainin 2 lies
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down on the surface of l-Palmitoyl-2-stearoyl-(n-doxyl)-α-phosphatidylcholine [n-doxyl-PCs
(n = 5, 10, and 12)] lipid vesicles at an angle of approximately 79 degrees ± 5 degrees relative
to the surface normal.33, 37, 49

4.2 SFG spectra of POPG/POPG and POPC/POPC lipid bilayers
The behavior of the lipids was monitored in our SFG experiments by the observation of SFG
spectra in the C-H stretching frequency regime (2800 – 3000 cm−1). Magainin 2 should not
contribute substantial SFG signal in the C-H stretching spectral region.4 As displayed in
Figures 6, SFG spectral features in the C-H stretching region are significantly different between
POPG/POPG and POPC/POPC lipid bilayers before the Magainin 2 interaction. The weaker
SFG signal of the neutral POPC/POPC bilayer shown in Figure 6 (spectrum a) compared to
that of the charged POPG/POPG bilayer (spectrum b) indicates that lipid bilayers with
zwitterionic headgroups are more ordered and therefore more symmetrical. The better order
of the POPC/POPC bilayer compared to POPG/POPG bilayer in water might be due to the
different interactions between the water molecules and the headgroups of lipid molecules. For
lipids that are in fluid phase at room temperature, it is difficult to quantitatively investigate the
average orientation of the lipid chain due to the rapid flip-flop and lateral displacement of the
lipid molecules. The discussion below is therefore only qualitative.

Similar spectral features can be seen in Figure 7 for both the POPG/POPG bilayer (with 200
nM Maiganin 2, spectrum 7b) and the POPC/POPC bilayer (with 2.0 µM Magainin 2, spectrum
7a). This striking similarity might indicate that similar interactions are taking place in both
cases. In Section 4.1.2, we indicated that Magainin 2 molecules orient relatively parallel to the
POPC/POPC bilayer surface. It is therefore likely that Magainin 2 molecules adopt a similar
orientation on the POPG/POPG bilayer at low concentrations. This interpretation agrees with
what was discussed regarding the amide I band analysis (i.e. low signal would indicate a parallel
orientation). Because there is a change in the lipid C-H stretching signal, Magainin 2 molecules
must adsorb to the bilayer, but only with a low surface coverage.

In Figure 7, when comparing the two spectra of POPG/POPG with 800 nM Magainin 2
(spectrum c) and POPC/POPC with 2.0 µM Magainin 2 (spectrum a), it can be seen that they
have similar spectral features as well, except for the peak at 2880 cm−1 representing the
symmetric stretch of the methyl group. In the POPG/POPG bilayer, a dramatic drop in the
overall spectral intensity was observed after the addition of peptide (compare spectrum 7c to
spectrum 6b). A possible interpretation for this would be the formation of a toroidal pore, which
would cause the lipid side chains to tilt and form a connection between the two leaflets. Because
of the rapid flip-flop that would be induced from this process, this pore lining phenomenon
would significantly enhance the symmetry of the bilayer and reduce overall POPG/POPG
bilayer SFG signal. In addition to this, the CH2 symmetric stretch peak at 2850 cm−1 could
arise from the lipid side chains that are tilted along the pores.

5. Conclusion
We have successfully applied SFG and ATR-FTIR to measure the average tilt angle of
Magainin 2 molecules in negatively charged (POPG/POPG) and zwitterionic (POPC/POPC)
lipid bilayers in the fluid phase. It was found that SFG has a much better detection limit than
ATR-FTIR, and can therefore be used to study interfacial molecules when the surface coverage
is much lower. The SFG orientation analysis on α-helical structures used here is based on a
methodology developed in our lab, which was summarized in detail in a recent paper.42 For
the cases where both SFG and ATR-FTIR signals can be detected, SFG and ATR-FTIR can
measure different orientation parameters. The SFG results could be well correlated to the ATR-
FTIR conclusions, which demonstrated the reliability of the measurements. This also further
validates our SFG orientation analysis methodology presented in reference 42. All the
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experiments were performed in situ under biologically relevant conditions. The modes of action
of Magainin 2 on these two different model membranes for bacterial cells and mammalian cells
were discussed according to the deduced average orientation of the peptide molecules and the
investigation of the lipid bilayer SFG signals. The transmembrane orientation of Magainin 2
molecules and the possible rapid flip-flop induced led to the conclusion that the peptide most
likely forms toroidal pores in POPG/POPG lipid bilayers at a peptide concentration of 800 nM.
On the other hand, the nearly parallel orientation of the peptides and the noticeable disturbance
of the lipid chains are evident for the carpet-like mechanism when Magainin 2 interacts with
a POPC/POPC bilayer. This research, along with our previous SFG studies on lipid bilayers,
28,50–54 demonstrate that SFG is a powerful technique in elucidating the molecular interactions
between various molecules and model cell membranes in situ.
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Figure 1.
Schematic of the near total reflection experimental geometry in the SFG setup.
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Figure 2.
SFG ppp and ssp spectra of the C=O stretching frequency region collected from a POPG/POPG
bilayer in contact with a 800 nM Magainin 2 solution.
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Figure 3.
Relationship between the χppp/ χssp ratio and the α-helix orientation angle of Magainin 2.
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Figure 4.
Polarized ATR-FTIR spectra of the C=O stretching frequency region collected from a POPG/
POPG bilayer in contact with a 800 nM Magainin 2 solution.
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Figure 5.
SFG ppp and ssp spectra of the C=O stretching frequency region collected from a POPC/POPC
bilayer in contact with a 2.0 µM Magainin 2 solution.
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Figure 6.
SFG spectra of the C-H stretching frequency region collected from a. POPC/POPC bilayer
(top) and b. POPG/POPG bilayer (bottom) before interaction with Magainin 2.
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Figure 7.
SFG spectra of the C-H stretching frequency region collected from a. POPC/POPC bilayer in
contact with 2.0 µM Magainin 2 solution (top); b. POPG/POPG bilayer in contact with 200
nM Magainin 2 solution (middle); c. POPG/POPG bilayer in contact with 800 nM Magainin
2 solution.
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Table 1

Fitting parameters for the SFG amide I signal collected from a POPG/POPG bilayer in contact with a 800 nM
Magainin 2 solution.

1657 cm−1 Amplitude Damping coefficientΧppp/ΧsspΧnonresonance

ppp 480 13.5 1.55 1.42
ssp 287 12.5 −1.13
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Table 2

Fitting parameters for the SFG amide I signal collected from a POPC/POPC bilayer in contact with a 2.0 µM
Magainin 2 solution.

1657 cm−1 Amplitude Damping coefficientΧppp/ΧsspΧnonresonance

ppp 350 20 2.30 −2.32
ssp 152.5 20 3.5
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