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Infrared Analysis of Peptide Secondary Structure

Peptide conformational changes upon interaction with model membranes were further assessed
by IR spectroscopy. The two prominent amide absorptions bands corresponding to the vibrational
modes of C=0 stretching (amide 1 ~1651 cm™) and N-H bending (amide 11 ~1540 cm™) around
the peptide bond [1-3], was analyzed. The peptides in buffer (Figure S1A) showed a similar
spectral profile of the amide I band, consisting of a main peak centred at ~1655/1660 cm™ and a
shoulder at ~1680-1689 cm™, which indicate a-helical/disordered conformations [4-6]. Lasio Il
has the most prominent shoulder (at ~1680 cm™) and the main peak centred at 1660 cm™,
indicating the prevalence of turns and disordered conformations. The other ACPs exhibited a main
peak centred at ~1655 cm™, which become narrower in the case of LL-37 and FK-16, indicating a
higher contribution from a-helical structures.

Upon addition of zwitterionic PC liposome (Figure S1B), the intensity of the shoulder/band
component at ~1680 cm™/1689 cm™ clearly increased for all the studied peptides, this can be
ascribed to the increment of intermolecular interactions in the presence of lipid membranes. In the
presence of anionic PC/PG liposome (Figure S1C) Tempo-La, FK-16, and LL-37 in addition to
the main intensity at ~1654 cm™ (denotative of a-helical structure), also showed a shift of the
shoulder ~1684 cm™. This latter might indicate peculiar extended conformations characteristic of
molecules aggregated at the lipid surface, in this case an arrangement of peptide-lipid surface
bound [7,8]. In addition, LL-37 and FK-16 exhibited two small contributions at 1616 and 1633
cm? that can be attributed to intermolecular interactions and aggregation [4,9]. These latter
spectral features possibly suggest preferred interaction with PC/PG.

As observed with PC vesicles, also with PC/PS (Figure S1D) the main peak of Lasio Il and
Macrol (~1657 cm™) indicated somewhat higher contribution from disordered structures
compared to the other peptides. In accordance with CD spectroscopy results (Figure 1F), Macrol
and Lasio 11l showed lower helicity in favour of disordered conformations, as indicated by the
amide | peak centered at ~1658 cm™ in all the studied lipid systems. Moreover, it should be noted
that Lasio Ill exhibited an overall distinct profile compared to the other peptides, suggesting a
peculiar mode of interaction with lipid membranes. Thereby, the infrared analysis of the amide |
region revealed that the tested lipid systems affected the peptide structure with noticeable
differences, which might be ascribed to distinct mechanisms of interaction.
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Figure S1. Infrared analysis of peptide secondary structure. Representative infrared spectra in the
amide 1 and Il region and the carbonyl C=0 stretching vibration of the investigated peptides in (A)
buffer and (B-D) in different model membranes. Spectra are normalized by the intensity of the
amide 1 (~1655 cm™). Peak position and components of the amide | were identified by second
derivative analysis. Peptide and lipid concentrations were 80 uM and 1.27 mM respectively, for
all the peptides except for LL-37 which was 40 uM and 0.635 mM respectively, resulting in the
same peptide-to-lipid ratio as for the other peptides.

S3



Z

0.001 +

0.0005 1

LD [dOD]

Macrol (127 uM)

1
1
T : T T T
225 250 275 300
Wavelength (nm)

FK-16 (127 uM)
——PC

— PC/PG
- PC/PS

225

250 275 300
Wavelength (nm)

C)

0.006 +

0.004 4

0.002 4

LL-37 (40 pM)
—PC

— PC/PG
- PC/PS

225 250 275 300
Wavelength (nm)

Figure S2. Peptide orientation upon binding to lipid membrane. LD spectra of selected ACPs (A)
Macro 1, (B) FK-16 and (C) LL-37 in the presence of the model membranes PC, PC/PG and
PC/PS. Spectra were collected at 1.27 mM lipid concentration.
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Figure S3. Lipid membrane size variations by the ACPs monitored by DLS. Correlation functions
are shown for the studied ACPs in (A) buffer solution, (B) PC, (C) PC/PG and (D) REVs. Peptide
and lipid concentrations were 40 and 635 uM respectively, for all the peptides except for LL-37
which was 20 and lipid was 320 uM, respectively. In the case of REVs the concentration of the
peptides is indicated in the graph.

Table S1. Mean hydrodynamic diameter (Dh) and polydispersity of REVs samples. The
concentrations used are the ones that induce ~90% in LL-37 and ~70% in FK-16, and Tempo-La
reduction of the LD Soret band intensity.

Sample Dn (nm) Polydispersity (%)
REV 201 (£ 35) 17
REV + LL-37 (40uM) 201 (£ 41) 20
REV + FK-16 (80uM) 184 (+ 18) 10
REV + Tempo-La (160uM) | 204 (% 40) 20
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Figure S4. Helicity of the studied peptides as a function of the simulation time. The helicity of the
peptides is defined as the number of the residues with a-helical structure divided by the total
number of the residues minus the two terminal residues and has been grouped by each anticancer
peptide used. (For further information see the methods section).
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Figure S5. Distance of the peptides from the surface of the different bilayers. The distance is
presented as a function of the simulation time and has been grouped by each anticancer peptide
used.
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REV-ACP interactions studied by CD and FTIR spectroscopy

As previously reported [10], the CD curve of REVs is characterized by two negative bands at
~225 nm and ~210 nm corresponding to the n — m* and = — ©™ transitions of the peptide bond
chromophores, respectively (Figure S6A-C). Addition of LL-37 enhanced the intensity of both
minima while FK-16 and Tempo-La induced intensity gain only for the low wavelength band,
emerging more as a separate peak in the presence of the peptides. This suggest an increased
helicity; however, it cannot be assigned to the ACPs or REV proteins.

Structural effects were further analyzed with IR spectroscopy (Figure S6D-F). The amide | band
of REVs is characterized by a main peak centered at 1660 cm™, indicating the prevalence of a-
helical/disordered conformations, and a shoulder at ~1684 cm™ assigned to the p-sheet fraction.
No significant changes of the spectral profile were detected upon addition of ACPs. Only LL-37
induced a 2 cm™ downshift of the main peak as well as a moderate shift of the amide Il band,
indicating an increase of the a-helical fraction upon interaction with the peptide.

The average size was checked using DLS. REVs have a mean diameter of ~200 nm [10]. No
significant differences in size and polydispersity were observed after addition of peptides (Figure
S3B and Table S1), which indicates that these peptides do not affect the overall integrity of REV
vesicles significantly.
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Figure S6. REV-ACPs interactions studied by CD and FTIR spectroscopy. (A-C) CD spectra and
(D-F) infrared spectra of REVs upon stepwise addition LL-37, FK-16 and Tempo-La.
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