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Supplementary Figure 1. 1D 'H spectra of POPC/POPG membrane at various temperatures. The
lipids are still in liquid crystalline phase at a thermocouple temperature of 269 K under 10 kHz MAS.
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Supplementary Figure 2. °C spectra of 1VLA peptide in POPC/POPG bilayers. a, 1D **C CP spectrum
of IVLA at 269K. b, 1D *C DP spectrum of IVLA at 298K. ¢, 100 ms 2D **C-C CP-DARR spectrum of
IVLA at 269K. d, 100 ms 2D C-3C DP-DARR spectrum of IVLA at 298K.
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Supplementary Figure 3. CD spectra of hBD-3 analog with and without membranes. The spectra were
measured in a, solution and b, POPC: POPG lipid bilayers at pH 7.0. Best-fit curves (red dash lines) are
overlaid over the experimental spectra (black), and deconvolution results are presented. The spectrum of
fully dissolved, solution state of hBD-3 analog shows minimal helix component, whereas the spectrum of
membrane-bound state of hBD-3 reveals substantial amount of helix feature, suggesting large
conformational change upon binding to membrane. The CD spectra reflect the average results of all the
individual peptide state in each sample and does not provide conformer- or site-specific information.
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Supplementary Figure 4. Mobility of hBD-3 analog in POPC/POPG bilayers at 298K. a, Backbone
Ca-Ho order parameters of the mobile-phase hBD-3 analog measured with DP at 298 K. b, Backbone Ca.-
Hao order parameters of membrane-bounded hBD-3 analog measured with CP at 298 K. The relatively rigid
residues are highlighted in magenta and the mobile residues are in cyan. The *C—'H dipolar couplings
curves are shown in ¢ and d for DP and CP measurements, respectively. The best-fit dipolar couplings, the
corresponding order parameters, the error bars, and the T relaxation times used to correct the asymmetry
are labeled for each residue.
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Supplementary Figure 5. Cross sections of 2D static 3!P-*'P exchange spectra. The POPC/G membranes
without (black) and with (magenta) hBD-3 analog are compared. The cross sections are extracted from 6
ppm and -12 ppm to cover the range of the 2D spectra with mixing times of 1, 5, 100, and 400 ms. The

intensity was scaled by a, number of scans and b, the samples amount ratio factor (0.75) obtained from the
integral of 1D static 3P spectrum.



Supplementary Figure 6. Negatively stained TEM images of POPC/G membranes without (a) and
with (b) hBD-3 analog. The peptide-containing vesicles are typically smaller and non-spherical.
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Supplementary Figure 7. Distance map between each single residue on peptide with lipid from 5.0 ps
MD simulation. The minimum distance between each residue on peptide and each lipid was calculated,
and then averaged based on the last 4.0us simulation trajectories. The average minimum distances from all
the residue-lipid pairs comprises the distance map. The data is shown for peptide PROP, PROH, PRON and
PROG. Binding distance being zero (red) indicates tight binding between a residue and the lipid. Any
binding distances equal or larger than 10 A will be shown in white. PROP, PROH and PRON form stable
binding with the lipids consistently, while PROG residue 9-16 region binds with lipid membrane
consistently. These data agree with the RMSF result shown in Fig. 6e and the insertion depth map result.
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Supplementary Figure 8. The last structure of hBD-3 dimer in analog form in lipid bilayers. a, Dimer
in POPC/G lipid bilayers. The structure is obtained with water and ions after 600 ns all atom NAMD self-
assembly simulations. One unit of hBD-3 is shown in red cartoon, the other in blue cartoon. The POPC
lipids are shown in cyan while POPG lipids in green. TIP3P water molecules are shown in red. b, hBD-3
analog dimer on pure POPG bilayers at 300 K for 300 ns. In total there are 144 POPG lipids including 72
POPG on the top layer and 72 POPG lipids on the bottom layer in the simulation. The NMR-detected such
as 130, A19-L21, R36-G37 residues are shown in sticks. The 130 residues are shown in blue, A19-L21 in
red and R36-G37 in magenta. The 130 residues are partially embedded on the dimer interface.
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Supplementary Figure 9. Sequence alignment of hBD-3 with its homologues. The conserved residues
are highlighted in red. The protein sequences were obtained from GenBank™. The alignment was
obtained with the program Clustal W* and generated using ESPript server?.
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Supplementary Figure 10. Two proposed hBD-3 dimer models from literature. The models are
proposed using a, x-ray and b, solution NMR evidence® # °. The original dimer structure used in the MD

simulation of this study was a recent MD structure® that started from the structure in Supplementary Fig.
10b.
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Supplementary Table 1. **C chemical shifts of dissolved and membrane-bound hBD-3. The major
conformer is highlighted in bold. * from the VALIG sample, ? from the IVLG sample. All *C chemical
shifts are on the TMS scale.

Residue CO Cal CpL Cyl Cé. Cel Condition
213 1773 62.8 354 27.0 153 103
i 66.5 39.3 28.1 155 i
i i 36.0 i i 9.4
113 1753 64.0 29.0 ] 19.6
173.8 59.2 33.0 ; 19.4
1A19 174.6 50.2 17.3
i 49.7 20.5
2/20 1738 58.9 30.6 ; 19.3
174.4 61.5 32.4 18.8
121 174.7 51.6 A 23.8
173.4 54.4 423 21.4 mezrﬁgg’ne_
174.6 51.2 42.7 20.8 o
224 172.6 50.6 40.9 23.6
i 51.7 38.1 25.1
i 50.4 435 21.7
1130 174.9 5.9 37.0 25.2 15.6 ;
173.8 50.2 40.7 24.9 17.1 113
1732 56.9 38.7 23.8 16.4 105
2G31 172.2 428
170.1 428
1637 171.8 438
1715 46.3
213 176.3 61.2 333 274 158 10.0
175.8 i i i 18.1 8.4
113 1745 62.7 29.9 ; 20.2
1A19 1755 50.6 176
i 50.6 20.1
220 174.0 60.5 31.6 ; 19.9 .
1735 58.0 34.0 ; 19.2 zsgﬁ:flo':
121 1753 53.4 41.7 24.6
224 1731 51.0 401 24.4
1130 1755 50.5 37.1 25.4 15.9 11.2
173.9 i 403 25.3 ] A
2G31 172.3 431
1637 1723 437
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Supplementary Table 2. Summary of dipolar order parameters of hBD-3 analogs. The experiments
are detected using CP and DP at different temperatures. The carbon site, chemical shift, best-fit CH dipolar
coupling, order parameter, error bars, and T relaxation times used to correct the asymmetry are listed.

Experiment | Carbon | Chemical Best-fit CH/CH> Order Error T, relaxation
condition site shift (ppm) | dipolar coupling (kHz) | parameter bars times used (ms)
+0.05
13-Ca 66.2 6.8 0.52 20,09 5.0
+0.01
A19-Ca 50.2 8.4 0.64 003 1.8
+0.09
V20-Ca. 58.2 10.6 0.82 001 11
L21-Ca | 540 6.5 050 (oo 11
269K, CP " 0‘ 08
L24%-Ca. 49.8 10.0 0.76 : 1.0
-0.10
+0.01
b_
L24°-Ca. 51.6 9.5 9.73 012 1.2
+0.07
G31-Ca 42.5 8.7 0.66 003 11
+0.05
G37-Ca 43.7 10.0 0.73 003 11
+0.12
132-Ca 66.1 9.0 0.69 017 2.1
+0.18
Al19-Ca 50.2 8.0 0.61 008 1.2
V202-Ca. 58.6 10.4 0.79 +(())11§ 2.3
298K, CP " 0. 15
L243-Ca. 50.2 9.5 0.73 0,09 2.1
b. +0.23
L24°-Ca 51.6 7.0 0.53 003 0.8
+0.17
G31-Ca 43.9 6.0 0.46 0,06 2.5
+0.14
Al19-Ca 49.9 6.5 0.5 014 15
b +0.10
L21°-Ca 54.6 5.2 04 2013 0.0
298K, DP | L24-Ca | 516 5.0 038 o5 11
+0.14
G31-Ca 43.0 5.0 0.38 006 1.0
+0.11
G37-Ca 43.9 6.8 0.52 018 15
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Supplementary Table 3. Chemical Shift Anisotropy (CSA) parameters for POPC and POPG lipids.
The data are obtained using the sideband intensities of 1D 3P spectra collected under 3.5 kHz slow MAS.
Both Peptide-free and peptide-containing samples are measured.

du1 022 33 Span Asymmetry

POPC +hBD3 22.53 -12.43 | -12.56 35.09 0.01

31p_Cp control 22.71 -9.73 -15.44 38.15 0.24
POPG +hBD3 23.22 -11.17 | -11.34 34.56 0.01

control 19.25 -9.26 -9.26 28.51 0.00

POPC +hBD3 20.94 -9.05 -14.35 35.29 0.01

31p_pp control 25.48 -13.86 | -14.09 39.57 0.24
POPG +hBD3 23.77 -11.45 | -11.59 35.36 0.01

control 19.87 -9.57 -9.57 29.44 0.00
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Supplementary Table 4. Solvent accessible surface area (SASA) of hBD-3 labeled residues. The data
are obtained from the monomeric solution structure. The SASA range from 2 to 140 Angstroms? for all the
labeled residues. A19 and G31 having the lowest SASA values; the small SASA values indicate the
sidechains of those three residues point to the protein hydrophobic core and stay buried in the monomeric
structure. 130, G37 and L24 has moderate SASA while 13, V20 and L21 has large SASA values.

Residue Solvent Accessible Surface Area (Angstroms?)

13 140.179

Al9 6.234

V20 113.303

L21 136.369

L24 75.139

130 30.402

G31 1.625

G37 48.106
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