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Figure S1. B-structure rich oa-defensins inhibit the aggregation of amyloid peptides. a
Sequences of a-defensin HNP-1 and NP-3A, and amyloid peptides Al], hIAPP, and hCT. (red:
negative charged residues. blue: positive charged residues. bold: identical residues.) Kinetic
aggregation profiles of b, e 25 uM A, ¢, £ 25 uM hIAPP, d, g 25 pM hCT in the absence (black)
or presence of (b-d) HNP-1 and (e-g) NP-3A at different concentrations, followed by ThT
fluorescence assay. All data represent mean =+ standard error of triplicate measurements.
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Figure S2. a-defensins suppress the formation of amyloid aggregates. AFM characterization
of the morphological changes of 25 uM amyloid AB, hIAPP and hCT, in the absence (left column)
and presence of a-defensin HNP-1 (middle column) and NP-3A (right column) at different
concentrations after 5 h and 20 h incubation. Scale bars=1 pm.
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Figure S3. NP-3A exhibits a general inhibition property against the fibrillization of different
amyloid peptides. a Sequence and structure of a-defensin NP-3A with B-rich structure. b Dose-
dependent inhibition effect of NP-3A on AP, hIAPP, and hCT aggregation followed by ThT
fluorescence assays. Inhibition efficiency of NP-3A is determined by the relative final fluorescence
intensity (%) as normalized by that of pure amyloid aggregation. Equivalent value of NP-3A is
defined by the molar ratio of NP-3A:amyloid peptide. Error bar represents the standard deviation
(s.d.) of triplicate measurements. ¢ TEM image of 25 uM AP, hIAPP, and hCT in the presence of
an equimolar concentration of NP-3A. Samples were prepared after 3 days incubation in
physiological environment (pH 7.4, 37 °C). Scale bars=200 nm. d SDS-PAGE characterization of
25 uM AR, hIAPP, and hCT homo-/hetero-assemblies in the absence or presence of 25 uM NP-
3A. e Circular dichroism (CD) spectra of 25 uM AP, hIAPP, hCT in the absence (gray diamond,
control) or in the presence of NP-3A at 0-, 0.5-, 1- and 3-days incubation. NP-3A was added to
AP or hCT solution at 25 uM, but to hIAPP solution at 50 uM.
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Figure S4. a-defensins inhibit the conformational change of amyloid peptides. CD spectra and
the corresponding secondary structure contents calculated for a,d 25 uM A, b,e 25 uM hIAPP,
¢,f 25 uM hCT in the absence (black square, control) or presence of (a-¢c) HNP-1 and (d-f) NP-3A
at 0-, 0.5-, 1- and 3-days incubation.
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Figure S5. Binding affinity between a-defensins and amyloid peptides determined by SPR
analysis. a Schematic illustration of the immobilization of amyloid peptides onto SPR chip via
EDC/NHS coupling method, and the characteristic association-dissociation sensorgram phases to
determine observable binding constant (%), association constant (k,), dissociation constant (k),
and binding constant (Kp= ky/k,) based on 1:1 Langmuir model. b SPR sensorgrams of the
immobilization of AP, hIAPP and hCT amyloid peptides on SPR chips. Binding constant (Kp) of
a-defensins ¢ HNP-1 and d NP-3A to amyloid peptides calculated from SPR sensorgrams (Fig. 2a
and Fig. S6a) by fitting observable binding constant &, to a-defensins concentrations.
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Figure S6. NP-3A binds to amyloid aggregates and inhibits further aggregation. a SPR
sensorgrams of the concentration-dependent binding of NP-3A to AB-, hIAPP-, and hCT-coated
surface. Binding affinity between NP-3A and amyloid peptides is determined by binding constant
(Kp) as calculated based on 1:1 Langmuir model (Fig. S5). b Inhibition effect of NP-3A on AP,
hIAPP, and hCT seeds formed at different time-points followed by ThT fluorescence assay. NP-
3A was added to amyloid solution at different aggregation phases as indicated by arrows.
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Figure S7. Determination of binding modes of a-defensins to amyloid peptides. Nonbonded
interaction energies and the decomposed components of electrostatic and VDW potentials between
HNP-1 and a AP or b hIAPP for different binding modes of HNP-1-Af (HNP-1-ABC and HNP-1—
ABY) or HNP-1-hIAPP (HNP-1-hIAPP¢ and HNP-1-hIAPPY). We applied the two docking
programs of Patchdock and Firedock to (i) search the top favorable binding complexes of
antimicrobial and amyloid peptides, (ii) then we classified them into the two binding patterns, i.e.,
binding to beta-sheet region and binding to U-turn region, and (iii) next we used the docking
structures as initial configurations to run MD simulations for examining their binding stability.
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Figure S8. Binding of HNP-1 to U-turn regions of hIAPP prevents the elongation and
disturbs amyloid aggregates of hIAPP. a Final snapshot of binding of HNP-1 to U-turn region
of hIAPP and close-up hydrogen bond between HNP-1 and hIAPP at HNP-1-hIAPP interface
for HNP-1-hIAPPY model. b Comparison of RMSD (red) and B-content ratio (green) of hIAPP
in HNP-1-hIAPPV and pure hIAPP models. ¢ Binding probability (%) of hIAPP residues to

HNP-1 for HNP-1-hIAPPY model.
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Figure S9. NP-3A rescue mammalian cells from amyloid-induced cell toxicity. Dose-
dependent protection effect of NP-3A against amyloid AB-, hCT-, and hIAPP-induced a cellular
toxicity as revealed by MTT assay, and b cell membrane disruption as revealed by LDH assay.
Cells were incubated with amyloid peptides (25 uM) for 24 h in the absence or presence of 1-50
uM NP-3A. Untreated cells were set as control (100% MTT reduction and 0% LDH activity), cells
after lysis were set for 100% LDH activity, and cells only incubated with NP-3A (grey bars) were
also analyzed for comparison. All data represent mean + s.d. of three independent experiments.
Statistical analysis (n = 3) was conducted for cells treated with NP-3A or amyloid peptides alone
relative to control (°, p <0.05; °°, p <0.01; °°°, p <0.001), and cells treated with both NP-3A and
amyloid peptides relative to cells treated with amyloid peptides alone (¥, p < 0.05; **, p < 0.01;
*xx, p < 0.001). ¢ Representative fluorescence microscopy images of cells treated for 3 h with
freshly prepared amyloid peptides (25 uM) in the absence or presence of 5 uM NP-3A. Untreated
cells were set as control. Red and green fluorescence indicate the dead and live cells, respectively.
Scale bars=100 um.
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Figure S10. Antimicrobial activity of a-defensins, amyloid peptides, and cross-species of a-
defensins—amyloid peptides against Gram-negative and Gram-positive bacteria. Growth
profiles of representative Gram-negative bacteria E. coli and P. aeruginosa, Gram-positive
bacteria S. aureus and S. epidermidis cultured in the absence and presence of a 10 uM HNP-1, 10
uM NP-3A, 25 uM hCT, b 10 uM HNP-1, 25 uM NP-3A, 25 uM AP, and ¢ 10 uM HNP-1, 50
uM NP-3A, 25 uM hIAPP, as well as corresponding a-defensins—amyloid peptides.
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Figure S11. Cross-species of NP-3A—amyloid peptides retain a broad-spectrum antimicrobial
activity against both Gram-negative and Gram-positive bacteria. a Cross-cooperative
antimicrobial activity was assessed by exposing both Gram-negative (E. coli, P. aeruginosa) and
Gram-positive bacteria (S. aureus, S. epidermidis) to mixtures of a-defensins and amyloid peptides
for 12 h. b Antimicrobial activity of NP-3A (10-50 puM), amyloid peptides (25 M), and cross-
species of NP-3A—amyloid peptides against Gram-negative E. Coli and P. aeruginosa, Gram-
positive S. aureus and S. epidermidis quantified by final bacterial density. Bacterial density is
determined by ODg( and relative final bacterial density (%) treated with peptides is calculated in
comparison with untreated control (100%). Statistical analysis (n = 3) was conducted relative to

control (%, p <0.05; **, p <0.01; *** p <0.001) and bacteria treated with NP-3A (°, p <0.05; °°,
p <0.01). Representative fluorescence microscopy images of the ¢ Gram-negative E. coli bacteria
and d Gram-positive S. aureus bacteria treated with or without peptides (25 uM amyloid peptides,
50 uM NP-3A) for 1 h. Green and red fluorescence indicate the live and dead bacteria, respectively.
Scale bars=20 um. e Minimal inhibitory concentration (MIC) of NP-3A and amyloid peptides
against bacteria. f Fractional inhibitory concentration (FIC) index of the combination of NP-3A
and amyloid peptides as calculated from checkerboard assay in Figure S12. Synergy (FIC<0.5),
additive (0.5<FIC<1), indifferent (1<FIC<4), antagonism (FIC>4).
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Figure S12. Checkerboard assay for determining the impact on antibacterial potency of the
combination of a-defensins and amyloid peptides in comparison to their individual activities.

Antimicrobial activity of a-defensins, amyloid peptides, and combination of a-defensins and
amyloid peptides against Gram-negative a E. coli, b P. aeruginosa, and ¢ Gram-positive S. aureus
assessed by 2-fold serial dilutions of a-defensins and amyloid peptides in 96-well plate. Wells with
bacteria in no growth are determined by ODgg of <10% that of a pure bacteria growth control after
20 h growth and are marked in blue boxes. d Synergy checkerboard assay setup that includes 2-
fold serial dilutions of amyloid peptides from 1024 to 4 pg/ml in each column and a-defensins
from 256-16 pg/ml in each row.
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Table S1. Inhibition performance of different amyloid inhibitors.

Molar

Cytotoxicity

No. Inhibitor Amyloid Ratio* Reduction Reference
Polyphenol u
1 phtalocyanine A . 15 25% Nat. Comm. 2014 1
tetrasulfonate (PcTS) synuclein
2 Cyclic p -a-peptides AP 10 55% J. Am. Chem. Soc. 2013°
. -
3 Squalamine synuclein 10 79% PNAS 2017°
Carbazole-based
4 fluorophore SLOH AP 5 30% Angew. Chem. 20127
5 Tolcapone Transthyr 5 50% 5
Tafamidis etin 10 40% Nat. Comm. 2016
Aminopyrazole 0 6
0 Trimer Derivatives AP 6 100% J. Am. Chem. Soc. 2011
casein coated
7 Peaseine Ap 25 69% N, Comm, 20197
8 Foldamers AB 1 ~100% J. Am. Chem. Soc, 2017°
Pt(I1)-1,10-
9 phenanthroline AB 1 60-100% PNAS, 2008°
complexes
10 D—peptide Tau 1 N/A Nature 201 1]0
Sequence- BRICHOS domain of 11
Speciﬁc 11 Bri2 hIAPP 1 N/A PNAS 2018
Inhibitors 72 Adapalene AB 1 31% PNAS 201772
. o-
13 B-wrapin AS69 synuclein 1 83% Angew. Chem. 201473
mimics of the IAPP
cross-amyloid o 14
4 interaction surface AP ! 88% Angew. Chem. 2015
with AP
Amyloid -sheet o
mimics ABSM 1la AB ! 33%
Ba-
15 ABSM 1m microglo 1 N/A Nat. Chem. 201272
bulin
ABSM 1o . 0.5 N/A
synuclein
Double N-methylated o 16
16 IAPP analog hIAPP 1 77% PNAS 2006
17 VQIINK inhibitors Tau 0.4 N/A Nat. Chem. 20187
Globular protein fused o-
18 o-syn synuclein 0.1 N/A Angew. Chem. 2018"°
19 Gammabody inhibitor AP 0.1 ~100% PNAS 20127
20 Rhodanine-based hIAPP >10 N/A
Dual molecule 1 Tau >10 30% Angew. Chem. 2007 20
Inhibitors 27 Rhodanine-based hIAPP >10 N/A Angew. Chem. 2008~
molecule 2 Tau 1 31%
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macrocyclic peptides | 80%
0o

la AB
22 2a 2 60% Angew. Chem, 201877
la 1 88%
2a hIAPP 2 56%
. . A >10 50%
23 Cucurbit[ 7Juril insu%in 05 ~10 0?% Angew. Chem. 201473
24 Cathelicidin AB 1 86% J Alzheimers Dis. 201724
25 LL-37 hIAPP 1 55% Angew. Chem, 2020°°
26 N-methyla‘;ed IAPP AB 1 42% 26
mimics hIAPP 1 55% Angew. Chem. 2013
Trangthyr 10
etin
Br
Broad- Lysine-specific mi)clil?ﬁlo 10
Spectrum 27 m 1y lar ?w zZer Calcitoni ~100% A Chezn;- e
Inhibitors olecu cezers Cn © 10 201
hIAPP 1
AB 10
Tau 1

* Molar ratio: molar ratio of inhibitor to amyloid peptide that completely suppress amyloid aggregation.
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