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Fig. S1. Time evolution of the probability of unstructured formations (bend and random coil), 
helix and β-sheet, the number of hydrogen bonds and contact, and the radius gyration for the 
monomeric hIAPP a), hIAPP(S20G) b), and rIAPP c) peptide. One trajectory was randomly 
selected from 60 independent DMD simulation trajectories for each monomeric system. The N-
terminal Cα atom is highlighted as a bead.



Fig. S2. Time evolution of averaged probability of each secondary structure (including coil, helix, 
β-sheet, β-bridge, bend, and turn) for the monomeric hIAPP, hIAPP(S20G), and rIAPP peptide 
using 60 independent DMD simulation trajectories.

Fig. S3. Time evolution of the number of contacts, hydrogen bonds, and radius gyration (Rg) of 
the monomeric hIAPP, hIAPP(S20G), and rIAPP peptide averaged over the 60 independent DMD 
simulations.

Fig. S4. The difference of residue pairwise contact frequency for the monomers of hIAPP(S20G) a) 
and rIAPP b) compared with the wild type hIAPP.



Fig. S5. Time evolution of the probability of unstructured formations (bend and random coil), 
helix and β-sheet, the total number of hydrogen bonds and contact, and the radius gyration for the 
five-peptide simulations of hIAPP a), hIAPP(S20G) b), and rIAPP c). One trajectory was 
randomly selected from 60 independent DMD simulation trajectories for each monomeric system. 
The N-terminal Cα atom is highlighted as a bead.



Fig. S6. Time evolution of each secondary structure (including coil, helix, β-sheet, β-bridge, bend, 
and turn) content averaged over 60 independent DMD simulation trajectories for each type of 
amylin in the five-peptide simulations.

Fig. S7. Time evolution of the number of contacts, hydrogen bonds, and radius gyration (Rg) 
averaged over the 60 independent DMD simulations in the five-peptide simulation of hIAPP, 
hIAPP(S20G), and rIAPP.

Fig. S8. The residue-pairwise contact frequency of side-chain atoms. The frequency of inter-chain 
(upper diagonal) and intra-chain (lower diagonal) inter-residue contact formed by side-chain 
atoms are calculated by averaging over the last 500 ns trajectories of all independent simulations 
for hIAPP a), hIAPP(S20G) b), and rIAPP c). 



Fig. S9．Oligomeric conformational analysis. The probability distribution of helix a) and β-sheet 
b) content for each oligomer aggregated by hIAPP, hIAPP(S20G) and rIAPP peptides. Only the 
last 500 ns oligomers from sixty independent DMD simulations were used for the conformational 
analysis.



Fig. S10．The structural stability of hIAPP β-barrel formation obtained from DMD simulations is 
examined by all-atom standard MD simulations. The initial hIAPP β-barrel structure is randomly 
selected from the DMD trajectory with the most populated β-barrel formation as the initial 
structure for the standard all-atom MD simulations. One 1000-ns classical MD simulation with the 
explicit solvent model is performed using GROMOS961 a), OPLS-AA2 b), AMBER99SB-ILDN3 
c), and CHARMM36m4 d) force fields at 300K. The conformational changes are monitored by the 
time evolution of the root-mean-square deviation (RMSD) of backbone atoms, the secondary 
structure content (including random coil and bend, β-sheet, and helix), and the integrity of the β-
barrel structure in each independent DMD simulation. If one oligomer has one closed cycle β-
sheet layer, the integrity of the β-barrel structure will be described as 1; otherwise, the integrity of 
the β-barrel structure is set to 0 as a non-β-barrel structure. The snapshots along the simulation 
trajectory are also presented every 200 ns. Despite small variations of the exact values in the 
RMSD and the content of each secondary structure from simulations with different force fields, 
the hIAPP β-barrel structure is well dynamically conserved and undergoes open-and-close 
dynamics during the course of traditional MD simulations.



Fig. S11. The structural stability of hIAPP(S20G) β-barrel formation obtained from DMD 
simulations is examined by all-atom standard MD simulations. The initial hIAPP(S20G) β-barrel 
structure is randomly selected from the DMD trajectory with the most populated β-barrel 
formation as the initial structure for the standard all-atom MD simulations. One 1000-ns classical 
MD simulation with the explicit solvent model is performed using GROMOS961 a), OPLS-AA2 b), 
AMBER99SB-ILDN3 c), and CHARMM36m4 d) force fields at 300K. The conformational 
changes are monitored by the time evolution of the backbone atoms’ root-mean-square deviation 
(RMSD), the secondary structure content (including random coil+bend, β-sheet, and helix), and 
the integrity of the β-barrel structure in each independent DMD simulation. If one oligomer has 
one closed cycle β-sheet layer, the integrity of the β-barrel structure will be described as 1; 
otherwise, the integrity of the β-barrel structure is set to 0 as a non-β-barrel structure. The 
snapshots along the simulation trajectory are also presented every 200 ns. The RMSD of 
conformational changes is within 1.0 nm in all simulations. The exact values of each secondary 
structure’s content are a little different in simulations with various force fields. The hIAPP(S20G) 
β-barrel structure is also well dynamically maintained with open-and-close dynamics during the 
course of traditional MD simulations.



Table S1. The correlation between the formation of β-barrel intermediates and the cytotoxicity in 
serials amyloid segments with contrasting cytotoxicity in prior studies and this work. The β-barrel 
propensity of wild-type Aβ1-42 was stronger than the AD-protective A2T mutant but weaker than 
the AD-enhancing mutant of D7N and E22G5. The S20G substitution in hIAPP resulted in more 
amyloidogenic and cytotoxic than wild-type hIAPP6, 7, and our result demonstrated the formation 
of the β-barrel propensity of hIAPP(S20G) was much more potent than the wild-type hIAPP.

Amyloid peptide
Toxic Non-toxic Barrel Reference

hIAPP19-29  Yes 8

hIAPP19-29(S20G) Yes 8

hIAPP15-25 No 8

hIAPP15-25(S20G) No 8

SOD128–38 Yes 9

SOD128–38(G33W) No 9

SOD128–38(G33V) No 9

Aβ16-22 Yes 10, 11

Aβ25-35 Yes 12

αB-crystalline90-100 Yes 13

α-synuclein 68–78 Yes 14

Aβ1-42 Yes 15, 16

Aβ1-42(A2T) Yes 15

Aβ1-42(D7N) Yes 15

 Aβ1-42(E22G) Yes 15

hIAPP1-37 Yes 17

hIAPP1-37(S20G) Yes this study
rIAPP1-37 No this study
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