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Coulomb replica-premutation method 

In the CRPM1, the parameter  is introduced into electrostatic interactions among solute atoms. Let us con-

sider a system consisting of solute molecules in an explicit water solvent model, in which the number of atoms is 

N .The Coulomb potential energy 
elecE is written as 

( ) ( ) ( ) ( )pp ps ss

elec elec p elec p s elec s, , , ,E q E q E q q E q = + +  

where 
pp

elecE , 
ps

elecE , and 
ss

elecE  are the Coulomb potential energy between the solute atoms, between the solute and 

solvent atoms, and between the solvent atoms, respectively. Here,  p s,q q q= , where pq  and 
sq  are the coordi-

nates of the solute atoms and the solvent atoms, respectively. 

In the CRPMD simulation for the two A molecules, we employed  only for the intermolecular electrostatic 

interactions between the A atoms. For the two A molecules M1 and M2, the Coulomb potential energy is given 

by 
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where ijr  is the distance between atoms i and j in the A molecules,
0  is the dielectric constant in vacuum, and 

iQ

is the electrostatic charge of atom i. 

 

Initial conformation for the CRPMD simulation 

The initial conformation of the CRPMD simulation for A42 was prepared as follows: Two fully extended 

A42 molecules were placed 15.0 Å apart in a direction perpendicular to the axes along the backbones of the A42 

molecules. The angle between the axes along the backbones was set to be 90 degrees, as shown in Fig. S1(a). These 

molecules were put in a cubic unit cell with explicit water molecules and counter ions. The side length of the cubic 

unit cell was 101.7 Å. The number of atoms in this system is 100,500. A canonical MD simulation was then per-

formed for 8.0 ns at 600 K. We chose the conformation obtained from this simulation, in which both A42 mole-

cules did not have any secondary structure, as the initial conformation of the CRPMD simulation, as presented in 

Fig. S1(b). The shortest distance between two A42 molecules in this conformation was 13.3 Å. The initial con-

formation for A40 shown in Fig. S1(c) was also prepared in the same way as A42. Here, the side length of the 

cubic unit cell for the A40 system is the same as the A42 system, and the number of atoms is 100,484. 

 

Initial conformation for the A42 monomer system 

In the initial conformations for the MD simulations of the A42 monomer system, the two different -hair-

pins shown in Fig. S2 were employed. Each -hairpin was randomly selected from the conformations (snapshots) 

obtained by the CRPMD simulation for the two A molecules that satisfied the three following conditions. (1) The 

conformation is at the original parameter ( = 1.00). (2) Distance between the C atom in Arg5 and the C atom in 

Ala42 is less than 5.5 Å. (3) The -hairpin is formed with at least five -bridges. One of the two A42 molecules 

that meets these three conditions was selected. Repeating this procedure, two systems of a -hairpin were prepared. 

The initial coordinates for R5G and R5E were also prepared by replacing the sidechain of Arg5 with the respective 

sidechain. The -hairpins of the wild type and mutants were put in a cubic unit cell with explicit water molecules 

and counter ions. The side length of the cubic unit cell was commonly set to 64.2 Å. 
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Principal component analysis 

To obtain the representative A structures, we utilized the principal component analysis (PCA)2. The vari-

ance-covariance matrix ijS at the original parameter was calculated by 

α α α αC C C C
,ij i i j jS q q q q= − −  

where αC

iq is the coordinate of the C atom of residue i and  shows the ensemble average calculated by the 

reweighting techniques3-4. We employed the C atoms of Leu17–Ala21 in the 1 region and Ala30–Val36 in the 

2 region for the ijS calculation. In addition, only the conformations in which two As formed more than one 

intermolecular -bridge were used for the ijS calculation to focus on the dimer structure. The first and second prin-

cipal component axes were defined as the eigenvectors with the largest and second-largest eigenvalues, respectively. 
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Figure S1: (a) The fully extended A42 molecules to prepare the initial conformation. (b) The initial conformation 

for the A42 system. (c) The initial conformation for the A40 system. 
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Figure S2: (a,b) The two initial conformations of the A42 wild type. 
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