
Electronic Supplementary Information

Aggregation of Amyloid Peptides into Fibrils Driven by 

Nanoparticles and their Curvature Effect

Bin Li1, Ran Zhang2, and Xinghua Shi1,3*

1CAS Key Laboratory of Nanosystem and Hierarchial Fabrication, CAS Center for 
Excellence in Nanoscience, National Center for Nanoscience and Technology, Beijing 

100190, P.R. China
2State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of 

Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, P. R. China
3University of Chinese Academy of Sciences, Beijing 100049, P.R. China

* Corresponding author: shixh@nanoctr.cn

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2018

mailto:shixh@nanoctr.cn


The hydrogen bonding method and peptide chain stiffness

We adopted the hydrogen bonding approach developed by Olvera de la Cruz et. 

al1,2. Firstly, we preset that a CG bead could form two hydrogen bonds at most, 

considering there are one donor N-H and one acceptor C=O in each amino acid. The 

hydrogen bonds were allowed to form or break during the simulation. We defined the 

activation energy for forming the first hydrogen bond of the CG bead as

, (1)𝑈𝑎 = 𝜀𝛽cos (𝜗𝑖𝑗)

where  is the activation energy parameter which determines the probability of 𝜀𝛽 = 3𝑘𝐵𝑇

forming or breaking hydrogen bonds.  is the angle between the bonded CG beads in 𝜗𝑖𝑗

the two adjacent chains, , in which , the bead cos (𝜗𝑖𝑗) = (∆�⃗�𝑖 ∙ ∆�⃗�𝑗)/(∆𝑟𝑖∆𝑟𝑗) ∆�⃗�𝑖 = �⃗�𝑖 + 1 ‒ �⃗�𝑖 ‒ 1

i and j belong to different chains. As shown in Figure 1a, the two peptide chains could 

tend to parallel with each other according to the equation.

For the second hydrogen bond, the CG bead k from the third chain would be 

supplied and placed along the connection of the CG beads i and j. We added an 

additional parameter  to describe the angle between the two hydrogen bonds ij and ik, 𝜑𝑖

which should be close to 180° (shown in Figure 1a). The angle  was defined as 𝜑𝑖

, so the activation energy for the second hydrogen bond cos (𝜑𝑖) = (∆�⃗�𝑘𝑖 ∙ ∆�⃗�𝑖𝑗)/(∆𝑟𝑘𝑖∆𝑟𝑖𝑗)

was

.  (2)𝑈𝑎 = 𝜀𝛽cos (𝜗𝑖𝑗)cos (𝜑𝑖)

In addition, once the hydrogen bonds were formed, we added the formation energy of 

hydrogen bond, as well as the fibril bending energy into the total energy. The formation 

energy of hydrogen bond was set at  for each hydrogen bond, according to 𝑈ℎ =‒ 3𝑘𝐵𝑇



the previous experimental and simulation works3,4. The fibril bending energy was 

described as, 

, (3)𝑈𝑓𝑖𝑏 = 𝑔𝑖(1 + cos 𝜑)2

which was similar as the equation of peptide intramolecular bending energy described 

in the main text (Equation 2). The rigidity constant gi was also set at 100kBT. The total 

bending energy was composed of the fibril bending energy and the intramolecular 

bending energy.

The probabilities for forming and breaking hydrogen bonds, pform and pbreak, were 

determined by the following criterion, respectively

, (4)
𝑝𝑓𝑜𝑟𝑚 =

𝑔(𝑈𝑎,  𝑖𝑗)
1 + 𝑔(𝑈𝑎,  𝑖𝑗)

, (5)
𝑝𝑏𝑟𝑒𝑎𝑘 =

1
1 + 𝑔(𝑈𝑎,  𝑖𝑗)

where ,  is the activation energy for forming or 𝑔(𝑈𝑎,𝑖𝑗) = 𝑒𝑥𝑝( ‒ 𝑈𝑎,𝑖𝑗/𝑘𝐵𝑇) 𝑈𝑎,𝑖𝑗

breaking hydrogen bond between two CG beads. If the distance between two CG beads 

was smaller than 1.5σ, a random number R between 0 and 1 could be generated. If R is 

smaller than pform or pbreak, we would perform the step of forming or breaking of 

hydrogen bonds.



Fig. S1 The kinetic pathways for the formation of fibrillation structures on NP and NR surfaces with 
diameter 64σ. The top three figures are the snapshots of NP system for 5×104 MC steps, 5×105 
MC steps and 1×106 MC steps; the bottom three are the snapshots of NR system at same MC steps.



Fig. S2 The number of peptide chains adsorbed on the surfaces of NPs/NRs in lower concentration 
peptide systems, x axis corresponds the diameters of NPs, as well as diameters and heights in NRs.



Fig. S3 The fraction of beads adsorbed on NPs/NRs surfaces in each peptide chain.



Table S1 The parameters of NPs with different diameters
diameter (σ) 8.0 16.0 22.6 32.0 45.2 64.0

number of beads in NP 40 160 320 640 1280 2560
number of NPs 64 16 8 4 2 1

Table S2 The parameters of NRs with different sizes
diameter (σ) 8.0 16.0 22.6 32.0 45.2 64.0
height (σ) 8.0 16.0 22.6 32.0 45.2 64.0

number of beads on side surface 40 160 320 640 1280 2560
number of NRs 64 16 8 4 2 1
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