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Coarse-Grained Simulation of Amyloid Nucleation under
Cooperative Effects of Peptides

SUN Wuxuepeng', WU Kai’*, XIU Peng'”
(1. Department of Engineering Mechanics, Zhejiang University, Hangzhou 310027, China; 2. School of Physical

Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Objective To explore the cooperative effect from B-propensity of amyloidogenic peptides on amyloid
nucleation and its related products. Methods Based on a coarse-grained model for amyloidogenic peptides
containing two states (a soluble state and a B-sheet-forming state), with the consideration of two kinds of
cooperative effects on p-propensity of peptides ( inhibiting and promoting the conformational conversion of
peptides) , the regulation of cooperative effects from amyloidogenic peptides on amyloid nucleation was analyzed
through Monte Carlo simulations. Results In the case of the cooperative effect inhibiting the conformational
conversion of peptides, amyloid nucleation occurred only within a certain interval of the peptide concentration, as
well as inside the oligomers with certain sizes. Besides, the coexistence of on-pathway and off-pathway
oligomers was observed. In the case of the cooperative effect promoting the conformational conversion of
peptides, the B-sheet protofibril could be observed at physiological concentration as low as 4 umol/L. Conclusions

In this study, a more realistic coarse-grained model for amyloidogenic peptides was developed by introducing
the cooperative effects of local concentration on B-propensity of amyloidogenic peptides, with observation of some
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intriguing phenomena not reported in previous simulations. The research findings not only improve current

understandings about the mechanism of amyloid formation, but also provide theoretic references for the

therapeutic strategies for curing neurodegenerative diseases.

Key words: amyloidogenic peptides; protein aggregation; amyloid nucleation; fibrillization; coarse-grained

model; Monte Carlo simulation
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Fig. 1  Schematic diagram for the coarse-grained model of
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