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“ Computational Design of Functional Amyloid Materials
Binding to Ions and Compounds”
Amyloid materials constitute the basis for the design of novel functional materials 1-6. Yet,
experiments primarily rely on intuition to transform amyloid scaffolds into functional amyloid
materials binding to ions or compounds. Thus, if the desired properties are hard to achieve,
several peptide mutants need to be generated and tested experimentally, often with low
success, making the procedure inefficient or nearly impossible. We present the first
computational protocol for the design of functional amyloid materials, which combines MD
simulations, an innovative computational optimization-based design model, big data analysis
and free energy calculations7. Suitably selected amyloid peptide structures with termini not
involved in the β-sheet amyloid core of the peptides (referred to by us as amyloid designable
scaffolds which are inspired by Amyloid-β and the HIV-1 V3 loop8) are transformed into
functional amyloid materials, by computationally designing their non-β-sheet residue
positions to bind to certain ions or compounds, through mimicking “materialphore” models,
representing how the specific ions or compounds bind to proteins according to
experimentally resolved protein structures7. We applied this protocol for the design of
amyloid materials capturing cesium ions from water7. Additionally we recently designed
functional amyloid materials as drug carriers or antimicrobial compound carriers. The
protocol can be advanced into a tool for the on demand design of novel amyloid materials of
the future with promising applications in biomedicine and the environment.
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