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Abstract: Robustness is not simply resilience to changing conditions, rather, it is the ability of a system to
respond adaptively to changes in its environment while maintaining its functionality. In Nature, robust
solutions already exist. Hierarchical supramolecular self-assembly—weak non-covalent interactions
resulting in materials ordered over multiple length scales—is nature’s most successful design principle for
robust functional systems. Robust light-harvesting complexes found in photosynthetic bacteria [1], for
example, consist of fragile hierarchical supramolecular assemblies embedded in a dynamic protein scaffold
that is thought to be fundamental to the organism’s overall functionality, and its robustness. Translating
Nature’s successful design principle to large-scale applications—ranging from renewable energy,
information technology to nanomedicine—has not been accomplished yet due to lack of the assemblies’
robustness.

Inspired by nature’s robust architectures, the fundamental question arises, can we utilize nature’s
protein building blocks—amino acids—to support robust hierarchal supramolecular assembly? With our
bioinspired approach employing amino acids, we provide proof-of-concept on how to address this
fundamental question. We show how to employ amino acids to provide robust assemblies by utilizing an
artificial model system, that is, supramolecular nanotubes from cyanine dye molecules [2]. In contrast to
neat nanotubes, optical spectroscopy, cryogenic-electron, atomic-force and confocal-optical microscopy
combined with density-function theory revealed that upon hierarchically self-assembly via amino acids,
nanotubes remain robust, even under extreme heat stress or complete drying upon solid-substrate deposit.
Our bioinspired design approach—using amino acids—may be applied widely to other solution-based dye
supramolecular assemblies, polymer assemblies as well as to colloidal nanoparticles and provides a basis
for robust next generation organic devices.
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