Protein cages as building blocks for nanomaterials: Binary superlattices and DNA origami encapsulation
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[bookmark: _GoBack]Atomic crystal structure affects the electromagnetic and thermal properties of common matter. Similarly, the nanoscale structure controls the properties of higher length-scale metamaterials, for example nanoparticle superlattices and photonic crystals. We have investigated the self-assembly and characterization of binary solids that consist of crystalline arrays of 1) viruses / other protein cages and 2) other functional units. (Kostiainen et al. 2013) The extremely well-defined structure of protein cages (e.g. CCMV, TMV and ferritins) facilitates the construction of co-crystals with large domain sizes. The use of a second functional unit allows highly selective pre- or post-functionalization with different types of functional units, such as fluorescent dyes (Mikkilä et al. 2016), supramolecular hosts (Beyeh et al. 2018), enzymes (Liljeström et al. 2014) and plasmonic nanoparticles (Liljeström et al. 2017). Our systematic approach identifies the key parameters for the assembly process (ionic strength, electrolyte valence, pH) and highlights the effect of the size and aspect ratio of the virus particles, which ultimately control the crystal structure and lattice constant. Protein-based mesoporous materials, nanoscale multicompartments and metamaterials are all applications that require such high degree of structural control.
We have also shown that native virus particles can be disassembled and the isolated virus capsid proteins can be reassembled on the surface of DNA origami nanostructures. (Mikkilä et al. 2014) Using a “scaffolded artificial genome” (origami) with particular size and 3D shape, offers an interesting way to direct the capsid into nanoshapes that differ from the strictly defined T = n structures, commonly observed with native viruses. Protein encapsulation could also enhance stability and immunocompatibility (Auvinen et al. 2017) of functional DNA origami devices (Ijäs et al. 2019). 
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