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Due to their high degree of monodispersity, their highly symmetrical geometries, and the
ease with which their protein capsids can be genetically engineered, bacteriophages are
well-suited for use as templates in the spatially-defined self-assembly of inorganic
materials into highly-ordered nanostructures. To this end, we used an evaporation-driven
deposition technique, convective assembly, to self-assemble 28-nm icosahedral
bacteriophages, MS2 and Qp, into well-ordered hexagonal close-packed (/cp)
monolayers, the long-range order of which was confirmed via Grazing Incidence Small-
Angle X-ray Scattering (GISAXS) characterization at a synchrotron source. Convective
assembly enables rapid deposition of colloidal particles onto a hydrophilic surface by
trapping microliter-sized droplets between two fixed-angle plates and dragging the
ensuing meniscus across a surface with constant velocity. We utilized in-situ GISAXS to
monitor the time-dependent development of bacteriophage nanostructures and to
determine the affect of particle-particle and particle-substrate interactions on long-range
order. We patterned surfaces with alternating hydrophobic and hydrophilic regions;
phage particles selectively wet hydrophilic regions, enabling us to ultimately construct
patternable devices with nanometer-sized features. We then engineered virus-like
particles (VLPs) of MS2 to express, at specific surface locations, non-native peptides that
have been demonstrated to either nucleate the growth of gold from an aqueous salt
solution or condense silica from silicic acid under neutral pH conditions. We are
currently working on selectively condensing silica on the surfaces of 4cp VLP structures
while nucleating the growth of gold nanoparticles within VLP capsids in order to create
“nano-capacitors” and other devices with unique electrical and optical properties.
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