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Abstract: There are various nanostructures in biological system. They are made of biological molecules via
self-assembly with well-organized architectures and specific functions. These nanostructures can be grouped into lines,
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layers and cages, corresponding to one-, two- and three-dimensional structures, respectively. The bionanostructures can
serve as the models or templates for biosynthesis of biodevices with desired functions by rational design. Proof-of-concept
studies have shown their attractive performance in practical applications, e.g., biosensors, catalysis, tumor thermo-therapy,
drug delivery, tissue engineering, and batteries.

Keywords: biomacromolecules, self-assembly, nano biodevices, protein nanowires, S-layer protein, protein nanocages
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Fig. 1 Functionalization of biological nanowires. (A) Construction of functional nanowires through co-assembly of
the self-assembling building blocks that are modified with functional small molecules. (B) Construction of functional
nanowires through co-assembly of the self-assembling building blocks that are genetically modified with functional
ligands. (C) Construction of functional nanowires through chemical modification of the self-assembling nanowire
with functional ligands. (D) Functionalization of nanowires through hydrophobic interaction.
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Fig. 2 Biological nanowires for bio-catalysis and bio-sensing. (A) Multi-enzyme-based catalytic nanowire (adapted from
Ref. [10]). (B) Seed-induced multifunctional nanowire for ultrasensitive immunoassay (adapted from Ref. [14]).
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Fig. 3 Biological nanowires for inorganic nanowire synthesis and cell culture scaffolds. (A) Construction of
conducting nanowires using protein nanowires as templates (adapted from Ref. [19]). (B) Biological nanowire-based

bone regeneration (adapted from Ref. [25]).
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Fig. 4 Two-dimensional enzyme nanoarray based on self-assembling S-layer (adapted from Ref. [53]).
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Fig. 6 VNP-templated fabrication of hybrid nanoarchitechtures through self-assembly. The structural parameters can
be controlled by tuning the interfacial interactions between protein and inorganic NPs.
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Fig. 7 QD encapsulation by SV40 VNP for
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behaviors in living cells (adapted from Ref. [77]). (B)
Real-time imaging of dynamic distribution of protein
cages in vivo (adapted from Ref. [80]). (C)
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nanodevices for detection of atherosclerosis and
targeted drug delivery (adapted from Ref. [94]).
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