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Increasingly, moving past physical and material barriers in scaling modern lithographic integrated 

chip (IC) devices requires new types of electronic materials.  While biologics offer potential 

advantages in terms of dimensions (nanometer resolution) and self-assembly, key limitations 

include the difficulty in making suitably conductive electronic materials and developing accurate 

and scalable assembly paradigms.  One potential approach to these problems may be to use a 

naturally conductive, tractable, and biological materials, such as pili originating from Geobacter 

sulfurreducens.  We have recently developed and will speak to efficient methods for the production 

and purification of these incredibly hardy [1] and thin (~3nm) protein nanowires.   

Pili also characteristically display short, solvent exposed, helically repeating peptide domains at 

sites of proposed metal reduction [2]. We have further engineered the exposed peptide domains 

to bind various nanoparticles and transition metal ions [Fig. 1], and found that these metal-binding 

domains can now mediate higher order assembly and conductivities characteristic of the lattice 

networking of metal-organic frameworks.  Metal:organic conjugation has been accomplished in 

several different ways:  direct covalent bond formation between cysteine residues and gold 

nanoparticles; coordinate covalent bonding 

between amino acids and charged ionic 

transition metal species; and peptide-

mediated interactions with graphene oxide 

layers of quantum dots. Each of these 

conjugation paths leads to self-assembly of 

multi-unit filaments that can be detected via 

transmission electron microscopy (TEM) and 

scanning electron microscopy (SEM).  

Pili engineering may further allow DNA binding 

domains to be integrated into structures, 

leading to targeted interactions with 

programmable DNA architectures (including 

origami) and thus to the self-organized growth 

of complex protein nanowire structures. 

Ultimately, we envision DNA patterning would 

allow for the creation of simple IC building 

blocks at nanometer scale resolution, bridging 

the gap between scalable conductive materials 

and paradigms for precise self-organization, 

and ultimately leading to the development of 

programmable electronic devices. 
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Fig. 1. (a) Peptide sequences and non-canonical amino 

acids may be substituted at solvent exposed C-termini 

of natural monomers or within the pili’s conductive, 

inner aromatic core. These independent variants work 

to modulate overall stability, connectivity, and 

conductivity when formed heterogeneously into pili and 

filaments. (b) Multi-unit filament assemblies may grow 

to contain hundreds or more individual pili cross-linked 

by metal mediators. (c) From left: Pili are produced in 

scalable quantity from an engineered bacteria strain S. 

oneidensis MR-1. Purified gold-binding pili incubated 

3hrs with 5nm gold nanoparticles (AuNp) form multi-pili 

filaments. Self-assembly to resource exhaustion (12hrs 

incubation gold binding pili + 5nm AuNp) forms 

massive multi-filament assemblies with apparent 

helical, repeating motifs. Scale bars at 500nm, 200nm, 

2µm respectively. 
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