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Bacteriophage and virus-like particles as scaffolds for the fabrication of 
nano-scale devices. 

Peter G. Stockley, Zulfiqar Hasan, Atul Mohan, Simon White, Malgorzata Wnek,  
Marcin Grozny, Christoph Wälti, Steve Evans and Giles Davies. 

The desire to fit ever more electronic components onto microchips has, for the past thirty 
years, been driven by Moore’s Law, which states: for silicon based integrated circuits, the 
number of transistors per square centimetre doubles every twelve months.  Our ability to keep 
up with this aim has almost reached its limits with regard to current technology.  Nanowires 
are an important component for extending current limits by building extremely small circuits 
in future nanoelectronic devices, such as biomolecular nanosensors.  At present they are 
fabricated in the laboratory from inorganic components using techniques of lithography, 
chemical etching, deposition etc.  The ‘top-down’ approach of fabrication lithography is, 
however, fast approaching its fundamental limits as the dimensions are scaled down into the 
nanometer range.  The area where nanoscale science meets biology is known as 
bionanotechnology and encompasses both biomedical applications (sensors, coatings, drug 
delivery, imaging etc.) and bioinspired devices and processes.  Nature uses a rich variety of 
molecules that self-assemble to perform structural and functional tasks and form the 
inspiration of self-assembly based nanotechnology.  The properties of self assembly, simple 
manipulation of the viral coat proteins using genetic modification, and ease of production are 
what make rod-shaped viruses and virus-like particles, such as the bacteriophage M13 and the 
Tobacco Mosaic Virus (TMV) such inviting targets as ways to overcome the current 
limitations. 

 
 
M13 is a filamentous virus that infects Escherichia coli expressing the F pilus.  It is 1 µm 
long and 6 nm in diameter and is therefore already in the nanoscale size.  Its major coat 
protein, pVIII (around 2700 copies), covers the entire length of the M13 genome.  It is 
possible, by using phage display technology, to express a small peptide at the N-terminal of 
pVIII by manipulation of the pVIII gene.  Using a method known as “bio-panning” it is 
possible to select for a peptide that can bind to, or nucleate, an inorganic material 
(biomineralisation).  We are currently using M13 as a template for the creation of cobalt 
oxide and gold nanowires.  Tobacco mosaic virus is another example of a virus, which can be 
used as a scaffold for nanowire fabrication.  The TMV particle is a 300 nm long rod-shaped 
structure, which consists of the protein capsid and single-stranded (ss) RNA.  2130 identical 
copies of the coat protein subunits self-assemble on the 6400 nucleotides long ssRNA 
molecule to form a right-handed, single helix, with the RNA intercalated between the helix 
turns.  In order to create conducting TMV nanowires, nickel or cobalt ions can be introduced 

   
 
Figure 1.  A platinum-coated nanowire templated onto TMV virus (left) and the four-probe nanoman 
used to probe its conductive properties (middle and right -in top close-up). 
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to the outer surface of the virus particle.  For this, TMV coat protein is genetically modified 
and metal binding peptides presented on the outer surface.  Preliminary measurements of the 
electrical conductivity of these phage nanowires demonstrate the potential of the technology, 
whilst elsewhere across the University we are developing techniques to characterise and 
interrogate these novel bio-templated structures.   
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