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Research Achievement: 

 

Biological molecules fulfill a unique 

and important niche in nanoscale materials.  

Unlike synthetic inorganic and organic 

materials, biological molecules have evolved 

over eons to possess properties such as 

exquisite molecule recognition and highly 

efficient, selective catalysis.  Proteins, 

arguably the most versatile natural polymers, 

are a particularly flexible nanoscale material – 

their templated synthesis makes them easily 

modified and many possess the ability to self-

assemble into high-order arrays.  We have 

developed a novel, flexible in vitro self-

assembled protein nanotube system using the 

Pseudomonas aeruginosa secreted ring protein 

Hcp1. Hcp1 nanotubes differ from other 

protein nanotubes in that they are non-helical 

and are stabilized by covalent bonds (Figure 

1).  In addition, the nanotubes have an 

outer/inner diameter ratio of < 2.0, which is 

exceedingly small for protein nanotubes. We 

exploited these properties of the Hcp1 system 

in order to control nanotube length, specify 

terminating subunits, and to generate Hcp1 

nanocapsules (Ballister 2008).  Most recently, 

we have begun to develop methods that will 

allow for the synthesis of Hcp1 nanotubes of 

discrete length and composition. We have 

generated Hcp1 ring subunits site-specifically 

modified at their C-termini with assorted DNA 

oligonucleotides (Wollack 2009).  These 

subunits will be brought together in a specified 

number and order using an appropriate 



complementary templating DNA strand (Figure 2).  The ability to generate monodisperse populations of 

tailored Hcp1 nanotubes in high yield will represent an important step forward for realizing the potential 

of proteins in various nanotechnogical devices.  

 

Future Work: 

 

 Following successful 

synthesis of second generation 

(DNA templated) Hcp1 

nanotubes, we will adapt the 

scaffold for a diverse array of 

applications including targeted 

drug and DNA delivery.  For 

cellular delivery applications, 

the nanotube exterior will be 

modified with molecules that 

target it to a specified cell type.  

For instance, we will use a poly-

histidine-binding peptoid 

conjugated to folate in order to 

target nanotubes to folate 

receptor-expressing cancer cells.  

The interior of Hcp1 nanotubes 

will also be modified, such that 

terminal subunits of the nanotubes can be selectively “plugged” and middle subunits are loaded with 

covalently attached cargo. 
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