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Abstract:

A major unmet challenge for nanotechnology is architecture.  We intend to meet that challenge using engineered tail fiber proteins from bacteriophage T4.  The four tail fiber (TF) proteins join to form an unusually rigid structure, i.e. a long thin (3nm x 160nm) rod. There are six tail fibers extending out from the baseplate of each phage.  They act as lever arms to mechanically stress and trigger a series of viral conformational changes, leading to entry of phage DNA into the cell. 

We design, and produce in vivo,  rod-like building blocks (based on the TFs) of precise size, shape, and functionality, to be assembled in vitro.  We have developed methods to genetically engineer the length of the distal most TF segment, P37.  We have also engineered insertion of a display peptide of an Hras epitope into the TF.  It it can bind, in solution, to the monoclonal anti-Hras IgG.

To realize the potential of nanotechnology methods for practical, controlled, assembly of mesoscale structures must be developed.  We use biological paradigms to develop the science and engineering needed to implement controlled self-assembly, in vitro, as a practical bottom-up manufacturing system.  Living cells are still the only nano-factories that implement self-assembly of nano- and mesoscale structures (e.g., muscle fibers, mitotic spindles, flagella, virus particles).   The cell uses vectorial assembly of monogamous complementary binding pairs, built into the proteins (Poster: Fig. 3A).  To meet the architectural challenge, we are developing a process to maximize the formation of open skeletal triangles from three protein rod building blocks of similar size, ~ 50nm long. This requires 3 sets of monogamous binding pairs, engineered into appropriate rod loci to control the formation of vertices and thereby the lengths of the sides of the triangle (Poster: Fig. 3B).

As a first practical application we will develop composite molecular sensors that will bind to their targets, in solution, and report this interaction without physical contact, by means of electro-magnetic detection.  The method will have multiplexing capability to determine the presence of a number of targets useful for rational diagnosis in a single test sample, in real time.  The final device should be portable and lightweight for use in the field, in the hospital at bedside and in the home, by minimally trained personnel, with little or no preparation of the sample (e.g. blood, urine, saliva, sweat).  The apparatus will not require micro-arrays, but will use disposable capillaries, each containing a different combination of sensors appropriate to the diagnosis.  A sample is added to the capillary that is inserted into the device.  The results of the test may also be forwarded (over the internet) to a central repository for analysis, diagnosis, feedback and advice.  The types of targets sensed include proteins, viruses and cells.  

41

