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Motivation

Living organisms use energy-consuming proteins called motor proteins to transport components ranging in size from proteins to cells to the muscles of large animals.  Functions performed by the motor proteins range from cell division to the pushing and pulling of muscle fibers.  We are interested in using motor proteins to facilitate the active transport of both inorganic and organic nanomaterials in artificial environments to create, reconfigure, heal, or disassemble complex hierarchical structures.  However, the motor proteins have evolved to function in specific biological settings.  We need to develop proteins that can survive and be controlled in artificial microfluidic systems.

Scientific Achievement

We have developed a strain of the motor protein kinesin that is much more robust than native protein to promote long-term survival for use in extra-cellular environments.  Native motor proteins such as kinesin have a tendency to denature in artificial systems, seriously compromising transport functions.  Adsorption of native kinesin on glass surfaces results in almost instantaneous disruption of protein activity.  Protein activity can be extended to hours or even days by coating the glass surface with a protective protein coating such as casein that mimics a biological membrane.  Our new kinesin, produced from the temperature-resistant fungus Thermomyces lanuginosus, is designed to prolong lifetimes even further.  Using genetic engineering techniques, large quantities of the new kinesin strain have been produced.  The transport properties of the Thermomyces kinesin have been determined by tethering the protein within a self-assembled monolayer and using the protein to transport fluorescently-labeled microtubules.  The motion of the microtubules has been determined from video images obtained using a fluorescence microscope.  The motility assays show that the new kinesin is much more robust than native kinesin.  The modified kinesin can transport microtubules for hours even after being deposited on a bare glass slide.  Surprisingly, the robust kinesin moves the microtubules over three times faster than the native strain (1.6 m/sec vs. 0.5 m/sec), and appears to utilize its biological fuel source adenosine triphosphate (ATP) with much greater energy efficiency.

Significance

To really exploit many emerging nanomaterials, we need to be able to assemble and manipulate sub-micron objects on a wide range of length scales, and robust motor proteins open up the possibility of being able to use directed active transport as a new assembly mechanism. Passive self-assembly techniques, limited by diffusion and equilibrium processes, provide researchers with a limited set of options when it comes to assembling macroscopic materials out of nano-sized objects.    Future work in genetic engineering should enable us to program the motor proteins to start, stop, and either load or unload cargo on command.  These energy-consuming machines should enable us to assemble or reconfigure nanoparticle architectures including programmable nanowire interconnects and optical arrays of quantum dots (as depicted in the vugraph).
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