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ABSTRACTS 

These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated from the application. Project 
objective and, technical abstract will be posted on the CSUPERB website only if project is funded. Non-technical abstract will be used for 
public information or program promotion, only if funded. Use only single-spaced text; and all abstracts are limited to one page total. See 
instructions for more information.  

PROJECT OBJECTIVE: (Provide a one to two sentence, non-technical description of the project’s overall objectives and key milestones.)   
Biotechnological control of DNA nanoswitches (DNs) will lead to self-contained biosensors and 
nanorobotics.  This project’s undergraduates will develop methodology that remotely controls DNs by 
attaching and photo-releasing DNA strands from surfaces. Milestones are demonstrations of 1) synthesis 
of an appropriate DNA surface 2) individual switching steps and 3) remote operation of the DNs. 
TECHNICAL ABSTRACT FOR EXPERT REVIEWERS: 
    Problem: DNA-based nanotechnology (DBN) utilizes the tools of biotechnology to control the 
construction and manipulation of matter at the nanometer scale. DBN enables the construction of 
nanoscale switches that can control covalent chemistry, operate autonomous molecular machines, 
modulate protein and aptamer binding interactions and act as logic gates. These switches are currently 
controlled by manual addition of solutions of DNA ‘set strands’. Manual addition limits the complexity 
of DBN-based sensing and computing devices, as it is difficult to multiplex.   
      Approach: We propose using solid surfaces that display an array of sterically inaccessible DNA set 
strands that can be arbitrarily released into solution and activated for switching by spatially controlled 
photocleavage. Photocleavage from surfaces has been shown not to damage DNA strands; 
commercially available surfaces and monomers enable the synthesis of these modified DBN systems.  
      Impact: This project will improve fundamental understanding of surface-based blocking and DBN 
switch design. Putative uses of DBN include biosensors based on the interaction between multiple 
aptamers and analytes, and molecular logic devices that perform rudimentary calculations. In order to 
address real-world problems, the number of DBN-based species in solution will have to be large: their 
control by orthogonal set strands will be critical to the function of these devices.  The proposed work 
will enable increasingly complex switching events to be initiated remotely, thus enabling the 
approaches to be carried out in small, self-contained computational and diagnostic devices. 
EXECUTIVE SUMMARY: (State in layman's terms the application’s broad, long-term objectives and specific aims, making reference to the 
potential public benefits of the project for California.)         
Nanotechnology promises advances in sensors for toxins and pollutants, ‘smart materials’ and faster 
computers. This project focuses on a component of nanotechnology known as the DNA nanoswitch. Just 
as a computer keyboard or bank of switches on a machine allow people to control aspects of a device or 
many devices, these DNA nanoswitches provide unprecedented control over molecular devices.        
 My lab’s overarching goal is to harness the power of bioorganic chemistry (the chemistry that underpins 
the pharmaceutical and biotech industry) in aid of nanotechnology constructed from DNA. The long-term 
objective of this particular project is the successful operation of DNA nanoswitches in self-contained 
systems for biosensing and computing applications. A computer monitor can deliver light to particular 
parts of the screen to make a pattern.  We intend to use patterns of DNA switches that are controlled by 
technology similar to a computer monitor: where the light hits the pattern of DNA, a switch 
corresponding to that part of the pattern will ultimately be activated.  This project will aid this objective 
by developing methodologies that allow the construction and operation of these patterns of DNA.         
    This project will set up a lab to train the next generation of Californian scientists and science-literate 
citizens. It is expected to attract federal money to support nanotechnology in California and may lead to 
the formation of nascent industries. 
 


