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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 may be posted on the CSUPERB website only if project is funded. Do not include proprietary information. Non-
technical abstract will be used for public information or program promotion, only if funded. Use only single-spaced text; project objective and two 
abstracts combined are limited to one page total. See instructions for more information. 
 
PROJECT OBJECTIVE: (Provide a 1-2 sentence, non-technical description of the project’s overall objectives and key milestones.)     
 
We will develop computerized methods for detecting features of a cell that are too small for a 
conventional microscope to capture.  This work will lead to freely available software for biotechnology 
researchers to use in their studies of how cells behave and function. 
 
TECHNICAL ABSTRACT: (State the application’s broad, long-term objectives and specific aims for expert reviewers)  
We are interested in ways to overcome the diffraction limit to microscope resolution and thereby realize 
fluorescence microscopy with nanometer accuracy in live cells.  Whereas traditional approaches to 
fluorescence microscopy cannot resolve features smaller than approximately half the wavelength of light 
(minimum feature size ~250 nm), more recent work has shown that this limit can be broken by selectively 
activating a small fraction of the molecules, imaging each activated molecule, and then repeating the 
procedure with a different set of activated molecules until all of the molecules are imaged.  The result is 
images with (lateral) resolutions of 10 nm or better, enabling visualization of such cellular features as the 
cytoskeleton, a key player in the migration of cells in tissue engineering and other areas of biotechnology. 
     However, the speed and accuracy of these imaging techniques is limited by the power of the 
algorithms used for image analysis:  Activating too many molecules simultaneously speeds acquisition 
but introduces errors, while avoiding errors by activating fewer molecules slows acquisition.  The solution 
to this problem is to use algorithms that detect and reject images in which nearby molecules are 
activated.  Here we propose to (1) Use simulations to test the performance of image analysis algorithms 
that preliminary calculations suggest could speed up acquisition by a factor of 3 or better and post-
processing by a factor of 100 or better, (2) Develop a model relating algorithm performance with 
resolution and error rates, and (3) Develop a plug-in for ImageJ so that our image processing routine can 
be used and tested by experimental collaborators.  We expect that these tools will reduce post-
processing time to the point where post-processing is as fast as image acquisition, enabling truly real-time 
visualization of cells with nanometer resolution. 
 
NON -TECHNICAL ABSTRACT: (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.) 
     We will develop computerized techniques for analyzing microscope images, making it possible to take 
pictures of features of a cell that are too small to be seen with normal microscope.  Whereas a traditional 
microscope takes a single image with limited resolution, new microscope techniques like those that we 
are studying can take a series of images highlighting different features, and combine them together to 
form a very high-resolution image of the details of a cell.  The speed and accuracy of these techniques, 
as well as the number of images needed to achieve sufficient detail, are limited by the power of the 
computer programs used to reconstruct the images.  We will work on developing better computer 
programs that enable real-time analysis of what is happening inside a cell, and share these programs with 
biotechnology researchers in California and across the country. 
     This approach may make it possible to directly visualize the passage of substances moving in and out 
of a cell, and thereby gain greater control of the activity of a cell.  We may also be able to directly observe 
the “skeleton” of a cell, the pieces that work together to help a cell move, and thereby gain the necessary 
information to understand and control the movement of cells as they come together to form replacement 
tissues for surgical use.  This work will be conducted with the direct assistance of CSU undergraduates, 
who will be among the first in California (and among the few in the country) to join in developing and 
pioneering the uses of this next generation of microscopes.  Finally, subwavelength microscopy is a tool 
with the strong potential to become standard in biological research labs, and developing this crucial 
expertise in California will enable California industry to lead the development and deployment of this 
technology, just as California has led in so many other high tech fields. 




