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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:  (Provide a one to two sentence, non-technical description of the project’s overall objectives and key 
milestones.)   
To understand how small RNA with its unique shape, responds to external force when we stretch this molecule one 
at a time, and to see if this unique mechanical response of the RNA is important in its biological function. 

TECHNICAL ABSTRACT FOR EXPERT REVIEWERS: 
In this proposal, I propose a new approach to study unique mechanical properties of an RNA conformation that can 
be correlated to its important biological function. RNA pseudoknot is the simplest tertiary conformation discovered 
in almost all kinds of RNA molecules. When a pseudoknot is present at a specific location in mRNA of viruses, its 
interaction with ribosome machinery during translation often causes the ribosome to pause at that position, which 
results in the shifting of the reading frame one nucleotide backward to produce a completely different protein. This 
process, called, “frame shifting” is critical to the viability of RNA viruses and retroviruses, including IBV and HIV. 
A pseudoknot is suspected to have unique unfolding characteristics since ribosome machinery seems to have 
unusual difficulty in unfolding this structure when it goes through this region of mRNA during translation. 
Although extensive studies have been done on the unfolding and refolding characteristics of a pseudoknot, most of 
these used heat to unfold a pseudoknot (thermal denaturation), which is different from what happens in the native 
condition in which ribosome machinery “mechanically” unfold a pseudoknot during translation. In addition, 
previous studies investigated only the averaged unfolding characteristics based on the ensemble average of 
Avogadro number of molecules in solution, which might not have revealed the detailed statistical/stochastic 
unfolding characteristics happening at an individual molecular level. Here, I proposed to use a mechanical force to 
unfold one molecule of a pseudoknot at a time using “optical tweezers”. This study will provide us with useful 
insight into how this simple RNA conformation uses its unique mechanical properties in conducting its biological 
function, which may help to design drug molecules to target the frame shifting process to block the infectious cycle 
of these viruses.  

EXECUTIVE SUMMARY  [NON-CONFIDENTIAL, NON-TECHNICAL ABSTRACT FOR PUBLIC INFORMATION OR 
PROGRAM PROMOTION]:  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 relevant to California.  Do not include proprietary or confidential 
information.  This may be distributed before the funding decision has been finalized. 
RNA pseudoknot is an interesting shape of RNA that is present as a part of messenger RNA in many medically 
important viruses. This RNA shape is important to the viability of viruses because it participates in the protein-
making process of viruses.  It seems that this RNA shape has interesting property in terms of its response to the 
external force, which might be important in its function in the protein-making process. The best way to study these 
mechanical properties is to grab one molecule at a time and stretch it until this shape is completely destroyed to see 
how much force is required to break this conformation. In this proposal, I propose to use a newly developed single 
molecule pulling machine, called “optical tweezers” to stretch this RNA shape one molecule at a time.  This study 
will provide us with better understanding on how this RNA shape uses it mechanical properties in conducting its 
important function in the protein-making process, which can be important information in designing new drugs to 
prevent viral infection. In addition, in the long run, better understanding on the mechanical properties of this kind 
of interesting RNA shape will enable us to use various RNA shapes in building a molecular switch or machine that 
can be used in the development of very tiny electronic and medical devices which can be operated in such a tiny 
but sensitive environment like inside of a human body or integrated circuit of a computer. 


