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ABSTRACTS 

These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated 
from the application and will be posted on the CSUPERB web site if funded. Use only  single-spaced, 12 point 
Times New Roman font. See instructions.  

PROJECT OBJECTIVE: (Provide a one to two sentence, non-technical description of the project’s overall objectives and key 
milestones.)  The goal is to demonstrate that the protein TM0159 from Thermotoga maritima acts as DNA 
safeguard enzyme by hydrolyzing damaged RNA and DNA precursor molecules.  We will perform 
enzyme kinetic measurements and structural studies to understand the mechanism of how TM0159 
specifically recognizes and converts damaged nucleotides.  
TECHNICAL ABSTRACT FOR EXPERT REVIEWERS:        

Chemical mutagens, UV light, ionizing radiation, and oxidative stress can damage DNA 
precursor molecules resulting in DNA mutagenesis and cancer.  The protein TM0159 from Thermotoga 
maritima is suggested to act as an important control enzyme that specifically hydrolyses the noncanonical 
nucleotides XTP, ITP, dXTP, and dITP.  This working hypothesis is based on the high sequence and 
structure similarity of TM0159 to the protein Mj0226 from Methanococcus jannaschii.  Mj0226 can 
hydrolyze XTP and (d)ITP, but not the standard nucleotides (d)ATP and (d)GTP.  By removing 
erroneous nucleotides from the pool of DNA precursor molecules, proteins such as Mj0226 and likely 
TM0159 contribute to the prevention of mutagenesis.  An extensive enzyme kinetic study with a series of 
potential TM0159 substrates and inhibitors will yield quantitative information on substrate selectivity and 
provide insight into the reaction mechanism and the regulation of TM0159.  The series of test molecules 
will consist of commercially available nucleotides, such as (d)ATP, (d)GTP, 8-oxo-dGTP, (d)UTP, 
(d)CTP, XTP, (d)ITP, XMPPNP, and IMPPNP.  This enzyme kinetic study will set the biochemical 
foundation for a detailed structural investigation by macromolecular X-ray crystallography.  Protein 
crystals will be prepared with bound substrates and substrate analogues.  The determination of the 
corresponding crystal structures will provide molecular details of substrate binding and catalysis.  Taken 
together, the enzyme kinetic data and the protein crystal structures will elucidate an important safeguard 
mechanism against the incorporation of undesirable nucleotides into RNA and/or DNA.   
EXECUTIVE SUMMARY  [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.                                                                                             

Ultraviolet light, certain chemicals, and radioactive elements can damage individual DNA 
building blocks, and result in an increased risk of developing cancer.  Control and repair proteins, found 
in all organisms, recognize and break down these damaged DNA building blocks.  In this project, we will 
learn about the molecular details of a mechanism to safeguard genetic material through the study of a 
model control protein, TM0159 from the bacterium Thermotoga maritima.  This protein is suggested to 
intercept damaged building blocks before they become incorporated into DNA.  We will employ 
biochemical methods and macromolecular X-ray crystallography.  The latter technique is used to obtain 
the 3 dimensional structure of the protein with bound DNA building blocks so that the positions of 
individual atoms can be located.  The mechanism on how TM0159 differentiates between correct and 
incorrect DNA building blocks can thereby be studied on the molecular level.  Fundamental knowledge 
of this kind might contribute to the development of novel cancer prevention strategies.  

 


