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FINAL REPORT 

GRANT #: N00014-00-1-0596        '. " 

PRINCIPAL INVESTIGATOR; Dr. David R. Liu 

INSTITUTION; Harvard University 

GRANT TITLE: The Development of Amplifiable and Evolvable 
Unnatural Molecules 

AWARD PERIOD; 1 May 2000-30 April 2003 

OBJECTIVE; To develop methods of translating, amplifying, 
and selecting DNA sequences encoding synthetic molecules 
with desired properties, paralleling the natural evolutxon 
of biological molecules. 

APPROACH; We have used DNA-templated organic synthesis as a 
means of translating DNA sequences into synthetic 
molecules.  This artificial translation is the key step 
that has enabled us to develop powerful new approaches to 
the creation and discovery of synthetic molecules. 

ACCOMPLISHMENTS; We have developed a new approach to (i) 
controlling chemical reactivity and {ii)   discovering 
functional synthetic molecules that is based on 
biosynthesis and molecular evolution in nature.  Our 
approach uses DNA-templated organic synthesis as a 
surprisingly general means of translating an amplifiable 
information carrier into a synthetic structure.  We have 
integrated insights into DNA-templated synthesis with 
synthetic organic chemistry and molecular biology to 
develop (a) new modes of controlling reactivity that are 
not possible using existing synthetic methods, (b) 
multistep small molecule syntheses programmed by DNA 
sequences, (c) a model for stereoselectivity m DNA- 
templated synthesis, (d) DNA-templated library synthesis of 
complex small molecules, and (e) selections for DNA-lmked 
synthetic molecules with protein binding affinity and 
specificty.  These studies have enabled synthetic molecules 
to participate in powerful processes including translation, 
selection, and amplification previously available only to 
biological macromolecules. 

CONCLUSIONS; DNA-templated organic synthesis is a general 
phenomenon that enables chemical reactivity to be 
controlled by effective molarity.  In addition, the use of 



DNA-templated synthesis as a means of translating 
ampimable nucleic acid sequences into synthetic molecules 
enables the latter to undergo powerful manipulations that 
were previously only available to biological 
macromolecules. 

SIGNIFICANCE; Our studies represent an entirely new 
approach to synthesis and discovery that may lead to new 
synthetic small molecules and polymers with desired 
properties, as well as to the discovery of new chemical 
reactions. 

PATENT INFORMATION; A patent application on DNA-templated 
organic synthesis has been filed by Harvard University. 

AWARD INFORMATION; Promoted to John L. Loeb Associate 
Pr^essor of the Natural Sciences and Associate Professor 
of Chemistry and Chemical Biology, Harvard University 
(2003); American Chemical Society Young Cope Scholar Award 
2003  Roslyn Abramson Award for undergraduate teaching at 

Harvard (2003); AstraZeneca Pharmaceuticals Excellence in 
Chemistry Award (2003); Merck Genome-Related Pilot Research 
Award (2003); Synlett  and Synthesis  Editorial Board 
Assistant professor Journal Award (2003); Arnold and Mabel 
Beckman Foundation Young Investigator (2002); Alfred P. 
s!oan Foundation Research Fellow (2002); American Cancer 
Society Research Scholar (2001); NSF CAREER Award Recipient 
(2001); Searle Scholars Program Awardee (2000) 
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