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Shelley D. Copley 
Professor, Department of Molecular, Cellular 
and Developmental Biology 

EDUCATION/TRAINING 

INSTITUTION AND LOCATION DEGREE 
(if 

applicable) 

YEAR(s) FIELD OF STUDY 

Harvard-Radcliffe A.B.  1980 Biochemistry 
Harvard Medical School  1980-82 Medicine 
Harvard University Ph. D. 1987 Biophysics 
MIT  1987-1988 Molecular Biology 
University of Colorado  1988-1990 Bioorganic chemistry 

A.  Personal Statement 
The Copley laboratory studies the evolution of enzymes and metabolic pathways in the context of the 
complex metabolic and regulatory networks in cells using a combination of biochemistry, genetics, 
genomics and a deep understanding of enzyme mechanisms and microbial metabolism and 
physiology. 
New enzymes often arise from physiologically irrelevant side-activities of existing enzymes. Although 
these “promiscuous” activities are usually inefficient, they are often orders of magnitude faster than 
uncatalyzed reactions. Thus, a promiscuous activity provides an excellent starting place for evolution 
of a new enzyme if that activity becomes important for growth or survival. We use experimental 
evolution to address fundamental questions about the processes by which new enzymes and 
metabolic pathways emerge, with an emphasis on identifying the molecular and cellular mechanisms 
by which mutations enhance fitness.  
The initial stage of evolution of a new enzyme often involves gene amplification to provide higher 
levels of an inefficient enzyme, followed by mutations that improve the newly needed activity in some 
alleles while others continue to provide the ancestral function. We have examined the earliest stage of 
this process by characterizing the effect of segmental amplification on the levels of mRNAs and 
proteins produced from coamplified genes and amplicon remodeling that removes extra copies of 
coamplified genes that do not contribute to enhanced fitness.  
The presence of hundreds of enzymes, each of which probably has a number of promiscuous activities, 
within a particular microbe provides the possibility of patching together multiple promiscuous activities 
to generate a novel metabolic pathway. We are identifying novel pathways that can reconstitute 
biosynthesis of the cofactor PLP in various bacteria when an essential gene is deleted. This model 
system allows us to address questions such as 1) how many novel pathways can be assembled from 
the resources in a given genome, and are some better than others?; 2) how do different bacteria solve 
this evolutionary challenge, and why do their solutions differ?; and 3) how do mutations enable assembly 
of a novel pathway? 
We have recently turned our attention to the potential of genes acquired by horizontal gene transfer 
(HGT) to contribute to novel metabolic pathways. HGT is rampant among microbes and provides an 
additional source of catalytic capability that can be utilized to address an environmental challenge or 
opportunity. We are investigating the mechanisms by which horizontally transferred genes are 
“domesticated” when they arrive in a new host genome.  
  
B. Positions and Honors 
Positions Held 
1990-1998  Assistant Professor of Chemistry and Biochemistry, University of Colorado at 

Boulder 
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1990 – present Fellow, Cooperative Institute for Research in Environmental Sciences, University 
of Colorado at Boulder 

1998-1999  Associate Professor of Chemistry and Biochemistry, University of Colorado at 
Boulder 

2000-2004 Associate Professor of Molecular, Cellular, and Developmental Biology, University 
of Colorado at Boulder  

2004-present Professor of Molecular, Cellular, and Developmental Biology, University of 
Colorado at Boulder 

2012-2015 Associate Chair of Molecular, Cellular, and Developmental Biology, University of 
Colorado at Boulder 

Scientific Appointments 
1999-2003  NSF Molecular Biochemistry Panel  
2000   NIH Physical Biochemistry Study Section  
2001  Nominating Committee, Biological Division of the American Chemical Society  
2002-2004 Councilor, Biological Division of the American Chemical Society 
2003-2004 Associate, Committee on Environmental Improvement, American Chemical 

Society 
2003-2005 Editorial Board, Bioorganic Chemistry 
2003 Co-Vice Chair, Gordon Conference on Enzymes, Coenzymes, and Metabolic 

Pathways 
2003-2004  NIH Biochemistry study section 
2003-2011  Member of Faculty of 1000  
2004 Co-Chair, Gordon Conference on Enzymes, Coenzymes, and Metabolic Pathways 
2004-2005 Member, Japanese-American Frontiers of Science Symposium Planning 

Committee 
2004-2005 Member, National Research Council Space Studies Board Committee on Limits of 

Life in the solar System 
2004-2007 NIH Genetic Variation and Evolution study section 
2009  NIH MSFE study section, Special Emphasis Panel and Grand Opportunity grant 

study section 
2010  NIH Genetic Variation and Evolution study section, EUREKA Review Panel 
2010-2013 Biocatalysis Organizing Committee, Society for Industrial Microbiology Annual 

Meeting 
2012 Chemical and Systems Biology Theme Organizer, ASBMB 2013 Annual Meeting 
2012 NIH Biological Chemistry and Macromolecular Biophysics B special study section 
2012 NSF Molecular Biochemistry Panel 
2013 NIH Glue Grant study section, NIH U54 study section 
2014 NIH Genetic Variation and Evolution study section 
2014-2016 Editorial Review Board, Journal of Biological Chemistry 
2017                AbSciCon 2017 Session organizer, Origin and Evolution of Life: 

Evolution/Genetics: Experimental Microbial Evolution 
2018 NIH Genetic Variation and Evolution study section 
2019                NIH R25 study section 
2020 NIH R35 study section 
2021 NIH R24 study section 
2022 NIH Fellowship study section 
2022- co-Theme Organizer, American Society for Biochemistry and Molecular Biology 

2024 Annual Meeting 
2022- External Advisory Board, Arizona State University BII: Mechanisms of Cellular 

Evolution Center 
2022- Steering Committee, NASA LIFE Research Coordination Network 
2023 Co-Vice Chair, Gordon Research Conference on Molecular Mechanisms in 

Evolution 
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2024 Theme Leader, Cool and Novel Enzymes, ASBMB 2024 
2025 Co-Chair, Gordon Research Conference on Molecular Mechanisms in Evolution  
  
Honors 
1980   A. B. summa cum laude, Harvard University 
1980   Phi Beta Kappa 
1987-1988  Anna Fuller Fund Fellow 
1991   University of Colorado Junior Faculty Development Award 
1998   Mortar Board National Honor Society Outstanding Professor 
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NASA Exobiology      Copley (PI) 
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1/15/21-1/14/24 
$555,750 
Confronting a Conundrum: the Prevalence of Loss-of-function Mutations in Evolution 
NIH/NIGMS R01GM134044     Copley (PI) 
8/12/19 – 7/31/23, in no-cost extension 
$1,420,133 
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Promiscuity, Serendipity and Metabolic Innovation 
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10/1/23 – 9/30/28  
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Engine of Innovation: How Compartmentalization Drives Evolution of Novelty and Efficiency Across 
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