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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 mMRNAs 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.
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