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Project Goals: We aim to develop the ability to make multiplexed, high-throughput gene
edits in a wide array of microbial species. By improving our mechanistic knowledge of
recombineering and developing the ability to screen large libraries of protein variants, we
endeavor to greatly expand the reach of Multiplex Automated Genome Engineering
(MAGE). Finally, we hope to demonstrate the utility of this platform technology in
applications ranging from improving biomolecule yield in Streptomyces to studying
photosynthesis in cyanobacteria.
It has been demonstrated in our laboratory that Multiplex Automated Genome Engineering
(MAGE) is an easy and efficient mechanism for allowing multiplexed genomic mutations in
Escherichia coli.1 The MAGE process has enabled rapid improvement of metabolic synthesis
pathways, genome-wide recoding, and bio-containment applications.2-4 The protein at the core of
MAGE is the λ Red recombinase, λ β (Bet), a phage recombinase, that when expressed improves
recombination efficiency of single-stranded DNA oligonucleotides into the bacterial genome
~1E5-fold.5 Here, we present a platform technology, Serial Evolutionary Enrichment for
Recombinases (SEER), that enables the rapid discovery of Bet variants that work well in
intractable prokaryotic strains. We queried metagenomic space for Bet homologues, and
synthesized a library of putative recombinases with representatives from all families of
prokaryotic single stranded annealing proteins. This library (Bet included) was then subjected to
successive rounds of enrichment in E. coli for functional recombinases. Surprisingly, we found
library members that recombined at or above the frequencies seen for Bet in Escherichia coli,
including homologues from Lactobacillus reuteri and Corynebacterium glutamicum.
We further investigated the molecular mechanism of Bet-mediated recombination, and
demonstrate an interaction with single-stranded binding protein (SSB). Based on in vitro
annealing assays, Bet acts to specifically unload SSB from SSB-coated single-stranded DNA
(ssDNA). Removing SSB from ssDNA (like the lagging strand of replication) then enables
strand-strand annealing, which is the mechanism by which mutagenic ssDNA is incorporated
into the replication fork in Bet-mediated recombineering.5 Furthermore, we show that an SSB
taken from the same host organism as the Bet recombinase homolog can improve the functioning
of said Bet homolog in other organisms. The SEER platform will be improved by this
knowledge, as Bet fusion proteins will be introduced to take advantage of high recombineering
efficiency and organism-specific SSB interaction. High-throughput evolutionary screening will
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allow us to test thousands of protein variants in parallel to quickly and robustly identify highefficiency recombinase mutants for any prokaryotic microbe with the requisite biological toolkit,
which includes competency, known plasmids, and inducible promoters.
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