Characterizing the portability of RecT-mediated oligonucleotide recombination
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Abstract: Improved methods for genome editing in bacteria would enhance our ability to engineer
human commensals, pathogens, and chassis for biosynthesis. Currently, methods of homologous
recombination are limited in microbes since Cas9 is lethal in a majority of species. Phage encoded
RecT proteins improve the efficiency of homologous recombination, but these proteins have been
established in few species and are not broadly portable. Here, we reveal that this host-limitation is
minimally defined by a requirement for compatibility between phage RecTs and the host’s single-
stranded DNA-binding protein (SSB). We characterize the RecT-SSB interaction, finding that it is
mediated by 7 amino acids on the SSB C-terminal tail, and provide evidence that RecTs are
portable between species where a host SSB interaction is maintained. Co-expressing cognate
RecT-SSB pairs broadens recombineering activity, and in certain species improves recombination
efficiency up to ~1000 fold even when the RecT proteins alone are non-functional. We use both
rational selection of RecT proteins, and the screening of RecT-SSB pairs to establish



oligonucleotide recombination in L. rhamnosus and C. crescentus. We then show how dominant
negative versions of the host MutL protein can enable efficient single-nucleotide mutagenesis in
species beyond E. coli. In L. lactis we use an optimized recombineering method with dominant
negative mismatch repair to generate libraries of variants at selected genomic loci, and show that
the method far surpasses the capabilities of error-prone or mutagenic methods. Specifically, we
make millions of mutations within the spectinomycin binding pocket, and characterize a
unidentified landscape of epistatic effects that include 2-5 mutations. Due to the requirement for
many simultaneous mutations, these variants are inaccessible through error-prone genomic
diversification methods, but have the highest fitness in the presence and absence of selection. This
work elucidates requirements for the portability of recombineering methods and emphasizes
recombineering as the pre-eminent technique for generating genomic variants beyond what is
accessible using evolution.
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