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Abstract

Nucleotides have been shown to play an important role in modulating DNA metabolism. We
plan to study how commonly known secondary metabolites, cyclic di-AMP and cyclic di-GMP, affect
DNA recombination. Both cyclic di-nucleotides are second messengers, functioning as signaling
nucleotides that can regulate many complex cell activities in a wide variety of bacteria. We use single-
molecule Tethered Particle Motion (TPM) experiments to directly monitor the conformations of
individual DNA molecules. Specifically, it measures the Brownian Motion of a bead tethered to a
microscope slide by a single DNA molecule, reflecting the conformation and tether length of DNA.

Different nucleotides regulate the recombination progression of E. coli RecA recombinases
during DNA recombination. We showed that the assembly kinetics of recombinases onto DNA can
be monitored in real-time, including nucleation time, extension rate, and the overall complex length.
By studying how these cyclic di-nucleotides modulate the kinetics of DNA recombination, we hope
to understand the role of nucleotides in regulating genome stability.

In our results, E. coli RecA recombinases with pure cyclic di-nucleotides cannot effectively bind
onto single-strand DNA forming longer filament, while cyclic di-AMP specifically decreases overall
DNA length. Adding ATP and cyclic di-nucleotides mixture in DNA recombination, the percentage
of nucleoprotein filament decreases when the concentration of cyclic di-nucleotides increases caused
by the decrease of reaction rate. In conclusion, cyclic di-AMP and cyclic di-GMP work as inhibitors

during DNA recombination of E. coli RecA recombinases.
1
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