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� Homologous recombination is an essential mechanism of maintaining genome integrity and 
generating genetic diversity. The DNA strand exchange reaction is a central step of homologous 
recombination, which is mediated by the Rad51 recombinase in eukaryotic cells. Rad51 forms a 
nucleoprotein filament with single-stranded DNA generated by nucleolytic processing of DNA 
double-strand break ends. The nucleoprotein filament searches for homology within intact duplex 
DNA. When the nucleoprotein filament finds homology, it initiates DNA strand exchange between 
homologous sequences. To elucidate the reaction kinetics of DNA strand exchange, I adapted a 
previously developed fluorescence resonance energy transfer (FRET)-based real-time assay of 
DNA strand exchange catalyzed by Rad51 from the fission yeast Schizosaccharomyces pombe. I 
found that DNA strand exchange consists of three steps and proceeds via two distinct three-strand 
intermediates, C1 and C2. Both intermediates contain Rad51, but whereas the donor duplex 
remains intact in C1, the ssDNA strand is intertwined with the complementary strand of the donor 
duplex in C2. ATP binding by Rad51 is necessary and sufficient for C1 formation. In contrast, the 
C1-C2 transition and release of single-stranded DNA from C2 requires ATP hydrolysis by Rad51. 
Swi5–Sfr1, an evolutionarily conserved recombination activator, facilitates the C1–C2 transition 
and subsequent ssDNA release from C2 to complete strand exchange in an 
ATP-hydrolysis-dependent manner. In contrast, Ca2+, which activates the Rad51 filament by 
curbing ATP hydrolysis, facilitates the C1–C2 transition but does not promote strand exchange 
completion. These results reveal that Swi5–Sfr1 and Ca2+ have different activation modes in the 
late synaptic phase, despite their common function in stabilizing the nucleoprotein filament in the 
presynaptic phase. 
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