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Direct imaging of RecA nucleation and growth on
single molecules of SSB-coated ssDNA

Jason C !, JodyL. Plank'?*, Christopher C. Dombrowski

Escherichia coli RecA is the defining member of 2 ubiquitous class
of DNA strand-exchange proteins that are essential for homolo-
gous recombination, a pathway that maintains genomic integ
by repairing broken DNA'. Ta function, filaments of RecA must
nucleate and grow on single-stranded DNA (ssDNA) in direct
competition with sDNA-binding protein (SSB), which rapidly
binds and continuously sequesters ssDNA, kinetically blocking
RecA assembly i
in competition with another protein, is unique for the RecA family
compared to other flament-forming proteins such as actin and
tubulin. The complexity of this process has hindered our under-
standing of RecA Blament assembly because ensemble measure-
ments cannot reliably distinguish between the nucleation and
grow th phases, despite exte nd diverse attempts*, Previous
single-molecule assays have measured the nucleation and growth of
RecA—and its eukaryotic bomologue RADS1—on naked double-
stranded DNA and ssDNA” "% howeser, the template for RecA self-
assembly in vivo is SSB-awated ssDN. ing single-molecule
microscopy, here we directly visualize RecA filament assembly on
single molecules of $5B-coated ssDNA, simultancously measuring
nucleation and growth. We establish that a dimer of RecA is
required for nucleation, follawed by growth of the filament through
monomer addition, consistent with the finding that nucleation, but
not growth, is by nucleotideand ium fon cofac-
tors. Filament growth is bidirectional, albeit faster in the 5'—.
direction. Both nudeation and growth are repressed al physio-
logical conditians, highlighting the essential role of recmbination
mediators in potentiating assembly in vivo. We define a two-step
kinetic mechanism in uhull RecA nucleates on transiently expased
&DNA during SSB sliding andjor partial dissociation (DNA
unwrapping) and then the RecA flament grows. We further
demonstrate that the recombination mediator protein pair, RecOR
(RecO and RecR), accelerates both RecA nucleation and filament
growth, and that the introduction of RecF further stimulates
RecA nucleation.

Toimage the assembly of RecA filments on SSB-coated ssDNA, we
first developed a procedure 1
of ssDN.
base pairs (kb} long was biotinylated at the 3' ends, alkali dei
neutralized with buffer and saturated with a fluc
SSB (SSBAFS) Tm complex was then attac

r Jm» and visualized using total internal reflection
fuorescence (TIRF) microscopy (Fig. 1a, b, top panel). Because &
binding afinity of SSB** " is atk ; 1 repla
unbibdled wild-type SSB u (Fig. 1a, b, second pan
Supplementary Video 1). The exchange of proteins in the flow cell
is fast, with {-time of approximately 2-3s, resulting in a non-
fluorescent. native SSB-ssDNA complex. RecA filament assembly
on the wild-type SSB-DNA complexes was then imaged using &

?* & Stephen C. Kowalczykowski'

inits rlaxed sat
dusters appeared; these mixed nucle
comprised relatively stif, rod-like RecA filament clusters interspersed
between compacted and flexible S5B-couted ssDNA™, The composition
crmediates was confirmed using atomic force microscopy
(Supplementary Fig. 1). At the flow rate used, the SSB-ssDNA com-
plexes are compacted to approximately 1 5%of the corresponding

Figure 1| Direct visualization of RecA filament assembly on single
maolecules of SSB-coated ssDNA shows that RecA nudleates as a dimer.
a, RecA' filiment assembly with ATPyS an a single molecule of $SB-co
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