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Single-molecule imaging of DNA pairing by RecA
reveals a three-dimensional homology search
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DNA breaks can be repaired with high fdelity by homologous  three different loci of A DNA (Fig. 14) was generated by incorpora
recombination. A ubiquitous protein that is essential for  this tion of 543 -amincallyl) UTP into sDNA using polymerase chain
DNA template-directed repair is RecA', After resection of broken  resction| PCR), Bllowed with covalentattachment of ATTO565 (Sup
DNA to produce single-stranded DNA (sDNA), RecA amembles  plementary Methods). Recd nuckeoprotein filsmens were assembed
on this ssDNA intoa filament with the unique capacity to search  on these f) DINA substrates i b

and find DNA sequences in double-stranded DNA (SDNA) that  ing =DNA-binding protein ($58) and the non-bydmolysable ATP
are homologous to the ssDNA. This homology search is vital to  analogue, ATPYS (5'-0.3' thiotriphosphate)’. ATPYS was uwsed 1o
recombinational DNA repair, and m\du in bomologous paifng  maintainthe flament in its active form, eliminate flament disasembly

d exchange ;tDNr‘\ m'Tmh i pairing involves K;M and prevent disocision of DNA pairing products™™ " Using

sequence specific targst location RecA-sDNA complex.
decades of stidy, the hanism of this enigmatic search .

proces remwing unlsiovn, RecA isa DNA-dependent ATPase, but & 0bp . dsDA molacula 48,502 bp
ATP hydmlysis is not mquired for DNA pairing and srand iy M T
exchange™, active Usin g disal ) T 02 17 430 ssl'_ﬂﬂ.lﬂng’lhlml
trapping to manipulate DNA, -ml single -muaecule Bisersceme i 12,440 14,548 74,003 Comtar of position on 3 DNA fbp)
micmscupy W image DNA paiting we demonstrate that both the Gio 43 Gdb — Reaivs dasanca o DNA
three-dimensional conformational state of the dsDNA target and B __
the length of the bomologous RecA—s DNA flament have import- H
ant mles in the b logy search. We di d thatas th 8
end distance of the target dsDNA molecule i increased, const cain- £
ing the available three-dimensional (3D) conformations of the —
aolecile, the rate of hamoksgous palring decasies, Coiversely, e

when lhe]mgdl of the ssDNA in the nudeoprotein flament &
increased, bomology is found faster. We propose a model for the }/@r——.——-—bf
DNA bomolegy seanch process termed ‘i l contact

sampling’, in which the intrinsic multivalent nature of the RecA 3 Fooorblo oot D1 pairkg procknt xoncbd o suface
nudesprotein filament i used to search DNA sequence space
within 3D domains of DNA, exploiting multiple weak contacts
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ey g 3 IR g A nbinca ""“ proximity (B, ). paired products were ob served in B, cand
by using total uvl.erm] reflectel unrescence mnummrv (TIREMJ". B, dwhen DNA was relavad by siopping Sow and then avtendad by flowe for
Fully homologous fluoreseent ssDMA that was complementary to vimalztion Sale bars, 24 pm.
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48,502 bp

ssDNA :
pairing partners: 162 1,762 430 -

» ssDNA length (nt)
12,449 14,648 24,008 — Center of position on L DNA (bp)

0.26 0.30 0.49 — Relative distance on A DNA
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DNA pairing product with
430-nt ssDNA
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a Ensemble reaction: DNA pairing product extended on surface
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b Doubly attached DNA: DNA pairing in absence or presence of flow
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¢ Singly attached DNA: DNA pairing in absence of flow; DNA extended by
flow after pairing
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d Doubly attached DNA with proximal ends: DNA pairing in absence of flow;
DNA extended by flow after pairing
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| Incubation with nucleoprotein filaments
]Translation into observation channel

Extension of DNA

Two binding events observed

I Dissociation of non-homologously paired
nucleoprotein filament and release of loop

Stable homologously paired complex persists
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