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Figure 7. A Model for RecFOR-Facilitated Formation of a RecA Nucleoprotein Filament on Gapped DNA and Tailed DNA

(A) RecFOR-facilitated loading of RecA protein onto gapped DNA. (1) The RecFR complex (or RecF protein) first recognizes and binds to the
5! end of the dsDNA at the gap. (2) The RecOR complex (or RecO protein) interacts with the RecF(R)-gDNA complex. (3) The RecFOR proteins
serve to nucleate RecA protein filament assembly. (4) The RecA filament extends over the ssDNA region by growth in the 5! to 3! direction.
(B) Initial steps in the repair of ssDNA gaps by RecFOR proteins. The RecQ and RecJ proteins might process the gapped DNA prior to
recognition by the RecFOR proteins (Courcelle and Hanawalt, 1999).
(C) Initial steps in the repair of dsDNA breaks by the RecFOR, RecQ, and RecJ proteins.

quired for the cellular repair of gDNA (Tseng et al., 1994). noncomplementary DNA at this end blocked RecF pro-
tein function (Figure 2). The interaction between theOther in vivo evidence suggests that RecF, RecO, and

RecR proteins are involved in the same step of recombi- RecF and RecR proteins that we detect (Figure 4A) may
indicate that the RecFR complex, but not RecF proteinnation and that this step can be bypassed by RecA

mutants that efficiently displace SSB protein from alone, recognizes and binds to the gDNA. Furthermore,
the interaction that we detect between the RecR andssDNA (Volkert and Hartke, 1984; Wang and Smith, 1986;

Lavery and Kowalczykowski, 1992; Madiraju et al., 1988, RecO proteins suggests that RecO protein binds to this
complex via RecR protein, perhaps through the RecR1992). Therefore, we believe that our finding, that the

concerted action of RecF, RecO, and RecR proteins is protein that is associated with the RecF protein bound
at gap. At present, however, we cannot unambiguouslyneeded to facilitate the loading of RecA protein onto

SSB-coated gDNA, reconstitutes an essential step of define the pathway of RecFOR assembly at the gap, nor
do we know the molecular ratio of RecFOR proteins thatthe cellular process.

Our results establish that the loading of RecA protein assemble at the gap; we know only that RecF protein
is essential for gap recognition and that both RecO andby the RecFOR proteins requires gDNA as a substrate;

ssDNA cannot substitute (Figure 1). This observation is RecR proteins are needed in addition.
Assembly of the RecFOR complex at the ssDNA-particularly significant because, in the absence of RecF

protein, the RecOR-mediated reactions that were pre- dsDNA junction facilitates the specific loading of RecA
protein onto the SSB-coated ssDNA. We found thatviously reported do not require gDNA (Figures 1B and

1C; Umezu et al., 1993; Bork et al., 2001); in fact, in those RecA loading is species specific, in that neither the T4
phage UvsX nor yeast Rad51 proteins could be loadedreactions (as we confirmed) RecF protein is inhibitory

(Figures 1C and 1D). Therefore, our findings suggest by the bacterial RecFOR proteins. In addition, even
though the RecOR proteins are capable of mediating anthat RecF protein is recognizing a feature of the gDNA,

a conclusion that is consistent with a prior report that exchange of RecA protein for DNA-bound SSB protein,
the complete RecFOR complex acting at DNA gaps isRecF protein binds preferentially to gDNA (Hegde et al.,

1996b). We conclude that the recognition site on the much more effective at loading RecA protein onto
ssDNA than is the RecOR complex. Furthermore, be-gDNA is the 5! end of the dsDNA at the gap, because
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