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Racl51 ks @ core @mponent of the sukaryotic homologous recom-
bination machingy and b resporskls for key mechanistk
during strand Irrvaslon, Highar order oligomers of RadS1 display a
memarkable degres of structural varlation, foming Angs, oom-
prassed flaments, ard ongated Nlamants. | 15 undear whethar
RacdS1 can transton direcy bebaean these diferent olgomerk
struchurss without dissEsasmbling first Imbo moromars. "Wa haee
usad ngle-mokeouls mkrescopy bo Imvestigate the behavor of
human Rad§1 ssembled on doubke-stranded DHA. Our results
shoes thiat human RadS1 cam fomn skorget s nuclssprotain flia-
mants on DA, but A TP hydrobysls causas a decreass Inthalr langth
without corcombtart discdation of proteln. Comprassed RadS1
Tllamants can re-skorgats whien presented with ether A TP or tha
ron-vgdrodyzable anclcg AMP-PHF, and theess cpdes of ddongation
mrd compresskon are reversible A RadS1 mutant daflickent In ATP
hychohysis Is keckad Irbo an @rtended conformation that Is Incapa-
bk of traresttioning bo a compressed fllament. Smilany, wild-typs
Facd51 bound to DRHA In the presence of ANFPNF was trapped In
tha slongated state. Frotelns Incapable of trarsltioning o tha
compressed staba wers also highly reslstant to dissodation from
tha DHA. Taken her, cur results Indkate that nucleotids
hyckolysis by human RadS1 tiggars a reversible struchoral trarsd-
Hon lsadineg to Mamsnts with reduced hellcal phch.
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Dnuble-al.randed DNA breaks (DEPs) are 1 of the most
deleterious forms of DNA damage and can lead o cell
death or onoagenic ransformacion. Hemologous recombination
g—IE'.:. is an evolmionarily conserved pathway used 1o repair

5Bs, and is esszncial for mainmining genomic smabilicy (1, 20
When a DSP occurs, the 5' ends of che DNA are reseced,
yielding m 3 single-sranded DINA (ssDNA joverhangs, which
are the loading site for a DA recombinase. The recombinass
.:.I'Esirlhe =DNA with 2 homolegoos double scranded DINA
(dsDNA) and then invades the duplex to form a D-loop. The
invading =nd can then serve as a primer for the replication
machiu:r!'.'rhich uses che hnmdn%nu:duplrx asa iemplaez, and
the resulting products are resobved 1o restore the continuicy of
the chromosomes.

The DA ransactions that mke phos during HR. are medi-
ated by members of che RA D52 epistasis group of proteins (1-31
This includeas the recombinase Rad31, which plapacrnual rale
in HE and msembles into a nucleoproein filiment on che
=N A owerhangs generared ar the DER [Il. 5). Thiz filament i
responsible for moabzing the p:.i.riu% alignment, and scrand
imvasion steps doring recombinarian (6). Rad51 is sufficient o
catalyzs these reactions in wicra (77, howsver, mmerons acces-
sary factors are reguired in vivo and cheir funcions mngs from
facilitming Rad31 loading ar the coser of the reaction o
promaoting the disassembly of Radil upon completion of scrand
imvasion (1, 3, B, 0}

Hurnan Rad®1 has a flexible M-rzrminal domain and a cencral
ATP-binding core dosely relared 1o bamerial FecA (10), Radf1
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forms right-handsd helical filamems chat extend che bound DINA
by approximanely 50% relatve o B-form DMA (11, 125 The
siruciural parameters Sefining the geomeoy of che filamencs ars
wariable, and can even vary within the same filamenc In general
filamenos accive for DA scrand exchange have a sezeper helical
picch (=%1-13 A ) compared oo inactive farms, which are mare
compressed | =45-55 A). All evidence suggesis char the elon-

d i limenes are in the AT P boond scate, whersas compresssd
ilaments represent che ADF bound staie Ring-like srociures
hawe also be=n observed, and thess are comprissd of 6-8
subunics wich an incernal pore largz enough o allow passage of
DNA (13-16). These ring-like forms have no known funcion
but may represent an inactive scarage form of che procin. The
relarionship becwesn the different recombinase scructurss re-
mains unknown, and i1 noc clear whether 1 smocmml foom can
dirsatly cransicion 1o anccher wichour firse disasssmbling inm
MONCMEric units.

To evaluare che propemies of Radil we have esmblished 2
single-molecule assay thar allows os 10 probe individol nucleo-
protein filimencs in real time. Here we use this assay to examine
the behavior of human Radf1 assembled oneo dsDNA. Oar
resules demoenserae chat human Rad®1 can cansiton berwesn
an elongarsd nuck oprocsin filiment and a more compresssd
siruciure, These cransitions are criggersd by ATF hydrotysis, and
the Badil filamems could revensiely imerconvert berwesn the
elongared and compressed fomms when nucleotide cofaccor was
replenished We s st thar the cramsitions becwssn thess
siruciural forms may be a arget for regulacion during homalo-
Lous recombinmacion.

Rasuts
Viualdng Rad§! Nudsoprotain Alamants. We hawe previously
used rotal inezrnal reflection flusrescence micraszopy | TIRFM )
1o manior the asembly of human Rad®1 flamenms an Y0 Y01-
smined DNA curcains (17). However, Rad®) displaces ¥ 0Y01
from DNA, making it difficult 1o dzeser the flucrescence signal
at high procein mncrnuadom[g{?:; Ta aveid chis problem, we
developed an assay thar uses DNA subsirares mgged ar 1 2nd
with o f lnorescene quanoom dotf O, Fig 13 Fig. L itlusiranes che
rocedure for wisalizing Fad®1 filimenes with TIRFM. Afier
ruﬂl:itg a DNA cunain (17, 1%), filament assemibly was imiciacsd
EF imjeciing 1 Fad3il in buffer mula.isﬁtﬂ mM Tris |:_FJ-[
7.8), 0.2mg/mL BEA, 1o MO, 1 mb and 1mM AT,
unless otherwise smed, chese condicions wers wssd for all
experimems reported below, Under these conditions, Rad®1
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For Summary,
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