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SUPPLEMENTAL EXPERIMENTAL PROCEDURES

Media and genetic methods

Media and genetic methods used standard protocols (Moreno et al., 1991). The complete
and minimal media were yeast extract with supplements (YES) and Edinburgh minimal
medium plus 3.7 mg/ml sodium glutamate (EMMG) plus appropriate amino acids
(0.2475 mg/ml), respectively. Low adenine media (YELA) was supplemented with 0.01
mg/ml adenine. Ade” recombinants were selected on YES lacking adenine and
supplemented with 200 mg/l guanine to prevent uptake of residual adenine.

Strains and plasmids

Strains are listed in Table S2. The finlIA::natMX4 and fmi2A::kanMX6 strains were made
by gene targeting using derivatives of pAG25 and pFA6-KanMXG6, respectively (Bahler
et al., 1998; Goldstein and McCusker, 1999). The full-length fin/l cDNA was cloned by
reverse transcription PCR, using primers oMW1035 5 —
TATTACATATGTCCGATGATTCTTTTAG - 3°) and oMWI1036 (5 -
TATTGGATCCATTCTCTAAATCAGCATTCC — 3°), into pET14b (Novagen) to make
pSN2, which expresses Fmll with an N-terminal hexa-histidine tag from the T7 phage
@10 promoter. pMW855 was made by subcloning fmll from pSN2 into pREP41. fmlIAC
was constructed from pSN2 using primers oMWI1035 and oMWI1060 (5° -
GGGATCCCTAATTTTCTTTGGGAATTTC — 3’) and cloned into pET14b and pREP41
to make the FmlI1AC expression plasmids pSN3 and pMW856, respectively. pAN1 is a
derivative of pREP42 containing a copy of ade6 (with a deletion of a 153 bp internal
Ncol fragment) cloned between the Pstl and Sacl sites.

Spot assays

Exponentially growing cells from liquid cultures were harvested, washed and
resuspended in water at a density of 1x10” — 1x10° cells/ml. Aliquots (10 pl) of the cell
suspensions were spotted onto agar plates containing genotoxins as indicated. For UV,
plates were irradiated using a Stratalinker (Stratagene). Plates were photographed after 3
- 6 days growth at 30°C.

Plasmid gap repair assay



Logarithmically growing strains were transformed with either 4 pg of Ncol-linearized
pANT or uncut pANI1 essentially as described by Keeney and Boeke (1994) except that
carrier DNA was omitted. Cells were plated onto EMMG plates lacking uracil (EMMG-
u) and incubated at 30°C for 5 - 8 days. The numbers of transformants were then counted
to determine the relative transformation efficiency of cut versus uncut plasmid. This
provides a measure of how well the cut plasmid is repaired. The cut plasmid
transformants were then patched onto EMMG-u, incubated for 3 days at 30°C, and
replica plated onto EMMG lacking both adenine and uracil (EMMG-u-a) to score the
number of Ade’ recombinants amongst the Ura  transformants. The patched
transformants on EMMG-u were also replica plated onto YELA plates, which after 3
days at 30°C were re-replica plated onto YELA. Following these two rounds of growth
on non-selective media the YELA patches were replica plated onto complete media
containing 5'-fluoroorotic acid (FOA), which counter-selects Ura" cells. Growth on FOA
indicates that ura4 " has not integrated into the chromosome (noncrossover) and therefore
is readily lost without selection, whereas poor growth on FOA indicates that ura4" is not
easily lost due to its integration into the chromosome via crossover recombination.
Assays were repeated at least three times for each strain. In each assay 300 Ura’
transformants were patched and assessed for Ade” and crossover status by the replica
plating protocol described above.

Proteins

RuvA and RuvB were a gift from Robert Lloyd (University of Nottingham), and RecA
was from New England Biolabs. The purification of FmlIAC and RuvC are described
below. Amounts of protein are expressed in moles of monomer, and were estimated using
a Bio-Rad protein assay kit with bovine serum albumin as the standard.

Purification of RuvC

RuvC was overexpressed from plasmid pGS775 in BL21 (DE3) pLysS as described
(Dunderdale et al., 1994). Cell lysis, and the precipitation of RuvC and its subsequent re-
dissolving were all essentially as described (Dunderdale et al., 1994). However, the re-
dissolved RuvC was loaded onto a 5 ml HiTrap Blue column (Pharmacia Biotech) pre-
equilibrated in R buffer (20 mM Tris-HCI, pH 8.0, 1 mM EDTA, 1 mM dithiothreitol
(DTT) and 10% (v/v) glycerol) containing 0.5 M KCI. RuvC eluted from this column
between 0.6 — 0.7 M KCl, and was then dialysed against R buffer containing 0.3 M KCl
before loading onto a 1 ml HiTrap Heparin column (Pharmacia Biotech). The peak of
RuvC (1.5 ml) eluted from this column at ~750 mM KCI. This sample was mixed with
1.5 ml of 100% (v/v) glycerol, and stored as aliquots at —80°C.

Purification of FmIAC

2-litre cultures of E. coli Rosetta(DE3)pLysS (Novagen) containing pSN3 were grown
with aeration at 30 °C in Luria-Bertani broth containing 125 pg/ml ampicillin and 34
pg/ml chloramphenicol. At a cell density corresponding to an Agpo of 0.6, Fml1AC was
induced by adding isopropyl-1-thio--D-galactopyranoside to a final concentration of 0.5
mM, following which the cells were incubated for a further 7 hrs. The cells were then
harvested by centrifugation, resuspended in Buffer H (50 mM potassium phosphate, pH
8.0, 0.3 M NaCl, 10% glycerol), and frozen at -80 °C until required. All of the
subsequent steps were at 4 °C. The defrosted cells were mixed with 1% Triton X-100, 10

2



mM [-mercaptoethanol and protease inhibitors before passage through a French pressure
cell at 30,000 p.s.i.. Cell debris was then removed by centrifugation at 43,700 x g for 50
min, and the supernatant was loaded directly onto a 2 ml nickel-nitrilotriacetic acid (Ni-
NTA) Superflow column (Qiagen) that was washed with 60 ml of Buffer H plus 20 mM
imidazole before eluting bound Fml1AC with Buffer H plus 200 mM imidazole into 2 ml
fractions. The second 2 ml fraction contained the peak of FmIIAC and was loaded
directly onto a HiLoad 16/60 Superdex 200 gel filtration column (Amersham
Biosciences), which was then developed with 120 ml of Buffer A (50 mM Tris-HCI,
pH8.0, 1 mM EDTA, 1 mM DTT, 10% glycerol) plus 0.3 M NaCl. 2 ml fractions were
collected and the peak of Fml1AC eluted between fractions 33 - 38. These fractions were
pooled, diluted with an equal volume of Buffer A, and loaded onto a 1 ml Hi-Trap
Heparin column (GE Healthcare). The column was then washed with 5 ml of Buffer A
plus 0.1 M NacCl before eluting bound protein with an 18 ml gradient from 0.1 to 1.0 M
NaCl. The peak of Fml1AC eluted between 0.41 — 0.44 M NaCl, and these fractions were
pooled and stored as aliquots at -80 °C.

DNA substrates

Oligonucleotides 1 - 8, 10, 15 - 19 and 22, used to make the X-junctions, part X-junctions
fork substrates, and static D-loops are listed in Table S3. These oligonucleotides, together
with the procedures for substrate preparation, have been described previously (Doe et al.,
2002; Osman et al., 2003; Whitby and Dixon, 1998). The X-junctions, part X-junctions
and fork substrates are *“P-labelled at the 5" end of oligonucleotide 2. The static D-loops
are *“P-labelled at the 5' end of oligonucleotide 16. Protocols for the construction of
plasmid-based D-loops have been described previously (Mcllwraith et al., 2001). In brief,
5' 32p_labelled oligonucleotide oMW592 (5 —
TGCCGAATTCTACCAGTGCACGCCTCCATCCAGTCTATTAATTGTTGCCGGGA

AGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTG — 3') was
incubated with RecA for 5 minutes at 37°C before the addition of supercoiled pBR322
plasmid to initiate strand invasion. After 5 minutes the reaction was terminated by the
addition of stop mix and incubating for a further 30 min at 37 °C to deproteinize the
mixture. To purify D-loops the deproteinized reaction mixture was applied to a 3.5 ml
sepharose CL-2B column, which was developed with 20 mM Tris-HCI (pH 8.0) and 0.5
mM MgCl,. Substrate concentrations were determined with reference to the specific
activity of the radiolabelled oligonucleotide. y, ¥ "™ and y°™ substrates were made as
described (McGlynn and Lloyd, 2000).

EMSA

Reaction mixtures (20 pl) contained 0.5 nM labeled substrate DNA in Binding Buffer
(50 mM Tris-HCL pH 8.0, 1 mM DTT, 100 pg/ml BSA, 6% glycerol). Reactions were
started typically by the addition of FmI1AC, held on ice for 15 min, and then loaded
immediately onto a pre-equilibrated 4% native polyacrylamide gel in low ionic strength
buffer (6.7 mM Tris-HCL, pH 8.0, 3.3 mM sodium acetate, 2 mM EDTA). Samples were
run into the gel typically for 1hr and 30 mins at 160 V with buffer recirculation occurring
throughout. Both buffer and gel were pre-cooled at 4°C, but electrophoresis was at room
temperature. Gels were dried on 3 MM Whatman paper, and analysed with a Fuji
FLA3000 Phosphorlmager.
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Fig. S1. Sequence alignment of the helicase domains of Fmll, Fml2, Mphl and human
FANCM.

The alignment was constructed using ClustalW. Solid blocks indicate identical residues
and grey blocks indicate similar residues.
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Fig. S2. Percentage of Ade” recombinants amongst Ura" transformants in the plasmid gap
repair assay. The strains are: MCWI1193, MCW2498, MCW2096, MCWI1818,
MCW3811, MCW2498, MCW2487, MCW2550, FO1192 and MCW2264. Error bars are
the standard deviations about the mean.
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Fig. S3. Plasmid gap repair assay.

(A) Schematic showing the repair of a double-strand gap in ade6 on plasmid pAN1 by
homologous recombination with ade6-M26 on chromosome 3. Repair of ade6 can occur
with or without crossing over. Crossing over results in the integration of the plasmid into
the chromosome and therefore stability of the Ade” Ura” plasmid markers, whereas for
noncrossovers the plasmid is maintained extrachromosomally due to the autonomously



replicating sequence arsl/, and therefore can be lost if selection for it is not maintained
(unstable Ade” Ura"). The position of the M26 mutation is indicated by the filled circle
and is outside the position of the double-strand gap. Restriction sites, DNA probes, and
fragment sizes, relevant to the southern blot analysis in (C), are indicated.

(B) An example of the analysis of plasmid gap repair assay transformants. (I) Ura’
transformants are first patched onto minimal media lacking uracil (EMMG-u). (IT) The
number of ura’ transformants that are ade’ is assessed by replica plating the EMMG-u
plate onto minimal media lacking uracil and adenine (EMMG-u-a). (Il and IV) Two
rounds of replica plating onto non-selective media (YELA) are performed to allow loss of
non-integrated plasmid DNA. (V) The second YELA plate is replica plated onto FOA to
identify stable and unstable transformants. Stable transformants remain ura” and therefore
are unable to grow on FOA (examples indicated by black arrowheads), whereas, unstable
transformants lose the ura4 " gene and are therefore able to grow on FOA.

(C) Southern blot analysis of eight crossover transformants and eight noncrossover
transformants identified by the protocol described in (B). Genomic DNA from eight
stable Ura” Ade" and eight unstable Ura” Ade" transformants was digested with EcoRV,
run on a agarose gel, southern blotted and probed with a fragment of ade6 DNA as
indicated in (A). In all cases the pattern of bands confirms the designation of
transformants as crossover or noncrossover by the protocol in (B).
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Fig. S4. Spot assay showing complementation of fm//IA MMS sensitivity by full-length
and truncated versions of Fmll. The strains are MCW1221 (wild-type) and MCW2080
(fmlIA) transformed with plasmids as indicated.

To see whether Fml1AC retains activity in vivo we compared full-length and truncated
Fmll for their ability to complement the MMS hypersensitivity of the fim//A mutant. The
proteins were expressed from the thiamine-repressible nm¢ promoter in pREP41, and in
the absence of thiamine both fully complemented the fm//A mutant. Even in the presence
of thiamine, the low-level of Fmll that leaks from the repressed mmt promoter is
sufficient to fully complement fm/IA. In contrast, the repressed level of FmIAC only
partially complements. These data indicate that FmlI1AC retains its core biological
function, albeit it needs to be over expressed to be fully effective in vivo. Possibly the
non-conserved C-terminal domain, which is deleted in Fml1AC, promotes protein
stability or efficient targeting of substrates.
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replaced with 5 mM ATPyS or ADP as indicated.
(B) EMSA showing binding of FmI1AC to X-12 and X-0.
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Table S1: Direct repeat recombinant frequencies

Genotype RTS1 Number of Frequency of P Frequency of P
orientation  colonies conversion- value®  deletion-types value?
analysed” typei gx 107 (x 10'4)b
)
wild-type 1 64 1.42 NA 3.05 NA
(+/- 0.38) (+/- 0.66)
fmlIA 1 55 0.53 <0.001 2.83 0.23
(+/- 0.32) (+/- 1.20)
rad5iA 1 27 0.07 <0.001 16.45 <0.001
(+/-0.11) (+/- 8.99)
fmlIA 1 17 0.08 <0.001 10.85 <0.001
rad5 1A (+/- 0.10) (+/- 2.95)
rqhlA 1 25 2.95 <0.001 14.08 <0.001
(+/-1.12) (+/- 3.58)
rqhlA 1 18 0.14 <0.001 13.09 <0.001
rad5iA (+/- 0.28) (+/-4.32)
rqhlA 1 15 1.80 0.07 8.64 <0.001
fmlIA (+/-0.72)° (+/- 1.96)°
wild-type 2 63 145.2 NA 106.1 NA
(+/- 78.6) (+/- 38.3)
fmlIA 2 62 17.1 <0.001 151.5 <0.01
(+/-7.7) (+/-74.7)
rad5IA 2 30 1.82 <0.001 56.0 <0.001
(+/-1.27) (+/-20.3)
fmlIA 2 15 2.50 <0.001 186.6 0.001
rad5 1A (+/- 1.10) (+/- 71.8)"
rghlA 2 24 394.8 <0.001 2660 <0.001
(+/- 200) (+/- 1225)
rghlA 2 19 6.10 <0.001 76.7 <0.01
rad51A (+/-2.29) (+/-24.7)
rqhlA 2 15 83.9 <0.001 807.1 <0.001
fmlIA (+/-27.9)° (+/- 314.5)°

* At least 15 colonies from at least three independent experiments were analysed to derive the
mean recombinant frequencies shown in this table.

® The values in parentheses are the standard deviations about the mean.

¢ P value for the comparison of wild-type versus mutant conversion-type frequencies.
4 P value for the comparison of wild-type versus mutant deletion-type frequencies.

¢ Indicated value significantly (P <0.001) less than the equivalent rghlA single mutant value.

" Indicated value significantly (P <0.001) greater than the equivalent rad5IA single mutant value.
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Table S2: List of S. pombe strains used in this study

Mating
Strain type Genotype Source
MCW42 h* ura4-D18 his3-D1 leul-32 Lab strain
MCW1193  &" ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M26 Osman et al. 2003
MCWI1221 &" ura4-D18 his3-D1 leul-32 arg3-D4 Lab strain
MCW1230 4" rhp54A::ura4” ura4-D18 his3-DI leul-32 arg3-D4 Lab strain
MCWI1231 &" rhp55A::arg3” ura4-D18 his3-D1 leul-32 arg3-D4 Lab strain
MCW1232  &" rhp55A::arg3” rhpS54A::ura4” ura4-D18 his3-DI leul-32 arg3- This study
D4
MCW1238 7" mus8I1A::kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 Lab strain
MCWI1262 i ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M375 Ahn et al. 2005
int::pUC8/his3"/RTS1 site A orientation 1/ade6-L469
MCW1433 & ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M375 Ahn et al. 2005
int::pUCS8/his3"/RTSI site A orientation 2/ade6-L469
MCW1443 I rghlA::kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 ade6- Ahn et al. 2005
M375 int::pUC8/his3"/RTSI site A orientation 1/ade6-L469
MCW1447 I rqhlA::kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 ade6- Ahn et al. 2005
M375 int::pUC8/his3"/RTS1 site A orientation 2/ade6-L469
MCW1691  h" radSI1A::arg3" ura4-DI18 his3-D1 leul-32 arg3-D4 ade6-M375 Ahn et al. 2005
int::pUC8/his3"/RTS1 site A orientation 1/ade6-L469
MCW1692 h" radSIA::arg3” ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M375 Ahn et al. 2005
int::pUC8/his3"/RTS1 site A orientation 2/ade6-L469
MCW1712  h" smc6-X-13myc-kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4  This study
MCW1723  h* radSIA::arg3” smc6-X ura4-D18 his3-DI leul-32 arg3-D4 This study
MCWI1818 7" rqhlA::kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M26 This study
MCW2078 W fmi2A::kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 This study
MCW2080 A" fmlIA::natMX4 ura4-D18 his3-D1 leul-32 arg3-D4 This study
MCW2082 /" fmlIA::natMX4 fml2A: :kanMX6 ura4-D18 his3-D1 leul-32 This study
arg3-D4
MCW2096 A" fmlIA::natMX4 ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M26 This study
MCW2130 7" radSIA::arg3” rqhlA::kanMXG6 ura4-D18 his3-D1 leul-32 This study
arg3-D4 ade6-M375 int::pUCS8/his3"/RTSI site A orientation
2/ade6-L469
MCW2132  i" radS1A::arg3” rqhlA::kanMX6 ura4-D18 his3-D1 leul-32 This study
arg3-D4 ade6-M375 int::pUCS8/his3"/RTS| site A orientation
1/ade6-1L469
MCW2264 h* mus8SIA::arg3” fmlIA::natMX4 ura4-D18 his3-DI leul-32 This study
arg3-D4 ade6-M26
MCW2428  h" mus8IA::arg3” fmlIA::natMX4 ura4-D18 his3-DI leul-32 This study
arg3-D4
MCW2487 h* rqhlA::his3" fiml1A::natMX4 ura4-D18 his3-D1 leul-32 arg3- This study
D4 ade6-M26
MCW2498 A" radS1A::arg3” finllA::natMX4 ura4-D18 his3-DI leul-32 This study
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MCW2550

MCW3055

MCW3057

MCW3059

MCW3061

MCW3063

MCW3065

MCW3444

MCW3456

MCW3671

MCW3701

MCW3770

MCW3781

MCW3790

MCW3794

MCW3811
MCW3816
FO1192

arg3-D4 ade6-M26

srs2A::kanMX6 fmlIA::natMX4 ura4-D18 his3-D1 leul-32 This study
arg3-D4 ade6-M26

fmi2A::kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 ade6- This study
M375 int::pUC8/his3"/RTSI site A orientation 1/ade6-L469

fml2A: :kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 ade6- This study

M375 int::pUC8/his3"/RTSI site A orientation 2/ade6-L469
fmlIA::natMX4 ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M375 This study
int::pUC8/his3"/RTS1 site A orientation 1/ade6-L469

fmlIA: :natMX4 ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M375 This study
int::pUC8/his3"/RTS1 site A orientation 2/ade6-L469

fmlIA::natMX4 fml2A: :kanMX6 ura4-D18 his3-D1 leul-32 This study
arg3-D4 ade6-M375 int::pUCS8/his3"/RTSI site A orientation

1/ade6-1469

fmlIA::natMX4 fml2A: :kanMX6 ura4-D18 his3-D1 leul-32 This study

arg3-D4 ade6-M375 int::pUCS8/his3"/RTS| site A orientation

2/ade6-L469

fmlIA: :natMX4 rqhlA::ura4” ura4-D18 his3-DI leul-32 arg3- This study
D4 ade6-M375 int::;pUCS8/his3"/RTS]I site A orientation 1/ade6-

L469

fmlIA: :natMX4 rqghlA::ura4” ura4-D18 his3-DI leul-32 arg3- This study
D4 ade6-M375 int::pUC8/his3"/RTSI site A orientation 2/ade6-

L469

fmlIA: :natMX4 rhp54A::ura4” ura4-D18 his3-D1 leul-32 This study
arg3-D4

fmlIA::natMX4 smc6-X-13myc-kanMX6 ura4-D18 his3-D1 This study
leul-32 arg3-D4

rghlA::kanMX6 fmlIA::natMX4 ura4-D18 his3-D1 leul-32 This study
arg3-D4 ade6-M26

radSA::ura4” ura4-D18 his3-DI leul-32 arg3-D4 This study
finlIA::natMX4 rad51A::arg3" ura4-D18 his3-D1 leul-32 This study
arg3-D4 ade6-M375 int::;pUCS8/his3"/RTSI site A orientation

1/ade6-1L469

fmlIA: :natMX4 radSIA::arg3"” ura4-D18 his3-DI leul-32 This study

arg3-D4 ade6-M375 int::pUCS8/his3"/RTSI site A orientation

2/ade6-L469

srs2A::kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 ade6-M26 This study
finlIA::natMX4 rad8A::ura4” ura4-D18 leul-32 This study
mus8IA::kanMX6 ura4-D18 his3-D1 leul-32 arg3-D4 ade6-  This study
M26
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Table S3: DNA substrates

g'l-f(gBOAéGCTGCCGAATTCTGGCTTGCTAGGACATCTTTGCCCACGTTGACCC-S'

gllggé GTCAACGTGGGCAAAGATGTCCTAGCAATGTAATCGTCTATGACGTT-3'
g'l-fgiscGTCATAGACGATTACATTG CTAGGACATGCTGTCTAGAGACTATCGA-3'
g'l-lg\'(l)'éGATAGTCTCTAGACAGCATGTCCTAGCAAGCCAGAATTCGGCAGCGT-S'
g'l-lgggCGAATTCTACCAGTGCCAGTGATGGACATCTTTGCCCACGTTGACCC-S'

oligo 6
5'-GTCGGATCCTCTAGACAGCTCCATGATCACTGGCACTGGTAGAATTCGGC-3'

oligo 7
5'-CAACGTCATAGACGATTACATTGCTACATGGAGCTGTCTAGAGGATCCGA-3'
oligo 8
5'-CAACGTCATAGACGATTACATTGCTAATCACTGGCACTGGTAGAATTCGGC-3'
oligo 10

5-GGACATCTTTGCCCACGTTGACCC-3'

oligo 15
5'-TGCCGAATTCTACCAGTGCCAGTGAT-3'

oligo 16
5'-GACGCTGCCGAATTCTACCAGTGCCTTGCTAGGACATCTTTGCCCACCTGCAGGTTCACCC-3'

oligo 17
5'-GGGTGAACCTGCAGGTGGGCGGCTGCTCATCGTAGGTTAGTTGGTAGAATTCGGCAGCGTC-3
oligo 18

5'-AAAGATGTCCTAGCAAGGCAC-3'

oligo 19

5'-TAAGAGCAAGATGTTCTATAAAAGATGTCCTAGCAAGGCAC-3'

oligo 22

5-TATAGAACATCTTGCTCTTA-3'
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Each DNA substrate is made from the oligonucleotides indicated by the number on each representative
schematic. The number is positioned at the 5'-end of its respective oligonucleotide. Note that the 3-strand

junction is called F9 in the paper.
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