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Protein purification
Flag-SMARCAL1was purified from baculovirus-infected cells essentially as described previously (Yusufzai and Kadonaga 2008) except that cells were lysed in TNT buffer containing 20mM Tris (pH=7.5), 150mM NaCl, 0.1mM EDTA, 1mM DTT, 0.2mM PMSF, 1mg/ml leupeptin, 1mg/ml aprotinin, and 0.1% triton X-100. ZRANB3 was purified from human cells, HEK-293T cells were transfected with pDEST26-His-flag-ZRANB3 plasmids using PEI. 72 hours after transfection the cells were lysed in TNT buffer for 30min on ice. After high-speed centrifugation, the cleared lysates were incubated with FLAG-M2 beads (Sigma) for 3 hours at 4ºC. The beads were washed 3 times in wash buffer (TNT buffer containing 0.3M LiCl) and two times in SMARCAL1 buffer (20mM Hepes (pH=7.6), 20% glycerol, 0.1M KCl, 1.5mM MgCl2, 0.2mM EDTA, 1mM DTT, 0.2mM PMSF, and 0.01% IGEPAL CA-630). The bound proteins were eluted in SMARCAL1 buffer containing 0.25mg/ml flag peptide on ice, flash frozen, and stored at -80ºC. RecG was overexpressed and purified from BL21(DE3) cells.  pGS772-RecG was a generous gift from Piero Bianco (University of Buffalo, Buffalo, NY) [citation: "RecG interacts directly with SSB: implications for stalled replication fork regression". Buss JA, Kimura Y, BiancoPR. Nucleic Acids Res. 2008 Dec;36(22):7029-42. Epub 2008 Nov 5.]  Cells were lysed in buffer containing 25 mM Tris pH 8.0, 200 mM NaCl, 2mM MgCl2, 0.5 M TCEP, and 20% glycerol.  Following lysate clarification by centrifugation, the soluble fraction was subjected to a 35% (w/v) ammonium sulfate precipitation.  The pellet was re-suspended in buffer containing 25 mM Tris pH 8.0, 50 mM NaCl, 2mM MgCl2, 0.5 M TCEP, and 20% glycerol and dialyzed overnight.  The protein was loaded onto a 5mL HiTrap Q HP column (GE Healthcare Lifescience) equilibrated with the same buffer the protein was re-suspended in.  RecG was eluted with a linear salt gradient from 50 to 500 mM NaCl over 20 column volumes.  The peak fractions were pooled and analyzed by SDS-PAGE.  RecG was purified to >95% homogeneity.

Fork regression and Fork restoration assays
The indicated oligonucleotides were end-labeled with [-32] ATP and T4 polynucleotide kinase (NEB) and purified through a G25 column (GE healthcare). Refer to Supplemental table1 for oligonucleotide sequences. To prepare the fork regression substrates, labeled and unlabeled leading or lagging parental strands were annealed with the corresponding nascent strands in SSC buffer (15mM NaCitrate, pH=7.0, 150mM NaCl) in a PCR machine. 0.75μM of labeled and 1.1μM of non-labeled DNA intermediates were incubated in annealing buffer (40mM Tris (pH=7.5), 20mM KCl, 5mM MgCl2, 100g/ml BSA, and 2mM DTT) for 30min at 37ºC. To prepare the fork restoration substrates leading or lagging parental strands were labeled for experiments using SMARCAL1 whereas the longest Leading or lagging nascent strands were labeled for experiments with RecG and ZRANB3. Labeled or non-labeled parental strands were annealed with the shortest nascent strand in SSC buffer (15mM NaCitrate, pH=7.0, 150mM NaCl) in a PCR machine. 0.75μM of these DNA intermediates were incubated with 1.1μM of labeled or non-labeled longest nascent strand in annealing buffer for 30min at 37ºC. The DNA substrates were run in a 5% polyacrylamide gel, excised from the gel and electro-eluted in 0.25X TBE. The DNA substrates were concentrated using a vacuum concentrator and stores at -80°C.  For fork regression and restoration assays, 3nM of DNA substrates were incubated with or without 6nM of RPA or SSB and increasing concentration of SMARCAL1, ZRANB3 or RecG in reaction buffer (40mM Tris (pH=7.5), 100mM KCl, 5mM MgCl2, 100g/ml BSA, 2mM ATP and 2mM DTT) for 20min at 30°C. Fork restoration assays with SMARCAL1 and ZRANB3 were performed at 37°C for 20min. The reactions were terminated by the addition of 3X stop buffer (0.9% SDS, 50mM EDTA, 40% glycerol, 0.1% bromophenol blue, and 0.1% xylene cyanol). Samples were loaded into 8% polyacrylamide 1X TBE gels (8 x 8.5 cm, 1mm thick), and subjected to electrophoresis in 1X TBE for 90 min at 80V at room temperature. The gels were dried and quantified using a Molecular Imager FX (Bio Rad).

DNA binding and ATPase assays
The gel mobility shift assays for DNA binding, ATPase assays were performed as described previously (Yusufzai and Kadonaga 2008) with the following modifications. For the gel mobility shift assay increasing concentration of purified SMARCAL1 (0, 1.5, 3, 6nM final concentrations) were combined with purified radiolabeled oligonucleotide probe (3nM final concentration) in binding buffer supplemented with 0.2% IGEPAL CA-630. The samples were loaded into a 5% polyacrylamide 0.5X TBE gels (8 x 8.5 cm, 1mm thick), subjected to electrophoresis in 0.5X TBE for 2 hours and 30 min at 50V at 4ºC. The gels were dried and quantified using a Molecular Imager FX (Bio Rad). For the ATPase assay, 1nM of leading or lagging gap fork substrate was incubated with or without 2nM RPA and increasing concentrations of SMARCAL1 (1, 2 or 4nM final concentration) in a final volume of 10l and the reactions were incubated for 30min at 30ºC. The results are presented as the percent of ATP hydrolyzed to ADP during the reaction. ATPase assays were performed three times each and graphs depict means and stand deviation error bars. Oligonucleotide sequences were previously described in Betous et al. 2012.

Foot-printing
5nM of purified DNA substrate was incubated with or without RPA and increasing concentration of SMARCAL1 (2.5, 5 and 10nM) of SMARCAL1 in foot-printing buffer (20mM Hepes PH7.6, 0.1M KCl, 5mM MgCl2, 250ng/ml BSA, 1% glycerol, 0.1% IGEPAL CA-630 and 1mM DTT) 15min at room temperature. The sample were cooled down on ice for 3min and incubated 2min in presence of 40mU of Benzonase (Novagen). Reactions were stopped by adding an equal volume of loading buffer (95% formamide, 20mM EDTA, 0.1% bromophenol blue, and 0.1% xylene cyanol). Samples were denatured 3min at 95°C and run on a 8% acrylamide, 7M Urea, 1X TBE sequencing gel for 2 hours at 45 watts. The gel was exposed wet to a phosphoimager screen and analysed using a Molecular Imager FX (Bio Rad).
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