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Holliday junction-resolving enzymes are ubiquitous proteins that play a key role in DNA repair and reorganization by homologous recombination. The Holliday junction-cutting enzyme (Hjc) from the archaeon Archaeoglobus fulgidus is a member of this group. The first Hjc crystals were obtained by conventional sparse-matrix screening. They exhibited an unusually elongated unit cell and their X-ray characterization required special care to avoid spot overlaps along the c* axis. The use of an arc appended to the goniometric head allowed proper orientatation of plate-like crystals grown in agarose gel by counter-diffusion. ˚ resolution using Thus, complete diffraction data were collected at 2.7 A synchrotron radiation. They belong to space group P3121 or P3221, with unit-cell ˚. parameters a = b = 37.4, c = 271.8 A 1. Introduction Holliday junctions (or four-way junctions) are formed during repair or reorganization of DNA by homologous recombination. They constitute mobile joints between two homologous DNA duplexes and generate new segments of heteroduplex DNA by branch-migration (Holliday, 1964). A crucial step in this process is the final exact resolution of the junction without loss of nucleotides in order to avoid any alteration of genetic information in the next cycle of replication. This step is catalyzed by Holliday junction-resolving enzymes (X-resolvases), a family of dimeric proteins that recognize DNA fourway junctions and resolve them with an extreme accuracy by introducing symmetrical nicks on both sides of the branch point (White et al., 1997; Lilley & White, 2001; Sharples, 2001). X-resolvases share two common features: a catalytic activity dependent on divalent cations and a basic stretch on their surface for DNA binding. Holliday junction-cutting enzymes (Hjc) have recently been identified in archaea (Fig. 1) and represent a conserved type of X-resolvases with similarity to type II restriction endonucleases (Komori et al., 1999; Daiyasu et al., 2000; Kvaratskhelia et al., 2000; Neef et al., 2002). Two structures of Hjc from Sulfolobus solfataricus and Pyrococcus furiosus have been solved so far (Bond et al., 2001; Nishino et al., 2001). We present here the preparation and characterization of crystals from another member of the Hjc family originating from Archaeoglobus fulgidus.



2. Experimental procedures 2.1. Expression and purification of Hjc
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The A. fulgidus Hjc monomer encompasses 136 residues (MW 15.4 kDa; theoretical pI 9.2). Its gene was amplified from genomic DNA (Neef et al., 2002) and subcloned into the pET24 plasmid. The plasmid was transformed into Escherichia coli strain BL21 (DE3) Codon Plus RIL (Stratagene) which contains a plasmid carrying extra tRNA genes. The cells were grown at 310 K in 6 l LB medium containing 100 mg ml1 ampicillin and 87 mg ml1 chloramphenicol to an OD600 of 0.8. After induction with 1 mM isopropyl thiogalactoside (IPTG, final concentration) cells were grown for another 2 h. They were harvested by centrifugation, resuspended in 50 ml lysis buffer [50 mM Tris–HCl pH 8, 0.1 mM EDTA, 10%(w/v) glycerol, 0.4 M (NH4)2SO4] and disrupted with a French press. The lysate was cleared
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Figure 1 Sequence alignment of Hjc from different organisms: Sulfolobus solfataricus, S. tokodaii, Halobacterium halobium, Methanobacterium thermoautrophicum, Archaeoglobus fulgidus, Pyrococcus abyssi, P. horikoshii, P. furiosus, Methanococcus janaschii, Aeropyrum pernix and SIRV (S. islandicus-infecting retrovirus). Secondary-structure elements present in the structure of the S. solfataricus monomer are indicated. The figure was prepared using CLUSTALW (Thompson et al., 1994).



by centrifugation at 30 000g for 30 min after the addition of 10 ml lysis buffer. The supernatant was diluted ten times with buffer containing 50 mM Tris–HCl pH 8, 50 mM NaCl, 10%(w/v) glycerol, applied onto a 10 ml Heparin column (Amersham Biosciences) and eluted with a 0.1–1 M NaCl gradient. Fractions at about 0.75 M NaCl containing >90% Hjc were immediately applied onto a 5 ml hydroxyapatite column (BioRad Laboratories) and eluted with a 0.1–1 M sodium phosphate gradient at pH 7. The Hjc sample was further purified on a Superose 12 column (Amersham Biosciences) in 50 mM Tris–HCl pH 7, 0.4 M (NH4)2SO4 (Fig. 2). Finally, the sample was concentrated by ultrafiltration in the same buffer to 10 mg ml1, stored at 278 K and used for crystallization assays.



Preliminary crystal characterization was performed on the inhouse X-ray source (Enraf–Nonius FR 751 rotating-anode generator, total reflection double-focusing mirrors, MAR 345 IP detector). A first data set was collected on beamline ID14-EH1 (ESRF, France) using an ADSC Quantum 4 CCD detector from a frozen prismatic crystal, with a high-resolution pass (251 images of 0.3–0.5 , crystal-todetector distance of 275 mm) and a low-resolution pass (45 images of 2 at 400 mm).



2.2. Crystallization of Hjc



Crystallization experiments were carried out at 293 K. Initial conditions were determined using Wizard I and II sparse matrices (deCODE Genetics). Sitting drops of 2 ml (1:1 mixture of protein and screen solutions) were equilibrated by vapour diffusion against a reservoir containing 100 ml screen solution in Crystal Quick plates (Greiner Bio-One). Since crystals obtained in the screens (Table 1) were scarcely reproducible, we used counter-diffusion for further optimization. This method allows a self-screening of supersaturation and a self-refinement of growth conditions along the crystallization chamber, typically an X-ray capillary (Lo´pez-Jaramillo et al., 2001). Hjc sample solutions (6 ml) including 0.3%(w/v) low-gelling-point agarose (Serva) were introduced into 0.3 mm X-ray capillaries (Hampton Research). The gellified medium containing the protein was brought into contact with the crystallization solution at the wide end of the capillary as described previously (Lo´pez-Jaramillo et al., 2001; Biertu¨mpfel et al., 2002; Ng et al., 2003). 2.3. Crystallographic characterization



Crystals obtained by vapour diffusion were mounted in cryoloops (Hampton Research), plunged into paraffin oil, flash-cooled in liquid propane and analyzed at 100 K. Crystals grown by counter-diffusion were gently blown out of the capillary, dissected from the agarose gel and frozen as described above. Acta Cryst. (2005). F61, 684–687



Figure 2 Last step of the purification of A. fulgidus Hjc. The chromatogram from gel filtration on a Superose 12 column shows the absorption at 280 nm as a function of elution volume. Peak fractions were collected (indicated in red) and checked by denaturing gel electrophoresis (insert). Fractions 10–14 were pooled as the Coomassie blue-stained gel shows that those samples yielded pure Hjc. The last lane contains molecular-weight markers.
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Table 2



Screen solutions (from Wizard I and II) leading to Hjc crystallization.



Data-collection statistics for Hjc plate-like crystals.



Crystallizing agent WI-01



Buffer



20%(w/v) PEG 8000



100 mM CHES pH 9.5 WI-12 20%(w/v) PEG 1000 100 mM imidazole pH 8.0 WI-21 20%(w/v) PEG 8000 100 mM HEPES pH 7.5 WI-27 1.2 M/0.8 M NaH2PO4/ 100 mM CAPS K2HPO4 pH 10.5 WI-41 30%(w/v) PEG 3000 100 mM CHES pH 9.5 WII-34 10%(w/v) PEG 8000 100 mM imidazole pH 8.0



Salt



Crystal habit (size)



Values in parentheses are for the highest resolution shell.



—



Plate-like (200 mm)



Synchrotron-radiation beamline ˚) Wavelength (A Space group ˚ , ) Unit-cell parameters (A



Prism ( 
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