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Effects of macromolecular impurities and of crystallization method on the quality of eubacterial aspartyl-tRNA synthetase crystals Although macromolecular purity is thought to be essential for the growth of flawless protein crystals, only a few studies have investigated how contaminants alter the crystallization process and crystal quality. Likewise, the outcome of a crystallization process may vary with the crystallization method. Here, it is reported how these two variables affect the crystallogenesis of aspartyl-tRNA synthetase from the eubacterium Thermus thermophilus. This homodimeric enzyme (Mr = 130 000) possesses a multi-domain architecture and crystallizes either in a monoclinic or an orthorhombic habit. Minute amounts of protein impurities alter to a different extent the growth of each crystal form. The best synthetase crystals are only obtained when the crystallizing solution is either enclosed in capillaries or immobilized in agarose gel. In these two environments convection is reduced with regard to that existing in an unconstrained solution. 1. Introduction
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Frequently single protein crystals of adequate size and of optimal quality for X-ray analysis are difficult to grow. Despite novel methods such as the automated search for crystallization conditions in nanodroplets, crystal quality must generally be optimized before a detailed crystallographic analysis can be undertaken. To reach this goal, growth parameters must be varied to modulate the quality of the crystal habit. Apart from the cases of a few small proteins (see articles published in the proceedings of previous ICCBMs), the individual contributions of most physical and chemical variables are not well understood because of a lack of experimental data (Ducruix & Giege´, 1999; McPherson, 1999). Purity is the first variable that is essential to obtain good crystals (e.g. Giege´ et al., 1986; Lorber et al., 1987; Skouri et al., 1995; Rosenberger et al., 1996). Macromolecular contaminants and microheterogeneities that are present within a protein batch poison the faces of growing crystals (e.g. Anderson et al., 1988; van der Laan et al., 1989; Vekilov & Rosenberger, 1996) and alter the crystal packing (Sauter et al., 2001). Reduced convection is another variable that is thought to produce crystals of superior quality. For instance, beneficial effects have been attributed to agarose and silica gels (Robert & Lefaucheux, 1988; Lorber et al., 1999; Biertu¨mpfel et al., 2002; Sauter et al., 2002; Robert et al., 2003) and to capillary forces (Garcı´a-Ruiz, 2003; Ng et al., 2003). Here we report relevant observations made with aspartyl-tRNA synthetase (DRS-1) from the eubacterium Thermus thermophilus. The architecture of this homodimeric enzyme (Mr = 130 000) encompasses several domains that are indispensable for the catalysis of tRNAAsp esterification by aspartic acid during protein biosynthesis (Giege´ & Rees, 2005). Two crystal forms of the free enzyme are known that are distinguished by their diffraction properties. An orthorhombic form grows in an ammonium sulfate solution (Ng et al., 1996) and a monoclinic one in a polyethylene glycol (PEG) solution that contains agarose gel (Zhu et al., 2001). These crystals have led to ˚ (Ng et al., 2002) and 2.65 A ˚ resolution structure models at 2.0 A (Charron et al., 2001), respectively. Afterwards, the contacts in both packings were compared (Charron et al., 2001) and mutants engineered (Charron et al., 2002). In the present study, comparative experiments on two batches of DRS-1 give an insight into how protein purity influences crystallization and crystal quality. The doi:10.1107/S0907444905007122
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conference papers analysis of crystals prepared either in solutions or in gels equilibrated by vapor diffusion and in solutions contained in capillary tubes equilibrated by gel acupuncture indicates that best crystallographic quality is reached when convection is low.



2. Materials and methods 2.1. Protein preparation and characterization



T. thermophilus DRS-1 was overproduced in Escherichia coli and purified according the original protocol of Poterszman et al. (1993) with slight modifications. The partially purified extract from 40 g of cells was first fractionated on an anion-exchange column (TSK-gel DEAE-5PW, Tosohaas). Fractions containing DRS-1 activity were pooled and applied onto a hydroxyapatite column (CHT Ceramic hydroxyapatite, Biorad). The synthetase elutes as a single activity peak and is pure according to standard criteria. In the following, the pooled proteins from this activity peak will be termed ‘batch P’ (P for pure). Additional chromatographies on an ion-exchange column (UnoQ, Biorad) and on a size-exclusion column (Bio-Prep SE 100/17, Biorad) remove less than 1% of the protein material as seen after polyacrylamide gel electrophoresis (PAGE) performed under denaturing conditions in the presence of sodium dodecyl sulfate. This batch will be termed ‘batch HP’ (HP for highly pure). Protein concentration was determined from UV absorbance assuming the extinction coefficient E280 = 1.0 l g1 cm1 when A280/A260 > 1.5. 2.2. Biochemical characterization of protein impurities



In order to analyze the protein content of DRS-1 crystals by PAGE, the latter were withdrawn from mother liquor, washed with protein-free precipitant solution, dissolved in a small volume of 100 mM Tris–HCl pH 7.2 (orthorhombic crystals) or pH 7.8 (monoclinic crystals) and filtered on membranes with a porosity of 0.22 mm (UltrafreeMC, catalog No. UFC 30GV00, Millipore). The polypeptides revealed after staining with Coomassie Blue were transferred onto a polyvinylidene fluoride membrane prior to N-terminal sequencing by the Edman degradation method in an automated sequencer (model 492 ProciseCLC, Perkin–Elmer Applied Biosystems). The amino-acid sequences were compared to those in the SwissProt database (http://www.expasy.org) using the BLAST algorithm (Altschul et al., 1997) of the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov). Sequence alignments were performed with LALIGN (http:// www.ch.embnet.org).



solution with the same volume of precipitant solution. The appropriate volume of agarose stock solution was added to reach a final concentration of 0.2%(w/v). In controls, agarose was replaced by water. Drops were equilibrated over 750 ml reservoirs containing either 4 M sodium formate or 10%(v/v) PEG 8000 to grow orthorhombic and monoclinic crystals, respectively. The respective crystals were obtained after 14 and 7 d in solution and 20–30 d in gel. In the gel-acupuncture method (GAME), protein solutions were filled in 50 mm long glass capillary tubes of 
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