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The bacterium Xylella fastidiosa is a phytopathogenic organism that causes citrus

variegated chlorosis, a disease which attacks economically important crops,

mainly oranges. In this communication, the crystallization and preliminary X-ray

crystallographic analysis of XfSurE, a survival protein E from X. fastidiosa, are

reported. Data were collected for two crystal forms, I and II, to 1.93 and 2.9 Å

resolution, respectively. Crystal form I belonged to space group C2, with unit-

cell parameters a = 172.36, b = 84.18, c = 87.24 Å, � = � = 90, � = 96.59�, whereas

crystal form II belonged to space group C2, with unit-cell parameters a = 88.05,

b = 81.26, c = 72.84 Å, � = � = 90, � = 94.76�.

1. Introduction

Xylella fastidiosa is the phytopathogen that causes citrus variegated

chlorosis (CVC), a disease which attacks economically important

crops: mainly oranges but also other crops including grapes (Lee et al.,

1991; Laranjeira, 1997). Fruits from affected trees ripen earlier with

smaller size and hardness. Currently, the only remedy consists of

palliative action, including the elimination of contaminated trees.

The surE gene is widely distributed among eubacteria (except

for Gram-positive bacteria and mycobacteria), archaebacteria and

eukaryotes (Li et al., 1994, 1997; Visick et al., 1998). It is intensely

transcribed in the stationary phase or under conditions of high cell

density where there is a reduction in bacterial growth (Ichikawa et al.,

1994). The biochemical and physiological functions of SurE proteins

are not fully known. They were initially classified as acid phospha-

tases (Zhang et al., 2001) with a preference for purine nucleotides

(Mura et al., 2003) and as metal-dependent enzymes. Biochemical

studies have shown that this enzyme can perform dephosphorylation

of several ribonucleotides and of deoxyribonucleotide 50-monophos-

phates and ribonucleoside 30-monophosphates in Escherichia coli,

and reclassification as a nucleotidase has been suggested (Proudfoot

et al., 2004). An additional hypothesis is that SurE proteins may be

housekeeping enzymes that act in the dephosphorylation of non-

canonical nucleosides which are potentially mutagenic to the cell

(Gonçalves et al., 2008; Galperin et al., 2006).

The closest homologue of SurE from X. fastidiosa (XfSurE)

studied by crystallographic techniques to date is SurE from Salmo-

nella typhimurium (54% identity; Pappachan et al., 2008). The tertiary

structure of SurE essentially consists of two parts: a globular domain

arranged as a Rossmann-like fold (three-layer �/�/�) and a �-hairpin

that is supposed to mediate a tetrameric oligomer under physiological

conditions. However, the biologically active form is still controversial

and seems to be dependent on the organism being studied, with either

dimers or tetramers (or both) being reported as the functional unit

in solution (Lee et al., 2001; Zhang et al., 2001; Gonçalves et al., 2008;

Proudfoot et al., 2004). Recently, we reported the cloning, expression,

purification and structural characterization of XfSurE in solution,

together with enzyme-kinetics studies (Saraiva et al., 2009). Our

results unequivocally indicated that XfSurE is a tetramer in solution

and exhibits a highly positive cooperative behaviour between the

catalytic subunits in the presence of natural substrates. In addition,

a mechanism was proposed based on small-angle X-ray scattering

(SAXS) experiments, in which it was hypothesized that domain

movements in solution would allow XfSurE to perform allosteric
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control during the dephosphorylation process. Crystallographic

studies were initiated with the aim of providing high-resolution

details from which further insights into the functional mechanism of

XfSurE could be obtained. Here, we report the crystallization and

preliminary X-ray crystallographic analysis of the gene product of

ORF XF0703 (http://www.xylella.lncc.br), referred to as XfSurE, a

protein with 263 amino acids and of molecular mass 28.3 kDa, in two

different apo crystal forms.

2. Materials and methods

2.1. Cloning, expression and purification

The surE gene from X. fastidiosa was amplified by PCR using

genomic DNA as a template. The reaction product of the amplifica-

tion procedure was cloned into pET29a and transformed into E. coli

DH5-�. The plasmid containing the surE insert was transformed into

E. coli BL21 (DE3) cells, inoculated into 3 ml TB medium containing

40 mg ml�1 kanamycin overnight at 310 K and 300 rev min�1 and

transferred to 2 l TB with the same concentration of antibiotic.

The cells were grown to an OD560 of 0.6–0.8, at which point protein

overexpression was induced by addition of 5.6 mM lactose followed

by cultivation for 20 h at 310 K and 300 rev min�1. The culture was

then centrifuged at 4200 rev min�1 for 15 min at 277 K and pelleted

cells were resuspended in buffer A (50 mM Tris–HCl pH 7.5 with

300 mM NaCl) plus 1 mg ml�1 lysozyme and 1 mM phenylmethyl-

sulfonyl fluoride (PMSF; Sigma Chemical, St Louis, Missouri, USA).

The cell suspension was left to stand for 30 min at 277 K, followed

by sonication. Clarification was performed twice by centrifugation at

15 000 rev min�1 for 40 min at 277 K. Purification of the XfSurE

protein was performed in a single chromatography step using an Ni–

NTA column (Qiagen, Hilden, Germany) equilibrated with buffer A.

The purified protein was eluted with five column volumes of buffer A

containing 250 mM imidazole and the purity was examined by SDS–

PAGE. Subsequently, the purified XfSurE was dialyzed in buffer B

(25 mM Tris–HCl, 50 mM NaCl, 1 mM DTT). All chemical reagents

used were of the highest available grade.

2.2. Crystallization and data collection

Crystallization conditions were screened at 293 K using the

commercially available kits Crystal Screen, Crystal Screen 2 and

SaltRx (Hampton Research); Wizard I and II and Precipitant

Synergy (Emerald BioSystems); and PACT and JCSG+ (NeXtal/

Qiagen) with a Honeybee 963 Pipettor robot (Genomic Solutions)

using the sitting-drop vapour-diffusion method in 96-well plates. To

obtain suitable crystals for X-ray diffraction experiments, the initial

crystallization conditions were further improved by a conventional

optimization approach based on screening of parameter values such

as buffer pH, concentration of precipitant, salt and protein at 293 K

by the hanging-drop vapour-diffusion method in Tissue Culture Test

Plates 24 (TPP). The highest affinity XfSurE cofactor, Mn2+ (Saraiva

et al., 2009), was also added to some conditions during the optimi-

zation process. In addition, the use of additives and seeding tech-

niques was adopted as a strategy in the search for better diffracting

crystals. As a result, two different crystal forms were obtained which

grew to full size within two weeks and exhibited very similar crystal

habits, only being clearly distinguishable by X-ray analysis. Typical

XfSurE crystals are shown in Fig. 1.

2.2.1. Crystal form I. Crystal form I was obtained using a reservoir

solution (500 ml) consisting of 0.1 mM bis-tris propane (Sigma) pH

7.5, 0.14 M sodium iodide (Vetec), 20%(w/v) PEG 3350 (Sigma),

5 mM dithiothreitol (DTT) and 0.1 mM MnCl2 (corresponding to a

2:1 stoichiometric ratio of XfSurE monomer and manganese ion in

the droplet) mixed in equal amounts (2 ml:2 ml) with protein solution

at a concentration of 6.1 mg ml�1 in the dialysis buffer. Diffraction

data were collected at a wavelength of 1.459 Å using a MAR Mosaic

CCD 225 detector on the W01B-MX2 beamline of the Laboratório

Nacional de Luz Sı́ncrotron (LNLS, Campinas, Brazil) by the oscil-

lation method using a crystal-to-detector distance of 120 mm, a 25 s

exposure time and 0.7� oscillation per frame to give a total of 330

images. A representative diffraction pattern from this data set is

presented in Fig. 2. To prevent radiation damage, the crystal was

soaked in a cryoprotectant solution supplemented with 20%(v/v)

glycerol and flash-cooled in a nitrogen-gas stream at 100 K (Oxford

Cryosystems).

2.2.2. Crystal form II. Crystal form II was produced under similar

conditions to form I, in which a reservoir solution consisting of

0.1 mM bis-tris propane pH 7.6, 0.13 M sodium iodide, 16%(w/v)

PEG 3350, 5 mM dithiothreitol (DTT) and 0.5 mM MnCl2 (a 1:2
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Figure 1
Typical crystals of XfSurE representing forms I and II. Maximum dimensions are
�140 � 70 � 70 mm.

Figure 2
A diffraction pattern from crystal form I. The maximum resolution increases from
2 Å at the detector edge to 1.64 Å at the image corner. The contrast-enhanced
region shows higher resolution diffraction spots.



stoichiometric ratio of XfSurE monomer:ion) was mixed in equal

amounts with protein solution at 7.0 mg ml�1. Various strategies were

applied to overcome problems with ice formation during cooling,

including the use of a number of alternative cryoprotectants and a

gradual increase in their respective concentrations. Although grown

under very similar conditions to crystal form I, the crystals of form

II were very fragile and sensitive during transfer into cryoprotectant

solutions. In spite of exhaustive attempts, we did not succeed in

obtaining an efficient cooling protocol. The data set with the best

statistics was collected by flash-cooling a crystal directly from the

mother liquor in the nitrogen-gas stream (Oxford Cryosystems). The

temperature was kept at 100 K during data collection. Data were

collected on beamline D03B-MX1 of LNLS with a wavelength of

1.437 Å using a crystal-to-detector distance of 85 mm, 240 s exposure

time and 1.0� oscillation per frame. Images were recorded with a

MAR Mosaic CCD 165 detector as a total of 137 images. Fig. 3 shows

a representative diffraction image from this data set.

3. Results and discussion

Data reduction and analysis were performed using MOSFLM and

SCALA and other programs from the CCP4 suite (Winn et al., 2011).

Results of data processing and statistics are summarized in Table 1.

The narrow resolution intervals corresponding to the ice rings

observed in crystal form II were excluded during integration and

scaling. In view of the availability of crystallographic structures of

XfSurE homologues, molecular replacement was carried out using

the automated procedure implemented in the BALBES package

(Long et al., 2008). The same program version and database were

employed for crystal forms I and II in order to obtain comparable

parameters. In both cases a solution was found. The BALBES

protocol included 30 cycles of automated restrained refinement using

REFMAC (Winn et al., 2011). For crystal form I, based on the protein

sequence, BALBES built 22 models comprising ten monomers, seven

dimers and five tetramers. For form II, ten monomers and seven

dimers were used, in a total of 17 models. In both cases, the successful

search model was a dimer built from chains A and B of the PDB entry

2wqk (which superseded entry 2phj), which corresponds to a SurE

protein from Aquifex aeolicus VF5 (Antonyuk et al., 2009) and

exhibits 42% identity with XFSurE.

The solution obtained for crystal form I consisted of a tetramer in

the asymmetric unit. For this crystal form, decreases in the R factor

from 51.5 to 37.6% and in Rfree (5% of the total reflections) from 51.0

to 41.0% were observed and a BALBES Q factor parameter of 0.6982

was obtained. In the case of crystal form II, a dimer was found in the

asymmetric unit; the R factor decreased from 48.9 to 38.9% and Rfree

decreased from 51.4 to 47.7%, with a Q factor of 0.5624. No sterical

clashes were observed in either case. Together, these results

unequivocally indicate that the molecular-replacement procedure

was succesful for both crystal forms. Refinement of both structures is

in progress.

Data from crystal form II were collected to a lower resolution limit

compared with form I. The reason for the change in the content of the

asymmetric unit from a tetramer to a dimer requires further analysis.

In principle, it could be a result of the absence of a cryoprotectant

agent in the drop solution or a simple consequence of different crystal
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Figure 3
Representative diffraction pattern from the data set collected from crystal form
II. For clarity, a enlarged region is presented along with higher resolution hkl
reflections. The ice rings observed did not prevent successful data collection and
structure determination.

Table 1
Statistics of data collection and processing.

Values in parentheses are for the highest resolution shell.

Crystal form I Crystal form II

Beamline W01B-MX2 D03B-MX1
Wavelength (Å) 1.459 1.437
No. of images 330 137
Space group C2 C2
Unit-cell parameters (Å, �) a = 172.36, b = 84.18,

c = 87.24, � = 96.59
a = 88.05, b = 81.26,

c = 72.84, � = 94.76
Solvent content (%) 53.86 44.14
Protomers in asymmetric unit 4 2
Resolution limits (Å) 57–1.93 (2.03–1.93) 24.20–2.90 (3.06–2.90)
No. of reflections 412918 (52628) 27281 (4452)
Unique reflections 92203 (12675) 10399 (1663)
Multiplicity 4.5 (4.2) 2.6 (2.7)
Completeness (%) 98.9 (93.3) 90.9 (100.0)
Rmerge† (%) 6.0 (45.2) 24.5 (71.9)
hI/�(I)i 17.3 (2.5) 2.8 (2.0)
Wilson plot B factor (Å2) 30.9 119.8

† Rmerge =
P

hkl

P
i jIiðhklÞ � hIðhklÞij=

P
hkl

P
i IiðhklÞ, where Ii(hkl) is the intensity of

the ith observation of reflection hkl.



packing. However, it is worth noting that the manganese ion, a

cofactor of SurE which probably binds in interface regions between

the dimers that form the tetramer (as reported for other proteins in

this family) is present in a higher amount in the growing solution of

crystal form II. Therefore, it would also be possible that the observed

difference might be related to the recently proposed and above-

mentioned hypothesis of allosteric behaviour which includes domain

movements (Saraiva et al., 2009). In addition, attempts to obtain

XfSurE with different ligands are in progress. Overall, comparative

analysis of the refined apo structures together with the planned holo

structures and the available structures of more distant protein

homologues may make a valuable contribution to a better under-

standing of the subtle differences in the �-hairpin subdomains that

are responsible for the oligomeric arrangement and that would be

involved in allosteric control of the dephosphorylation process.
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