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Biofilms are important in cell communication and growth in most bacteria and

are also responsible for most human clinical infections and diseases. Quorum-

sensing systems have been identified to be crucial for biofilm formation and

regulation. PA3885 (TpbA), a tyrosine phosphatase, is reported to convert

extracellular quorum-sensing signals into internal gene-cascade reactions that

result in reduced biofilm formation in the opportunistic pathogen Pseudomonas

aeruginosa. Here, PA3885 from P. aeruginosa PAO1 was expressed, purified and

crystallized. Single crystals were studied by X-ray crystallography and native

diffraction data were collected to 2.8 Å resolution. These crystals were

determined to belong to space group C2. It was not possible to conclusively

determine the number of proteins in the asymmetric unit from the preliminary

X-ray diffraction data analysis alone and attempts to determine the crystal

structure of PA3885 are currently under way.

1. Introduction

As an opportunistic pathogen with metabolic versatility, Pseudo-

monas aeruginosa can be found in a wide variety of environments,

including water, soil and various organisms, and can cause disease in

plants, animals and humans (Oberhardt et al., 2008). Immuno-

compromised patients and those with cystic fibrosis are at particularly

high risk of infection by P. aeruginosa, which can cause acute life-

threatening infections (Prince, 2002). The mucoid phenotype can

provide P. aeruginosa with an advantage in resisting phagocytosis

(Mahenthiralingam et al., 1994). Moreover, P. aeruginosa has a high

drug resistance as a consequence of the membrane-permeability

barrier (Sakharkar et al., 2009), which renders it difficult to treat

patients infected with this pathogen. P. aeruginosa has attracted

considerable attention in both the basic research and clinical arenas

owing to its considerable morbidity and mortality, and efforts have

been made to explore more efficient treatments for P. aeruginosa

infection.

Biofilm formation in P. aeruginosa is the crucial step in the

establishment of chronic infections and persistence in the host and is

also responsible for cell communication and growth (Costerton et al.,

1999; O’Toole & Kolter, 1998). Quorum sensing, as a mechanism of

communication to coordinate behaviour, has been found to have

an influence on biofilm formation (Winstanley & Fothergill, 2009;

Dickschat, 2010) and requires a large network of genes for regulation

(Passador et al., 1993; Ochsner & Reiser, 1995; Diggle et al., 2006).

Recently, PA3885 (TpbA) from P. aeruginosa PA14 has been

reported to be secreted to the periplasm and to link the extracellular

quorum-sensing signals to EPS (extracellular polysaccharide) pro-

duction and biofilm formation via negative regulation of c-di-GMP

(30,50-cyclic diguanylic acid; Ueda & Wood, 2009), which is well

known to regulate biological processes, including motility and biofilm

formation in bacteria (Nakhamchik et al., 2008). Loss or mutation

of PA3885 can decrease swimming, abolish swarming and increase

aggregation. PA3885 has a conserved tyrosine phosphatase domain,

and relevant phosphatase activities with p-nitrophenylphosphate
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(pNPP) and phosphotyrosine peptides have been reported (Ueda &

Wood, 2009). PA3885 has the ability to dephosphorylate a GGDEF

protein, PA1120 (TpbB), at two periplasmic tyrosine residues and in

turn cause c-di-GMP production to be reduced. This will further

influence a number of properties of P. aeruginosa and eventually

suppress biofilm production, as well as enhance swarming motility

(Ueda & Wood, 2009). Therefore, PA3885 may function as a balan-

cing factor between biofilm formation and motility in P. aeruginosa.

As an important connection between extracellular quorum-sensing

signals and biofilm formation, PA3885 may be a potential target for

controlling bacterial social behaviour and even drug development

(Wang & Xu, 2010). Furthermore, PA3885 functions as a member of

the PTP (protein tyrosine phosphatase) superfamily, which may have

a range of substrates and even several inhibitors (Alonso et al., 2004;

Aceti et al., 2008). There are no homologous structures with high

similarity to PA3885 in the Protein Data Bank, but two proteins that

share relatively low sequence identity are At1g05000 from Arabi-

dopsis thaliana (PDB code 1xri; 22% sequence identity; Aceti et al.,

2008) and VHR from Homo sapiens (PDB code 1vhr; 24% sequence

identity; Yuvaniyama et al., 1996). The three-dimensional structure of

PA3885 should therefore help to elucidate the active-site architecture

and substrate specificity, thus providing a basis for inhibitor design.

Here, we report the expression, purification and crystallization of

PA3885 from P. aeruginosa PAO1. Diffraction data from a PA3885

crystal were collected to 2.8 Å resolution. The crystal belonged to

space group C2, with unit-cell parameters a = 39.0, b = 233.6,

c = 84.5 Å, � = � = 90, � = 96.2�.

2. Materials and methods

2.1. Cloning, expression and purification

The gene encoding PA3885 (Gene ID 878776; residues 29–218)

from P. aeruginosa PAO1 was amplified from the genome of

P. aeruginosa PAO1 and then inserted into the expression vector

pGEX-6P-1 (GE Healthcare) using the BamHI and XhoI restriction

sites and with an N-terminal glutathione S-transferase (GST) tag. The

recombinant plasmid was transformed into Escherichia coli strain

BL21 (DE3) and a single colony was cultured in LB medium at 310 K

with 50 mg ml�1 ampicillin to an OD600 of 0.6–0.8 and then induced

with 0.5 mM isopropyl �-d-1-thiogalactopyranoside (IPTG) for 18 h

at 289 K. The cells were harvested by centrifugation, resuspended in

1� PBS buffer and lysed by sonication at 277 K. The supernatant

obtained by centrifugation at 27 000g for 30 min was loaded onto a

glutathione-affinity column (GE Healthcare) pre-equilibrated with

1� PBS buffer. Contaminant protein was washed off with 200 ml 1�

PBS buffer and the glutathione S-transferase (GST) fusion protein

was cleaved with PreScission Protease (GE Healthcare) overnight at

277 K. The desired protein was eluted from the column with about

10 ml 1� PBS buffer. The protein was concentrated by ultrafiltration

and applied onto a Superdex-75 (GE Healthcare) chromatography

column in 1� PBS buffer. The peak was collected and concentrated

to 500 ml in buffer A (20 mM Tris pH 8.0). Further purification was

achieved by Resource Q anion-exchange chromatography (GE

Healthcare) and the target protein was finally eluted using a linear

gradient of 0–0.5 M NaCl in buffer A. The purity of the PA3885 was

estimated to be greater than 95% by SDS–PAGE analysis.

2.2. Crystallization

The purified PA3885 protein was concentrated to 30 mg ml�1 in

a buffer consisting of 20 mM Tris pH 8.0, 150 mM NaCl, 10 mM

�-mercaptoethanol. Crystallization was performed by the sitting-drop

vapour-diffusion method at 293 K; 1 ml protein solution (30 mg ml�1)

was mixed with 1 ml well solution and equilibrated over 100 ml well

solution. Crystal screening was carried out with Hampton Research

Crystal Screen, Crystal Screen 2 and Index kits in 48-well plates

(XtalQuest). Initial twinned crystals of PA3885 were obtained from

Crystal Screen condition No. 48 (2 M ammonium phosphate mono-

basic, 0.1 M Tris pH 8.5) and further optimization was performed by

varying the buffer pH and the concentration of precipitant and by

additive screening. Fortunately, after two weeks good-quality crystals

were grown under the optimized conditions of 1.7 M ammonium

phosphate monobasic, 0.1 M Tris pH 8.1 with 7%(v/v) polyethylene

glycol (PEG) 400 as an additive (Fig. 1).

2.3. Data collection and processing

Immediately prior to data collection, the PA8335 crystals were

cryoprotected for about 10 s by the addition of 20%(v/v) glycerol to

the crystallization conditions. X-ray diffraction data were collected

in-house on a Rigaku R-AXIS HTC image plate using Cu K�
radiation (� = 1.5418 Å) from an in-house Rigaku MicroMax-007 HF
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Figure 1
Crystals of PA3885. (a) Twinned crystals without additive screening. (b) Single crystals with a low concentration of PEG 400 as an additive (estimated dimensions of 150� 50
� 20 mm).



rotating-anode X-ray generator operating at 40 kV and 30 mA

(Fig. 2). All diffraction data were indexed, integrated and merged

using the HKL-2000 suite (Otwinowski & Minor, 1997). Complete

data-collection statistics are summarized in Table 1.

3. Results and discussion

The PA3885 gene from P. aeruginosa PAO1 encodes a protein of 218

amino acids that has been reported to be a tyrosine phosphatase

targeting PA1120 (TpbB) in the periplasm (Ueda & Wood, 2009).

Therefore, the PA3885 protein has an N-terminal 28-amino-acid

signal peptide that is necessary for secretion. We subsequently cloned

the PA3885 gene from residues 29–218 into the pGEX-6P-1 vector,

minus the signal peptide, to facilitate its expression and crystal-

lization. After cleavage with PreScission protease the target protein

has an additional five residues (-GPLGS-) at the N-terminus and was

used for further purification and crystallization.

Crystal Screen, Crystal Screen 2 and Index kits (Hampton

Research) were used for preliminary screening and several crystals

were obtained from Crystal Screen condition No. 48. The crystals

remained twinned after adjustment of the buffer, the pH and the

concentration of precipitant. However, fine single well diffracting

crystals were obtained by adding a low concentration [5–10%(v/v)] of

PEG 400 as an additive (Fig. 1). The diffraction data reached a

maximum of 2.8 Å resolution using a home X-ray source.

The PA3885 crystal belonged to space group C2, with unit-cell

parameters a = 39.0, b = 233.6, c = 84.5 Å, � = � = 90, � = 96.2�.

Attempts to determine the exact number of protein molecules in one

asymmetric unit were inconclusive. We speculate that three or four

protein molecules may be reasonable, with respective Matthews

coefficients of 3.04 and 2.28 Å3 Da�1 (Matthews, 1968) calculated

using the CCP4 suite (Collaborative Computational Project, Number

4, 1994). The self-rotation function (� = 180�) shows orthogonal peaks

at 90�, suggesting the presence of four molecules in the asymmetric

unit (Fig. 3).

We attempted to use At1g05000 (PDB code 1xri; 22% sequence

identity for 128 residues) and VHR (PDB code 1vhr; 24% sequence

identity for 132 residues) as initial search models to determine the

phases of PA3885 by molecular replacement. We also tried all seven

possible solvent contents using CNS v.1.2 (Brünger et al., 1998) and

Phaser (McCoy et al., 2007). Unfortunately, no correct molecular-

replacement solution was found owing to the low similarity in

primary sequence and a possible large diversity in structure. There-

fore, we are currently preparing a selenomethionyl derivative of
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Figure 2
A typical diffraction pattern from a PA3885 crystal collected on a Rigaku R-AXIS HTC image plate.

Figure 3
The self-rotation function (� = 180�).



PA3885 with a view to solving the phase problem by multiple-

wavelength anomalous dispersion. The PA3885 structure should

provide valuable information on the crystallographic parameters,

active-site architecture and substrate specificity.
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Table 1
Data-collection and processing statistics for PA3885.

Values in parentheses are for the highest resolution shell.

No. of crystals 1
Generator Rigaku MicroMax-007 HF
Wavelength (Å) 1.5418
Detector Rigaku R-AXIS HTC
Crystal-to-detector distance (mm) 200
Rotation range per image (�) 0.5
Total rotation range (�) 180
Exposure time per image (s) 300
Resolution range (Å) 50.0–2.8 (2.85–2.80)
Space group C2
Unit-cell parameters (Å, �) a = 39.0, b = 233.6, c = 84.5,

� = 90.0, � = 96.2, � = 90.0
Mosaicity (�) 1.53
Total No. of measured intensities 64196
Unique reflections 17939
Multiplicity 3.6 (3.4)
Mean I/�(I) 13.0 (3.0)
Completeness (%) 96.7 (94.7)
Rmerge† (%) 13.4 (52.7)
Overall B factor from Wilson plot (Å2) 46.3

† Rmerge =
P

hkl

P
i jIiðhklÞ � hIðhklÞij=

P
hkl

P
i IiðhklÞ, where hI(hkl)i is the mean

intensity of the observations Ii(hkl) of reflection hkl.
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