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GumB is a predicted outer membrane lipoprotein that is involved in the

synthesis and/or secretion of xanthan gum. This exopolysaccharide, produced

by Xanthomonas campestris, is valuable in industry because of its important

rheological properties. Solution of the GumB structure will provide insight into

the polymerization and/or secretion mechanisms of xanthan gum. GumB was

overexpressed and purified and diffraction-quality crystals of native GumB were

obtained. A complete data set was collected to 2.54 Å resolution with an Rp.i.m.

of 0.034. The crystals belonged to space group P212121, with unit-cell parameters

a = 84.4, b = 90.5, c = 120.7 Å.

1. Introduction

In Gram-negative bacteria, macromolecules attached to cells or

secreted to the extracellular medium cross both the inner and the

outer membranes. Numerous protein-secretion systems that form

multiprotein transenvelope complexes are known (Gerlach &

Hensel, 2007). However, the polymerization and secretion of

bacterial polysaccharides are poorly understood processes. Three

different pathways have been described in Gram-negative bacteria:

the Wzy-dependent system (Cuthbertson et al., 2009), the ABC

transporter-dependent system (Cuthbertson et al., 2010) and a

recently described pathway that involves a multiprotein complex that

forms a molecular scaffold using TPR domains (Keiski et al., 2010).

Xanthan gum is a high-molecular-weight exopolysaccharide that is

produced by the phytopathogenic bacterium Xanthomonas campes-

tris. It is widely used in industry as a thickening and stabilizing agent

(Baird et al., 1983). It consists of a cellulose backbone with mannose–

glucuronic acid–mannose side chains. Xanthan gum is synthesized by

the Wzy-dependent mechanism. In this system, synthesis consists of

the assembly of pentasaccharide repeating units by specific glyco-

syltransferases, which occurs on the cytoplasmic side of the inner

membrane; the repeating units are translocated by a flippase to the

periplasmic side of the inner membrane, where polymerization

occurs. Finally, the polymer is secreted into the extracellular medium

(Barreras et al., 2008; Ielpi et al., 1993; Salinas et al., 2011).

GumB, a predicted outer membrane lipoprotein, may be involved

in the polymerization and/or secretion of xanthan gum. It has been

shown that a gumB mutant strain accumulates the repeating units

without formation of the polymer, indicating a role of GumB in the

polymerization and/or secretion of xanthan gum (Katzen et al., 1998).

To obtain structural details of the mechanism of xanthan-gum poly-

merization and secretion, we overexpressed, purified and crystallized

GumB. Because only three lipoprotein structures involved in poly-

saccharide secretion are known (Dong et al., 2006; Keiski et al., 2010;

Sathiyamoorthy et al., 2011), we believe that the structure of GumB

will help us to understand how polysaccharide synthesis and secretion

occurs.

2. Materials and methods

2.1. Macromolecule production

The details of GumB cloning and expression are given in Table 1.

The gene gumB (fragment 1336–1971 of the gum region; GenBank

accession No. U22511) was cloned into a pQE30 vector by CP Kelco,
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producing the pQE-Xps#6 plasmid (Patel et al., 2008). The sequence

of the construct was confirmed by DNA sequencing. The GumB

signal peptide was removed to direct the protein into the cytoplasm

and replaced by an N-terminal His6 tag to allow affinity purification.

The protein produced from the construct had a molecular weight of

24.71 kDa. Escherichia coli DH5� cells (pRep4) were transformed

with pQE-Xps#6. The transformed cells were grown in LB medium

supplemented with 100 mg ml�1 ampicillin and 25 mg ml�1 kanamycin

at 310 K until an OD600 of 0.7 was reached. At this point, protein

expression was induced by adding 0.5 mM isopropyl �-d-1-thio-

galactopyranoside (Gold Biotechnology). The cells were grown for

an additional 16 h at 293 K, harvested by centrifugation and washed

with a solution consisting of 50 mM Tris–HCl pH 8.0, 50 mM MgCl2.

The washed cells were suspended in 50 mM Tris–HCl pH 8.0, 50 mM

NaCl, 1 mM n-dodecyl �-d-maltopyranoside (DDM; Anatrace),

1 mM phenylmethylsulfonyl fluoride and disrupted by three passages

through a French pressure cell at 110 MPa and 277 K. The disrupted

cells were incubated with gentle agitation at 277 K for 1 h and

centrifuged at 100 000g for 1 h at 277 K. A Jasco FPLC system

connected to a UV-1575 Intelligent UV–Vis detector was used to load

the supernatant onto a 5 ml Ni–NTA column (GE Healthcare)

equilibrated with 50 mM Tris–HCl pH 8.0, 0.15 M NaCl, 0.54 mM

DDM (buffer A). The column was washed with buffer A until no

absorbance at 280 nm was detected. The bound proteins were eluted

with a 60 ml linear gradient of 0–400 mM imidazole at 1 ml min�1.

The fractions containing GumB, as identified by SDS–PAGE, were

concentrated to 5 mg ml�1 using a Centripep device with a 10 kDa

pore size (Amicon Ultra, Millipore). For further purification, the

concentrated protein was loaded onto a 10 000–600 000 range

Superdex 200 size-exclusion column (GE Healthcare) and eluted

with 50 mM Tris–HCl pH 8.0, 0.15 M NaCl, 0.18 mM DDM (buffer

B).

2.2. Crystallization

Purified GumB in buffer B was used in the initial crystallization

trials. These trials were carried out by the sitting-drop vapour-

diffusion method using the commercial kits JBScreen Classic,

JBScreen Membrane (Jena Bioscience) and Crystal Screen

(Hampton Research). A Honeybee 963 crystallization robot and

96-well CrystalQuick plates (Greiner Bio-One) were used to set up

the preliminary screening. The robot dispensed equal volumes of the

protein solution and the crystallization solution (0.2 ml each) into the

drop well and 50 ml crystallization solution into the reservoir well.

The initial crystallization conditions were set up with different

protein concentrations (5, 10, 15 and 20 mg ml�1) and the hits were

optimized by grid and additive screening. The plates were incubated

at 291 K. Optimization was carried out by the hanging-drop vapour-

diffusion method, as described in Table 2. Crystal growth was

observed after 30 d of incubation.

2.3. Data collection and processing

Prior to data collection, the crystals were transferred into reservoir

solution containing 20%(v/v) glycerol and flash-cooled in liquid

nitrogen. Diffraction data were collected from a single crystal on the

PROXIMA 1 beamline at the SOLEIL synchrotron, Saclay, France.

The images were integrated using MOSFLM (Leslie & Powell, 2007)

and scaled using SCALA from the CCP4 program suite (Potterton et

al., 2003; Winn et al., 2011).

3. Results and discussion

Similarly to other bacterial lipoproteins, GumB is synthesized as a

precursor in the cytoplasm. Its processing involves removal of the

signal peptide and the binding of a lipid moiety to the N-terminus

which anchors the protein to the membrane (Okuda & Tokuda,

2011). We tried to overexpress GumB with its signal peptide;

however, after induction we observed cell lysis in several expression

conditions, most likely owing to loss of membrane integrity. However,

we succeeded in overexpressing GumB without its signal peptide as

a cytoplasmic protein. Purification of GumB was carried out in the

presence of DDM to prevent protein aggregation. Purified GumB

was obtained by a two-step purification protocol consisting of affinity
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Table 2
Crystallization.

Method Hanging drop
Plate type VDX plates (Hampton Research)
Temperature (K) 291
Protein concentration (mg ml�1) 10
Buffer composition of protein solution 50 mM Tris–HCl pH 8.0, 0.15 M NaCl,

0.18 mM DDM
Composition of reservoir solution 100 mM Tris–HCl pH 8.5, 800 mM LiCl,

8% PEG 4000 and 4% of the additive
1-propanol

Volume of drop 2.2 ml (1 ml protein solution, 1 ml reservoir
solution and 0.2 ml additive solution)

Volume of reservoir (ml) 500

Figure 1
GumB purification. Lane 1, crude extract from DH5�/pQE-Xps#6 after IPTG
induction; lane 2, GumB after affinity purification; lane 3, purified GumB after gel-
filtration chromatography. The arrow indicates GumB. Molecular-weight markers
(labelled in kDa) are indicated on the right.

Table 1
Macromolecule-production information.

Source organism X. campestris FC2, Rifr derivative from wild-type
NRRL B-1459 strain

Cloning and expression vector pQE-Xps#6
Expression host E. coli DH5� (pRep4†)
Complete amino-acid sequence

of the construct produced
MRGSHHHHHHGSACSLGACSTGPEMASSLP-

HPDPLAMSTVQPEYRLAPGDLLLVKVFQI-
DDLERQVRIDQNGHISLPLIGDVKAAGLG-
VGELEKLVADRYRAGYLQQPQISVFVQES-
NGRRVTVTGAVDEPGIYPVIGANLTLQQAI-
AQAKGVSTVASRGNVIVFRMVNGQKMIA-
RFDLTEIEKGANPDPEIYGGDIVVVYRSDA-
RVWLRTMLELTPLVMVWRAYR

† Repressor plasmid; it codes for LacI repressor protein to ensure tight control at the
transcriptional level.



and size-exclusion chromatography (Fig. 1). The yield of purified

GumB was 20 mg per litre of culture.

In the initial crystallization trials, 362 commercial screen conditions

were tested using the sitting-drop vapour-diffusion method. Precipi-

tate formation and crystal growth were observed in 22 of these

conditions, which were then repeated using the hanging-drop vapour-

diffusion method. Only four conditions showed crystal growth and

were optimized by additive and grid screening. Only one condition

(100 mM Tris–HCl pH 8.5, 800 mM LiCl, 8% PEG 4000, 4% of the

additive 1-propanol) produced crystals of significant size and quality.

The use of 1-propanol as an additive led to larger and more homo-

genously shaped crystals (Fig. 2). Analysis of the diffraction data

indicated that the crystals belonged to space group P212121, with unit-

cell parameters a = 84.4, b = 90.5, c = 120.7 Å, � = � = � = 90�. The

data-processing statistics are given in Table 3. The diffraction data

suggested the presence of four molecules in the asymmetric unit

(Matthews coefficient VM of 2.33 Å3 Da�1 and solvent content of

47.23%). The self-rotation function (Fig. 3) showed four noncrys-

tallographic peaks related by twofold symmetry, confirming the

presence of four molecules in the asymmetric unit. Moreover, the

presence of three peaks at the ends of mutually perpendicular vectors

in the self-rotation function confirmed the 222 symmetry of the

crystal.

We attempted to resolve the structure of GumB by molecular

replacement using Wza (PDB entry 2j58; Dong et al., 2006), a lipo-

protein essential for capsular polysaccharide export in E. coli K30, as

the search model. We were not able to find a solution, most likely

because the sequence identity between these two proteins was only

29%. At present, the selenomethionine derivative of GumB is being

prepared and soaks with several heavy atoms are being performed.
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Figure 2
GumB crystals grown (a) in 100 mM Tris–HCl pH 8.5, 800 mM LiCl, 8% PEG 4000
and (b) under optimized conditions as in (a) with 1-propanol as an additive. (c)
Representative X-ray diffraction pattern of a native GumB crystal.

Table 3
Data collection and processing.

Values in parentheses are for the outer shell.

Diffraction source PROXIMA 1
Wavelength (Å) 0.98011
Temperature (K) 100
Detector PILATUS 6M
Crystal-to-detector distance (mm) 486.1
Rotation range per image (�) 0.2
Total rotation range (�) 260
Exposure time per image (s) 0.2
Space group P212121

Unit-cell parameters (Å) a = 84.4, b = 90.5, c = 120.7
Mosaicity (�) 0.6
Resolution range (Å) 90.49–2.54 (2.68–2.54)
Total No. of reflections 249621 (35738)
No. of unique reflections 31227 (4482)
Completeness (%) 100 (100)
Multiplicity 8.0 (8.0)
hI/�(I)i 11.8 (3.8)
Rp.i.m.† 0.034 (0.177)
Overall B factor from Wilson plot (Å2) 62.9

† Estimated Rp.i.m = Rmerge[1/(N � 1)]1/2, where N is the data multiplicity.

Figure 3
The self-rotation function was calculated at � = 180� to identify the twofold rotation
angles. The calculations were performed using POLARRFN from CCP4 with data
from 9 to 4 Å resolution and an integration radius of 41 Å.
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