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Overexpression, purification, crystallization and
data collection on the Bordetella pertussis wibD

gene product, a putative UDP-GIcNACc 2’-epimerase

The Boredetella pertussis wlbD gene product is a putative uridine-
S-diphosphate N-acetylglucosamine (UDP-GIcNAc) 2'-epimerase
involved in Band A lipopolysaccharide biosynthesis. The wibD gene
is homologous to Escherichia coli rffE (32% identical), an established
UDP-GIcNAc 2'-epimerase that is involved in enterobacterial
common antigen (ECA) formation. The structure of the rffE protein
reveals an unexpected role for a bound sodium ion in orientating a
substrate-binding a-helix in the enzyme active site. Whilst key active-
site residues in rffE are present in the wlbD sequence, the sodium-
binding residues outside the active site are absent. This raises
questions about the modulation of enzyme activity in these two
enzymes. The wlbD gene from B. pertussis has been cloned and
overexpressed in E. coli and the resulting protein has been purified to
homogeneity. In the current study, crystals of the mutant GIn339Arg
wlbD enzyme have been obtained by sitting-drop vapour diffusion.
Uncomplexed GIn339Arg and UDP-GIcNAc complex data sets have
been collected in-house on a rotating-anode generator to 2.1 A.
Combined, the data sets identify the space group as P2,2,2,, with
unit-cell parameters a = 78, b = 91, ¢ = 125 A a= B =7y =90° The
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asymmetric unit contains two monomers and 53% solvent.

1. Introduction

B. pertussis is the causative agent of whooping
cough in children and, as is increasingly
recognized, chronic cough in adults (Cherry,
1996; Nennig et al, 1996; Hewlett, 1997).
Bordetella lipopolysaccharide (LPS) has been
implicated in the infection process by research
that shows that it is highly immunogenic, acts
as an immunological adjuvant and displays the
properties expected of an endotoxin (Amano
et al., 1990; Watanabe et al., 1990; Cherry,
1996). Defined B. pertussis mutants, differing
from parental strains solely in the lack of the
Band A trisaccharide from the LPS, are
severely compromised in their ability to infect
mice, resulting in a more rapid clearance of the
mutants from the host. This is the first direct
evidence that B. pertussis LPS is required for
virulence (Harvill et al., 2000).

Tentative gene-function assignments have
been made for the B. pertussis LPS Band A
trisaccharide biosynthesis locus (wib), albeit
based on rather weak sequence similarities
(Allen & Maskell, 1996; Allen et al., 1998). The
assignment of the w/bD protein as a UDP-
GlcNAc 2'-epimerase arises from its similarity
to rffE (32% identity), the established
E. coli UDP-GIcNAc 2'-epimerase involved in
enterobacterial common antigen (ECA)
formation (Meier-Dieter et al., 1992; Morgan et

al., 1997 and references cited therein).
However, genetic studies highlight that
Staphylococcus aureus cap5G (30% identity to
rffE) fails to complement E. coli rffE mutants,
whereas cap5P (52% identity to rffE) rescues
ECA formation in these same mutants (Kiser
et al., 1999). In addition, complementation of
mutation in Pseudomonas aeruginosa wbpl
(33% identical to rffE but 77% identical to
wib) with E. coli rffE was unsuccessful
(Burrows et al., 2000). Sequence-database
searching with wilbD yields similarity to 33
proteins identified as putative UDP-GIcNAc
2/-epimerases, with an overall identity of 26%
and 27 absolutely conserved residues.
Recently, the rffE structure has been deter-
mined (Campbell ef al., 2000) and of the resi-
dues identified as important in either UDP
binding (Argl0, Ser290 and Glu296) or in the
active site (Lys15, Asp95, Glull7, Glul3l,
Argl35 and His213) only Lysl15 is not abso-
lutely conserved in all 33 sequences (it being
substituted for an Arg in three of the 33
sequences). Only rffE has been definitively
established as a UDP-GIcNAc 2'-epimerase.
Campbell et al. (2000) identified a sodium-
binding motif in rffE which orientates a
substrate-binding helix within the active site.
None of these three sodium-binding residues is
conserved in w/bD and are all absent in a
number of other presumed UDP-GIcNAc
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2'-epimerases. Taken together with the
complementation studies it suggests the
precise function of wb/D may need to be
revised. This is consistent with our inability
so far to detect UDP-GIcNAc 2'-epimerase
activity in any wbl/D by assay. Structural
biology can play an important role in
assigning function to proteins of unknown or
unclear function and by solving the structure
of wibD we will clarify its function.

We report here the overexpression, crys-
tallization and data collection for crystals of
the mutant Q339R wlbD enzyme, cocrystals
obtained in the presence of the putative
substrate UDP-GIcNAc and a seleno-
methionine form of the protein.

2. Materials and methods
2.1. Expression and purification

The B. pertussis wlbD gene was cloned by
PCR amplification of genomic DNA and
overexpressed in E. coli using the IMPACT
expression system (New England Biolabs),
giving rise to high-level expression
(>3mgl™"). The high GC content of
Bordetella DNA resulted in random point
mutants in the w/bD sequence even when
high-fidelity polymerases were used. A
selection of mutant wlbD proteins were thus
generated; for the present study, the
GIn339Arg mutant was selected on the basis
of crystallizability. The selection of such
mutants on this basis is now routine and is
probably important for high-throughput
studies. Residue 339 is remote from the
active site and seems unlikely to affect the
structure. Studies on the native protein and
other mutants are ongoing.

Individual colonies of the transformed
E. coli strain XL1-Blue (PCYB2 construct)
were used to inoculate 11 of LB broth
containing 100 ug ml™' ampicillin. After
growing at 310 K to an Agy of 0.6-0.8, the
culture was induced by addition of 1 mM
IPTG and allowed to grow for a further 8 h.
Cells were harvested by centrifugation
(8000g for 15 min) and stored at 193 K.
Analysis of cell extracts by SDS-PAGE
confirmed the high expression level of wibD
protein.

All subsequent steps were carried out at
277 K. The frozen cell pellet was thawed
rapidly and resuspended in 50 ml lysis buffer
(20 mM HEPES pH 8.0, 0.5 M NaCl, 1 mM
EDTA, 0.1% Triton X-100) and the cell
suspension was broken by sonication with
three 40s bursts with 2 min intervals
between bursts. The cell-free extract was
obtained by centrifugation (12 000g for
20 min). The supernatant was collected and

filtered using a 0.2 um filter. A 15 ml slurry
of chitin-coated beads was poured into a
column (2.5 x 10 cm) and equilibrated with
50 ml of column buffer (20 mM HEPES pH
8.0, 0.5 M NaCl, 1 mM EDTA, 0.1% Triton
X-100). Cell-free extract was slowly loaded
onto the chitin column at a flow rate of
0.5mlmin~' and the flowthrough was
collected. The column was then washed with
column buffer (without Triton X-100) at a
flow rate of 1mlmin~' until the protein
content of the eluate reached a minimum
(ODs¢s < 0.05 as measured by Bradford
assay). Cleavage of the wlbD protein from
the column-bound tag and elution was
achieved with the column buffer containing
30 mM DTT. The effluent was fractionated
and analysed by SDS-PAGE (10% gel); a
single major band migrating at an apparent
mass of 40 kDa was observed. MALDI-TOF
mass spectrometry on a tryptic digest of this
material confirmed the identity of the
protein. Relevant fractions from the chitin
column were pooled and concentrated at
193K to 5mgml™' with an Amicon
concentrator. The w/bD GIn339Arg protein
proved inactive as a UDP-GIcNAc
2'-epimerase, as judged by HPLC and NMR
assays (Morgan et al., 1997).

N-terminal sequencing indicated that the
terminal methionine residue had been
removed during expression (observed
sequence: PKKIL). Protease digestion and
MALDI-TOF analysis indicated the incor-
poration of a Pro-Gly C-terminal extension
derived from the PCYB2 vector (calculated
mass = 39368 Da; observed mass =
39 377 Da).

Selenomethionine-enriched wlbD protein
was produced by inhibiting methionine
biosynthesis and feeding selenomethionine
(Doublie, 1997) in E. coli BL21 plysS. The
protein was purified using the same protocol
as used for GIn339Arg, except that all
buffers were rigorously degassed and
contained 5 mM DTT in order to prevent
selenomethionine oxidation. The mass
spectrum of selenomethionine-enriched
protein showed only one major peak with an
observed increase of 369 Da, consistent with
a full incorporation of eight selenomethio-
nine residues (calculated mass = 376 Da).

2.2. Crystallization

Crystallization trials of w/bD protein were
conducted with 96-condition Hampton
Screens 1 and 2 (Jancarik & Kim, 1991;
Cudney et al., 1994) at 294 K. Crystals were
obtained by vapour equilibration of sitting
drops (Ducruix & Giegé, 1992) of protein
(5 at 5mgml™") and precipitant (5 pl)

Table 1
Data collection of GIn339Arg mutant B. pertussis
UDP-GIcNAc 2'-epimerase.

Values in parentheses are for the highest resolution shell.

Wavelength (A) 1.54 1.54

Temperature (K) 130 298

Detector DIP2000 R-AXIS IV++

Resolution 20-2.2 20-2.7
(2.24-2.20) (2.75-2.70)

Space group P2,2,2,

Unit-cell parameters a = 77.8, a="179.0,

A) b =904, b =911,

c=1235 c=1253

Unique reflections 44535 25807

Ilo(I) 434 (4.3) 269 (3.2)

Completeness (%) 99.6 (99.9) 96.3 (81.3)

Rinerge (%) 5.1 (32.6) 9.0 (26.3)

within 5 d. Conditions were optimized to
give crystals suitable for diffraction from
0.1 M Tris-HCl pH 7.5, 8.0 and 8.5, 4.0 M
sodium formate. The wlbD protein was also
cocrystallized with UDP-GIcNAc (10 mM),
following overnight pre-incubation at 277 K,
using the sitting-vapour diffusion method.
Crystals were obtained within a week in the
presence of 0.1 M Tris—-HCI pH 8.6, 3.5 M
sodium formate. Crystals of seleno-
methionine-enriched wlbD protein grew in
01 M Tris-HClI pH 8.5, 40M sodium
formate within 10 d.

2.3. Data collection

A 2.7 A resolution data set was collected
in-house from a single crystal mounted in a
glass capillary. The data were collected on an
R-AXIS IV++ detector with a Rigaku
rotating-anode generator (5 kW, 100 mA) as
1° 5Smin exposures totalling 140° of non-
overlapping data. Additionally, a 2.3 A data
set was collected in-house from a single
crystal cocrystallized with UDP-GIcNAc
and mounted in a glass capillary. As before,
data were collected on an R-AXIS IV++
detector with a Rigaku rotating-anode
generator as 1° 5 min exposures totalling
150° of non-overlapping data. Both sets of
oscillation images were indexed and inte-
grated with the program DENZO (Otwi-
nowski & Minor, 1996) and scaled with
SCALEPACK (Otwinowski & Minor,
1996). A 2.2 A resolution data set from a
flash-frozen crystal of the protein was
measured in-house. Crystals were cryo-
protected by immersing a cryoloop
(containing the crystal in the mother liquor)
in paraffin oil for 10 s prior to rapid cooling
to 120 K for data collection. The data were
collected on a Nonius DIP2000 image-plate
rotating-anode system as 1° 7 min exposures
totalling 275° of non-overlapping data. A
crystal cocrystallized with UDP-GIcNAc
was frozen as above. The data were collected
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Table 2
Data collection of B. pertussis UDP-GlcNAc
2'-epimerase cocrystallized with UDP-GIcNAc.

Values in parentheses are for the highest resolution shell.

Wavelength (A) 1.54 1.54
Temperature (K) 130 298
Detector DIP2000 R-AXIS IV++
Resolution 25-2.1 24-23
(2.14-2.1) (2.34-2.3)
Space group P2,2,2,
Unit-cell parameters a=1717, a =78.90,
(A) b =905, b =911,
c=1232 c=1253
Unique reflections 51182 41485
Ilo(I) 15.0 (2.8) 13.7 (1.9)
Completeness (%) 98.6 (97.2) 85.4 (65.1)
Ruerge (%) 8.6 (49.3) 12.6 (29.8)

on a Nonius DIP2000 image-plate rotating-
anode system as 1° 7 min exposures totalling
123° of non-overlapping data.

Full details of data collection are given in
Tables 1 and 2. Together, the four data sets
measure more than 20 reflections along each
of the three axis. The pattern of absences
shows that the space group is P2,2,2,. So far,

all our attempts at molecular replacement
using rffE as a model have failed. We will
use multiwavelength methods to solve the
structure.

This work was supported by the Wellcome
Trust and the BBSRC. We are grateful to
Professors M. E. Tanner and N. C. J. Stry-
nadka (University of British Columbia) for
providing a clone of rffE and for the co-
ordinates of the protein crystal structure.
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