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Crystallization and preliminary crystallographic
study of the peptidoglycan-associated lipoprotein

from Escherichia coli

The peptidoglycan-associated lipoprotein (Pal) from Escherichia coli
is part of the Tol-Pal multiprotein complex used by group A colicins
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to penetrate and kill cells. Pal homologues are found in many Gram-
negative bacteria and the Tol-Pal system is thought to play a role in
bacterial envelope integrity. The Pal protein comprises 152 amino
acids. Crystals of the C-terminal 109-amino-acid fragment of the Pal
protein have been produced. The crystals belong to the tetragonal
space group /4, with unit-cell parameters a = b = 89.3, ¢ = 67.2 A.
There are two molecules in the asymmetric unit. Frozen crystals
diffract to at least 2.8 A resolution using synchrotron radiation.
Selenomethionine-substituted truncated Pal protein is currently
being produced in order to use multiwavelength anomalous

dispersion (MAD) for phasing.

1. Introduction

The Pal protein of E. coli is a peptidoglycan-
associated lipoprotein (Lazzaroni & Portalier,
1992; Mizuno, 1979). It is synthesized as a
precursor of 173 amino acids. After cleavage
by signal peptidase II at the lipoprotein
consensus sequence Ala-Cys-Ser, a lipoprotein
of 152 residues is obtained which carries an
N-acyl diglyceride moiety on the N-terminal
cysteine (Mizuno, 1979). The serine residue at
position +2 is a sorting signal for localization of
this protein in the outer membrane (Gennity &
Inouye, 1991). The Pal protein is bound to the
outer membrane by its amino-terminus lipid
moiety and strongly interacts with the
peptidoglycan via its C-terminal region
(Lazzaroni & Portalier, 1992). Pal maintains
membrane stability and integrity and E. coli
pal mutants exhibit increased sensibility to
detergents and drugs, permeability to peri-
plasmic proteins (Lazzaroni & Portalier, 1992)
and the formation of outer membrane vesicles
(Bernadac et al., 1998). Pal is part of the Tol-
Pal system. This system is composed of seven
proteins encoded by a cluster of genes orga-
nized into two operons: orfl-tolQ-tolR-tolA
and tolB-pal-orf2 (Vianney et al, 1996;
Webster, 1991). It is organized into two sub-
cellular complexes: TolA, TolR and TolQ form
an inner membrane complex (Dérouiche et al.,
1995) and TolB and Pal form an outer
membrane-associated complex (Bouveret et
al., 1995). These two subcellular complexes
interact with each other through the inter-

action of TolA with TolB (Walburger, personal
communication) and with Pal (Cascales et al.,
2001). The function of this system is unknown.
Mutations in any of the tol genes exhibit the
same phenotype as obtained with a pal mutant
(Bernadac et al., 1998). In regard to its multiple
interactions with other proteins of the
envelope involved in outer membrane stability
such as OmpA, Ipp (Clavel et al., 1998), TolB
(Bouveret et al., 1995) and recently TolA
(Cascales et al., 2001), it is proposed that Pal
may anchor the peptidoglycan to the inner and
the outer membranes.

Recently, it has been shown that Pal inter-
acts with TolA and that this interaction
requires the proton motive force (Cascales et
al., 2001). Thus, Pal may have another role in
addition to its suspected structural function. It
may participate in an active mechanism of
transport of molecules through the
membranes. Finally, Pal, in common with the
Tol system, is highly conserved among Gram-
negative bacteria (Mizuno, 1979, 1981; Zlot-
nick et al., 1988; Engleberg et al., 1991; Spinola
et al., 1992; Frey et al., 1996; Rodriguez-Herva
et al., 1996). It has also been shown that anti-
bodies directed against the Haemophilus
influenzae Pal protein are protective and
bactericidal (Munson & Granoff, 1985;
Murphy et al., 1986). Therefore, Pal could be a
valuable diagnostic tool for sero detections and
could be used as a protective antigen for
vaccines.

A Pal derivative (PalCl1A) deleted of its
signal sequence, substituted in its first residue
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(Cys— Ala) and tagged with six histidines at
the N-terminus has been produced in the
cytoplasm and purified by chelation on a
cobalt affinity column. Here, we report
crystallization conditions and preliminary
data of the crystals.

2. Results and discussion
2.1. Construction of pet14PalC1A

The DNA sequence encoding Pal was
amplified from pBP (Bouveret et al., 1995)
by the polymerase chain reaction (PCR).

The primers PAL3 5-GCCATATGG-
CGTCTTCCAACAAGAACGCC-3"  and
PAL2 5-GCGGATCCTTAGTAAACCAG-
TACCGC-3' introduce Ndel and BamHI,
respectively, at each end of the PCR
product. PAL3 also brings about three base
substitutions (TGT—GCG), resulting in a
change in the first amino acid (Cys— Ala) of
the mature sequence of Pal. The resulting
fragment was ligated into the petl4 plasmid
(Novagen) and the plasmid obtained was
named pet14PalCl1A.

2.2. Purification of PalC1A

A 11 culture of BL21(DE3) (Novagen)
petl4PalC1IA (ODgy of 0.5ml™') was
induced overnight with IPTG (100 mM).
The cells were harvested and resuspended in
10ml 50 mM sodium buffer pH 6.8
containing 50 mM NaCl. Protease inhibitors
[ImM PMSF, 10ml Cocktail inhibitor
(Sigma—-Aldrich)] were added and the cells
lysed by two passages through a French
press. After a 30 min centrifugation at
20 000 rev min~"' and an ultracentrifugation
of 30 min at 45 000 rev min~ ", the cleared
lysate obtained was passed through an 8 ml
column of cobalt metal-affinity resin (Clon-
tech). The column was then extensively
washed with 50 mM sodium buffer pH 6.8
containing 50 mM NaCl. PalC1A was eluted
from the column with an 0-1 M imidazole
gradient in 50 mM sodium buffer pH 6.8
containing 50 mM NaCl. The purity of the
different fractions was assessed by SDS-
PAGE and Western blotting with a poly-
clonal Pal antiserum (Bouveret et al., 1999).
The fractions corresponding to elution with
450-600 mM imidazole contained at least
98% pure PalClA and were therefore
pooled. The resulting preparation was
dialyzed against 10 mM Tris at pH 7.

2.3. Crystallization

The PalC1A protein was concentrated to
26 mgml~' in 20 mM Tris pH 8.0 using a
centrifugal filter device (Ultrafree Biomax

5K, Millipore, Bedford, MA, USA). Preci-
pitation experiments were carried out on the
PalC1A protein using various precipitating
agents [i.e. (NH,),SO,, PEG, NaCl, MPD,
ethanol] at various pHs (i.e. 5, 6, 7, 8, 9).
Interesting precipitates were obtained from
both the MPD and PEG precipitation
experiments at pH 6 and 7. The SamBA
software (Audic et al., 1997) was then used in
order to prospect around these conditions
and to optimize the crystallization condi-
tions once the first crystals were obtained.
Crystallization trials were performed at
293 K by hanging-drop vapour diffusion
using 24-well culture plates. Each hanging
drop was prepared by mixing 0.5 pl of the
26 mg ml~! PalC1A with an equal volume of
reservoir solution. The hanging drop on the
cover glass was vapour-equilibrated against
500 pl of the reservoir solution in each well
of the tissue-culture plate. Crystals were
obtained after three months from solution
containing 40%(v/v) MPD, 10%(w/v) PEG
4000, 0.2 M ammonium sulfate, 10 mM
imidazole and 0.1 M MES buffer pH 6.0.
Once the first crystals were obtained, they
were easily reproduced and required only a
few days to appear. Owing to the time
discrepancy between the first and last
experiments it was decided to verify the
exact nature of the crystallized protein using
N-terminal sequencing. It was then estab-
lished that the crystals consist of the final
109 C-terminal amino acids of the mature
Pal protein. The N-terminal Pal sequence is
probably a flexible tail only serving to
anchor the protein to the outer membrane
through an N-acyl diglyceride moiety. It is
likely that its spontaneous excision over the
long crystallization process allowed the
truncated protein to crystallize.

2.4. Data collection and processing

A single crystal was collected in a 0.5 mm?®
Hampton Research loop, flash-frozen to
105K in a cold nitrogen-gas stream and
subjected to X-ray diffraction. This data set
was collected on a MAR Research imaging-
plate detector at the ESRF synchrotron-
radiation facility (BM30) at a wavelength of
0.9794 A. Data collection was carried out
with oscillation angles of 1.0° and with a
crystal-to-detector distance of 250 mm. The
total oscillation range collected was 90°.
Space-group determination was performed
using the autoindexing option in DENZO
(Otwinowski, 1993). The crystals belong to
the tetragonal space group /4, with unit-cell
parameters a = 89.35, ¢ = 67.22 A. The
packing density for two monomers of the
truncated PalC1A (12.3 kDa) in the asym-

metric unit of these crystals (volume
536 646 A%) is 2.83 A>Da!, a reasonable
value for globular proteins and indicating an
approximate solvent content of 56.55%
(Matthews, 1968).

The data set was processed using the
MOSFLM package (Leslie, 1990; Kabsch,
1993; Campbell, 1995; Steller et al., 1998);
the SCALA program from the CCP4
package (Collaborative Computational
Project, 1994) was used for the scaling and
data reduction of the native data set. The
crystal diffracted to 2.84 A and 60098
reflections were measured in the resolution
range 34.35-2.84 A. This was reduced to a
data set of 5974 unique reflections with an
Ry value of 7.3. This represents a
completeness of 96.2% with a multiplicity of
3.6 and an average I/o(I) of 5.6. For the
highest resolution shell, 1418 reflections
were measured in the resolution range 2.94—
2.84 A, corresponding to 456 unique hkl, an
Rgym value of 17.3 and an average I/o(I) of
4.4, a completeness of 96.2% and a multi-
plicity of 2.8. We are currently producing
selenomethionine-substituted PalClA in
order to solve the Pal structure using the
MAD method (Hendrickson et al., 1990).

We thank Dr Emmanuelle Bouveret and
Dr Roland Lloubes for helpful discussions,
Dr Michel Roth for expert assistance on the
ESRF BM30 beamline, Sophie Guasco for
technical assistance and Benoit Favier, who
initiated the cloning of the Pal protein.

References

Audic, S., Lopez, F., Claverie, J.-M., Poirot, O. &
Abergel, C. (1997). Proteins, 29, 251-256.

Bernadac, A., Gavioli, M., Lazzaroni, J. C., Raina,
S. & Lloubes, R. (1998). J. Bacteriol. 180, 4872—
4878.

Bouveret, E., Bénédetti, H., Rigal, A., Loret, E. &
Lazdunski, C. (1999). J. Bacteriol. 181, 6306
6311.

Bouveret, E., Dérouiche, R., Rigal, A., Lloubes,
R., Lazdunski, C. & Bénédetti, H. (1995). J.
Biol. Chem. 270, 11071-11077.

Campbell, J. W. (1995). J. Appl. Cryst. 28,236-242.

Cascales, E., Gavioli, M., Bernadac, A. & Lloubegs,
R. (2001). In the press.

Clavel, T., Germon, P, Vianney, A., Portalier, R. &
Lazzaroni, J. C. (1998). Mol. Microbiol. 29,359—
367.

Collaborative Computational Project, Number 4
(1994). Acta Cryst. D50, 760-763.

Dérouiche, R., Bénédetti, H., Lazzaroni, J. C.,
Lazdunski, C. & Lloubes, R. (1995). J. Biol.
Chem. 270, 11078-11084.

Engleberg, N. C.,, Howe, D. C, Rogers, J. E.,
Arroyo, J. & Eisenstein, B. 1. (1991). Mol
Microbiol. 5, 2021-2029.

Frey, J.,, Kuhnert, P, Villiger, L. & Nicolet, J.
(1996). Res. Microbiol. 147, 351-361.

Gennity, J. M. & Inouye, M. (1991). J. Biol. Chem.
266, 16458-16464.

318

Abergel et al. + Peptidoglycan-associated lipoprotein

Acta Cryst. (2001). D57, 317-319



crystallization papers

Hendrickson, W. A., Horton, J. R. & LeMaster,
D. M. (1990). EMBO J. 9, 1665-1672.

Kabsch, W. (1993). J. Appl. Cryst. 26, 795-800.

Lazzaroni, J. C. & Portalier, R. (1992). Mol.
Microbiol. 6, 735-742.

Leslie, A. G. W. (1990). Crystallographic
Computing. Oxford University Press.

Matthews, B. W. (1968). J. Mol. Biol. 33, 491-497.

Mizuno, T. (1979). J. Biochem. (Tokyo), 86, 991
1000.

Mizuno, T. (1981). J. Biochem. (Tokyo), 89, 1039—
1049.

Munson, R. S. Jr & Granoff, D. M. (1985).
Infect. Immun. 49, 544-549.

Murphy, T. F, Bartos, L. C., Campagnari, A. A.,
Nelson, M. B. & Apicella, M. A. (1986). Infect.
Immun. 54, 774-779.

Otwinowski, Z. (1993). Proceedings of the CCP4
Study Weekend. Data Collection and Proces-
sing, edited by L. Sawyer, N. Isaacs & S. Bailey,
pp. 56-62. Warrington: Daresbury Laboratory.

Rodriguez-Herva, J. J., Ramos-Gonzalez, M. I. &
Ramos, J. L. (1996). J. Bacteriol. 178, 1699-1706.

Spinola, S. M., Griffiths, G. E., Bogdan, J. &

Menegus, M. A. (1992). Infect. Immun. 60, 385—
391.

Steller, I., Bolotovsky, R. & Rossmann, M. (1998).
J. Appl. Cryst. 30, 1036-1040.

Vianney, A., Muller, M. M., Clavel, T., Lazzaroni,
J. C., Portalier, R. & Webster, R. E. (1996). J.
Bacteriol. 178, 4031-4038.

Webster, R. E. (1991). Mol. Microbiol. 5, 1005-
1011.

Zlotnick, G. W., Sanfilippo, V. T., Mattler, J. A.,
Kirkley, D. H., Boykins, R. A. & Seid, R. C. Jr
(1988). J. Biol. Chem. 263, 9790-9794.

Acta Cryst. (2001). D57, 317-319

Abergel et al. + Peptidoglycan-associated lipoprotein

319



