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Synthesis of the cell-wall peptidoglycan of ®rmicutes involves a

unique family of peptide-bond-forming enzymes that use amino-acyl-

tRNAs as substrates and are referred to as Fem proteins as they are

factors essential for methicillin resistance in Staphylococcus aureus.

The FemX UDP-MurNAc-pentapeptide:l-alanine ligase of Weissella

viridescens was overexpressed, puri®ed and crystallized. Native data

were collected to 1.7 AÊ resolution. The crystals belong to space group

P21, with unit-cell parameters a = 42.03, b = 99.92, c = 45.84 AÊ ,

� = 116.02�. The asymmetric unit contains one molecule. A selenium-

derivative data set has been collected to 2.1 AÊ resolution at the peak

wavelength of the selenium absorption edge. Six strong selenium

positions were visible in the anomalous Patterson map. Three

additional weaker Se atoms have been identi®ed by anomalous

Fourier synthesis.
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1. Introduction

The bacterial cell-wall peptidoglycan is a

network composed of glycan strands cross-

linked by oligopeptides of variable composi-

tion and complexity (Schleifer & Kandler,

1972). Many species of ®rmicutes (formerly

referred to as Gram-positive bacteria) produce

branched peptidoglycan precursors resulting

from the addition of a side chain to the "-amino

group of l-Lys in the pentapeptide stem

l-Ala-
-d-Glu-l-Lys-d-Ala-d-Ala (Schleifer &

Kandler, 1972). Such side chains consist of

®ve glycyl residues in Staphylococcus aureus

(Rohrer et al., 1999), two l-alanyl residues in

Enterococcus faecalis (Bouhss et al., 2001) and

the sequence l-Ala-l-Ser in Weissella viri-

descens (Hegde & Shrader, 2001). Addition of

these amino acids is catalyzed by a unique

family of peptide-bond-forming enzymes that

use amino-acyl-tRNAs as substrates (for a

review, see Rohrer & Berger-BaÈchi, 2003).

These enzymes are potential targets for the

development of new antimicrobial agents as

the side chain is used by the essential

d,d-transpeptidases in the ®nal cross-linking

step of peptidoglycan synthesis (Bouhss et al.,

2002).

Benson et al. (2002) have recently solved the

atomic structure of the FemA protein, which

adds glycyl residues at the second and third

positions of the S. aureus pentaglycine side

chain. The structure reveals the presence of an

antiparallel coiled-coil domain which has been

proposed to be implicated in tRNA binding.

However, sequence analyses show that this

domain is not present in several members of

the Fem family, including FemX from W. viri-

descens. Unlike FemA, FemX has been

demonstrated to add the ®rst alanyl residue of

the side chain of peptidoglycan precursors

using alanyl-tRNA as a substrate (Plapp &

Strominger, 1970). Here, we report the puri®-

cation and crystallization of the W. viridescens

FemX enzyme together with preliminary X-ray

data analysis.

2. Method and results

2.1. Protein preparation

The femX gene of W. viridescens was cloned

into the pTYB2 vector (New England Biolabs)

and production of FemX fused to the

C-terminal intein af®nity tag (IMPACT-CN

System, New England Biolabs) was induced in

Escherichia coli ER2566 overnight at 289 K

with isopropyl-�-d-thiogalactoside (0.3 mM).

Incorporation of selenomethionine was

obtained by inhibiting the methionine pathway

as described by van Duyne et al. (1993). The

fusion protein bound to chitin beads was

cleaved overnight at 277 K with 50 mM

�-mercaptoethanol, leaving an additional

C-terminal glycyl residue in comparison to the

wild-type gene product. The FemX monomer

was further puri®ed by anion-exchange and

size-exclusion chromatography. Elution from

the size-exclusion column (Superdex 75 HR10/

30, Amersham Biosciences) provided a protein

peak with an estimated mass of 42 kDa corre-

sponding to the FemX monomer (retention

volume of 10.65 ml with 25 mM Tris±HCl pH

7.5, 0.3 M NaCl, 2 mM �-mercaptoethanol as
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the eluent). Amino-terminal sequencing

showed loss of the N-terminal methionine.

MALDI±TOF mass-spectrometry analyses

provided peaks with m/z at 38 200 and

38 774 for native and selenomethionine-

labelled FemX, in agreement with the

molecular weights of 38 210 Da and

38 773 Da deduced from the FemX

sequence (12 methionyl or selenomethionyl

residues, respectively). Determination of the

amino-acid composition after acid hydro-

lysis [6 M HCl containing 1:2000(v:v)

�-mercaptoethanol, 378 K, 24 h] con®rmed

this result: methionine was not detected in

the selenomethionine-labelled preparation

of FemX (<0.3 residue per monomer).

2.2. Crystallization

We attempted initial screening of the

crystallization conditions using Hampton

Research Crystal Screens and the Stura

Footprint Screen (Stura et al., 1992) from

Molecular Dimensions Ltd using the

hanging-drop vapour-diffusion method at

295 K. The droplet size was 2 ml, comprising

equal volumes of protein and reservoir

solution. Thin needle-like crystals were

observed at 291 K in the Hampton Research

Crystal Screen with 30% polyethylene glycol

8K as precipitant, 300 mM sodium chloride,

100 mM cacodylate pH 6.5 and 200 mM

sodium acetate trihydrate. Improvement of

the crystallization condition was essential in

order to produce larger single crystals as

they characteristically formed fragile and

compact clusters (Fig. 1a). Additional

screening experiments were made by varia-

tion of the concentration and the molecular

weight of the PEG. Crystals grew to more

than 1 mm in length but less than 50 mm

in cross-section. The best native crystals

(Fig. 1b), which were suitable for high-

resolution diffraction studies, were grown in

30% polyethylene glycol 6K, 300 mM

sodium chloride and 100 mM cacodylate

pH 6.5 to maximum size in 3 d (1 � 0.02 �
0.05 mm). The selenomethionine-labelled

protein was crystallized under similar

conditions using 25% polyethylene glycol

10K as precipitant with additional 400 mM

sodium acetate and had an identical needle-

like morphology.

2.3. Data collection and X-ray analysis

The crystals were mounted in a cryoloop

and ¯ash-frozen directly from the drop in

the presence of 30% glycerol. Both diffrac-

tion data from the native and the SeMet

protein were collected using a

MAR CCD detector at beamline

FIP-BM30A of the European

Synchrotron Radiation Facility,

Grenoble (Roth et al., 2002). In

many examples (Qian et al.,

2000; Yaremchuk et al., 2000;

MateÂ et al., 1999), thin needle-

like crystals are not of suitable

quality for diffraction experi-

ments. In the case reported

here, the needle-shaped crystals

diffract to higher than 1.7 AÊ and

a complete native data set could

be collected to 1.7 AÊ resolution with a

210� sweep. Data were processed using

MOSFLM (Powell, 1999) and SCALA from

the CCP4 program suite (Collaborative

Computational Project, Number 4, 1994).

Autoindexing and consideration of system-

atically absent re¯ections revealed that the

crystals belong to the monoclinic space

group P21, with one molecule in the asym-

metric unit (VM = 2.2 AÊ 3 Daÿ1) and 44%

solvent content. Attempts to solve the

structure by molecular replacement using

the FemA structure (Benson et al., 2002)

without the coiled-coil domain failed. As

crystals could be obtained from the selenium

derivative, an SeMet SAD data set was

collected at the selenium peak wavelength

(0.98064 AÊ ) with a 360� sweep. The

selenium-derivative crystals diffract to 2.1 AÊ

resolution. The data-collection statistics are

summarized in Table 1. Six selenium sites

were clearly visible in the anomalous

Patterson synthesis map calculated between

15 and 2.1 AÊ resolution with the program

CNS (BruÈ nger et al., 1998; Fig. 2). The

combination of an anomalous difference

map and a gradient map allowed the loca-

tion of three additional Se atoms. Heavy-

atom re®nement and phasing to 2.1 AÊ , which

were performed using CNS, resulted in

phases with a ®gure of merit of 0.406 and a

phasing power of 1.70. After density modi-

®cation, the map was clearly interpretable

and was submitted to the automatic wARP

procedure (Perrakis et al., 1999). The struc-

ture has been re®ned and will be published

elsewhere; coordinates have been deposited

in the Protein Data Bank under accession

code 1ne9.

Figure 1
(a) Typical cluster of needle-like FemX crystals. (b) Typical crystal
of FemX with dimensions of 1.0 � 0.05 � 0.02 mm.

Table 1
Data-collection statistics for native and anomalous
data sets.

Values in parentheses are for the highest resolution shell.

Native SeMet (peak)

X-ray source FIP-BM30 FIP-BM30
Space group P21 P21

Unit-cell parameters
(AÊ , �)

a = 42.03,
b = 99.92,
c = 45.84,
� = 116.02

a = 42.26,
b = 101.32,
c = 46.62,
� = 115.55

Data-collection statistics
Wavelength (AÊ ) 0.97976 0.98064
Resolution range (AÊ ) 35.0±1.7 39.0±2.1
No. observations 156408 154237
No. unique re¯ections 36921 20691
Completeness (%) 98.8 (97.7) 99.9 (99.9)
Redundancy 4.2 (3.7) 7.5 (7.5)
Rsym² (%) 4.4 (13.9) 8.6 (12.3)³

6.5 (10.1)§
I/�(I) 10.2 (3.7) 7.5 (6.2)

² Rsym =
P jI ÿ hIij=P I, where I is the intensity of an

individual re¯ection and hIi is its mean value. ³ Bijvoets

pairs were merged. § Bijvoets pairs were not merged.

Figure 2
v = 0.5 section of (a) the experimental and (b) the predicted anomalous Patterson map calculated at 15.0±2.1 AÊ

resolution.
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