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Crystallization and preliminary structural studies of lactose-specific enzyme IIA from Lactococcus

lactis
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Abstract

Lactose-specific enzyme IIA of the phosphoenol:pyruvate-
dependent sugar phosphotransferase system from Lactococcus
luctis has been crystallized in phosphate buffer. The crystals
belong to space group P4,2,2 or its enantiomorph P452,2 with
unit-ccll axes a=5=90.9 and ¢=82.4 ;\: The lpacking para-
meter (Matthews parameter) V,, of 2.48 A*Da ! is consistent
with one trimer per asymmetric unit and non-crystallographic
threefold symmetry has been confirmed by calculating a self-
rotation function. The crystals diffract X-rays to at least 2.3 A
resolution, are stable in an X-ray beam and are thercfore
appropriate for structure determination. Native data to 2.3 A
resolution have been collected using a MAR image-plate
system at a synchrotron source. One isomorphous heavy-atom
derivative has been identified and the presence of an
isomorphous signal in the data has been confirmed by
Patterson methods.

1. Introduction

The phosphoenolpyruvate:sugar transferase system (PTS)
found in bacteria i1s responsible for binding, transmembrane
transport and phosphorylation of numerous sugar substrates in
prokaryotes. The system is also involved in several regulatory
events including catabolite repression, catabolite inhibition and
chemotaxis (for a review, see Postma, Lengeler & Jacobson,
1993).

The PTS system consists of two non-specific, ecnergy-
coupling components, enzyme | and a heat-stable phosphocar-
rier protein (HPr), as well as several sugar-specific multidomain
permeases known as enzymes II. The hydrophilic intracellular
domains of enzyme II, EIIA and EIIB, are phosphorylated in
the phosphorylation cascade, while domain EIIC acts as a sugar
channel in the bacterial membrane. The phosphoryl group from
phosphoenolpyruvate, the only source of energy for sugar
translocation, is transferred through intracellular components of
the system. In the final stage of the transfer it phosphorylates
the sugar.

phosphoenolpyruvate e S ouer 5 EnA

P r
— EIIB — sugar.

Based on differences in amino-acid sequences and on limited
structural information, enzymes IIA have been classified into
four families. The best studied representatives of these families
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are the (1) glucose-, (2) mannose-, (3) mannitol- and (4)
lactose-specific proteins, respectively. Detailed X-ray structures
are available for glucose-specific enzymes I1A and a model of
the interaction between EIIA®™ and HPr has been proposed
(Herzberg, 1992). The mannose- and mannitol-specific families
of enzyme IIA have been studied using NMR methods, which
revealed different secondary structures and folding topologies
for those enzymes. Lactose and cellobiose-specific enzymes
[IA, which are homologous to each other, are the members of
the only family for which no structural data has been reported
so far, although crystals have been described for IA™ from
Staphylococcus aureus (Celikel et al., 1991). For a review of
structural information about proteins from the PTS system, see
Herzberg & Klevit (1994).

Enzyme I[A from the lactose permease of Luctococcus luctis
is a small, 11.5kDa protein expressed from the /ac gene as a
monomer of 105 residues. Primary sequence comparison with
other proteins of known structure and the application of reverse-
folding algorithms suggest that the fold of the lactose family of
enzyme IIA is not homologous with any of the other known
structures. Structure prediction algorithras indicate that in
contrast to other families of enzymes 11A, EIIA™ is highly
helical.

In addition, antibody binding experiments imply that the
protein might undergo major conformational changes upon
phosphorylation (Deutscher, Beyreuther, Sobek, Stuber &
Hengstenberg, 1982). To confirm the validity of these models
in structural terms we have started an X-ray crystallographic
study of enzyme I1A'™. Here, we report the crystallization and
preliminary characterization of the crystals.

2. Materials and methods

The L. lactis EIIA™ was purified from an overproducing
Escherichia coli strain as described de Vos, Boerrigter, Rooyen,
Reiche & Hengstenberg (1990). After purification, the protein
was stored as an ammonium sulfate precipitate at 277 K.

For crystallization trials, the ammonium sulfate precipitate
was disssolved in 0.15 M Na/K phosphate buffer, pH6.4. The
protein solution was then desalted using a Napl0O column
(Pharmacia Biotech, Uppsala, Sweden) and brought to a protein
concentration of 10mgml™' using Centricon3 concentrators
(Amicon, Beverly, Massachusetts, USA).

Crystals of enzyme 1[A'™ were obtained by the sitting-drop
vapor-diffusion technique (McPherson, 1985) at room tempera-
ture using only a small increase in the phosphate concentration
to achieve crystallization. The protein solution (2 pl) was mixed
with 2l of 0.15M Na/K phosphate buffer, pH6.4, and
equilibrated against 0.40 M Na/K phosphate buffer at the same
pH. The largest crystals (0.25 x 0.25 x 0.25 mm) appeared in
ca a week. They resembled hexagonal prisms (Fig. 1).
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Fig. 3. k = 120° section of the sclf-rotation function calculated on the
native data sct. The best results were obtained using data in the 8-
3.5 A resolution range and a Patterson function radius of 15 A. The
map was contoured at 0.50 levels starting at 3¢ above the map
average. The non-crystallographic peak (a) corresponding to 60
above the map average is clearly scen and its height is 29% of the
origin.

linking with glutaraldehyde in order to stabilize crystals which
were cracking during soaking or the introduction of sulthydryl
groups (Mowbray & Petsko, 1983). Both experiments did not
meet with success.

A high concentration (20mM) of trimethyl lead acetate
soaked for a longer time (7 d), however, gave promising results.
The isomorphous difference-Patterson map is very clean. Fig. 4
shows a Harker scction with eight symmetry-related peaks (140
above map average), indicating a single metal binding site per
asymmetric unit. Combining the isomorphous and anomalous
signals from this lead derivative and applying methods such as
solvent flattening and symmetry averaging should make it
possible to solve the structure of EIA"™ without the need for
any additional derivatives.

We are grateful to W. Hengstenberg and E. Schoenbrunn-
Hanebeck, Bochum. for a gift of highly purified enzyme IIA
and extensive discussions. We thank the staff of the EMBL
outstation at DESY, Hamburg, for the use of beamline X31 and
their help in collecting data, and A. Cunningham for performing
some of the imtial crystallization experiments. This work was
supported in part by grants from the Medical Research Council
of Canada, the National Science and Engineering Rescarch
Council of Canada and Connaught Laboratories.
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Fig. 4. wv} scction of the isomorphous Patterson difference map
produced with PI/ASES (Furey, 1991). Contours arc drawn at levels
of l¢ starting at 3. The peak a which is observed at u=0.223,
v=0.145 and w =0.249 has a height of 14g, which represents 8.3%
of the height of the origin peak. All other peaks are related to peak a
by crystallographic symmetry and correspond to a single binding site
of trimethyl lead accate.
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