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Quaternary Structure of UEA-II, the Chitobiose Specific Lectin from Gorse
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Abstract

The chitobiose specific Ulex europaeus lectin II crystal-
lizes in space group P3,21 with unit-cell dimensions
a =b = 10554, ¢ = 17626 A. The asymmetric unit
contains a complete lectin tetramer. The crystals were
shown to diffract to 4.5 A on a rotating-anode source
and to 2.7 A at the Daresbury synchrotron source.
Molecular replacement and subsequent rigid-body
refinement using data to 4.5 A yielded a solution
corresponding to a tetramer very similar to that of
phytohemagglutinin-L and soybean agglutinin. The
monomers in the Ulex lectin tetramer are rotated ~5°¢
compared with the phytohemagglutinin-L and soybean
agglutinin structures.

1. Abbreviations

UEA-I, lectin I from Ulex europaeus; UEA-II, lectin 11
from Ulex europaeus; PHA-L, phytohemagglutinin-L
from Phaseolus vulgaris; SBA, soybean agglutinin; GS-
IV, lectin IV from Griffonia simplicifolia; EcorL, lectin
from Erythrina corallodendron; PEG, polyethylene
glycol.

2. Introduction

The legume lectins are a large family of homologous
carbohydrate-binding proteins that are found in the
seeds of most legume plants (Van Driessche, 1988).
Despite their strong similarity on the level of their
amino-acid sequences and three-dimensional structures,
their carbohydrate specificities vary widely. Because of
their abundance in mature seeds and their broad range
of carbohydrate specificities, they are used as model
systems to study the nature of protein—carbohydrate
interactions (Loris et al., 1998).

The structures of several legume lectins have been
determined to date, including lentil lectin, soybean
agglutinin, concanavalin A, pea lectin, isolectins I and II
from Lathyrus occhrus, lectin IV from Griffonia
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simplicifolia, the lectin from Erythrina corallodendron,
phytohemagglutinin-L. and peanut agglutinin (Loris er
al., 1993; Loris, Van Overberge et al., 1994; Hardman et
al., 1982; Naismith et al., 1993; Einspahr e al., 1986;
Bourne et al., 1990; Delbaere er al., 1993; Shaanan et al.,
1991; Dessen er al.,, 1995; Banerjee et al., 1994; Hamel-
ryck et al., 1996). These proteins possess very similar
tertiary structures, dominated by two antiparallel B-
sheets. Their quaternary structures, on the contrary, are
not conserved and seem to be mediated not only by
differences in amino-acid sequence at the possible
combining sites, but also by the presence or absence of
covalently linked carbohydrate.

Legume lectins can be classified into five different
groups on the basis of their sugar specificity: glucose/
mannose, galactose/N-acteyl-galactosamine, fucose,
chitobiose and complex (i.e. no simple mono- or disac-
charide is capable of inhibiting agglutination). At
present, crystal structures of carbohydrate complexes
are available for the glucose/mannose group of lectins
(concanavalin A, lentil, pea and Lathyrus lectins), the
galactose/N-acetyl-galactosamine  group of lectins
(peanut agglutinin, EcorL and soybean lectin) and one
lectin with complex specificity (GS-IV), while the crys-
tallization of one fucose specific lectin (UEA-I) has
been reported (Vandonselaar & Delbaere, 1994).

Here we report on the crystallization of UEA-II, the
chitobiose specific lectin from Ulex europaeus. UEA-II
was first purified in the early 1970’s (Matsumoto &
Osawa, 1970), but its amino-acid sequence was deter-
mined only 6 years ago (Konami et al., 1991a). The lectin
forms a homotetramer in solution and contains 22%
covalently bound carbohydrate (Matsumoto & Osawa,
1970), mainly mannose, galactose and arabinose, and in
this respect resembles the related lectins from Cytisus
sessifolius and Laburnum alpinum (Konami et al., 1983,
1991b). Although the initial studies identified chitobiose
as the most potent inhibitory sugar (Matsumoto &
Osawa, 1970), it was found that Fuca1-2GalB1-4GlcNac
and Fuca1-2GalB1-4Glc are better ligands by a factor of
4, while GalNAca1-3GalB1-3GlcNac also shows some
affinity (it being about half as potent as chitobiose)
(Pereira et al., 1979).
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Fig. 2. Stereoview of a superposition of a Ca trace of the UEA-II tetramer (thick black lines) upon the PHA-L tetramer (thin red lines) illustrating
the 5° rotation of the UEA-II subunits compared to PHA-L. The three molecular twofold axes of the PHA-L and UEA-II tetramers coincide
and are oriented horizontally, vertically and perpendicular to the plane of the page. The 5° rotation is around the axis perpendicular to the
plane of the page. The figure was prepared using MOLSCRIPT (Kraulis, 1991).

dimer (such as lentil lectin) as the search model. but not
with the GS-1V or EcorL types of dimers, nor with the
concanavalin A or peanut agglutinin type of tetramers.
The translation search was, therefore, continued using
only the PHA-L type of tetramer and established the
true space group as P3,21.

Thus, UEA-II is the third legume lectin that forms the
PHA-L type of tetramer. The two other observed
tetramer types, the concanavalin A type and the peanut
agglutinin type, on the contrary have only been
observed once. This suggests that the PHA-L type of
tetramer might be the ‘default” or ‘canonical’ legume
lectin tetramer. This tetramer has point group 222
symmetry and is a ‘dimer of dimers’. Furthermore. the
interface in this tetramer has been suggested to form the
binding site for adenine and adenine-derived plant
hormones (Hamelryck er al., 1996). Therefore, it will be
of interest to determine whether UEA-II is also capable
of interacting with these ligands with high affinity.
Refinement of the UEA-II structure at high resolution
using synchrotron data will undoubtedly provide further
clues about the molecular basis for quaternary structure
formation. The UEA-II tetramer, although very similar,
is not entirely identical to the PHA-L and SBA tetra-
mers (Fig. 2). A small but significant rotation of the
subunits of about 5° was found compared to PHA-L and
SBA after rigid-body refinement of the individual
subunits. This led to a reduction of the R factor from
0.472 to 0.404 at 4.5 A resolution and a corresponding
improvement of the correlation coefficient from 0.39 to
0.58.

There is no apparent relationship between sequence
identity and the nature of the quaternary structure.
Lectins with a quite high sequence identity such as
EcorL and lentil lectin (70% amino-acid identity) form a
different type of dimer, while lentil lectin and conca-
navalin A with only 39% sequence identity form the
same type of dimer. Quaternary structure is also not
correlated with carbohydrate specificity. Furthermore,

UEA-II belongs to the chitobiose specific class of
legume lectins, for which data on their fine sugar
specificity are scarce. Co-crystallizations with suitable
oligosaccharides are in progress.
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