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The legume lectins are widely used as a model system for studying pro-
tein-carbohydrate and protein-protein interactions. They exhibit a fasci-
nating quaternary structure variation, which becomes important when
they interact with multivalent glycoconjugates, for instance those on cell
surfaces. Recently, it has become clear that certain lectins form weakly
associated oligomers. This phenomenon may play a role in the regulation
of receptor crosslinking and subsequent signal transduction. The crystal
structure of DB58, a dimeric lectin from the legume Dolichos bi¯orus
reveals a separate dimer of a previously unobserved type, in addition to
a tetramer consisting of two such dimers. This tetramer resembles that
formed by DBL, the seed lectin from the same plant. A single amino acid
substitution in DB58 affects the conformation and ¯exibility of a loop in
the canonical dimer interface. This disrupts the formation of a stable
DBL-like tetramer in solution, but does not prohibit its formation in suit-
able conditions, which greatly increases the possibilities for the cross-
linking of multivalent ligands. The non-canonical DB58 dimer has a
buried symmetrical a helix, which can be present in the crystal in either
of two antiparallel orientations. Two existing structures and datasets for
lectins with similar quaternary structures were reconsidered. A central a
helix could be observed in the soybean lectin, but not in the leucoaggluti-
nating lectin from Phaseolus vulgaris. The relative position and orientation
of the carbohydrate-binding sites in the DB58 dimer may affect its ability
to crosslink mulitivalent ligands, compared to the other legume lectin
dimers.
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Introduction

Lectins are a structurally diverse class of proteins
of non-immune origin that bind carbohydrates in a
reversible fashion and do not exhibit enzymatic
activity towards their ligands.1 Lectins can be
found in plants, animals, bacteria and viruses, and
are involved in countless biological recognition
functions. The legume lectin family has been stu-
died for several decades using biochemical and
biophysical techniques, and is considered a model
system for protein-carbohydrate interactions.2

These dimeric or tetrameric proteins are found in
the seeds and in the vegetative tissues of most
leguminous plants. The monomers exhibit high
levels of sequential and structural identity. At pre-
sent, the crystal structures of 21 native or sugar-
# 2001 Academic Press



194 Crystal Structure of the DB58 Lectin
complexed legume lectins have been determined.
For a complete overview, consult the 3D Lectin
Database, available on-line{.

Despite the conserved structure of the legume
lectin monomer, a surprising variety of quaternary
structures is observed. This variation has signi®-
cant functional implications for the binding of
multivalent sugar ligands. The symmetry proper-
ties of the protein oligomer and the multivalent
ligand both affect the structure of homogeneous
crosslinked lattices, generating greater speci®city
than can be achieved at the level of individual
monomers.3 Speci®c and homogeneous two or
three-dimensional crosslinked complexes can be
formed even in the presence of mixtures of differ-
ent lectins and carbohydrates. This additional level
of speci®city could be important when a lectin
crosslinks glycoproteins on cell surfaces, which
often initiates signal transduction cascades.4 Other
lectin families (the galectins and spermadhesins)
display quaternary structure variations that are
strikingly similar to those of the legume lectins.5 In
the case of the daffodil and snowdrop lectins, a
difference in quaternary structure appears to be
related directly to a difference in carbohydrate
speci®city.6

DB58 is the heterodimeric lectin from the vegeta-
tive tissues of the tropical legume Dolichos
bi¯orus.7,8 It is closely related to DBL, the heterote-
trameric 110 kDa seed lectin from the same plant.9

Both proteins exhibit subunit heterogeneity that
stems from post-translational removal of up to 12
amino acid residues from the C terminus of the
newly synthesised 253 amino acid residue chains.10

DBL forms a tetramer similar to that observed for
PHA-L (the leucoagglutinating lectin from the
common bean),11 SBA (the agglutinin from
soybean),12 Vicia villosa isolectin B413 and isolectin
II from Ulex europaeus (UEA-II).14 The DBL-type
dimer can be split conceptually into two types of
dimer.15 One of these is the canonical dimer, which
has been observed in the lectins from pea and
lentil, and is part of the ConA tetramer. The other,
non-canonical dimer had not been observed separ-
ately before.

We present a high-resolution (2.5 AÊ ) crystal
structure of uncomplexed DB58, along with
improved structures of PHA-L and SBA, and com-
pare these proteins with other lectins with related
quaternary structures. We investigate the inter-
actions in the canonical dimer interface and the
different ways it can be disrupted in the lectins
with a different arrangement of the monomers.

Results and Discussion

Overall structure of DB58

The asymmetric unit of the DB58 crystals con-
tains six monomers (A through F). Because of the
{ http://www.cermav.cnrs.fr/databank/lectine/
non-crystallographic symmetry (NCS) restrictions
that were applied during re®nement, they are
almost identical (but see below for an important
exception). Four of the DB58 monomers (A, B, C
and D) are associated in a quaternary arrangement
like that of DBL (Figure 1). The presence of a sep-
arate non-canonical dimer formed by the remain-
ing monomers (E and F) in this crystal proves that
this dimer can exist independently and must be the
quaternary structure of the protein in solution.
Some legume lectins possess a hydrophobic bind-
ing site with high af®nity for adenine and certain
adenine-derived plant hormones.16,17 This site and
the monosaccharide-binding site are distinct and
do not interact in any way. Binding of adenine has
been described mainly for tetrameric legume lec-
tins, including DBL, PHA-E and SBA. However,
DB58, although dimeric, also binds adenine.18 The
adenine-binding site is located in the non-canonical
interface of the DBL-type tetramer.15 The fact that
DB58 forms a non-canonical dimer is therefore
strongly supported by the observation of adenine-
binding by this protein.

DB58 has two potential glycosylation sites
(Asn12-Ser-Ser and Asn79-Lys-Ser), which are both
found to be glycosylated in biochemical tests.7

There is no interpretable density for the Asn12 gly-
can. The central GlcNAc residue of the Asn79
glycan was visible in monomers B and E, and the
entire core trisaccharide could be observed clearly
in monomer F. Monomers A, D and F did not
show any density for this glycan, which is close to
the monosaccharide-binding site. The metal-
binding sites of DB58 were identical with those of
the other legume lectins, as expected. The strongly
conserved cis peptide bond is present between
Ala84 and Asp85. The four water ligands of the
metals were introduced into the model, using a
consensus geometry for the coordination bonds
based on available high-resolution structures of
other legume lectins.

The non-canonical dimer interface

The two monomers in a non-canonical dimer
form two interfaces: a bb interface between two
equivalent b strands and an ab interface between
an a helix and part of a b sheet (Figure 1).15 The bb
interface of DB58 is almost identical with that in
DBL. It is formed by the interdigitation of the side-
chains of residues 187, 189 and 191 in two equival-
ent b strands of the opposing monomers. The ab
interface is formed between the two-turn C-term-
inal a helix (residues 242-250) of a non-truncated
monomer and part of the back sheet (b strands 2-8,
66-71 and 223-233) of the other, truncated mono-
mer. In the DBL structure, the helices, which ®t in
a central cavity of the tetramer, could be associated
unambiguously with speci®c subunits, but in the
low-resolution DB58 structure they could not be
modelled.

There is room for only one helix in the interface,
but this helix can be contributed by either of the



Figure 1. Overall structure of the
DB58 tetramer (ABCD) observed in
the crystal. This tetramer is very
similar to the DBL tetramer and
contains both canonical (AB and
CD) and non-canonical (AC in col-
ours and BD in grey) dimers. The
asymmetric unit of the DB58 crys-
tals contains an additional separate
non-canonical EF dimer. The differ-
ent subunit interfaces are labeled
(CDI for the canonical dimer inter-
face; ab and bb for the two parts of
the non-canonical dimer interface).
The back sheets are in orange, the
front sheets are in yellow. The a
helix in the non-canonical dimer
interface is in red. The metal ions
(grey spheres) and their water
ligands (red spheres) are next to
the sugar-binding sites, which are
marked by asterisks. The N termini
(N), the normal C termini (C) and
the truncated C termini (C*) are
labeled.

Figure 2. Stereo view of the two antiparallel orien-
tations (in red and blue) of the central a helix in the
DB58 crystal. Also shown are the surrounding strands
from the back sheets sandwiching the helix and the
atoms on the near faces of these sheets. The helix is suf-
®ciently symmetric to ®t into the grooves of the two
identical sheets.
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two monomers, resulting in two possible, antipar-
allel orientations for the helix in the crystal. The
helix is approximately symmetrical and can ®t
equally well into the grooves of the identical b
sheets on either side (Figure 2). The density in the
cavity was not very clear, and could not be
accounted for by either orientation of the helix in
the crystal. It was therefore considered that there
might be statistical disorder in the crystal, and the
helix was introduced in both orientations with
half-occupancy. The calculated density thus ends
up as the average of the contributions of the two
orientations. The introduction of the helices
reduces both the crystallographic R-factor and the
free R-factor by approximately 1.2 %. The clearest
density corresponds well to those regions where
both orientations contribute atoms. For instance,
the side-chain of Tyr247 from one orientation over-
laps with the side-chain and main chain of Ala245
from the other orientation. Similar pairs are
Leu242/Val249, Asp243/Asn251 and Ile244/
Leu248.

The monosaccharide-binding sites of DB58

Figure 3 compares the monosaccharide-binding
sites of DB58 and DBL. Three of the loops that con-
tribute to the site, including the metal-binding loop
and the cis peptide region, have identical confor-
mations in these proteins. There are, however,
differences in the side-chains at positions 102 and
127. Ser102 and Phe127 in DB58 correspond to
Gly102 and Leu127 in DBL, respectively, which
also means DB58 has the strongly conserved large
aromatic side-chain that is missing from DBL.15

The sequence of the speci®city loop proper is iden-
tical in these proteins. However, because of the
presence of Leu42 in an adjacent loop in DB58, the
loop is shifted over a distance of approximately



Figure 3. Stereo representation of
a superposition of the monosac-
charide-binding sites of DB58
(blue) and DBL (green). A GalNAc
residue is shown as it is bound in
the complex between DBL and the
Forssmann disaccharide. The
Figure shows how all the loops
contributing to the site have identi-
cal conformations, except for the
speci®city loop (212-220), which is
affected by the replacement of
Pro42 in DBL by Leu42 in DB58.
Other differences involve the side-
chains of Ser102 and Phe127 in
DB58, which correspond to Gly102
and Leu127 in DBL.
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1 AÊ when compared to DBL, which has a more
compact proline side-chain at the position corre-
sponding to Leu42 in DB58. The Og atom of Ser215
is moved over the greatest distance (1.5 AÊ ) and
would clearly clash with a galactose residue bound
in the same position and orientation as in DBL.
These observations cannot be interpreted further
without additional information about the speci-
®city pattern of DB58 or structures of complexes
between DB58 and suitable carbohydrates.

DBL is known to agglutinate red blood cells of
blood group A and to precipitate derived glyco-
conjugates, whereas DB58 does not display these
activities.9 The distance between the two monosac-
charide-binding sites of a DB58 dimer is approxi-
mately 55 AÊ and both sites are located on the same
side of the dimer. The corresponding distance in a
canonical dimer is approximately 68 AÊ . Addition-
ally, there are differences in the orientation of the
binding sites, as illustrated in Figure 4. By con-
structing a vector between the two residues of the
Forssman disaccharide, as bound by DBL, the rela-
tive orientation of the binding sites in a DBL-type
tetramer was quanti®ed. The angle between these
vectors is clearly obtuse for the canonical dimer,
and clearly acute for the DB58-type dimer. A DBL-
type tetramer combines both these geometries and
has a distance of about 86 AÊ between the diagon-
ally opposed monomers. For the GS-IV and EcorL
dimers, the binding sites point away from each
other and the ``exit vectors'' lie almost on a straight
line. Among the four different dimers, the binding
sites of the DB58 type have the smallest angle and
the smallest distance between them. These differ-
ences in geometry might in¯uence the ability of the
DB58 dimer to bridge large distances and crosslink
multivalent carbohydrate ligands. It could bind
ligands close together on a surface and cover it,
but would have a harder time crosslinking ligands
on different cells than the other three types of
dimers. The geometry and freedom of movement
of the epitopes on the carbohydrate ligand would,
of course, also affect these interactions.

Overall structure of PHA-L and SBA

Some minor improvements were introduced into
the existing PHA-L model11 based on the expanded
diffraction data. The improved electron density is
due to the introduction of additional diffraction
data and recent progress in re®nement and calcu-
lation protocols, such as bulk solvent and global
anisotropic B-factor corrections. A comparison of
the central cavities of the PHA-L tetramer and the
DB58 crystal tetramer (data not shown) clearly
indicates that the electron density for PHA-L does
not warrant the inclusion of a helices. The ab inter-
face appears not to be essential for the stability of
the PHA-L tetramer.

The asymmetric unit of the SBA crystals contains
only one monomer and one pentasaccharide.12

The SBA tetramers and the larger lattice of penta-
saccharide-bridged tetramers are formed by the
crystal symmetry operations. The observed elec-
tron density is averaged over all four monomers,
and conformational differences for loops or helices
cannot be determined. The previously uninter-
preted density in the central cavity corresponds
well to the average of two antiparallel orientation
of an a helix as in DB58. The a helix and the penta-
saccharides were both introduced into the model
in one of the two possible orientations, with half-
occupancy for all the atoms. Application of the
symmetry operations yielded the alternative orien-
tations of these two elements, averaging both
orientations, and closely modelling the statistical
disorder in the crystal. In this case too, clearer elec-
tron density made possible a number of small
improvements to the model, including the addition
of several side-chains and the central galactose resi-
due of the ligand Gal-b1,4-GalNAc-b1,2-[Gal-b1,4-



Figure 4. Comparison of the relative positions and orientations of the monosaccharide-binding sites in the four
types of legume lectin dimer. For each dimer type, a complex with an oligosaccharide was chosen: (a) the Forssmann
disaccharide for DBL, (b) the Leb antigen for GS-IV and (c) lactose for EcorL. A reference vector was constructed
from the geometrical midpoint of the residue bound in the monosaccharide-binding site to the midpoint of the next
residue, in order to describe the orientation of the disaccharide. The angle between the vectors in each dimer type
was calculated. Although the precise values of the angles depend on the choice of reference points for the vectors, it
is clear that the angle is acute (around 50 �) for the DB58-type dimer, obtuse for the canonical dimer (around 130 �)
and around 180 � for the GS-IV and EcorL dimers. The distance between the binding sites is similar (around 65 AÊ ) for
the EcorL and GS-IV dimers.
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GalNAc-b1,3-]Gal, which is now completely vis-
ible.

Comparison of the canonical dimer contacts

The association of two DB58-type dimers into a
DBL-type tetramer is equivalent to the formation
of two canonical dimers and involves the antiparal-
lel association of two b strands, as well as three
different loop contacts (ab, cc and ba; Figure 5).
These contacts were compared in DBL and DB58,
and found to be essentially identical, except for the
contact between loops a and b. As re®nement of
DB58 progressed, it became clear that loop a
(Phe11-Phe16) exhibits conformational ¯exibility.
NCS restrictions for this region were released, and
signi®cant differences between the monomers
could be modelled (see Figure 5 for a superposition
of the different conformations of loop a). In mono-
mers A, B, C and D, loop a is involved in the cano-
nical dimer contacts, whereas in monomers E and
F it is free in the crystal solvent. DBL has a proline
residue at position 14, whereas DB58 has Ser14 at
the corresponding position. Loop a in DBL has a
well-de®ned conformation and the hydrophobic
Pro14 side-chain is packed against the aromatic
side-chain of Tyr203 in loop b of the opposing
monomer. In contrast, the serine residue of DB58
does not offer a signi®cant hydrophobic surface to
pack against Tyr203. The other contacts in the
canonical interface are identical between DBL and
DB58, and it would appear that the difference of
one amino acid residue at position 14 is a subtle
but suf®cient mechanism to cause DB58 to be
dimeric and DBL to be tetrameric in solution.
Another case where a single amino acid substi-
tution has been found to affect oligomeric associ-
ation is the His47Asn mutant of triosephosphate
isomerase (H47N-TIM).19

The presence of the tetramer in the crystal indi-
cates that association of DB58 dimers is not steri-
cally prohibited and can occur in suitable
conditions. For both DBL and DB58 there is pre-
sumably a dynamic equilibrium between dimers
and tetramers in solution, with a strong preference
for tetramers in the case of DBL and for dimers
with DB58. There are numerous other examples of
higher-order multimer formation in lectin crystal



Figure 5. The different contacts in the canonical dimer
interface. The image is based on the structure of DBL
and the three relevant loops are labelled a (11-16 in
DBL), b (193-203) and c (50-66). The only difference
between DBL and DB58 in these regions is the replace-
ment of Pro14 of DBL by Ser14 in DB58. The a loop in
DB58 is ¯exible, and a number of different backbone
conformations are indicated in thin grey lines.
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structures (summarised by Hamelryck et al.)20 and
in solution.21,22 A particularly striking example is
FRIL (from Dolichos lablab), which is a dimeric lec-
tin in solution and can form a weakly associated
ConA-type tetramer in a cross-linked complex with
a sugar.20 In this case, the structural basis of the
marginal stability of the FRIL tetramer (compared
to the stable ConA tetramer) could not be pin-
pointed as clearly as in the DBL/DB58 case. The
formation of the type II3 crosslinked lattice
between FRIL and a trisaccharide, observed in the
crystal, depends on the tetrameric association of
the protein. In DB58 too, a tetramer would clearly
have greater crosslinking potential than the indi-
vidual monomers, as described above. The ability
of lectins like DB58 and FRIL to form tetramers
Figure 6. Structure-based sequence alignment for legume
and locally veri®ed by comparing the crystal structures. N-g
residues are marked in bold.
could therefore be physiologically relevant in the
context of receptor crosslinking, which often occurs
in signal transduction systems.4 This could allow
for subtle regulation, based on the local concen-
tration of the lectin on the cell surface, the local pH
and other factors.

The change from proline to serine also
introduces a glycosylation site in loop a of DB58.
PHA-L is also glycosylated at the corresponding
position, yet it does form the DBL-type tetramer. It
has been established that the relative importance of
glycosylation and factors intrinsic to the protein in
determining quaternary structure can vary signif-
icantly.23,24 In order to rationalise the quaternary
structure observations, Prabu et al.25 have calcu-
lated global parameters (hydrophobic surface bur-
ied on association, surface complementarity and
model-based interaction energy) for the natural
legume lectin oligomers and a number of arti®-
cially constructed associations. The DBL/DB58
case illustrates that very subtle, local differences
can be enough to destabilise an interaction. For
this reason, we attempted a number of detailed
structure analyses of other lectins that do not form
canonical dimers.

Figure 6 shows the sequence alignment for the
relevant sections. Important differences occur in
loop c, which interacts with its counterpart in the
opposing monomer. The small neutral side-chain
(alanine or serine) in the canonical dimer lectins is
replaced by a larger, positively charged lysine resi-
due in EcorL (the seed lectin from Erythrina
corallodendron)23 and WBA-I (the ®rst basic aggluti-
nin from Psophocarpus tetragonolobus),24 and by a
negatively charged glutamate residue in isolectin
IV of Griffonia simplicifolia (as observed by Delbaere
et al.).26 These charged residues would be buried in
the predominantly hydrophobic canonical dimer
interface. In the Griffonia lectin (GS-IV), there is an
lectins. Alignments were performed with BLASTP 2.0.5
lycosylation sites (NX[S/T]) have been underlined. Key
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additional replacement of the highly conserved
aromatic residue in the middle of the b loop by a
lysine residue, which would clash with the a loop
of the opposing monomer in a canonical dimer. In
WBA-I, this aromatic side-chain is replaced by a
much smaller serine side-chain.

Like DB58, the leucoagglutinating lectin from
Maackia amurensis (MAL) is known to be dimeric in
solution, but it forms DBL-type tetramers in the
crystals used for the structure determination.27 The
MAL crystals do not contain isolated dimers, so it
is still not known whether the lectin forms canoni-
cal or DB58-type dimers in solution or which type
of dimer is formed only in the crystal. For this
Maackia lectin and isolectin I from Ulex europaeus
(UEA-I), given as additional examples in Figure 6,
there is no obvious sequence element that would
prohibit canonical dimer formation. If the geome-
try of the DB58-type dimer indeed prohibits
agglutination, the observation that MAL has
agglutination activity would mean that it would
have to form a canonical dimer in solution, which
in turn would imply that it is the DB58-type dimer
that is formed in the crystal.

The stable quaternary structure of a lectin oligo-
mer is determined ultimately by the relative stab-
ility of the different interfaces. There are different
ways to affect the stability of these interfaces. The
canonical dimer interface can be destabilised by
sterical hindrance or by a conformationally ¯exible
loop. The non-canonical interface can be stabilised
in different ways, for instance by an a helix (as in
DBL/DB58 and SBA) or by a disulphide bond (as
in UEA-II).14 It is still dif®cult to predict the qua-
ternary structure of a lectin based on the sequence,
especially in very subtle cases like the DBL/DB58
or FRIL systems.
Table 1. Properties of the different crystals and data collectio
pentasaccharide complex

DB58

Space group P21212
Cell parameters

a (AÊ ) 100.8
b (AÊ ) 130.2
c (AÊ ) 137.0
b (deg.) 90.0

Contents of the asymmetric unit Three di

Resolution
Range (AÊ ) 20-2.
Final shell (AÊ ) 2.59-2
hI/sIi (total) 12.9
hI/sIi (final shell) 2.78
Rmerge (%) 10.4
Observed reflections 259,24
Unique reflections 59,07
Global completeness (%) 93.8
Completeness in the final shell (%) 95.7
Redundancy 4.4

a Global value for the combined data.
b From Olsen et al.12
Materials and Methods

Crystallization, data collection and processing

Puri®cation and crystallization of uncomplexed natu-
ral DB58 have been described elsewhere.28 Brie¯y, suit-
able crystals were obtained using the ``hanging drop''
method with 5-7 mg mlÿ1 protein, 100 mM sodium
citrate buffer (pH 5.6), 8-12 % (w/v) PEG6000 and 0.2-
0.4 M sodium chloride. Crystallisation of uncomplexed
PHA-L and the SBA/pentasaccharide complex have
been described elsewhere.12,29 The properties of the
different crystals and the data collection statistics are
summarized in Table 1. Data for the DB58 crystals were
collected on station BW7A of the DESY synchrotron in
Hamburg, Germany (l � 0.98 AÊ ). Diffraction images
were processed using the programs Denzo, XDisplayF
and ScalePack from the HKL Package30 and the CCP4
program Truncate.31 The structure factors for the SBA
complex12 were retrieved from the Protein Data Bank
(access code r1SBFsf). The CCP4 programs Scala, Trun-
cate and MTZ2various were used to reprocess these
datasets. Denzo, ScalePack, Scala and Truncate were
used to process previously unused diffraction images for
PHA-L and combine them with the structure factors that
were already available. The completeness for the existing
PHA-L dataset was 88.5 %,11 whereas the new combined
data set reaches 94.4 %.

Model building and refinement

Re®nement was done using the simulated annealing
torsion angle re®nement and conjugate gradient least-
squares re®nement protocols of the CNS program32 with
the maximum likelihood target function (MLF target)
based on structure factors. Throughout the re®nement,
real space bulk solvent and anisotropic B-factor correc-
tions were used. For DB58, NCS restraints (sb � 0.5 AÊ 2;
weight 1000 kcal molÿ1 AÊ 2) were applied between the six
monomers in the asymmetric unit. In the later stages of
re®nement, NCS restraints were released for certain
regions of the subunits. This did not lead to different
n statistics for native DB58, native PHA-L and the SBA/

PHA-L SBA

1 C2 I4122

1 106.48 122.64
8 121.28 122.64
6 89.96 90.56

93.7 90.0
mers One tetramer One monomer and one

pentasaccharide

5 20-2.8 20-2.2
.5 2.95-2.8 2.25-2.2

11.23 12
3.2 3.7

10.7a 12.8b

6 100,006 57,894
5 26,546 19,716

94.4 80.0
82.1 72.7
3.8 2.9



Table 2. Quality parameters of the ®nal models for DB58, PHA-L and SBA

DB58 PHA-L SBA

Rcryst (%) 22.1 18.2 19.0
Rfree (%) 24.7 21.2 23.0
r.m.s.d. from ideal
Bond lengths (AÊ ) 0.009 0.008 0.007
r.m.s.d. from ideal
Angles (�) 1.661 1.555 1.351
r.m.s.d. from ideal
Dihedral angles (deg.) 26.774 27.151 26.056
r.m.s.d. from ideal
Improper angles (deg.) 0.871 0.847 0.796

Distribution of the residues in the Ramachandran plot (%)
Core 84.1 85.2 85.1
Allowed 14.4 14.2 13.5
Additional allowed 1.3 0.5 1.0
Forbidden 0.2 0.2 0.5
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conformations in the different monomers, except in the
case of the loop between Phe11 and Phe16, where differ-
ent conformations could be modelled in the different
monomers. NCS restrictions were also applied to the
four monomers in the asymmetric unit of the PHA-L
crystal.

Visualisation and model building were done with the
program TURBO-FRODO starting from the existing low-
resolution DB58 model15 and the deposited models for
PHA-L and SBA. Figures were made with the programs
MOLSCRIPT,33 BobScript34 and Raster3D.35 The quality
and secondary structure of the models were analysed
with the CCP4 programs PROCHECK36 and
PROMOTIF.37 The quality parameters of the ®nal models
are summarized in Table 2. NAccess was used to calcu-
late accessible surfaces and determine buried hydro-
phobic surfaces. Models were compared by
superimposing them using a least-squares algorithm
with the CCP4 program LSQKab. The following PDB
entries were used for structure comparisons: 1DBN
(MAL), 1AX0 (EcorL), 1GSL (GS-IV), 1LU1 and 1LU2
(DBL), 1QMO (FRIL), 1WBL (WBA-I) and 1QNW (UEA-
II).

Protein Data Bank accession numbers

Coordinates and structure factors have been submitted
to the RCSB Protein Data Bank with accession codes
1G7Y and r1G7Ysf for uncomplexed DB58, 1G8W and
r1G8Wsf for uncomplexed PHA-L and 1G9F and
r1G9Fsf for SBA.
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