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José Marı́a de Pereda, Gerhard Wiche1 and
Robert C.Liddington2

Department of Biochemistry, University of Leicester, Leicester
LE1 7RH, UK and1Institute of Biochemistry and Molecular Cell
Biology, Vienna Biocenter, 1030 Vienna, Austria
2Corresponding author
e-mail: RCL6@LE.AC.UK

The integrin α6β4 is an essential component of hemi-
desmosomes but it also plays a dynamic role in invasive
carcinoma cells. The cytoplasmic tail of theβ4 subunit
is uniquely large among integrins and includes two
pairs of fibronectin type III domains separated by
a connecting segment. Here we describe the crystal
structure of the first tandem domain pair, a module
that is critical for α6β4 function. The structure reveals
a novel interdomain interface and candidate protein-
binding sites, including a large acidic cleft formed
from the surfaces of both domains and a prominent
loop that is reminiscent of the RGD integrin-binding
loop of fibronectin. This is the first crystal structure
of either a hemidesmosome component or an integrin
cytoplasmic domain, and it will enable the intracellular
functions of α6β4 to be dissected at the atomic level.
Keywords: carcinoma/crystal structure/fibronectin/hemi-
desmosome/integrin

Introduction

Integrins are heterodimeric transmembrane receptors that
mediate cell–cell and cell–matrix adhesion. Ligand binding
to their extracellular domains causes conformational
changes that are transmitted through the plasma membrane
to their cytoplasmic tails, triggering or augmenting a
variety of intracellular signal transduction pathways
(Hynes, 1992; Clark and Brugge, 1995; Schwartzet al.,
1995). The integrinα6β4 is an essential component of
hemidesmosomes, junctional complexes in the basal layer
of stratified epithelia that connect the intermediate filament
system to the extracellular matrix via binding to laminin
(E.C.Leeet al., 1992; Niessenet al., 1994; Spinardiet al.,
1995; Borradori and Sonnenberg, 1996; Dowlinget al.,
1996; van der Neutet al., 1996). Mutations in theα6β4
genes cause certain lethal types of epidermolysis bullosa,
a disorder associated with severe skin blistering (Uitto
et al., 1997). In keratinocytes, laminin binding toα6β4
leads to the activation of the Ras-ERK and Rac-JNK
mitogen-activated protein kinase pathways (Mainiero
et al., 1995, 1997). In carcinoma cells, expression ofα6β4
promotes invasion by activation of the phosphatidyl-
inositol-3 kinase pathway (Shawet al., 1997), and stimu-
lates lamellae formation and chemotactic migration
by activation of a cAMP-specific phosphodiesterase

© European Molecular Biology Organization 4087

(Rabinovitz and Mercurio, 1997; O’Connoret al., 1998).
The switch to an invasive phenotype requires a change in
the cellular localization ofα6β4, from stable adhesive
structures linked to intermediate filaments to dynamic
motile structures linked to the actin cytoskeleton. Under-
standing the nature of this switch would represent a major
achievement in cancer biology.

The largeβ4 cytoplasmic tail contains ~1000 amino
acids, compared with ~50 amino acids for a typical
integrin β subunit (Hogervorstet al., 1990; Suzuki and
Naitoh, 1990; Tamuraet al., 1990; Figure 1A). Sequence
analysis revealed the presence of four regions with homo-
logy to fibronectin type III (FnIII) domains, arranged in
two pairs separated by a connecting segment (CS; Suzuki
and Naitoh, 1990), and a region with homology to Na1/
Ca21 exchange proteins has also been described recently
(May and Ponting, 1999). Most of the known functions
of the cytoplasmic tail reside in the first pair of FnIII
domains and the connecting segment (FN1:2:CS). This
region is necessary for incorporation into hemidesmo-
somes in epithelial cells (Spinardiet al., 1993) and into
vimentin-associated fibrillar structures in endothelial cells
(Homan et al., 1998). In cells not naturally expressing
α6β4, transfected FN1:2:CS controls the subcellular
distribution of plectin (Niessenet al., 1997a; Homanet al.,
1998; Rezniczeket al., 1998), a cytoskeletal linker protein
present in hemidesmosomes which also interacts with the
intermediate filament system (Wiche, 1998). Recombinant
fragments of FN1:2:CS co-immunoprecipitate with plectin
(Niessenet al., 1997b) and bind fragments of plectin
in vitro (Rezniczeket al., 1998). In a yeast two-hybrid
screen, FN1:2:CS interacts with p27BBP/eIF6, a nuclear
matrix protein that localizes into hemidesmosomes in
epithelial cells expressingα6β4 (Biffo et al., 1997; Sanvito
et al., 1999). A shorter fragment, containing the two FnIII
domains and just the first 37 amino acids of the connecting
segment, is necessary and sufficient for the localization
of α6β4 into hemidesmosomes, and for controlling the
cellular distribution of plectin (Niessenet al., 1997a;
Nieverset al., 1998).

So far, structural data on integrins have been limited to
the extracellular ligand-binding I-domain (Leeet al., 1995;
Qu and Leahy, 1995; Emsleyet al., 1997). Here we
describe the crystal structure of the first tandem pair of
FnIII domains from the cytoplasmic tail ofα6β4.

Results and discussion

Overall structure
The crystal structure was solved using two heavy-atom
derivatives and refined to a resolution of 2.15 Å (Table
I). The crystals contain two copies of the two-domain
module in the asymmetric unit, forming an intimate
antiparallel embrace about a 2-fold axis close to the
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Fig. 1. (A) The intracellular organization and functional sites on integrinβ4. The four FnIII domains are represented by yellow boxes, and the region
with homology to Na1/Ca21 exchange proteins (NCX) is shown in blue. The proline-rich motif and the Tyr residues of the ‘tyrosine activation
motif’ (Mainiero et al., 1995) within the CS are indicated. Functional assignments are indicated by horizontal bars. (B and C) Structure of the first
tandem pair of FnIII domains. (B) Ribbon diagram. The A–B–Eβ-sheet is shown in red, and the C–C9–F–G1–G2β-sheet in yellow. (C) Stereo Cα
plot. The molecule is in the same orientation as in (A); the Cα position of every tenth residue is labelled. All molecular figures were drawn with
MOLSCRIPT (Kraulis, 1991), BOBSCRIPT (Esnouf, 1997) or RENDER (Merritt and Bacon, 1997).

interdomain linker, which buries 2600 Å2 of surface
area. The protein is monomeric in solution up to a
concentration of 0.75 mM (unpublished data), so that we
cannot confidently ascribe functional significance to the
crystallographic dimer. It remains possible that at the
high effective concentrations observed when the integrin
is clustered at hemidesmosomes, dimer formation could
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play a functional role. The two molecules were built
independently, and there are no significant differences
between the individual domains [root mean square
deviation (r.m.s.d.)5 0.29 Å for all Cαs]. Small differences
between the interdomain tilt and twist angles are noted
below.

The molecule contains two domains with the typical
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Table I. Summary of crystallographic analysis

Space group P43212 a 5 59.04 Åc 5 246.1 Å
Two molecules in the 41% solvent
asymmetric unit

Data set Native 1 Native 2 3 mM HgCl2 3 mM EMTS
Wavelength/Å 1.037 1.007 1.007 1.007
Resolution/Å 2.15 2.80 2.80 2.80
Unique refections 22 724 9916 19 030a 19 195a

Overall completeness % 91.5 87.3 89.6 88.7
Anomalous completeness % 87.1 90.5
Redundancy 4.9 4.5 2.4a 2.2a

Rsym % (outer shell) 3.5 (6.8) 4.2 (4.9) 3.0a (6.6) 2.5a (4.4)
,I/σ (I). (outer shell) 34 (20) 36 (14) 25 (13) 26 (13)
Riso (%) 28.5 30.0
Number of heavy atom sites 10 10
Rcullis: centric/acentric 0.53/0.57 0.66/0.67
Phasing power:centric/acentric 1.83/2.39 1.61/2.05
Figure of merit (outer shell) 0.75 (0.59)

aKeeping Bijvoet pairs separate.
Rsym 5 Σ|I i–,I.|/ΣI i
Riso 5 Σ||Fder|–|Fnat||/Σ|Fnat|, whereFder is the heavy-atom derivative structure factor andFnat is the protein structure factor.
Rcullis 5 Σ||Fder 6 Fnat|–Fder|/Σ|Fder 6 Fnat|
Phasing power5 ,|Fh|./,E., whereFh is the heavy atom structure factor andE is the residual lack of closure error.

FnIII fold (Campbell and Spitzfaden, 1994) connected by
a four-residue linker. Each domain is built up of two
β-sheets, one with three (A, B and E) and one with four
(C, C9, F and G) strands, packed in aβ-sandwich enclosing
a highly conserved hydrophobic core (Figure 1B and C).
The C–C9 loops in both domains, and the loops at the
bottom of the first domain, are more mobile than the core
residues (as judged by their B values), but with the
exception of a few surface side chains, there is unambigu-
ous electron density throughout.

Domain structure
Domain 1 has several unusual features. At the top of
strand A, an abrupt turn occurs at A1137, creating space
for two buried water molecules which mediate hydrogen
bonds between the main chain of the A–B loop and both
main- and side chains of linker residues. The C–C9 loop
includes a turn of 310 helix which is stabilized in part by
stacking against the tryptophan side chain of W1162 from
strand C (see below). Strand G is divided into two
segments separated by a structure that resembles a poly-
proline II helix, extending from G1205 to L1210, which
breaks the normal pattern ofβ-sheet hydrogen bonding.
At the beginning of the helix, a water molecule is
inserted between strands F and G and mediates main chain
hydrogen bonds, whereas the side chain hydroxyl of S1208
makes hydrogen bonds to both its own carbonyl oxygen
and the amide nitrogen of V1196 from strand F. A similar
role for serine in stabilizing the poly-proline helix structure
was observed in neuroglian (Huberet al., 1994).

Buried in the otherwise hydrophobic core of domain 2
is a tyrosine residue (Y1296); the analogous position in
other FnIII domains (except for the sixth FnIII domain of
fibronectin, which also contains a tyrosine, but whose
structure is unknown) is occupied by a pure hydrophobic
side chain, typically F, M, V or I. Three water molecules
are also buried, making a hydrogen-bonded chain between
the tyrosine hydroxyl and the protein surface at the top
of the domain. Domain 2 lacks the poly-proline helix
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observed in strand G of domain 1, but does contain a
β-bulge at P1308, which creates a cavity filled by a water
molecule in an environment similar to that in domain 1.

Comparisons between FnIII domains
The two FnIII domains ofβ4 integrin can be closely
superimposed (r.m.s.d. of 1.3 Å for the Cα positions
of 58 core residues). Domain 2 is 10 residues longer
than domain 1, with insertions in the B–C, C–C9
and C9–E loops, where the major structural differences
occur. Bothβ4 domains are as similar or more similar to
other FnIII domains (r.m.s.d. in the range 0.7–1.2 Å for
core residues). Other known structures lack the buried
water molecules found in theβ4 domains. An overlay of
the two β4 domains with the tenth FnIII domain of
fibronectin (Fn10) is shown in Figure 2. The main struc-
tural differences are as follows. The top of strand A takes
a different course in the three structures; this region is
generally variable in FnIII domains. The B–C loop in
domain 2 ofβ4 is unusually long, three residues longer
than in Fn10 or tenascin; it is involved in domain–domain
interactions (see below). The C–C9 loop in domain 2 of
β4 is also unusually long, four residues longer that in
Fn10 or tenascin, and is a candidate protein-binding site
(see below). The C9–E loop is longer in domain 2 and
shorter in domain 1 ofβ4; this loop has a variable length
in other FnIII domains. The F–G loop of bothβ4 domains
is of standard length and lacks the insertion containing
the RGD sequence in Fn10.

Domain–domain interactions
Analysis of known interdomain relationships in FnIII
modules has revealed no consensus or general rules that
would predict their relative orientations and packing
(Leahyet al., 1996; Sharmaet al., 1999), and our structure
is different from any described previously. The module
adopts an extended conformation. Domain 2 is related to
domain 1 by a translation of 446 1 Å and a 2106 2°
rotation (average and variation between two copies of the
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B

Fig. 2. Structure and sequence alignment of FnIII domains. (A) Stereo Cα plot comparing the second domain of integrinβ4 (solid line) with the first
domain (dotted line) and the tenth FnIII domain of fibronectin (dashed line). The prominent loop at lower left contains the integrin-binding RGD
sequence of fibronectin. The C–C9 loop at top right contains the NDDNR motif in domain 2 of integrinβ4. (B) Sequence alignment. The first and
second domains ofβ4, the tenth FnIII domain of fibronectin (Fn10) and the third FnIII domain of tenascin (TnFn3) were aligned after superposition
of their structures. Secondary structure elements of theβ4 FnIII domains are indicated, including turns of 310 helix (H1 and H2) and a segment of
polyproline helix (PP). The RGD and NDDNR motifs are highlighted in green. The sequence of the third (β4Fn3) and fourth (β4Fn4) domains ofβ4
were aligned with those of the first and second modules using the program CLUSTALW (Thompsonet al., 1994).

molecule in the crystal asymmetric unit) and only a small
tilt angle: the angle between the major axes of the domains
is 116 2°. The surface area buried in the interface is
4596 3 Å2, which is in the mid-range of values for other
FnIII modules (330–770 Å2). The interface is formed by
contacts between the A–B and E–F loops of domain 1,
the B–C and F–G loops of domain 2, and the four-residue
linker (Figure 3).

A key element of the interface is the unusually long
B–C loop in domain 2, which makes the only loop–loop
contacts between domains, as well as hydrogen bonds to
the linker andβ-sheet interactions with residues immedi-
ately downstream. The B–C loop presents a 10 Å long
flat hydrophobic surface comprising the main- and side-
chains of N1247, G1248 and E1249, which pack against
the side chains of P1188 and Y1189 from the A–B loop
of domain 1, making extensive van der Waals contacts.

The linker residues (HQEV 1216–1219) make a variety
of bonds which stabilize the conformation. In the middle
of the linker, E1218 makes a full complement of main-
and side chain hydrogen bonds: its main chain nitrogen
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hydrogen bonds to a main chain carbonyl in the B–C loop;
its carbonyl oxygen hydrogen bonds to the buried side
chain of N1302 in the F–G loop of domain 2; and its
carboxylate side chain hydrogen bonds to the side chain
of S1140 and a buried water molecule at the top of
domain 1. In an extended conformation, the carboxylate
of E1218 would make a salt bridge to R1141, but in the
crystal a side chain from another molecule inserts between
them. H1216 makes further stabilizing bonds: its main
chain nitrogen makes a water-mediated bond to the A–B
turn of domain 1; its side chain was modelled to make a
hydrogen bond with a sulfate ion in the solvent channel,
but the electron density is also consistent with a 180° flip
about its Cβ–Cγ bond, which would allow the formation
of a hydrogen bond with the carbonyl oxygen of G1139
in the A–B loop of domain 1. The side-chain Oε of Q1217
nestles between the B–C and F–G loops of domain 2,
making hydrogen bonds with the main chain nitrogens in
both loops. Of the linker residues, only V1219 makes no
hydrogen bonds, but it is not flexible because its peptide
planes are fixed by the downstream proline (P1220),
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Fig. 3. Stereo close-up of the interdomain interface. Selected residues are shown in ball-and-stick form; hydrogen bonds between linker side chains
and domain loops are indicated by dashed lines. The view is rotated by 180° about a vertical axis compared with Figure 1B.

which is packed into the hydrophobic core, and the
upstream E1218, which is fully hydrogen bonded, as
noted previously.

How well does this conformation represent the two-
domain module in solution? The extent and nature of the
interface, with its network of hydrogen bonds and van der
Waals contacts, suggest that it does represent a major
conformation, and independent evidence from small angle
solution X-ray scattering also indicates an extended shape
(P.Chaco´n and J.M.Andreu, personal communication). It
should be noted that the similarity of the tilt angles
and interface structures for the two molecules in the
asymmetric unit does not provide additional evidence for
rigidity, because the crystal contacts between them are
extensive and quasi-symmetrical.

Potential binding motifs
The minimal functional unit for targeting into hemi-
desmosomes and controlling the cellular distribution of
plectin is the first two FnIII domains plus 37 residues into
the connecting segment (CS) (Niessenet al., 1997a),
therefore these three regions must all contribute either
directly or indirectly to binding its target proteins.

In other systems, FnIII domains display a variety of
binding modes in their interactions with other proteins,
involving individual loops [e.g. the RGD loops of
fibronectin (Main et al., 1992; Dickinsonet al., 1994;
Leahy et al., 1996) and tenascin (Leahyet al., 1992)]
as well as binding surfaces created by domain–domain
organization [e.g. the human tissue factor (Banneret al.,
1996) and the human growth hormone receptor (de Vos
et al., 1992)]. Our structure contains two striking features
that might constitute protein-binding motifs. The first is
an acidic V-shaped groove 20 Å wide and 10 Å deep
created by the upper surface of domain 1 (the C–C9 and
E–F loops) and the lower surface (B–C loop) of domain 2
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(Figure 4). The C–C9 loop in domain 1 extends outwards
from the body of the domain as a distorted type IIβ-turn
and a turn of 310-helix which together with the E–F loop
form the lower half of the V-shaped groove. The upper
half of the groove is formed by the B–C loop of
domain 2. Six acidic residues line the perimeter of this
surface (D1166 and E1170 from the C–C9 loop; D1191
from the E–F loop; and E1242, E1245 and E1249 from
the B–C loop), which is relatively hydrophobic at its
centre.

The second feature is the large C–C9 loop in domain 2.
The loop is longer than in other FnIII domains, and
protrudes from the body of the domain in a manner
reminiscent of the integrin-binding RGD loop of the tenth
FnIII domain of fibronectin, which, however protrudes
from the F–G loop at the opposite end of the domain
(Figures 2 and 4C). The C–C9 loop consists of residues
1260–1266, which adopt aβ-hairpin with a modified type I
β-turn. The turn is stabilized by the side-chain of N1261,
which folds back towards the centre of the turn, with its
Oε making hydrogen bonds with four peptide nitrogens:
D1262 (3.2 Å), D1263 (2.6 Å), N1264 (3.1 Å) and R1265
(3.0 Å). The turn wraps around the body of the domain,
such that the side chain of N1264 makes a close contact
with I1313 in the C-terminal strand near the beginning of
the connecting segment. The side chains of D1262, D1263
and R1265 do not form salt bridges; they are fully exposed
to solvent and extend.10 Å from the body of the domain.
A mutation in theβ4 integrin gene in a patient suffering
from junctional epidermolysis bullosa produced a deletion
in residues 1249–1265, which encompass the C–C9 loop
(Vidal et al., 1995). However, the deletion possibly leads
to a general destabilization of domain 2.

The CS was not included in the construct used for
crystallization, but it would emanate from the upper end
of domain 2, surrounded by the upper loops (A–B, E–F
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Fig. 4. Potential binding motifs. (A) and (B) Close-up of the V-shaped groove created by the surfaces of both domains. (A) The side-chains of the
C–C9 loop of domain 1 are shown in ball-and-stick form. The loop ends in a turn of 310 helix, which is viewed down its axis. Acidic residues in the
B–C loop of domain 2, which line the upper perimeter of the groove, are also shown. The view is the rotated by 90° about a vertical axis compared
with Figure 1B. (B) Molecular surface coloured according to surface charge distribution (red negative, white neutral, and blue positive) calculated
with the program GRASP (Nicholls, 1992), showing the acidic groove. In the right panel the molecule is in the same orientation as in (A). An
orthogonal view is shown on the left. (C) Stereo close-up of the C–C9 loop in domain 2, a hairpin with aβ-turn at its end. Hydrogen bonds between
the side chain of N1261 and the four main chain nitrogens of theβ-turn are shown as dashed lines. The beginning of the CS is indicated by an
arrow.
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Fig. 5. Electron density maps of the C–C9 loop of domain 2. The refined structure of the loop is shown in ball-and-stick form. (A) Experimental
solvent flattened map at 2.8 Å resolution, contoured at 1σ. (B) 2Fo–Fc map with phases calculated from the final model at 2.15 Å, contoured at 1σ.

and C–C9; Figure 4C). The beginning of the CS contains
a highly hydrophobic proline-rich motif, IPIIPDIPIV
(1326–1335), which is reminiscent of, but distinct from,
known SH3-binding motifs (Fenget al., 1994). These
motifs are typically unstructured peptides in the absence
of their binding partner, and indeed, based on circular
dichroism (CD) spectra of recombinant proteins containing
the CS, we find no evidence for significant secondary
structure (unpublished data).

In conclusion, our crystal structure reveals two potential
protein-binding motifs: an acidic groove that could, for
example, act as a docking site for a positively charged
protein domain; and a prominent loop with an NDDNR
motif that could bind to a pocket in another domain. Just
as importantly, the organization of the two-domain module
shows how these motifs are organized in space and could
cooperate with each other and with the connecting segment
to create one or more binding surfaces. This information
can be used to probe the atomic-level determinants of
α6β4 function in both normal and invasive carcinoma cells.

Materials and methods

Cloning and purification
The DNA sequence corresponding to the first two FnIII domains of the
human integrinβ4, residues 1126–1322, was amplified by PCR using
the vector pGR36 (Rezniczeket al., 1998) as a template. The upper
primer (59-TGA GAA TTC CAT ATG GAC CTG GGC GCC CCG
CAG AAC-39) contained anEcoRI site and aNdeI site; the lower primer
(59-GCC GAA TTC GGA TCC CTA CCT CTT GGG CTG GGT GGC-
39) contained anEcoRI site and aBamHI site. The 624 bp product was
digested withEcoR I and cloned into pBluescript SK (–) (Stratagene).
The NdeI–BamHI fragment was then cloned into pET15b (Novagen).

4093

The recombinant fragment includes the extra sequence MGSSHH-
HHHHSSGLVPRGSHM (His-tag) at the N-terminus, which after
thrombin digestion is reduced to GSHM. The PCR-generated fragment
was sequenced in its entirety to verify the absence of mutations.

Escherichia coliBL21 (DE3) cells carrying the expression vector
were grown at 37°C in M9ZB medium (Studieret al., 1990) containing
100 mg/l ampicillin, until absorbance at 600 nm reached 0.7–0.9
(saturated cultures were avoided). Cultures were induced with 0.25 mM
1-thio-β-D-galactopyranoside (Sigma) at 37°C for 3 h. Cells harvested
by centrifugation were resuspended in 20 mM Tris–HCl pH 7.9, 500 mM
NaCl, 5 mM imidazole, 0.1% Triton X-100, lysed by sonication and
centrifuged. The expressed fragment was in the soluble fraction and was
purified by metal chelate affinity chromatography on a 5 ml HiTrap
chelating column (Amersham Pharmacia Biotech). After elution with
20 mM Tris–HCl pH 7.9, 500 mM NaCl, 200 mM imidazole, theβ4
fragment was extensively dialysed against 20 mM Tris–HCl pH 7.5,
150 mM NaCl, digested with thrombin (Boehringer Mannheim) in the
presence of 1 mM CaCl2 at 30°C for 1.5 h, dialysed against 20 mM
Tris–HCl pH 7.9, 500 mM NaCl, 5 mM imidazole and reloaded in the
HiTrap chelating column. Protein lacking the His-tag was collected in
the flow through, dialysed against 20 mM Tris–HCl pH 7.5, 150 mM
NaCl, 1 M sucrose, and finally flash-frozen and stored at –80°C.
Typically 60 mg of pureβ4 protein were obtained from each litre of
bacterial culture. The molecular mass of the protein, as measured by
mass spectrometry, was 22 3426 3 Da, in agreement with the theoretical
mass (22 342 Da).

Crystallization and structure determination
Initial crystals were obtained at 4°C by vapour diffusion using 100 mM
cacodylic acid/NaOH pH 6.2, 200 mM Li2SO4, 30% (v/v) polyethylene
glycol 400. Subsequent crystals were obtained by microseeding of non-
equilibrated drops containing equal volumes of 20 mg/ml protein in
10 mM Tris–HCl pH 7.5 and mother liquor. Crystals belong to the space
group P43212 with cell dimensionsa 5 59.04 Å,c 5 246.1 Å. The best
crystals had dimensions 0.25 mm3 0.25 mm3 0.05 mm, with the long
cell axis parallel to the short crystal dimension.

Single crystals were frozen by immersion in liquid nitrogen. The
mother liquor acted as cryoprotectant. Crystal quality was assessed by
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taking test exposures with a Rigaku RU-200 X-ray generator and an
R-Axis IV image plate. Good quality crystals were stored and transported
frozen to the Advance Photon Source at the Argonne National Laboratory,
IL, USA. Data were collected at 100 K at the beam lines BM-14C and
BM-14D using Quantum 1 or Quantum 4 CCD detectors. Data were
indexed with DENZO and reduced with SCALEPACK (Otwinowski and
Minor, 1997). Two mercury derivatives were prepared by soaking crystals
in mother liquor containing either 3 mM HgCl2 or 3 mM EMTS at 4°C
for 26 h. Data were collected for both derivatives to 2.8 Å resolution
using a wavelength of 1.0071 Å to maximize the anomalous signal of
mercury. The positions of five mercury atoms of the HgCl2 derivative
were found using SOLVE (Terwilliger and Berendzen, 1999). Another
five mercury atom sites in the HgCl2 derivative and 10 sites in
the EMTS derivative were found by inspection of difference Fourier
maps. Sites were refined and phases were calculated using MLPHARE
(Collaborative Computational Project No. 4, 1994). An experimental
map, obtained after solvent flattening with DM (Cowtan, 1994), was
readily interpretable. The asymmetric unit contains two molecules and
41% solvent.

An initial model containing both molecules in the asymmetric unit
was built using the program FRODO (Joneset al., 1991) and the tenth
FnIII domain of fibronectin as a guide (PDB code: 1FNF; Leahyet al.,
1996). After simulated annealing refinement using CNS (Bru¨ngeret al.,
1998) theR factor (Rwork) was 35.5% and theRfree (calculated on 5%
of reflections omitted from refinement) was 42.5%. Further refinement
included conjugate gradient minimization, B-factor refinement and man-
ual model building. Two strong positive peaks (10σ) in the Fobs–Fcalc
map lying on a 2-fold axis were modelled as cacodylate ions; another
three strong peaks were modelled as sulfate ions. Water molecules were
included in peaks of theFobs–Fcalc map higher than 3.5σ when plausible
hydrogen bonds were observed. The finalR factor was 20.1% for data
between 20 and 2.15 Å (bulk solvent corrected) and theRfree was 26.2%.
The refined model includes residues 1126–1320 and 1127–1319 in the
first and second molecule, respectively, 381 water molecules, two
cacodylate ions and three sulfate ions. Main-chain torsion angles of the
non-glycine residues lie in the most favoured (87.6%) or additional
allowed regions (12.4%) of the Ramachandran plot. There are nocis-
prolines. The r.m.s.d. from ideal bond length is 0.0056 Å and from ideal
bond angles is 1.32°. The average temperature factors are 24.8 Å2

and 25.8 Å2, for the first and second molecule, respectively, 36.7 Å2 for
the water molecules, 66.2 Å2 for the cacodylate ions and 43.0 Å2 for
the sulfate ions. A portion of the initial experimental map and the final
refined 2Fo–Fc map is shown in Figure 5. The crystals contain a non-
crystallographic dyad parallel tox, at y 5 0, z 5 1/8. The nearby
crystallographic 2-fold screw parallel tox, aty 5 1/4,z 5 1/8, gives rise
to a non-crystallographic translation close tox 5 1/2, y 5 1/2, z 5 0,
which is evident as a peak in the native Patterson.

Accession numbers

PDB ID codes: 1qg3 (coordinates); r1qg3sf (structure factors).
Coordinates will be released immediately on publication.
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