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The integrin a6B4 is an essential component of hemi-
desmosomes but it also plays a dynamic role in invasive
carcinoma cells. The cytoplasmic tail of the4 subunit
is uniquely large among integrins and includes two
pairs of fibronectin type 1l domains separated by
a connecting segment. Here we describe the crystal
structure of the first tandem domain pair, a module
that is critical for a6B4 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 a6B4 to be dissected at the atomic level.
Keywords carcinomal/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 membran&

to their cytoplasmic tails, triggering or augmenting a
variety of intracellular signal transduction pathways
(Hynes, 1992; Clark and Brugge, 1995; Schwatzl,

1995). The integrina6B4 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; Niesseet al., 1994; Spinardet al.,
1995; Borradori and Sonnenberg, 1996; Dowliegal.,
1996; van der Neuét al, 1996). Mutations in thei6p34

genes cause certain lethal types of epidermolysis bullosa,

a disorder associated with severe skin blistering (Uitto
et al, 1997). In keratinocytes, laminin binding t634
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 684
promotes invasion by activation of the phosphatidyl-
inositol-3 kinase pathway (Shaet al.,, 1997), and stimu-
lates lamellae formation and chemotactic migration
by activation of a cAMP-specific phosphodiesterase

© European Molecular Biology Organization

(Rabinovitz and Mercurio, 1997; O’'Connet al., 1998).
The switch to an invasive phenotype requires a change in
the cellular localization ofu6p4, 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 large4 cytoplasmic tail contains ~1000 amino
acids, compared with ~50 amino acids for a typical
integrin B subunit (Hogervorset al, 1990; Suzuki and
Naitoh, 1990; Tamurat al., 1990; Figure 1A). Sequence
analysis revealed the presence of four regions with homo-
logy to fibronectin type Il (Fnlll) domains, arranged in
two pairs separated by a connecting segment (CS; Suzuki
and Naitoh, 1990), and a region with homology to*iNa
Ca&" 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 Fnlll
domains and the connecting segment (FN1:2:CS). This
region is necessary for incorporation into hemidesmo-
somes in epithelial cells (Spinarét al, 1993) and into
vimentin-associated fibrillar structures in endothelial cells
(Homanet al, 1998). In cells not naturally expressing
06pB4, transfected FN1:2:CS controls the subcellular
distribution of plectin (Niesseeat al., 1997a; Homaet al.,
1998; Rezniczekt 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
n vitro (Rezniczeket al, 1998). In a yeast two-hybrid
screen, FN1:2:CS interacts with gZ7’¢'™6 a nuclear
matrix protein that localizes into hemidesmosomes in
pithelial cells expressing634 (Biffo et al.,, 1997; Sanvito
et al, 1999). A shorter fragment, containing the two Fnlll
domains and just the first 37 amino acids of the connecting
segment, is necessary and sufficient for the localization
of a6PB4 into hemidesmosomes, and for controlling the
cellular distribution of plectin (Niesseet al, 1997a;
Nieverset al., 1998).

So far, structural data on integrins have been limited to
the extracellular ligand-binding I-domain (Legal., 1995;

Qu and Leahy, 1995; Emslegt al, 1997). Here we
describe the crystal structure of the first tandem pair of
Fnlll domains from the cytoplasmic tail @f634.

Results and discussion

Overall structure

The crystal structure was solved using two heavy-atom
derivatives and refined to a resolution of 2.15 A (Table
[). 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 inte@dn The four Fnlll domains are represented by yellow boxes, and the region
with homology to Na/C&" 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 Fnlll domainsB)) Ribbon diagram. The A—B—B-sheet is shown in red, and the C—-E-G1-G23-sheet in yellow. C) Stereo G

plot. The molecule is in the same orientation as in (A); thep@sition 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 2Aof surface play a functional role. The two molecules were built
area. The protein is monomeric in solution up to a independently, and there are no significant differences
concentration of 0.75 mM (unpublished data), so that we between the individual domains [root mean square
cannot confidently ascribe functional significance to the deviation (r.m.s.d.y 0.29 A for all G,s]. Small differences
crystallographic dimer. It remains possible that at the between the interdomain tilt and twist angles are noted
high effective concentrations observed when the integrin below.

is clustered at hemidesmosomes, dimer formation could The molecule contains two domains with the typical
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Integrin a6p4 crystal structure

Table |. Summary of crystallographic analysis

Space group P22 a=59.04 Ac=246.1 A
Two molecules in the 41% solvent
asymmetric unit

Data set Native 1 Native 2 3 mM Hggl 3 mM EMTS
Wavelength/A 1.037 1.007 1.007 1.007
Resolution/A 2.15 2.80 2.80 2.80
Unique refections 22724 9916 19 (30 19 198
Overall completeness % 915 87.3 89.6 88.7
Anomalous completeness % 87.1 90.5
Redundancy 4.9 4.5 24 2.2

Rsym % (outer shell) 3.5 (6.8) 4.2 (4.9) 3.06.6) 2.5 (4.4)
<l/o (I)> (outer shell) 34 (20) 36 (14) 25 (13) 26 (13)
Riso (%) 28.5 30.0
Number of heavy atom sites 10 10

Reuiis: 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)

3 eeping Bijvoet pairs separate.
Rsym = Z|||—<| >|/Z||
Riso = Z|[Fdged—FnallZ|Fnal, whereFge, is the heavy-atom derivative structure factor &hg; is the protein structure factor.

Rcullis_= Z|[Fer = Fnad—Fded/ZIFder = Fnad ) )
Phasing power <|F,|>/<E>, whereF, is the heavy atom structure factor aRds the residual lack of closure error.

Fnlll fold (Campbell and Spitzfaden, 1994) connected by observed in strand G of domain 1, but does contain a
a four-residue linker. Each domain is built up of two [-bulge at P1308, which creates a cavity filled by a water
B-sheets, one with three (A, B and E) and one with four molecule in an environment similar to that in domain 1.
(C, C, Fand G) strands, packed ifdesandwich enclosing

a highly conserved hydrophobic core (Figure 1B and C). Comparisons between Fnlll domains

The C—C loops in both domains, and the loops at the The two Fnlll domains of34 integrin can be closely
bottom of the first domain, are more mobile than the core superimposed (r.m.s.d. of 1.3 A for the, Qositions
residues (as judged by their B values), but with the of 58 core residues). Domain 2 is 10 residues longer
exception of a few surface side chains, there is unambigu-than domain 1, with insertions in the B-C, C-C

ous electron density throughout. and C-E loops, where the major structural differences
occur. Bothp4 domains are as similar or more similar to
Domain structure other Fnlll domains (r.m.s.d. in the range 0.7-1.2 A for

Domain 1 has several unusual features. At the top of core residues). Other known structures lack the buried
strand A, an abrupt turn occurs at A1137, creating spacewater molecules found in th@4 domains. An overlay of
for two buried water molecules which mediate hydrogen the two B4 domains with the tenth Fnlll domain of
bonds between the main chain of the A—B loop and both fibronectin (Fn10) is shown in Figure 2. The main struc-
main- and side chains of linker residues. The Cigop tural differences are as follows. The top of strand A takes
includes a turn of 3 helix which is stabilized in part by  a different course in the three structures; this region is
stacking against the tryptophan side chain of W1162 from generally variable in Fnlll domains. The B-C loop in
strand C (see below). Strand G is divided into two domain 2 of(34 is unusually long, three residues longer
segments separated by a structure that resembles a polythan in Fn10 or tenascin; it is involved in domain—domain
proline Il helix, extending from G1205 to L1210, which interactions (see below). The C~@®op in domain 2 of
breaks the normal pattern @sheet hydrogen bonding. 4 is also unusually long, four residues longer that in
At the beginning of the helix, a water molecule is Fnl0 or tenascin, and is a candidate protein-binding site
inserted between strands F and G and mediates main chairfsee below). The GE loop is longer in domain 2 and
hydrogen bonds, whereas the side chain hydroxyl of S1208shorter in domain 1 of4; this loop has a variable length
makes hydrogen bonds to both its own carbonyl oxygen in other Fnlll domains. The F-G loop of boffd domains
and the amide nitrogen of V1196 from strand F. A similar is of standard length and lacks the insertion containing
role for serine in stabilizing the poly-proline helix structure the RGD sequence in Fn10.
was observed in neuroglian (Hubet al., 1994).

Buried in the otherwise hydrophobic core of domain 2 Domain-domain interactions
is a tyrosine residue (Y1296); the analogous position in Analysis of known interdomain relationships in Fnlll
other Fnlll domains (except for the sixth Fnlll domain of modules has revealed no consensus or general rules that
fibronectin, which also contains a tyrosine, but whose would predict their relative orientations and packing
structure is unknown) is occupied by a pure hydrophobic (Leahyet al., 1996; Sharmat al., 1999), and our structure
side chain, typically F, M, V or |. Three water molecules is different from any described previously. The module
are also buried, making a hydrogen-bonded chain betweenadopts an extended conformation. Domain 2 is related to
the tyrosine hydroxyl and the protein surface at the top domain 1 by a translation of 4# 1 A and a 210+ 2°
of the domain. Domain 2 lacks the poly-proline helix rotation (average and variation between two copies of the
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Fig. 2. Structure and sequence alignment of Fnlll domaiAg.tereo G plot comparing the second domain of integfi4 (solid line) with the first
domain (dotted line) and the tenth Fnlll domain of fibronectin (dashed line). The prominent loop at lower left contains the integrin-binding RGD
sequence of fibronectin. The C-©op at top right contains the NDDNR motif in domain 2 of integfi4. (B) Sequence alignment. The first and
second domains d#4, the tenth Fnlll domain of fibronectin (Fn10) and the third Fnlll domain of tenascin (TnFn3) were aligned after superposition
of their structures. Secondary structure elements offthénlll domains are indicated, including turns gfy3ielix (H1 and H2) and a segment of
polyproline helix (PP). The RGD and NDDNR motifs are highlighted in green. The sequence of thel#finBj and fourth §{4Fn4) domains o4

were aligned with those of the first and second modules using the program CLUSTALW (Thoetpsigri994).

molecule in the crystal asymmetric unit) and only a small hydrogen bonds to a main chain carbonyl in the B—C loop;
tilt angle: the angle between the major axes of the domainsits carbonyl oxygen hydrogen bonds to the buried side
is 11+ 2°. The surface area buried in the interface is chain of N1302 in the F-G loop of domain 2; and its
459+ 3 A2 which is in the mid-range of values for other carboxylate side chain hydrogen bonds to the side chain
Fnlll modules (330-770 A. The interface is formed by  of S1140 and a buried water molecule at the top of
contacts between the A-B and E—F loops of domain 1, domain 1. In an extended conformation, the carboxylate
the B—C and F-G loops of domain 2, and the four-residue of E1218 would make a salt bridge to R1141, but in the
linker (Figure 3). crystal a side chain from another molecule inserts between
A key element of the interface is the unusually long them. H1216 makes further stabilizing bonds: its main
B—C loop in domain 2, which makes the only loop—loop chain nitrogen makes a water-mediated bond to the A-B
contacts between domains, as well as hydrogen bonds taturn of domain 1; its side chain was modelled to make a
the linker andB-sheet interactions with residues immedi- hydrogen bond with a sulfate ion in the solvent channel,
ately downstream. The B—C loop presents a 10 A long but the electron density is also consistent with a 180° flip
flat hydrophobic surface comprising the main- and side- about its G—Cy bond, which would allow the formation
chains of N1247, G1248 and E1249, which pack against of a hydrogen bond with the carbonyl oxygen of G1139
the side chains of P1188 and Y1189 from the A-B loop in the A-B loop of domain 1. The side-chairt ©f Q1217
of domain 1, making extensive van der Waals contacts. nestles between the B-C and F-G loops of domain 2,
The linker residues (HQEV 1216-1219) make a variety making hydrogen bonds with the main chain nitrogens in
of bonds which stabilize the conformation. In the middle both loops. Of the linker residues, only V1219 makes no
of the linker, E1218 makes a full complement of main- hydrogen bonds, but it is not flexible because its peptide
and side chain hydrogen bonds: its main chain nitrogen 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 (Figure 4). The C-Cloop in domain 1 extends outwards
upstream E1218, which is fully hydrogen bonded, as from the body of the domain as a distorted typgiurn
noted previously. and a turn of 3rhelix which together with the E-F loop
How well does this conformation represent the two- form the lower half of the V-shaped groove. The upper
domain module in solution? The extent and nature of the half of the groove is formed by the B—C loop of
interface, with its network of hydrogen bonds and van der domain 2. Six acidic residues line the perimeter of this
Waals contacts, suggest that it does represent a majorsurface (D1166 and E1170 from the C—Bop; D1191
conformation, and independent evidence from small angle from the E-F loop; and E1242, E1245 and E1249 from
solution X-ray scattering also indicates an extended shapethe B—C loop), which is relatively hydrophobic at its
(P.Chaca and J.M.Andreu, personal communication). It centre.
should be noted that the similarity of the tilt angles The second feature is the large C4@op in domain 2.
and interface structures for the two molecules in the The loop is longer than in other Fnlll domains, and
asymmetric unit does not provide additional evidence for protrudes from the body of the domain in a manner
rigidity, because the crystal contacts between them arereminiscent of the integrin-binding RGD loop of the tenth

extensive and quasi-symmetrical. Fnlll domain of fibronectin, which, however protrudes
from the F—G loop at the opposite end of the domain
Potential binding motifs (Figures 2 and 4C). The C-+doop consists of residues

The minimal functional unit for targeting into hemi- 1260-1266, which adoptf&hairpin with a modified type |
desmosomes and controlling the cellular distribution of B-turn. The turn is stabilized by the side-chain of N1261,
plectin is the first two Fnlll domains plus 37 residues into which folds back towards the centre of the turn, with its
the connecting segment (CS) (Niessen al, 1997a), Ot making hydrogen bonds with four peptide nitrogens:
therefore these three regions must all contribute either D1262 (3.2 A), D1263 (2.6 A), N1264 (3.1 A) and R1265
directly or indirectly to binding its target proteins. (3.0 A). The turn wraps around the body of the domain,
In other systems, Fnlll domains display a variety of such that the side chain of N1264 makes a close contact
binding modes in their interactions with other proteins, with 11313 in the C-terminal strand near the beginning of
involving individual loops [e.g. the RGD loops of the connecting segment. The side chains of D1262, D1263
fibronectin (Mainet al, 1992; Dickinsonet al, 1994; and R1265 do not form salt bridges; they are fully exposed
Leahy et al, 1996) and tenascin (Leatst al, 1992)] to solvent and extengt 10 A from the body of the domain.
as well as binding surfaces created by domain—domain A mutation in theB4 integrin gene in a patient suffering
organization [e.g. the human tissue factor (Baneieal., from junctional epidermolysis bullosa produced a deletion
1996) and the human growth hormone receptor (de Vosin residues 1249-1265, which encompass the ‘eGp
et al, 1992)]. Our structure contains two striking features (Vidal et al., 1995). However, the deletion possibly leads
that might constitute protein-binding motifs. The first is to a general destabilization of domain 2.
an acidic V-shaped groove 20 A wide and 10 A deep The CS was not included in the construct used for
created by the upper surface of domain 1 (the Cafd crystallization, but it would emanate from the upper end
E—F loops) and the lower surface (B—C loop) of domain 2 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 dok)diihe gide-chains of the

C-C loop of domain 1 are shown in ball-and-stick form. The loop ends in a turn@h&lix, 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 leftC] Stereo close-up of the C-@op in domain 2, a hairpin with g-turn at its end. Hydrogen bonds between

the side chain of N1261 and the four main chain nitrogens of3then 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-@op of domain 2. The refined structure of the loop is shown in ball-and-stick fekinExperimental
solvent flattened map at 2.8 A resolution, contoured at (B) 2F,~F. map with phases calculated from the final model at 2.15 A, contouredsat 1

and C—-C; 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 (Fengt al, 1994). These

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

motifs are typically unstructured peptides in the absence were grown at 37°C in M9ZB medium (Studiet al., 1990) containing

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 coul

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-thio3-p-galactopyranoside (Sigma) at 37°C for 3 h. Cells harvested
by centrifugation were resuspended in 20 mM Tris—HCI 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—HCI pH 7.9, 500 mM NaCl, 200 mM imidazole, tfd
fragment was extensively dialysed against 20 mM Tris—HCI pH 7.5,
150 mM NacCl, digested with thrombin (Boehringer Mannheim) in the
presence of 1 mM Caglat 30°C for 1.5 h, dialysed against 20 mM

dTris—HCI pH 7.9, 500 mM NacCl, 5 mM imidazole and reloaded in the

HiTrap chelating column. Protein lacking the His-tag was collected in

cooperate with each other and with the connecting segmentine fiow through, dialysed against 20 mM Tris—HCI pH 7.5, 150 mM
to create one or more binding surfaces. This information NaCl, 1 M sucrose, and finally flash-frozen and stored at —80°C.
can be used to probe the atomic-level determinants of Typically 60 mg of pureB4 protein were obtained from each litre of

a6B4 function in both normal and invasive carcinoma cells bacterial culture. The molecular mass of the protein, as measured by
" mass spectrometry, was 22 3423 Da, in agreement with the theoretical

mass (22 342 Da).

Materials and methods
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 430y, 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—HCI pH 7.5 and mother liquor. Crystals belong to the space
group P42,2 with cell dimensions = 59.04 A,c = 246.1 A. The best
crystals had dimensions 0.25 mm0.25 mmX 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

Cloning and purification

The DNA sequence corresponding to the first two Fnlll domains of the
human integrinB4, residues 1126-1322, was amplified by PCR using
the vector pGR36 (Rezniczest al, 1998) as a template. The upper
primer (8-TGA GAA TTC CAT ATG GAC CTG GGC GCC CCG
CAG AAC-3') contained arEcoRl site and aNdd site; the lower primer
(5'-GCC GAATTC GGA TCC CTACCT CTT GGG CTG GGT GGC-
3') contained arEcaRl site and aBanHl| site. The 624 bp product was
digested withEcaR | and cloned into pBluescript SK (-) (Stratagene).
The Nde-BanH| fragment was then cloned into pET15b (Novagen).
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taking test exposures with a Rigaku RU-200 X-ray generator and an Borradori,L. and Sonnenberg,A. (1996) Hemidesmosomes: roles in
R-Axis IV image plate. Good quality crystals were stored and transported  adhesion, signaling and human diseagestr. Opin. Cell Biol, 8,
frozen to the Advance Photon Source at the Argonne National Laboratory, 647-656.

IL, USA. Data were collected at 100 K at the beam lines BM-14C and Bringer,A.T., et al. (1998) Crystallography and NMR system: a new
BM-14D using Quantum 1 or Quantum 4 CCD detectors. Data were  software suite for macromolecular structure determinatifita
indexed with DENZO and reduced with SCALEPACK (Otwinowski and Crystallogr. D Biol. Crystallogr. 54, 905-921.

Minor, 1997). Two mercury derivatives were prepared by soaking crystals Campbell,I.D. and Spitzfaden,C. (1994) Building proteins with
in mother liquor containing either 3 mM Hgg£br 3 mM EMTS at 4°C fibronectin type Il modulesStructure 2, 333—-337.

for 26 h. Data were collected for both derivatives to 2.8 A resolution Clark,E.A. and Brugge,J.S. (1995) Integrins and signal transduction
using a wavelength of 1.0071 A to maximize the anomalous signal of  pathways: the road takeScience268, 233—239.

mercury. The positions of five mercury atoms of the Hg@érivative Collaborative Computational Project No. 4 (1994) The CCP4 suite:
were found using SOLVE (Terwilliger and Berendzen, 1999). Another programs for protein crystallographyActa Crystallogr. D Biol.
five mercury atom sites in the HggClderivative and 10 sites in Crystallogr, 50, 760-763.

the EMTS derivative were found by inspection of difference Fourier Cowtan,H.D. (1994Joint CCP4 and ESF-EACBM Newsletter on Protein
maps. Sites were refined and phases were calculated using MLPHARE  Crystallography 31, 34—38.

(Collaborative Computational Project No. 4, 1994). An experimental de Vos,A.M., Ultsch,M. and Kossiakoff,A.A. (1992) Human growth
map, obtained after solvent flattening with DM (Cowtan, 1994), was hormone and extracellular domain of its receptor: crystal structure of
readily interpretable. The asymmetric unit contains two molecules and  the complex Sciencg255 306-312.

41% solvent. Dickinson,C.D., Veerapandian,B., Dai,X.P., Hamlin,R.C., Xuong,N.H.,
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