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The structure of the cytokine-binding homology region
of the cell surface receptor gp130 has been determined
by X-ray crystallography at 2.0 A resolution. The B
sandwich structure of the two domains conforms to
the topology of the cytokine receptor superfamily. This
first structure of an uncomplexed receptor exhibits a
similar L-shaped quaternary structure to that of
ligand-bound family members and suggests a limited
flexibility in relative domain orientation of some 3°.
The putative ligand-binding loops are relatively rigid,
with a phenylalanine side chain similarly positioned to
exposed aromatic residues implicated in ligand binding
for other such receptors. The positioning and structure
of the N-terminal portion of the polypeptide chain
have implications for the structure and function of
cytokine receptors, such as gp130, which contain an
additional N-terminal immunoglobulin-like domain.
Keywords cytokine receptor/gp130/multiple anomalous
diffraction/X-ray crystallography

Introduction

Cytokines, generally in the form of secreted molecules,
mediate intercellular signalling by high affinity interaction
(Kp ~10719M) with the extracellular regions of specific cell

(Yoshidaet al, 1996). In addition, chronic activation of
gp130 signalling in a transgenic mouse model results in
cardiac hypertrophy (Hiroteet al, 1995). The gp130
family of ligands currently comprises interleukin-6 (IL-6),
IL-11, herpes virus IL-6 (HSVIL-6), leukaemia inhibitory
factor (LIF), oncostatin (OSM), cardiotrophin (CT-1) and
ciliary neurotrophic factor (CNTF). The three-dimensional
structures of three members of the gpl30 family, LIF
(Robinsonet al, 1994), CNTF (McDonalcet al, 1995)
and IL-6 (Somert al, 1997; Xuet al, 1997) have been
defined by crystallographic or solution NMR techniques.
This reveals that these cytokines share a common topology,
being composed of four regions afhelix (helices A-D)
linked by polypeptide loops in the ‘up-up-down-down’
conformation typical of the ‘long chain’ family of cyto-
kines (Boultonet al, 1994).

The signalling functions of gp130 are initiated by the
ligand-mediated formation of oligomeric complexes with
other specific partner receptors. Gp130 initially was cloned
as an essential transmembrane component for signalling
mediated by IL-6 (Hibiet al, 1990). This occurs via
dimerization of gp130 (Murakangt al,, 1993) following
the formation of a hexameric complex containing two
molecules of gp130, two molecules of IL-6 and two
molecules of a soluble specific IL-6 receptor (Watdal,
1994; Paonessat al., 1995). A similar mechanism pertains
to the case of IL-11, where homodimerization of gp130,
and subsequent execution of signalling functions, is
brought about by association with a complex of IL-11 and
specific IL-11 receptors (Hiltoret al, 1994; Karow
et al, 1996).

Gpl130 was also cloned as a receptor required for
signalling mediated by cytokines which associate with a
second transmembrane receptor of the cytokine type—
LIF-R (Gearinget al,, 1991). These include OSM (Gearing
et al, 1992; Liuet al, 1992), LIF and CNTF (Ipet al.,
1992), and CT-1 (Pennicat al, 1995). In this case, signal

surface receptors. This promotes receptor oligomerization transduction is initiated by ligand-mediated heterodimeriz-
which, in turn, triggers intracellular signalling cascades ation of gp130 and LIF-R (facilitated, in the case of
within the target cell. The ability of a given cytokine to CNTF, by association with a third non-signalling receptor
elicit biological responses in a target cell is therefore component CNTF-R). Recently it has been discovered that
dictated by the specificity of interaction between ligand OSM can also mediate signalling by heterodimerization of
and receptor. gp130 with a novel transmembrane signalling receptor of
Gp130 is a transmembrane receptor which is required the cytokine type, OSM-R (Moslegt al, 1996). The
for signal transduction by a set of cytokines, the gp130 intracellular signalling pathways activated by ligand-medi-
family, which have many significant biological functions ated homo- or heterodimerization of gp130 include activ-
of potential therapeutic interest (reviewed in Kishimoto ation of the receptor-associated JAK/Tyk tyrosine kinases
et al, 1995). Gp130-mediated signalling has been implic- (Boultonet al, 1994; Stahkt al., 1994), the STAT family
ated in the regulation of a wide variety of adult tissue of transcription factors (Stadt al, 1995) and src-family
systems, including haemopoesis, nervous system, bonetyrosine kinase pathways (Ernst al., 1994).
heart, adipose tissue, testes, liver and muscle (reviewed The sequence of the extracellular ligand-binding region
in Kishimoto et al, 1995). Targeted inactivation of the of gp130 reveals that it is a member of the ‘cytokine’
gp130 gene results in a complex pre-natal lethal phenotypesuperfamily of receptors characterized by a canonical
including defects in cardiac and haematological function cytokine-binding homology region (CHR) containing the
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Table |. gp130-CHR data collection statistics

Wild-type Sa\ Se\, Se\s Se\, Se\g
Wavelength (A) 1.030 9790 0.9791 0.9535 0.9793 0.9789
Unique 48 189 20 549 20 280 22 400 20 264 19 303
<l/o(l)> 19.4 (5.0) 23.2 27.2 24.8 18.8 28.6
Rmerge (%0) 5.8 (20.6) 5.1 43 4.2 4.2 5.0
Resolution (A) 30-2.0 30-2.55 30-2.55 30-2.50 30-2.55 30-2.55
Completeness (%) 98.8 (96.6) 93.6 93.5 92 93.5 89.4

Rmerge = 2|l = <I>| / Z<I>,
Values in parentheses correspond to the highest resolution shell (2.07-2.00 A).

‘WSXWS' motif, a proline-rich ‘hinge’ region and a linker and c-myc tag. Surface plasmon resonance studies
characteristic spacing of cysteine residues (reviewed in confirmed that this recombinant form of gp130-CHR binds
Cosman, 1993). In addition, the extracellular region of OSM with an affinity K4 ~6.5X10% M) equivalent to
gpl30 contains an N-terminal module predicted to adopt the complete gp130 extracellular domain expressed in
a seven-stranded immunoglobulin-like conformation and, eukaryotic cells (D.Staunton, K.R.Hudson and J.K.Heath,

C-terminal to the CHR, three fibronectin type 1l (FN 11I)

in preparation). Gp130-CHR therefore retains structural

domains. Deletion studies have revealed that the gp130-features required for ligand engagement via site Il.

CHR is sufficient for interaction with ligand (Horsten
et al, 1995). Mutation studies of both IL-6 (Paonessa
etal, 1995) and LIF (Hudsost al., 1996) have shown that
this interaction involves topologically analogous receptor
recognition epitopes (site Il) in both ligands. A second,
physically discrete, gp130 ligand recognition epitope (site
[II) has also been described for the interaction with IL-6
(Paonessat al., 1995). This interaction requires regions of
gp130 outside the CHR (Simpsehal,, 1997; D.Staunton,

K.R.Hudson and J.K.Heath, unpublished observations).

The function of the CHR of gpl30 is therefore the
association with partner ligands (alone or complexed with
receptor) via their site Il recognition epitopes.

Crystal structures are available for four cytokine recep-
tors containing a CHR; the growth hormone receptor
(GHR; De Voset al, 1992), the prolactin receptor (PRLR;
Somerset al, 1994), the erythropoietin receptor (EPOR;
Livnahet al., 1996) and the interferopreceptor (IFN-R;
Walter et al, 1995). These four prototypes undergo an
exclusively homodimerization mode of action with a
restricted range of ligands; little is known currently of the

Crystallization trials yielded highly ordered crystals of
space group C234unit cell dimensionst = 84.5 Ab =
132.3 A,c = 121.9 A) which contained two gp130-CHR
molecules per crystallographic asymmetric unit. The non-
crystallographic symmetry does not reveal any possible
mode of receptor dimerization. The structure was deter-
mined by multiple anomalous dispersion (MAD) phasing
techniques using X-ray diffraction data collected on BM14
at the European Synchrotron Radiation Facility (ESRF)
from crystals of a selenomethionyl form of the protein.
The structure has been refined to a crystallograBhialue
of 21.5% for all data between 30 and 2.0 A resolution.
Crystallographic statistics are reported in Tables | and 1.
All 204 residues of the CHR are well ordered for one of
the two copies in the crystallographic asymmetric unit,
but residue 100 at the N-terminus and residues 212-213
of a loop region are disordered in the second copy; the
final model also includes certain of the residues which
derive from the expression construct (Figure 1A, see
Materials and methods). Domain-wise superpositions of
the two molecules in the crystallographic asymmetric unit

detailed structural features of receptors which undergo show essentially identical structures (r.m.s. deviation for
heterodimerization in the presence of ligand or interact equivalent G atoms between 90 residues of the CHR

with multiple ligand and receptor partners.
We report here the high resolution crystal structure of
the cytokine-binding homology region of gpl130. This

N-terminal domain is 0.44 A and between 99 residues of
the CHR C-terminal domain is 0.32 A). The following
text focuses exclusively on the structure of the human

structure provides the first detailed three-dimensional gp130-CHR and refers to these residues by the intact

information for a receptor component crucial to the signall-
ing complexes of a large family of growth factors (IL-6,

IL-11, LIF, CNTF, CT-1 and OSM) allowing assessment
of the molecular basis of specific recognition and ligand
engagement.

Results and discussion

Expression and structure determination

A soluble form of the gp130 cytokine-binding homology
region (gpl30-CHR) was expressed Hscherichia coli
as a maltose-binding protein (MBP) fusion (D.Staunton,
K.R.Hudson and J.K.Heath, in preparation). The final
purified protein comprised four residues from the fusion

gp130 numbering, 100-303.

Structure description and comparison with other

CHR structures

As anticipated from sequence analysis, the topology of
gpl30-CHR is similar to those of the three other class 1
receptors of the cytokine superfamily (Cosman, 1993) for
which structures have been determined (hGHR, de Vos
et al, 1992; hPRLR, Somerst al, 1994; EPOR, Livnah

et al, 1996). The CHR comprises two specialized FN Il
domains. The basic structural scaffold for each domain
consists of &3 sandwich primarily formed from a three-
strand (A, B, E) and four-strand (C,'CF, G) B sheet.
These domains are connected by a sheggth@lix and are

linker, residues 100-303 of human gp130 (the CHR) and oriented such that the whole molecule has an approximate
a further 14 residues corresponding to a three-alanineL shape (Figure 1).
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Fig. 1. The structure of gp130-CHRA] Ribbon representation of the structure of gp130-CHR. Helical segments are shown in f@dtaaads in

green. The full crystal structure is illustrated which includes, in addition to the structure of residues 100-303 of gp130, an extra three N-terminal
residues and eight C-terminal residues which derive from the expression construct. The C-tertréfiglresults from these latter residues.

(B) Topology diagram of the two domains of gp130-CHR. Helices are represented by cylindgdssaadds by arrows. The positions of the five

cysteine residues are marked by black bars. (A) and all components of Figures 2, 3 and 5 were drawn using programs MOLSCRIPT (Kraulis, 1991),
with modifications by R.Esnouf (Esnouf, 1997), and RASTER3D (Merrit and Murphy, 1994).

Gp130-CHR D1 Asn205 in D2. The tight packing of this part of the
The N-terminal domain (D1; residues 103-192) has the polypeptide chain against the core of tBesandwich is
standard arrangement of A, B, C,,&, F and (3 strands mediated by the insertion of proline residues Pro103 and
(Figures 1 and 2). One notable feature, unique to gp130-Pro107 in D1, and Pro200 and Pro203 in D2. The
CHR D1, is the division of strand G into two approximately incorporation of this feature necessitates the shift in
equal portions. This is the result of A bulge and, as  orientation of the upper part of the GFC sheet. In gp130-
discussed below, shows similarity to the WSXWS motif CHR D1, this is achieved through the distinctiféulge
of the second domain. In common with other examples in strand G at residues 187-189 stabilized by the hydrogen
of this fold, gp130-CHR D1 contains two disulfides which bonding of the Ser187 hydroxyl to the main-chain nitrogen
link the A and B strands (Cys112—Cys122) and the C of Vall76 in strand F (Figure 2C). An identical function
and E strands (Cys150-Cys160). The lengths of theis performed by the two serine residues in the canonical
interstrand loops are similar to those in the EPOR D1 WSXWS motif of CHR D2 structures, with the superposi-
(with the exception of the shorter region between strand tion of the gp130-CHR D1 and D2 domains indicating
C’ and E, and a longer FG loop) and show little significant that Ser187 and Ser292 are structurally equivalent. None
increase in flexibility relative to the core of the domain of the other class 1 CHR D1 structures contain the
(as judged from crystallographB-factors). equivalent length of polypeptide tightly clamped between
Given this general level of topological equivalence, it the B and G strands or thé3 bulge in strand G.
is somewhat surprising to find that structural superpositions
with other CHR D1 structures (Figure 2A) show relatively Gp130-CHR D2
poor agreement within the core framework (for example, The C-terminal domain (D2; residues 200—-300) conforms
1.0 A r.m.s. deviation for 53 structurally equivalenC  to the standard A,B,E and GFC@ sheet arrangement.
atoms with EPOR D1). As illustrated in Figure 2B, this Of the two domains of the CHR, the second appears to
discrepancy arises from the distinctive angleadtrands be generally the more structurally conserved within the
C, F and G in the upper half of the GFCGheet. A cytokine receptor family. Structural superpositions indicate
superposition on gp130-CHR D2 shows a more extensive closest similarity to the EPOR domain (1.05 A r.m.s.
match over these main secondary structure elements (1.2 Adeviation for 81 structurally equivalentaCatoms). This
r.m.s. deviation for 64 structurally equivalentiGtoms). arises primarily from the shorter length of tffestrands
The key feature, common to both gp130-CHR D1 and in these two molecules compared with those in other
D2, is the region of extended polypeptide chain (residues members of the superfamily. The only secondary structure
102-107 of D1, residues 198-204 of D2) which packs element to not correspond closely in position between the
tightly against the edge of tHesandwich between strands gp130-CHR and EPOR D2 structures is thesBand. In
B and G before starting strand A at Asn109 in D1 and common with the other class-1 CHR D2 structures, the
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Fig. 2. Gp130-CHR domain 1.X) Comparison of D1 of gp130

(green) and D1 of EPOR (brown). The @nd G strands are broken

into two portions in gp130, and there is no D strari) The 3 bulge

in strand G. The main-chain atoms @fstrands F and G are shown in
stick representation, Ser187 is shown in ball and stick representation,
and hydrogen bonds are denoted by broken lin€¥.The distinctive
C',C,F,G sheet in gp130. The' C,F,G strands are shown for gp130
(green) and EPOR (brown) positioned on the basis of a whole domain
superposition (performed using the program SHP; Stetal., 1979)

to illustrate the novel nature of the top half of the gpIB6heet.

interstrand loops in gp130-CHR D2 show relatively limited
mobility (as judged from crystallographig-factors), with

the exception of the AB loop. This loop is stabilized by
a crystal contact in one copy of the gp130-CHR but in

considerably more extended in gpl130-CHR D2 than in
EPOR D2, however, since it also involves side chains
from residues Arg240 and Trp247 in strand C and at the
start of strand Crespectively. The absence of these latter
interactions in EPOR may underlie the difference in the
position of its C strand relative to that in gp130-CHR
D2. The extended-cation system in gp130 is most closely
matched by that in PRLR.

The interdomain region and relative domain
orientation

As observed for the other superfamily members, residues
of the interdomain linker region (gpl130 residues 193—
197) form a 3, helix. Additionally, residues 198 and 199
in gp130-CHR form a shoft strand. This novel structural
element hydrogen-bonds to both strand A of D1 and the
WSXWS region at the N-terminus of strand G in D2,
providing an extra constraint on the relative orientation
and positioning of the two domains (Figure 3C). The
resultant juxtaposition of D1 and D2 produces a tight
interdomain interface which, excluding the contribution
of the linker, buries ~350 Aof solvent-accessible surface.
This is contributed mainly by residues in strand A and
the EF loop of D1 (1113, E116 and Y168) and residues
from the BC loop and strand G of D2 (1227, V230, 1231
and Y287). Superposition of the two copies of gp130-
CHR in the crystallographic asymmetric unit reveals a 3°
difference in the relative orientation of their domains.
This appears to originate from very slight changes in the
main-chain torsion angles for linker residues V198-K199.
The structural constraints imposed by the linkeg [Belix
and 3 strand plus the hydrophobic, close-packed nature
of the interface, argues against any more substantial degree
of interdomain orientational freedom than the observed
3° range.

The overall shape of the molecule can be quantified in
terms of a tilt angle (defined as the angle between the
long axes, running approximately parallel to fhetrands,
in the two domains; Borlet al, 1996). With a tilt angle
of 78°, the relative domain orientation in gp130-CHR
corresponds most closely to the general ‘L-shaped’ (~90°
tilt angle) arrangement characteristic of the other class 1
members of the superfamily (h\GHR, hPRLR and EPOR)
rather than the more upright (~50° tilt angle) arrangement

the other copy the AB loop is exposed to solvent and is of the more distantly related class 2 membersyfNand
disordered in the electron density map (residues 212 andTF or the more extreme 120° or so of tilt very recently
213). The domain contains one free cysteine residue observed in the natural killer inhibitory receptor (Fan

(Cys279) which is buried within the core of tBesandwich.
This precludes it from involvement in disulfide-linked
homodimerization of gp130 during IL-6-related cytokine
signalling (Murakamiet al, 1993).

et al, 1997). A detailed comparison (combining the effect
of tilt angle and twist in the orientation of D1 relative to
the D2 axis) reveals that the precise interdomain orientation
in gp130-CHR differs by some 23° from that of the most

The WSXWSX sequence (gp130 residues 288-293), aclosely related quaternary structure, that of EPOR.

defining feature of this receptor superfamily, is situated
in the N-terminal portion of strand G (Figure 3A and B)
and has an essentially identical douBldulge structure

to that of the homologous region in EPOR. The two
successivef3 bulges are stabilized by hydrogen bonds
from the hydroxyls of Ser289 and Ser292 to the main-
chain nitrogens of Cys279 and lle277 respectively. As in

Sequence comparisons with other species

The human gp130-CHR sequence employed in this study
was aligned with the homologous regions from mouse,
rat and Xenopusgpl30 (Figure 4). This reveals that
74/204 (36%) of residues in this region are conserved
amongst all versions of the gp130-CHR. It is notable that

the other class-1 CHR D2 structures, the side chains of the majority (64) of these shared residues are in a relatively

Trp288 and Trp291 participate in an extendedation

buried location in the human gp130-CHR structure. This

system, stacking between the side chains of strand Findicates that these conserved residues most probably play

residues Arg276, Arg278 and Met280. This feature is
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w247 /7%

D1

WSXWSs loop

D2

IA

Fig. 3. Gp130-CHR domain 2 and interdomain linkeh)(Schematic diagram of the WSXWS box. The side chains of residues contributing to this
structural feature are colour coded according to the secondary structure element from which they ojifsttamic coordinates and electron

density map for the WSXWS box. The refined coordinates are displayed with the original 2.9 A resolution electron density map calculated using
MAD phases followed by density modification (program DM, see Materials and methods). The map is contowréd ptabram O. C) Schematic
diagram of the D1-D2 linker region. Strand L in the linker region hydrogen-bonds to strand A in DL and the WSXWS box region of the
polypeptide chain prior to the start of strand G in D2.

rather than ligand recognition. It follows that the putative et al, 1993), permits the identification of candidate struc-
ligand recognition epitopes of gp130 may exhibit variation tural features of gp130 that mediate ligand recognition via

between species. site Il. The cognate site Il gp130 recognition epitopes
have been defined for two ligands, LIF (Hudsenal,
Implications for ligand recognition 1996) and IL-6 (Savinet al., 1994). In both cases, these

The topological similarity of gp130 to hGHR and hPRLR, consist of a small number (4-6) of solvent-exposed
systems for which ligand binding has been structurally residues located in the adjacent helices A and C of the
and functionally well characterized (Cunningham and ligand. This suggests that the site Il ligand recognition
Wells, 1989; reviewed in Sprang and Bazan, 1993; Wells site of gp130 will also be formed from relatively few
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Fig. 4. Sequence alignment and solvent accessibility of gp130 sequences. The CHR region of human (Swissprot accession No. P4DER9, Hibi

1990), murine (Q00560, Saitet al, 1992), rat (P40190, Wargf al, 1992) andXenopugK.Chien, A.Grace and J.Chen, personal communication)

gp130 sequences were aligned using the progressive pairwise algorithm of Feng and Doolittle (1987) implemented in the Pileup programme of the
GCG package followed by minor manual editing. Solvent exposure scores were calculated using DSSP implemented in the program Turbo-6
(Roussel and Cambillau, 1989). Scores 0-50 were assigned a value of 1, 51-100:2, 101-150:3 and 151-200:4. Conserved residues are coloured in
orange and residues which are identical to human gp130 are coloured in red. The figure was generated using the programme Alscript (Barton, 1993).

solvent-exposed residues forming a complementary bind- recognition may, therefore, be indirect. The FG loop
ing site. has also been implicated recently in the recognition of
The hGH-hGHR complex (De Vost al, 1992) and granulocyte colony-stimulating factor (GCSF) by the D2
the related hGH-hPRLR complex (Sometsal, 1994) domain of the GCSFR CHR (Yamasadi al., 1997). In
reveal that recognition of the ligand via site Il involves addition, non-conservative substitution mutants of two
solvent-exposed residues located in three loops linking exposed residues (G286W and K285E) in this region of
the main( strand elements. The first of these is a prominent gp130 result in loss of affinity for IL-6—IL-6R (Horsten
aromatic residue located in the loop between strands Eet al, 1997), suggesting that the FG loop does indeed
and F of D1 (Trp104 in both hGHR and hPRLR). In the play a significant role in ligand recognition. The equivalent
human gpl130-CHR structure, the analogous EF loop regions of gpl30 proteins from other species exhibit
contains a similar prominent, solvent-exposed residue conservation, but not identity, of residues in these regions.
Phel69 (Figure 5). Sequence alignment of gpl30 A key feature of gpl30 is its ability to interact with a
sequences (Figure 4) suggests that the analogous residusange of ligands in the context of a number of other
is present in rat gp130 but is replaced by the conservative partner receptors. In cases such as LIF and OSM (Hudson
substitution of a tyrosine residue in the mouse Xedopus et al, 1996), the ligand is able to interact with gp130
proteins. Sequence alignment of the equivalent region in with high affinity on its own. In other cases such as IL-6
other receptors for members of the long chain cytokine and IL-11, high affinity interaction between gp130 and
family reveals that a non-polar residue (Phe, Tyr or Trp) the ligand requires that ligand is associated with a partner
in the predicted EF loop of D1 is a common feature (data receptor (IL-6R and IL-11R respectively). This suggests
not shown). that there may exist additional sites on gp130 which are
The other two potential binding sites are located in D2 involved in interaction with partner receptors. Mutagenesis
in the form of the loops linking strands BC (gp130 residues of the IL-6R (Yawataet al, 1993) and the IL-11R
226-230) and FG (gpl30 residues 281-285). A non- (M.A.Hall, P.Bilinski, A.Gossler and J.K.Heath, unpub-
conservative substitution mutant V230D, which is located lished observations) have revealed that specific non-
in the BC loop, results in loss of affinity for IL-6-IL-6R  conservative substitutions of residues in the membrane-
(Horstenet al, 1997). V230 is, however, relatively buried proximal region of the predicted D2 in these receptors
in the three-dimensional structure (DSSP score of relative can block the ability of the ligand-receptor complex to
exposure 23%), and the effect of this mutation on ligand interact with gp130. Inspection of the dimeric hGHR
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Fig. 5. The putative ligand-binding region in gp130-CHR compared with

hGHR. Two orthogonal views are shown for gp130-CHR (green) and

hGHR (yellow). Loops implicated in ligand binding for the hGH-hGHR complex, and their equivalents in the gp130-CHR structure, are denoted in

red. The side chains of the structurally equivalent residues Phel69 and

complex (de Voset al, 1992) shows that D2 of each
hGHR partner receptor is in apposition, forming a receptor
dimer interface. Itis likely, therefore, that non-conservative
mutations in the dimer interface could disrupt the formation
of a high affinity complex. It may therefore be anticipated
that the analogous dimer interface region of gp130 (formed
from the AB loop and strand E of D2) may also include
sites of receptor—receptor recognition. It is of interest,

Trp104 are shown in ball and stick representation.

of Fab NEW (Saul and Poljak, 1992, comparison not
shown). The implied positioning of the gpl30 Ig-like

domain is fully consistent with previously proposed models
for this domain’s role in multimeric recognition complexes
(e.g. Simpsoret al, 1997), but a detailed analysis must

await further structural studies.

therefore, that amongst the few species-conserved residueiMaterials and methods

exhibiting significant access to solvent, five (Glu213,
Leu214, Lys219, GIn265 and Asp266) are located in this
region (Figure 4), suggesting that they may be involved
in the formation of the receptor dimer interface.

Conclusions
The gp130-CHR structure reported here is the first for an
unliganded receptor in this superfamily. As discussed

Native and selenomethionyl protein production

Full details of the expression, purification and functional characterization
of gp130-CHR are reported elsewhere (D.Staunton, K.R.Hudson and
J.K.Heath, in preparation). Briefly, the 25 kDa CHR of human gp130
(residues 100-303) was expressed as a folded fusion protein secreted
into the periplasmic space &.coli by the pMALp2 expression vector
(New England Biolabs). Purification of the MBP-gp130-CHR protein
fusion was achieved by ion exchange chromatography. The fusion protein
was cut with rhinovirus 3c protease and the gp130-CHR separated from

previously, the observed, L-shaped, quaternary structurethe MBP by high resolution ion exchange chromatography. The activity

and the nature of the interdomain linker region imply that
there is little domain reorientation on ligand binding.
Gp130 is competent to bind several different ligands; the
current structure implies that it does so with essentially
identical global structure. Conformational variability in the
ligand-binding loops could be envisaged as one potential
mechanism for such adaptability in ligand recognition.
Indeed, the BC loop of D2 in hGHR adopts a different
conformation on binding site | or site Il of hGH (de Vos
et al, 1992). The unliganded structure of gp130, however,
provides little indication of any potential for such a
mechanism, with the D2 BC loop showing a single rigid
conformation. Clearly the structure of unliganded gp130-

of the purified gp130-CHR was determined by its ability to bind the
cytokine OSM as followed by surface plasmon resonance analysis
(BlAcore).

The selenomethionyl form (SeMet-gp130-CHR) was produced by
similar methods but in the presence of selenomethionine-enriched media.
As for the native protein, the gp130-CHR fragment fused with MBP
was expressed i&.coli strain HW1110 using the pMALp2 vector. The
bacteria were grown in defined medium prepared as described by
LeMaster and Richards (1985). A 50 ml pre-culture grown in LeMaster’s
medium supplemented with 1 mg/ml thiamine andis@ml carbenicillin
was used to innoculat4 | of media additionally supplemented with
50 mg/l selena—-methionine (Sigma). The bacteria grew at 37°C with
a doubling time of ~150 min. At an absorbance of 1.5/cm (at 600 nm), the
culture was induced with 0.1 mM isoprop@to-thiogalactopyranoside
(IPTG) and the incubation temperature reduced to 25°C. The cultures
were harvested after a further 3 h of growth when the absorbance had

CHR represents only the first stage in studies of these reached 3.0/cm. The purification was performed as for the native protein

recognition events. A comparison of the conformations of
various interdomain linkers with that of the N-terminal
portion of the polypeptide in gp130-CHR does, however,
provide some pointers to the structure/function of cytokine
receptors containing an additional Ig-like domain. The
gpl30 Ig-D1 linker bears closest similarity in relative
position and overall conformation to that of the linker
between variable and constant domains in the light chain

except that an additional step of amylose resin (New England Biolabs)
affinity chromatography was introduced after the initial ion exchange to
remove contaminating proteins from the fusion protein and all buffers
contained 1 mM dithiothreitol and 1 mM EDTA to prevent oxidation of
the selenomethionine.

Mass determinations by electrospray ionization mass spectrometry
were performed on a VG BioQ mass spectrometer. Analysis of the
gp130-CHR was consistent with a polypeptide of the expected sequence
(calculated mass 25 210 Da, observed mass 252 Da). Gp130-
CHR contains two methionine residues, and a comparison of the
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measured mass of the selenoderivative indicated that the SeMet-gp130- ) T
CHR had 95% seleno-methionine incorporation in place of normal  Table Il. gp130-CHR structural refinement statistics
methionine. Forms corresponding to mono- and non-substituted gp130-

CHR were not detected in the purified sample. The SeMet-gp130-CHR Resolution range (A) 30-2.0

had an affinity for OSM identical to that of the native gp130-CHR, with ~Completeness (%) 95.0

a dissociation constant of 50 nM as followed by surface plasmon No. of reflections £>0) 44 627

resonance analysis (BIAcore). Reryst (%) 215
Riree (%) 25.0

Crystallization No. of non-hydrogen atoms

Both wild-type and SeMet-gp130-CHR were crystallized at 4°C using ~ Protein 3359

the hanging drop vapour diffusion method over a reservoir solution Water 287

containing 1.8-2.1 M ammonium sulfate, 0.1 M Tris pH 8.0. Typically, Sulfate o 30

1.5 pl of the protein solution (12 mg/ml in 20 mM Tris pH 8.0) was  R.m.s.d. from ideality

mixed with an equal volume of the reservoir solution. SeMet-gp130-  Bond lengths (A) 0.006

CHR crystals were slightly smaller than wild-type (8.0.4x0.2 mn¥) Bond angles (°) 1.40

but, when exposed to synchrotron radiation, showed ordered Bragg Dihedrals (°) 25.36

diffraction to about the same resolution (2 A). The crystals are of the  Improper (°) , 111

C222, space group with unit cell dimensioas= 84.48 A,b = 132.29 A AverageB-factor (&%)

andc = 121.93 A. There are two molecules per asymmetric unit and ~ Main chain 19.5

the crystal solvent content is ~62%. Side chain 20.3

Water 191

Data collection
All data sets were collected using synchrotron radiation. Crystals used Roryst = ZlFobd — FeadZ|Fobd- . _
for cryo-crystallographic data collection were transfered to mother liquor Riree IS @s forRerys but calculated for a test set comprising reflections
containing 25% glycerol, flash-cooled in liquid propane and stored at Nnot used in the refinement (7.5%).
—170°C in liquid nitrogen. Data for MAD-based phase determination
were collected from one cryo-cooled SeMet-gp130-CHR crystal at the all three N-terminal residues and eight of the C-terminal residues derived
BM14 beam line of the ESRF. The characteristics of the Se absorption from the expression construct. The second copy is less well ordered,
edge for this crystal were determined by a fluorescence scan, and fivelacking clear electron density for the N-terminal residues up to and
wavelengths were selected for data collection at points corresponding to including gp130 residue Ser100 and gp130 residues 212-213 in a loop
the peak (maximum’f A = 0.9790 A), inflection point (minimum'’f region of the second domain; seven residues from the expression
A = 0.9791 A), and two remote energies, belowAat 0.9793 A and construct are visible at the C-terminus of this molecule. For this final
above the absorption edgelat= 0.9535 A. A fifth data set was collected  model, no non-glycine residues fall in the disallowed regions of the
just above the maximuni &tA = 0.9789 A. Diffraction data sets were  Ramachandran plot. Refinement and model statistics are reported in
collected, at each wavelength in turn, over the samegshge as 0.5° Table II.
oscillation images using a CCD detector (Hammersiegl, 1994; Moy,
1994). A single wavelength\(= 1.03 A) high resolution (2 A) data set  Atomic coordinates
subsequently was collected as 1° oscillation images from a cryo-cooled Atomic coordinates for gp130-CHR have been deposited with the Protein
wild-type gp130-CHR crystal at the same beam line using an imaging Data Bank, Brookhaven National Laboratory, USA.
plate detector (MarResearch 30 cm diameter).

The diffraction data were autoindexed and integrated using program
DENZO. Data at each wavelength were scaled separately and mergedACkNOW|edgementS
(preserving Bjivoet pairs for the MAD data) using SCALEPACK
(Otwinowski and Minor, 1997). Crystallographic data collection statistics
are reported in Table I.
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