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Crystal Structure of Interleukin-21 Receptor (IL-21R) Bound to
IL-21 Reveals That Sugar Chain Interacting with WSXWS Motif
Is Integral Part of IL-21R*□S
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Background: The class I cytokine IL-21 exerts pleiotropic effects on innate and adaptive immunity.
Results:We obtained the crystal structure of the partially glycosylated IL-21 receptor (IL-21R) bound to IL-21.
Conclusion: A sugar chain is an integral part of IL-21R.
Significance: This structure offers an insight into the putative role of the class I cytokine receptor signature motif.

IL-21 is a class I cytokine that exerts pleiotropic effects on
both innate andadaptive immune responses. It signals througha
heterodimeric receptor complex consisting of the IL-21 recep-
tor (IL-21R) and the common �-chain. A hallmark of the class I
cytokine receptors is the class I cytokine receptor signature
motif (WSXWS). The exact role of thismotif has not been deter-
mined yet; however, it has been implicated in diverse functions,
including ligand binding, receptor internalization, proper fold-
ing, and export, as well as signal transduction. Furthermore, the
WXXWmotif is known to be a consensus sequence for C-man-
nosylation. Here, we present the crystal structure of IL-21
bound to IL-21R and reveal that theWSXWSmotif of IL-21R is
C-mannosylated at the first tryptophan. We furthermore dem-
onstrate that a sugar chain bridges the two fibronectin domains
that constitute the extracellular domain of IL-21R and anchors
at the WSXWS motif through an extensive hydrogen bonding
network, including mannosylation. The glycan thus transforms
the V-shaped receptor into an A-frame. This finding offers a
novel structural explanation of the role of the class I cytokine
signature motif.

IL-21 is a class I cytokine with a four-helix bundle structure
arranged in an up-up-down-down topology typical for the class
I cytokines (1). It exerts pleiotropic effects on both innate and
adaptive immune responses. IL-21 is secreted by activated
CD4�T cells, in particular TH17 andT follicular helper cells, as
well as natural killer cells (2). Not only do both TH17 and T
follicular helper cells produce IL-21, but this cytokine also plays

an important role in promoting the development of TH17 andT
follicular helper cells by a feed-forward mechanism (3–8). Fur-
thermore, IL-21 cooperateswith other cytokines to increase the
cytotoxicity of CD8� T cells and promotes proliferation of
CD8� cells in the presence of antigens (9). IL-21 also influences
antibody production by B cells (10). Recent studies demon-
strated that IL-21 produced by CD4� cells is critical for the
ability of CD8� T cells to control viral infection (11–13). The
ability of IL-21 to augment immunity has spurred substantial
interest in the therapeutic use of IL-21, and it is currently being
evaluated in a number of clinical trials against, for example,
metastatic melanoma and renal cancer (14).
IL-21 signals through a heterodimeric receptor complex

consisting of the private chain IL-21 receptor (IL-21R)2 and the
common �-chain (�C), the latter being shared by IL-2, IL-4,
IL-7, IL-9, and IL-15 (15). Upon binding of IL-21 to the receptor
complex and subsequent receptor activation, signaling occurs
through the Jak-STAT signaling pathway (16). The IL-21R
chain binds IL-21with high affinity and provides themajority of
the binding energy (17). However, interaction with �C is
required for signaling (16), and IL-21mutants that bind IL-21R
but fail to interact properly with �C act as potent antagonists of
IL-21 signaling (1).
Several structures of �C class cytokines bound to one or

more of their receptor chains have been solved (18–22). The
receptors generally adopt very similar structures, with two type
III fibronectin domains separated by a short linker. Each recep-
tor chain adopts a V-shape, with the ligand binding at the tip of
the V. The fibronectin domains each contain seven �-strands
forming a sandwich-like structure. Binding of the ligand to the
receptor engages residues present within the loops of both
fibronectin domains.
Receptors of the �C cytokines are known to be universally

N-glycosylated (20). This glycosylation is not required, how-
ever, for formation of the ligand-receptor complexes, as struc-
tures using receptors purified from Escherichia coli have been
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solved (20, 22). Still, the binding affinity between IL-7 and IL-7R
has been demonstrated to be increased when IL-7R is glycosy-
lated (20). Whether this is also the case for other members of
the family remains to be determined.
The class I cytokine receptor family is characterized by the

presence of the so-called class I cytokine receptor signature
motif in the second fibronectin domain (24). The consensus
sequence of the motif is WSXWS (present in 28 of 36 investi-
gated sequences (25)). Several possible functional roles of the
WSXWSsequence have been suggested, including involvement
in ligand binding, receptor internalization, proper folding,
export, and signal transduction (25–28). Although numerous
studies have addressed the functional role of this highly con-
served receptor motif, no clear picture has emerged. However,
the first structures of class I cytokine receptors have clearly
demonstrated that the motif is not directly involved in ligand
binding (18–22, 29). Furthermore, despite the highly conserved
nature of this motif, considerable sequence diversity is toler-
ated as demonstrated by several mutagenesis studies (25–27).
The most extreme example is the human growth hormone
receptor, in which the motif has the sequence YTEFS rather
than WSXWS (30).
Interestingly, WXXW is known to be a consensus sequence

for C-mannosylation, where a mannose is attached to the first
tryptophan (31), and this kind of modification has indeed been
found in the WSXWS motif of the class I cytokine receptors
IL-12B and EPOR (32, 33). The structures of class I cytokine
receptors solved so far have not included this modification,
possibly because the proteins have been produced in either
insect cells or E. coli, where this modification is not made. The
mechanism and potential function of this modification are cur-
rently unknown.

EXPERIMENTAL PROCEDURES

Protein Expression and Purification—IL-21 was expressed
and purified from E. coli as described previously (34). The
extracellular domain (ECD) of IL-21R was expressed in
HEK293 cells and purified as described (1).
Complex Formation—The complex of IL-21 and IL-21R was

formed by mixing IL-21 and IL-21R at room temperature at a
ratio of 1.5:1. Elevated levels of IL-21were used, as IL-21 ismost
readily available. Furthermore, as IL-21 (15–16 kDa) is much
smaller than IL-21R (28 kDa), it is more easily separated from
the complex (43 kDa) after gel filtration. The complex was
loaded onto a HiLoad 16/60 Superdex 75 column (GE Health-
care) and eluted with PBS (10mMphosphate and 150mMNaCl,
pH 7.4). The fractions containing the complex were concen-
trated to 5 mg/ml using an Amicon Ultra-4 centrifugal filter
device with a 10,000Mr cutoff.
Crystallization—All crystals were grown at 18 °C as sitting

drops with a reservoir solution containing 500 �l of 1.8–1.9 M

diammonium sulfate and 0.1 M sodium acetate at pH 5.5. 1�l of
reservoir solution and 1�l of protein solutionweremixed in the
pedestal. Large single crystals appeared after 10–14 days. These
were flash-frozen using a cryosolution containing 3.0 M diam-
monium sulfate and 0.1 M sodium acetate at pH 5.5. Tantalum
bromide derivatives were obtained by adding 0.1 �l of a 2 mM

Ta6Br122� solution. This was left for 2 h, at which point the

crystals had turned green, indicating uptake of Ta6Br122�. The
crystals were flash-cooled using a cryosolution containing 3.0 M

diammonium sulfate and 0.1 M sodium acetate at pH 5.5. Crys-
tals of selenomethionine IL-21 in complex with IL-21R were
produced in the same way as for the wild type.
Data Collection and Processing—All data were collected at

the Swiss Light Source at the PXIII (X06DA) beamline at 77 K
(196 °C). For the native data set, 180 frames were collected with
an oscillation of 1º at a wavelength of 0.98 Å. For the selenome-
thionine IL-21 data set, 720 frameswere collectedwith an oscil-
lation of 1º at a wavelength of 0.98 Å, and for the tantalum
bromide data set, 1080 frameswere collectedwith an oscillation
of 1º at a wavelength of 0.98 Å. All data sets were indexed and
scaled using XDS (35). All data sets belong to space group
P212121, with cell dimensions of 83 � 152 � 365 Å. See Table 1
for details.
Phasing—Sites for theTa6Br122� derivativewere found using

SHELXE and SHELXD (36), and phases were calculated using
Phenix (37). Phasing was done at 6 Å, where Ta6Br2 scattering
approximates a single heavy atom. 25 initial sites were found in
SHELXE using both anomalous and isomorphous data. Of
these, 16 highest scoring sites were chosen for refinement in
Phenix. Upon manual inspection, 15 of the initial 16 sites were
selected for phasing. The phases from the Ta6Br122� data set
were used to find sites in the selenomethionine IL-21 data set
using anomalous difference Fourier maps. This gave 50 initial
hits. Manual inspection of these sites revealed that 20 were
positioned as three sites with 8-fold symmetry, with four sites
missing. Human IL-21 contains fourmethionines, but from the
available NMR structure (34), we knew that two of these (Met10
and Met118) are close in the structure. This makes it likely that
they would be seen as a single site at 6 Å. Initial phases were
calculated from the Ta6Br122� derivative, followed by density
modification in Resolve. Using the selenomethionine IL-21
sites, eight copies of the known NMR structure of IL-21 were
placed in the map. From this, initial NCS operators were calcu-
lated, and density modification was repeated using this 8-fold
NCS. A polyalanine model of IL-2RB was created and divided
into its two constituent fibronectin domains. Thesewere placed
in the regions of the map containing density for IL-21R. Using
Resolve (38), one NCS group with eight operators wasmade for
IL-21, as well as for each of the two fibronectin domains of
IL-2RB.Upon refinement of theNCS operators, a final round of
density modification and phase extension to 3.5 Å was per-
formed in Resolve. The resultingmapwas of excellent quality at
the resolution, and the IL-21R structure was built de novo by
repeated cycles of building and refinement in Coot (39) and
Phenix, respectively. The final model contains eight molecules
of IL-21R and IL-21, forming the IL-21R�IL-21 complex refined
to a resolution of 2.8 Å. Evaluation of the Ramachandran plot in
Coot showed 94.25% and 5.75% in preferred and allowed
regions, respectively.

RESULTS

Overall Structure—We have determined the structure of
IL-21 in complex with the ECD of its private receptor chain
IL-21R at a resolution of 2.8 Å (Fig. 1A and Table 1). The unit
cell contains eight IL-21R�IL-21 complexes. The core structures
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of the eight IL-21R�IL-21 complexes are highly similar. The
main difference observed is in the flexible loop connecting
helices C and D in IL-21. The interaction surface between
IL-21R and IL-21 is identical, however, in the eight structures.
The following description representsmolecules A (IL-21R) and
B (IL-21) in the Protein Data Bank file (code 3TGX).
IL-21R�IL-21 Structure—IL-21R contains two fibronectin III

domains that form a V-shaped structure, with the binding site

for the cytokine positioned at the tip of the V (Fig. 1B). The two
fibronectin domains are connected by a short linker and bent at
an angel of �90°. The D1 domain contains three disulfide
bridges: one connecting the N terminus to �-strand 7 (Cys1–
Cys90), one connecting�-strands 1 and 2 (Cys6–Cys16), and one
connecting �-strands 4 and 5 (Cys46–Cys62). The membrane-
proximal domain (D2) does not contain any disulfides but
includes a WSXWSmotif in the F�G� loop, which is character-

FIGURE 1. Residues in IL-21 and IL-21R involved in binding. A, structure of the IL-21R�IL-21 complex, with residues involved in the interaction between IL-21
and IL-21R shown in white. IL-21 is shown in green, and IL-21R is shown in cyan. The sugar chain originating from Asn54 is shown in white, and the mannose on
Trp195 is shown in black. Distance criteria for contact assignments are �4.5 for van der Waals contacts and �3.5 for hydrogen bonds and polar interactions.
B, residues in IL-21 involved in binding IL-21R. C, residues in IL-21R involved in binding IL-21.

TABLE 1
Data collection and refinement statistics for the IL-21R�IL-21 complex
SLS, Swiss Light Source; FOM, figure of merit; r.m.s.d., root mean square deviation.

Native Ta6Br2 SemetIL21

Data collection
Beamline SLS X06DA SLS X06DA SLS X06DA
Space group P212121 P212121 P212121
Cell dimensions a � 82.2, b � 151.1, c � 364.8 Å;

� � 90.0°, � � 90.0°, � � 90.0°
a � 82.3, b � 151.2 , c � 364.6 Å;

� � 90.0°, � � 90.0°, � � 90.0°
a � 82.0, b � 151.0, c � 365.6 Å;

� � 90.0°, � � 90.0°, � � 90.0°
Resolution (Å) 94.7-2.8 (2.9-2.8) 72.2-6 (8-6) 50-8 (10-8)
Rmerge 18.7 (71.9) 2.75 (3.8) 3.6 (4.4)
I/�I 30.1 (2.08) 52.1 (32.0) 50.0 (43.5)
Completeness (%) 99.7 (82.2) 99.0 (97.6) 97.6 (97.6)
Redundancy 5.2 (4.4) 16.0 (15.8) 13.9 (15.8)
Initial FOM 0.46
FOM after density modification 0.69

Refinement
Resolution (Å) 80.2-2.8
No. reflections 112,598
Rwork/Rfree 0.25/0.27 (0.37/0.38)
No. atoms 21,835
Protein 20,916
Sugar 711
Ligand/ion 204

B-factors
Wilson B-factor 53.7
Overall B-factor 69.5
Protein 68.0
Sugar 101.1
Ligand/ion 105.6

r.m.s.d.
Bond lengths (Å) 0.018
Bond angles 1.352°

Sugar Chain Is Integral Part of IL-21R
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istic for class I cytokine receptors. IL-21 exhibits the typical
type I cytokine structure composed of a four-helix bundle with
anup-up-down-down topology. The finished structure consists
of residues 1–208 of IL-21R and residues 2–81 and 89–123 of
IL-21, with small variations in the number of built residues
between the eight NCS-related molecules. The missing part of
IL-21 is the loop connecting helices C and D. This part of the
loop is close to neither the IL-21R-binding site nor the pre-
dicted �C-binding site.
IL-21R�IL-21 Interface—The interaction between IL-21 and

IL-21R is mediated by residues present in helices A and C and
by a small part of the CD loop immediately following helix C of
IL-21 (Fig. 1, A and B, and supplemental Table S1). The total
binding surface contributed by both IL-21 and IL-21R is 990 Å2

(calculated using PDBe PISA (40)) and includes extensive sets
of polar and apolar interactions (supplemental Table S1). Ten
different residues of IL-21 participate in polar interactions with
11 residues of IL-21R. There are 14 residues of IL-21 forming
van der Waals contacts with 16 residues of IL-21R. In IL-21,
Arg5, Arg9, and Gln12 of helix A and Arg76 and Lys73 of helix C
are the major contributors to the binding surface. All five resi-
dues form extensive polar and van der Waals interactions with
residues of IL-21R (supplemental Table S1). Arg9, Gln12, Arg76,
andLys73 alongwith Ile16 formapocket forMet70 of IL-21R, the
main contributor to the binding surface in IL-21R. It is inter-
esting to note that the large hydrophobic side chain ofMet70 fits
into a pocket of mainly hydrophilic residues. Met70 seems to
play a crucial role in positioning Arg9, Gln12, Arg76, and Lys73
correctly in relation to their other interaction partners. Thus,
Met70 positions Arg9 and Arg76 of IL-21 for interaction with
Asp72 and Asp73 of IL-21R, respectively (Fig. 2, A and B). The
IL-21-binding residues of IL-21R are located in the loops con-
necting the �-strands. The AB, CD, EF, B�C�, and F�G� loops
and the linker all contain residues involved in binding. In
IL-21R, Tyr36 in the CD loop, Met70 and Asp72 in the EF loop,
and Tyr129 in the B�C� loop contribute the most to the binding
surface. Themost important loop is the EF loop, which supplies
7 of the 20 amino acids of IL-21R that are involved in binding
IL-21 (Fig. 1C and supplemental Table S1).
Comparison of Free and Receptor-bound IL-21—The struc-

ture of free IL-21 has been previously solved by NMR (34). In
contrast to IL-21R-bound IL-21, the structure of the free form
contains the N- and C-terminal parts, as well as the CD loop.
These are highly disordered, however, explaining why they are
absent in the IL-21R�IL-21 structure determined by crystallog-
raphy. This difference is thus a result of the differences between
the techniques of NMR and x-ray crystallography rather than a
consequence of ligand binding. In solution, IL-21 exists in equi-
librium between two distinct structures, in which helix C is
either partially unfolded or formed. The crystal structure
reported here indicates that helix C of IL-21 is stabilized upon
binding to the receptor. The root mean square deviation using
106 backbone C� atoms of IL-21 is 1.6 Å (calculated using SSM
superimpose inCoot (41)), with themain differences seen in the
first part of the CD loop and in the beginning of helix A. In the
receptor-bound structure, the N-terminal part of helix A is
slightly elongated compared with the free form. This is likely a
result of receptor binding, as Arg5 of IL-21 is present in this

region and interacts with IL-21R (supplemental Table S1). The
most noticeable effect of IL-21R binding is observed in the first
part of the CD loop of IL-21 (Fig. 3). The CD loop is positioned
toward the receptor, allowing Lys77, Pro79 , and Ser80 to form a
binding pocket for Tyr36 of the receptor. Previously, a homol-
ogy model of the IL-21R �C�IL-21 complex was built using the
NMRmodel of IL-21 and the structures of IL-2 in complexwith
IL-2RA, IL-2RB, and�C, aswell as IL-4 in complexwith IL-4RA
and �C (34). The position of the IL-21R chain predicted in this
work is in good agreement with the IL-21R�IL-21 crystal struc-
ture presented here.
Sugar Chain Attached to Asn54 Is Essential for Proper Expres-

sion of ECD of IL-21R—The ECDof IL-21R contains five poten-
tial N-linked glycosylation sites (Asn54, Asn78, Asn85, Asn106,
and Asn116), and the purified ECD of IL-21R recombinantly
expressed inHEK293 cells includes�10-kDa glycans. To estab-
lish which sites might be required for receptor integrity, all
potential Asn-linked glycosylation sites were individually
mutated to Gln, and the effect was evaluated by expression in
HEK293 cells. Only the Asn54-to-Glnmutation had a profound
effect, as it led to an almost complete loss of secreted protein
(Fig. 4A). To avoid interference from nonessential sugar resi-
dues in both crystallization and biochemical tests, the glycan-
minimized ECD of IL-21R (N78Q, N85Q, N106D, and N116Q)

FIGURE 2. IL-21-binding pocket for Met70 of IL-21R. A, 2Fo � Fc electron
density map showing part of the binding interface between IL-21 and IL-21R
centered at Met70 (color code as described for Fig. 1). B, binding pocket in
IL-21 for Met70 of IL-21R viewed from IL-21R.
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was expressed in HEK293 cells. This was the protein used for
crystallization.
Two Domains of IL-21R Are Bridged by Sugar Chain That

Could Potentially Stabilize Receptor—To our surprise, we
found that Asn54 is connected to the highly conservedWSXWS
motif by an N-linked glycan bridge, which forms a cross-bar,
turning the flexible V-shape, formed by the two fibronectin
domains, into a seemingly rigidified A-frame (Figs. 1A and 4, B
andC). Digestionwith peptide:N-glucosidase F to deglycosylate
the protein failed (data not shown), suggesting that the sugar-
based cross-link is an integral part of IL-21R and therefore
might be protected from digestion. The composition of the
sugar chain attached to Asn54 was investigated by LC-MS,
revealing that the glycosylation is rather heterogeneous (sup-
plemental Table S2). However, a common core consisting of
two N-acetylglucosamines and four hexoses, most likely man-
nose, was observed (Fig. 4D and supplemental Table S2). In
most of the sugar chains, a fucose is also present. The IL-21R

structure presented here has been built to represent this most
prevalent glycan chain, i.e.with twoN-acetylglucosamines, four
mannoses, and one fucose residue (Figs. 1A and 4B). The elec-
tron density and the LC-MS analysis indicate that additional
sugar residues are present in the receptor chain (Fig. 4,B andD,
and supplemental Table S2). However, these cannot be placed
with confidence due to the heterogeneity of the glycosylation
and the possible flexibility of the sugars, which do not engage in
the hydrogen bonding network described above. The position
of the additional glycosylation is indicated in Fig. 4D.
Mannosylation at First Tryptophan in WSXWS Motif Forms

Extensive Hydrogen Bonding Network with Sugar Chain Origi-
nating from Asn54—The hydrogen bonding network between
the sugar chain and the WSXWS motif offers a unique insight
into how glycans can be integrated into protein structures (Fig.
4C and Table 2). Arg182 is held tightly in place between the two
Trp residues,with its chargedheadgroup exposed, allowing it to
form hydrogen bonds with the sugar chain. Furthermore, an

FIGURE 3. Comparison of IL-21 in solution and IL-21 bound to IL-21R. The structure of IL-21 in free form solved by NMR (Protein Data Bank code 2OQP;
purple) was superimposed onto the IL-21R�IL-21 crystal structure (color code as described for in Fig. 1) using SSM superimpose in Coot. The cutout shows an
enlargement of the first part of the CD loop of IL-21. Residues of IL-21 forming a pocket for Tyr36 of the receptor are labeled and color-coded as described for
the respective structures.

FIGURE 4. Carbohydrate chain attached to Asn54 anchors at class I cytokine receptor signature motif (WSXWS). A, expression followed by His-tagged
purification of the ECD of IL-21R, the wild type, or variants with mutations of the five predicted N-linked glycosylation sites as indicated. B, 2Fo � Fc electron
density map (at 1.5�) around the sugar chain in IL-21R. The color code is as described for Fig. 1. C, mannosylated Trp195 and Arg182 form multiple hydrogen
bonds with the carbohydrate chain originating at Asn54. Arg182 is sandwiched between the two tryptophans of the WSXWS motif, forming the W-R-W zipper
described in the text. D, the glycan structure is heterogeneous. R indicates that extra sugar residues might exist at this position, which cannot be built in the
electron density. The core structure depicted here is found in the large majority of the glycans. The full glycan structure was determined by mass spectrometry
(supplemental Table S2).
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additional density was observed around Trp195, suggesting that
this residue was modified. Indeed, protease digestion followed
by LC-MS analysis confirmed that Trp195 isC-mannosylated at
C1 of the indole ring (data not shown). Thus, the carbohydrate
chain originating from Asn54 forms multiple hydrogen bonds
not onlywithArg182 but alsowithmannosylatedTrp195 (Fig. 4C
and Table 2).

DISCUSSION

The complex between IL-21R and IL-21 bears considerable
resemblance to the other �C-binding cytokines complexed
with their corresponding receptors. The binding interactions
are mediated by residues present in the loops of both of the
fibronectin domains of the receptor contacting residues of
helices A and C and the first part of the CD loop of IL-21. The
overall structure of IL-21 bound to IL-21R is quite similar to the
structure of IL-21 in solution, with the most prominent differ-
ence being a rearrangement of the first part of the CD loop,
leading to formation of a pocket providing binding of Tyr36 of
the receptor. Free IL-21 exists in two distinct forms in solution;
one has a structured helix C and the other an unstructured
region within this segment. The IL-21R�IL-21 crystal structure
demonstrates that it is the IL-21 conformation that has a struc-
tured helix C that is bound by the receptor. In line with this, it
was previously determined that stabilization of helix C and the
first part of the CD loop of IL-21 by replacing them with the
equivalent part of IL-4 leads to a ligand of significantly higher
activity (34). Helix C in IL-4 is more ordered than its counter-
part in IL-21. The increase in ligand potency was thus proposed
to arise as a result of chimeric IL-21 presenting helix C and the
CD loopmore favorable for functional interaction with IL-21R.
Our structure is the first type II cytokine structure to display

partial mammalian glycosylation. We observed that the highly
conservedWSXWSmotif isC-mannosylated at the first Trp, as
would be expected from prior biochemical work (31–33, 42).
Thus, for the first time, we can visualize the structural conse-
quences of this modification. Interestingly, the structure fur-
thermore reveals that Asn54 of the D1 domain of IL-21R is con-
nected to the WSXWSmotif in the D2 domain by an N-linked
glycan bridge. The sugar chains are in solvent channels in the
crystal and are thus not close to any crystal contacts. The posi-

tion of the sugar is thus not an artifact of the crystal packing.We
have shown that the sugar chain attached to Asn54 is required
for proper cell surface expression of IL-21R, whereas the
remaining sugars are not. We consider it unlikely that the gen-
eral folding of the receptor is impaired by the absence of Asn54
glycosylation. In the previously published structures of class I
cytokine receptor complexes, the ECDs of the receptors were
produced in insect cells, which do not yield the same type of
glycosylation as mammalian cells (19, 21, 29, 43, 44). As these
structures were solved without the carbohydrate bridge, it can-
not be essential for the folding of individual domains. Previous
studies have shown, however, that even minimal glycosylation
of IL-7R enhances the affinity for IL-7 (20).Whether this is also
the case for other members of the family remains to be deter-
mined. Biochemical studies of EPOR have shown that muta-
tions within the WSXWS motif impair export of EPOR to the
cell surface and lead to accumulation in the Golgi (25, 45). In
particular, the first Trp of theWSXWS showed no tolerance for
substitution. Interestingly, EPOR has an N-terminal helix that
takes up the space between the D1 and D2 domains, making
contact with the WSXWS motif (23). This helix thus occupies
the same position as the glycan bridge in IL-21R. It is tempting
to speculate that the sugar bridge has an influence on IL-21R
signaling, possible via a stabilizing effect on the ECD of IL-21R.
However, we have been unable to address this important ques-
tion properly, as mutations that eliminate the sugar chain orig-
inating from Asn54 also impair cell surface expression of the
receptor.
Several members of the class I cytokine receptor family have

potential N-linked glycosylation sites in the D1 domain facing
the D2 domain (e.g. IL-2RB has Asn17, �C has Asn49, and IL-7R
has Asn29) (17, 20). Most of the previous structures of type I
cytokine complexes use receptors expressed in insect cells,
which show less complex glycosylation patterns than mamma-
lian cells and do not mannosylate the WSXWS sequence (19,
21, 29, 43). These structures can thus not help elucidate
whether the N-linked glycan bridge observed in the IL-21R
structure, is a specific feature of IL-21R or a more general fea-
ture of the class I cytokine receptor family.
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