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ABSTRACT: The WSXWS motif is a highly conserved structural feature of the type I cytokine receptor
family. It has previously been demonstrated that mutations in the232WSAWS236 motif in the erythropoietin
receptor (EPOR) can result in strongly inhibited surface expression, due to defective intracellular transport
[Hilton, D. J., et al. (1996)J. Biol. Chem. 271, 4699-4708]. Here we report that the first tryptophan in
the motif of the recombinant extracellular domain of EPOR (sEPOR) expressed in HEK-EBNA cells
carries a C-linked hexosyl residue. The S233A mutation completely abolished secretion of sEPOR, whereas
the A234E mutation resulted in enhanced secretion. Comparison of the level of C-hexosylation in the
wild-type protein and in the mutant proteins isolated from the conditioned medium and/or the cells suggested
that C-hexosylation of the motif did not play a role in the correct intracellular transport of sEPOR.

Erythropoietin and its receptor (EPOR)1 are essential for
the late stages of formation of erythrocytes (1, 2). The
receptor belongs to the family of type I cytokine receptors,
which is comprised mostly of cytokine receptors (for IL-
2-IL-4, IL-6, IL-7, granulocyte colony stimulating factor,
granulocyte macrophage colony stimulating factor, and
leukemia inhibitory factor) in addition to receptors for
prolactin, growth hormone, and leptin (3). The characteristic
structural features of the family are four conserved cysteine
residues in the N-terminal type III fibronectin domain (D1)
and the membrane-proximal WSXWS motif in the C-
terminal domain (D2) (3). By these criteria, and its recently
determined three-dimensional structure, theâ-chain of IL-
12, a cytokine, also belongs to this family (4).

A number of studies have addressed the function of the
WSXWS motif in the receptor for EPO, prolactin, IL-2, and
granulocyte macrophage colony stimulating factor by site-
directed mutagenesis, implicating it in ligand binding,

receptor internalization, signal transduction, intersubunit
interactions, and protein folding (5-10). The results obtained
for the 232WSAWS236 motif in EPOR were not always in
agreement. For example, both Quelle et al. (7) and Hilton et
al. (8) reported a lack of growth signal transduction in cells
transfected with mutant EPOR, but their explanations dif-
fered. Quelle et al. reported unaltered surface expression of
the W235F and W235S mutants in transfected FDC-P1 cells,
attributing the signaling defect to involvement of the motif
in EPO binding (7). On the other hand, Hilton et al. observed
strongly inhibited or completely absent cell surface expres-
sion of these mutants in COS and Ba/F3 cells (8), caused
by defective intracellular transport. It has been proposed that
the motif has a purely structural role and that the mutations
cause a defect in folding, resulting in accumulation of the
proteins in the endoplasmic reticulum (8). This interpretation
is in agreement with the three-dimensional structure of EPOR
(11, 12), which shows that the motif is structurally important.
In particular, the two Trp residues are part of aπ-cation
system in which the indole moieties alternate with arginine
side chains. The motif itself does not form part of the binding
site for erythropoietin, but residues in the loop immediately
preceding it are involved in ligand binding.

The WSXWS motif is not unique to the type I cytokine
receptor family, since it also occurs frequently in proteins
containing thrombospondin type 1 repeats (TSRs) (13).
Interestingly, all TSR proteins that have been examined (C7,
C8R, C8â, C9, properdin, platelet thrombospondin-1, and
F-spondin) were found to be C-mannosylated on Trp residues
in the motif (14-17). C-Mannosylation involves attachment
of anR-mannopyranosyl residue to the C2 atom of the indole
moiety through a C-C bond (18-20). The enzyme activity
catalyzing this reaction has been found in organisms ranging
from Caenorhabditis elegansto humans, with a broad
expression in different tissues and cell lines (21, 22). In
addition to the TSR family proteins, this modification also
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occurs in human RNase 2, in IL-12â, and most likely in a
neuropeptide from stick insect (18, 23, 24).

These observations prompted us to examine whether the
WSAWS motif in EPOR can be C-mannosylated, and to test
whether the modification is important for intracellular
transport. It was found that the c-κ-tagged, soluble extra-
cellular domain of EPOR purified from the conditioned
medium of transfected HEK-EBNA cells is approximately
50% C-hexosylated on Trp232. The wild-type protein
purified from the cells and the nonsecreted S233A mutant
were C-hexosylated to approximately the same degree. This
strongly suggests that the modification is not essential for
intracellular transport of sEPOR-κ.

EXPERIMENTAL PROCEDURES

DNA Constructs and Mutagenesis.The cDNA encoding
full-length mouse EPOR cloned into the mammalian expres-
sion vector pXM was a kind gift from B. Groner (Georg-
Speyer-Haus, Frankfurt, Germany). The extracellular domain
(amino acids 25-249, counting from the start of translation,
according to ref25) was recloned into the pRS7 vector (a
generous gift from S. Geisse and R. Schmitz, Novartis
Pharma, Basel, Switzerland), containing an IgL secretion
signal sequence, a c-κ sequence tag, a thrombin cleavage
site, and a multiple-cloning site. To obtain C-terminally
tagged sEPOR-κ, the vector was rearranged as follows. The
sequences encoding the secretion signal, the c-κ tag, and the
thrombin cleavage site were removed by cleavage with
HindIII and XbaI. In separate preparations, the fragments
encoding the secretion signal and c-κ were generated by PCR
using pRS7 as a template, and the oligonucleotides shown
in Table 1 as primers. The sequence for the extracellular
domain of EPOR was amplified from the pXM vector using
the oligonucleotides shown in Table 1. The fragments were
digested with appropriate restriction enzymes, joined together
in the order, secretion signal, sEPOR, thrombin cleavage site,
c-κ tag, using the Rapid Ligation Kit (Promega), and cloned
into the pRS7 vector between the restriction sites forHindIII
andXbaI (pRSsEPOR-κ).

Mutants of sEPOR-κ were generated by the polymerase
chain reaction (QuickChange mutagenesis, Stratagene) using
the degenerate oligonucleotides (Table 1). All constructs and
mutations were verified by DNA sequencing.

Protein Expression and Purification.HEK-EBNA cells
(Invitrogen) were seeded in 100 mm tissue culture dishes at
a density of 106 cells/plate in DMEM containing 10% FCS,
10 mM glutamine, and 100µg/mL G-418. Transfections were

performed after 24 h with pRSsEPOR using the calcium
phosphate method (26). Twenty-four hours post-transfection,
the medium was changed to Optimem (Invitrogen). The
conditioned medium was collected 72 h post-transfection,
and sEpoR-κ expression was assessed by Western blotting
with anti-κ antibody. The expression levels were in the range
of 1-5 µg/mL of conditioned medium, as estimated from
Western blots in comparison with the known amount of a
standard, GST-c-κ fusion protein. All studied proteins were
expressed and analyzed at least twice. Up to 750 mL of
conditioned medium with added protease inhibitor cocktail
(final protease inhibitor concentrations of 0.2µg/mL ben-
zamidine, 5µg/mL pepstatin, 5µg/mL leupeptin, 2 mM
EGTA, and 40µg/mL PMSF) was concentrated to 5-10
mL using Centricon filtering devices (Amicon), with a 10
kDa cutoff. The concentrate was dialyzed overnight at 4°C
against 20 mM Tris-HCl (pH 7.5) and 0.1 M NaCl (binding
buffer) and added to CH-Sepharose beads (Pharmacia)
containing goat anti-κ antibody (5 mg/mL; Southern Bio-
technology Associates Inc., Birmingham, AL), and the
mixture was rotated overnight at 4°C. The beads were
washed three times with binding buffer followed by four
washes with 20 mM Tris-HCl (pH 7.5) and 0.5 M NaCl and
transferred to a column. The protein was eluted with 0.1 M
glycine (pH 2.5) into Eppendorf tubes containing 1 M Tris
base for neutralization. The protein content of elution
fractions was monitored by measuringA280. Fractions con-
taining protein were analyzed by SDS-PAGE (27). Dupli-
cate gels were run and either stained with colloidal Coo-
massie (Invitrogen) for MS analysis, silver-stained (28), or
processed for Western blotting with goat anti-κ primary anti-
body and anti-goat antibody conjugated to horseradish per-
oxidase. Blots were developed using an ECL kit (Pharmacia).

Protein Characterization.The amino acid residues in
murine EPOR were numbered as described elsewhere (25).
To confirm the identity of the purified protein and to obtain
preliminary evidence for its C-mannosylation, analysis by
SDS-PAGE and peptide mapping were performed. The
Coomassie-stained band was cut out of the gel, reduced,
carbamidomethylated, and digested with trypsin (Promega)
as described previously (29). The resulting peptides were
purified on a C4 ZipTip microcolumn (Millipore, Bedford,
MA) and crystallized on the MALDI target usingR-cyano-
4-hydroxycinnamic acid as the matrix. MALDI-TOF MS was
performed on a Micromass TofSpec 2E instrument in the
positive ion reflectron mode with delayed extraction, using
MassLynx 3.5 for data analysis.

Table 1: Primers Used for the Construction of the Expression Plasmid for sEPOR-κ and Its Mutantsa

name restriction site sequence

IgL 5′ HindIII ACGACGAAGCTT GCCGCCACCATGAGT
3′ KpnI ACGACGGGTACCGTCACAACGCGTACC

c-κ 5′ SphI ACGACGGCATGCGCTGATGCTGCACCAACTGTA
3′ XbaI ACGACGTCTAGA TTACTAACACTCATTCCTGTTGAAGCT

EPOR ED 5′ KpnI ACGACGGGTACCGCACCTTCACCCAGC
3′ SphI ACGACGGCATGCGGATCCACGTGGGACCAGAGGGTCCAGGTCGCT

A234E 5′ GGATTCTGGAGTGAATGGTCTGAGCCCGCG
A234E 3′ CGCGGGCTCAGACCATTCACTCCAGAATCC
S233A 5′ GGATTCTGGGCCGCCTGGTCTGAGCCCGCG
S233A 3′ CGCGGGCTCAGACCAGGCGGCCCAGAATCC

a Restriction enzyme sites are shown in bold. In primers used for mutagenesis, the mutated site is underlined. The sequence encoding the thrombin
cleavage site is shown in italics.
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For detailed characterization and peptide sequencing, the
purified protein was precipitated (30), reduced, carbami-
domethylated as previously described (31), and digested with
trypsin [twice, 2 h and overnight at 37°C in 50 mM Tris-
HCl (pH 8.0) with 5 mM CaCl2; enzyme:substrate ratio of
approximately 1:50], or with trypsin (as above) followed by
chymotrypsin (200 ng, 2 h, 37°C). The digests were
fractionated by C18 reversed phase LC-ESI-MS using a
Vydac C18 column (1 mm diameter) and a 60 min gradient
from 0 to 50% B (buffer A being 2% acetonitrile and 0.05%
TFA, and buffer B 80% acetonitrile and 0.045% TFA). The
eluate was monitored at 214 nm, and 10% of the sample
was sprayed into a Sciex API 300 mass spectrometer. The
fractions containing the peptides of interest were dried and
sequenced by nanoelectrospray low-energy CID tandem MS
as described elsewhere (32). Ratios of modified and unmodi-
fied peptides were determined by integrating the appropriate
peaks in the UV trace.

RESULTS

sEPOR-κ Is C-Hexosylated on Trp232.In contrast to N-
and O-glycosylation, C-mannosylation cannot be inferred

from shifts in molecular mass on an SDS-PAA gel. Until
now, the degree of C-mannosylation has been determined
by analyzing peptide maps from purified, soluble proteins
by a combination of ESI-MS and Edman degradation.
Nevertheless, it would be convenient to be able to obtain
evidence for this modification from material separated by
SDS-PAGE. To examine this, the two bands just below 40
kDa, identified by Western analysis as containing sEPOR-
κ, were excised from a Coomassie-stained gel, and its tryptic
peptides were examined by MALDI-TOF MS. This analysis
confirmed the identity of the protein. The potential C-
mannosylation site in sEPOR-κ occurs in the tryptic peptide
(T25), which consists of residues 223-249 of EPOR
followed by the sequence LVPR of the thrombin cleavage
site (223MAEPSFSGFWSAWSEPASLLTASDLDP247LVPR).
Peptide masses corresponding to the singly C-hexosylated
(3526.5 Da; T25*) and non-C-hexosylated (3364.6 Da; T25)
forms of the peptide were detected (Figure 1), strongly
suggesting that the modification was present. No mass
corresponding to a peptide containing two C-hexosylated
tryptophan residues was observed. It should be noted that
the area of the peak for T25* in the MALDI-TOF spectrum

FIGURE 1: Mass spectrometric analysis of in-gel-digested sEPOR-κ. Tryptic peptides obtained by in-gel digestion of sEPOR-κ were analyzed
by MALDI-TOF MS, usingR-cyano-4-hydroxycinnamic acid as the matrix. The portion of the spectrum containing peptide T25 and its
modified counterpart (T25*) is shown in the inset. The mass of the lowest isotope has been indicated.
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is much smaller than that of T25. However, quantification
by HPLC using UV absorption showed the two peptides to
be present in approximately equal amounts (see below).
Because of differences in ionization efficiency and suppres-
sion effects, peak intensity in MALDI-TOF does not neces-
sarily reflect the amount of a particular peptide present in a
mixture.

A larger amount of sEPOR-κ was purified to near
homogeneity from the supernatant of transfected HEK-EBNA
cells (Figure 2), and its tryptic peptides were fractionated
by reverse phase LC-MS (Figure 3). To locate the elution
position of peptide T25, the data were extracted for its
theoretical mass, taking into account the possible presence
of none, one, or two hexoses. This revealed an unmodified
peptide eluting at 60.9 min ([M+ 2H]2+ at m/z 1684, [M+
3H]3+ at m/z 1122) and the modified one at 58.6 min ([M+
2H]2+ at m/z 1765, [M + 3H]3+ at m/z 1177). The ratio of
modified to unmodified peptide was calculated from integra-
tion of the areas under the two peaks in the UV trace to be
0.4-0.6 (Table 2).

Both forms of peptide T25 were subjected to low-energy
CID tandem MS, which confirmed their identity (data not
shown). In the case of the modified peptide, the 120 Da loss,
characteristic for C-linked sugar residues (18), was observed.
However, the results did not allow unequivocal assignment

FIGURE 2: Purification of recombinant sEPOR-κ. HEK-EBNA cells
(9 × 107) were transiently transfected with a cDNA encoding
sEPOR-κ. Conditioned medium was collected after 3 days. The
soluble receptor was isolated by immunoaffinity chromatography
using anti-κ antibodies. An aliquot of the concentrated and dialyzed
conditioned medium (lane 1), the pool of unbound protein (lane
2), the wash fractions (lane 3), and the pool eluted with 0.25 M
glycine-HCl (pH 2.5) (lane 4) were analyzed by SDS-PAGE. (A)
Silver-stained gel with 30µL of each sample loaded. (B) Western
blot probed with anti-κ antibodies in which 10µL of each sample
was loaded. The upper band of the two in lane 4 disappeared upon
treatment with PNGase F, with a concomitant increase in the
intensity of the lower one (data not shown).

FIGURE 3: Isolation of the C-hexosylated peptide from sEPOR-κ. (Α) Reduced and carbamidomethylated sEPOR-κ was cleaved with
trypsin. The resulting peptides were fractionated by reversed phase LC-ESI-MS using a C18 column. Peptide T25 was found in modified
(T25*) and unmodified (T25) forms. (B and C) ESI-MS spectra of peptides T25 and T25*, respectively.

Table 2: Modification of the Tryptic Peptide from sEPOR-κ

Containing the C-Mannosylation Motif, As Determined by
LC-ESI-MS

average mass
(Da) of peptide

T25 modified with
a C-hexosyl residue

modified/total
ratio

protein secreted intracellular expected found average range

wild type + 3528 3528 0.5 0.4-0.6
(n ) 2)

+ 3528 3529 0.5 0.3-0.7
(n ) 2)

S233A + 3512 nda -
+ 3512 3481b 0.5 -

(n ) 1)
A234E + 3586 3585 0.3 0.3

(n ) 2)
+ 3586 3586 0.5 0.5-0.6

(n ) 2)

a No secreted protein was detected.b In addition to the S233A
mutation, the peptide contained the M223T substitution.
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of the attachment site, because of overlap of the relevant
fragment ions with doubly charged b or y ions. Therefore,
peptide T25* was quantitatively cleaved with chymotrypsin,
which yielded only one C-hexosylated peptide with a mass
of 1664.8 Da (T25*-Ch) upon LC-MS analysis. The purified
peptide was subjected to low-energy CID tandem MS. From
the presence of the y1-3, b10, and b12 fragment ions (Figure
4), it was concluded that Trp232 and not Trp235 was
modified. The observed 120 Da losses from the parent and
b12 ion provided evidence for the C-glycosidic linkage.

Because these results showed that both the C-hexosylated
and nonmodified protein were secreted, it was also of interest
to determine the degree of modification of sEPOR-κ that
stayed within the HEK-EBNA cells. Tryptic peptides ob-
tained from the purified protein were analyzed in the same
way as described above. Peptide T25 was also found to be
C-hexosylated, and the level of modification was similar to
that of the secreted form (Table 2).

C-Hexosylation of sEPOR-κ that Has Been Mutated in the
WSXWS Motif.The effects of mutations in the232WSAWS236

motif on intracellular transport were originally observed in
membrane-bound EPOR (8), but it is not known whether
they have the same effect in sEPOR-κ. Therefore, one
mutation that completely blocked surface presentation (S233A)
and one that improved it 2-3-fold (A234E) were also
introduced into sEPOR-κ. The relative amount of secreted
protein was estimated by SDS-PAGE and Western blotting
using anti-κ antibodies (Figure 5). Compared to wild-type
sEPOR-κ, the A234E mutant exhibited a clearly increased
level of secretion, whereas no sEPOR-κ was detected in the
conditioned medium of the S233A mutant. Both mutants
were detected in the total cell lysates in comparable amounts.

C-Hexosylation of the two mutant proteins purified from
the conditioned medium and from the cell lysate (A234E)
or from the cell lysate only (S233A) was analyzed by LC-
MS of their tryptic peptides. The modified peptides from
both mutants were detected and sequenced by low-energy
CID tandem MS as described above. Both mutants were
C-hexosylated in peptide T25, and the degree of modification
was similar to that of the wild-type receptor (Table 2). The

analysis further revealed that a second mutation (M223T)
had inadvertedly been introduced into the S233A mutant.

DISCUSSION

The WSXWS motif is evolutionarily conserved in nearly
all type I cytokine receptors, and has been implicated in
various aspects of receptor biology (see the introductory
section). The results presented here add another possible
reason for its conservation, i.e., C-hexosylation of the first
Trp residue. Although we did not determine the type of
hexose present, it most likely is mannose, because this sugar
was found in all 50 previously examined cases. Together
with the cytokine IL-12â, EPOR is the second member of
the type I cytokine receptor family that can undergo this kind
of glycosylation. This raises the possibility that other
members of the family are also modified, in particular
because a similar motif in TSRs is C-mannosylated in all
cases that have been examined (14-17). An uncertainty
remains, however, with respect to membrane-bound recep-
tors. Unfortunately, attempts to analyze C-mannosylation in
full-length EPOR failed, because of insufficient quantities
of pure protein. In principle, it is possible, however, that
natural EPOR undergoes this modification as well. First, we
have previously demonstrated that RNase 2 from erythrocytes

FIGURE 4: Low-energy CID tandem ESI-MS of C-hexosylated peptide T25*-Ch. The experiment was performed on an API 300 triple-
quadrupole instrument, operating in the nanospray mode. The 120 Da loss, typical for aromatic C-glycosides, has been indicated with120
and60 for singly and doubly charged ions, respectively. W# represents C-hexosylated Trp.

FIGURE 5: Secretion of sEPOR-κ with mutations in the WSXWS
motif. HEK-EBNA cells (1× 106) were transiently transfected with
a cDNA encoding sEPOR-κ. Conditioned medium (CM) was
collected after 3 days, and equal aliquots were separated by SDS-
PAGE. The corresponding cells were lysed as described in
Experimental Procedures, and 1% of the sample was analyzed.
Proteins were blotted onto nitrocellulose and probed with anti-κ
antibodies. WT stands for wild type.
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is C-mannosylated (20), which strongly suggests that eryth-
rocyte precursors contain C-mannosyltransferase activity.
Second, although all previously reported C-mannosylated
proteins were soluble ones (33), it has recently been found
that a membrane-bound protein can be C-hexosylated in a
variety of mammalian cell lines (34).

Using COS and Ba/F3 cells, Hilton et al. (8) have provided
compelling evidence that the WSXWS motif plays a role in
the proper folding of EPOR, and thereby indirectly in
intracellular transport. Our results with mutants of sEPOR-κ

in HEK-EBNA cells are in agreement with their observations;
i.e., mutant S233A was not secreted at all, whereas the extent
of secretion of mutant A234E was increased (Figure 5). The
results differ, however, from those of Quelle et al., who used
FDC-P1 cells and found that mutations in the motif do not
affect surface presentation, but rather reduce the affinity for
EPO (7).

We found partial C-hexosylation of secreted sEPOR-κ,
indicating that the modification was not crucial for intrac-
ellular transport. It could, however, facilitate this process,
in which case intracellular accumulation of the unmodified
form could be expected. Given that sEPOR-κ purified from
the conditioned medium and sEPOR-κ purified from the cells
themselves had very similar degrees of C-hexosylation (Table
2), we conclude that the modification does not play a role
in the secretory process of sEPOR-κ. This is corroborated
by the observation that the nonsecreted mutant, S233A, was
also approximately 50% modified, and that the more strongly
secreted mutant A234E did not show an increase in the extent
of C-hexosylation (Table 2). Although this conclusion cannot
be applied to the membrane-bound form, it is most likely
relevant for the naturally occurring sEPOR that is formed
as a result of alternative splicing, and is capable of binding
EPO (35, 36).

If C-mannosylation is not important for secretion, what
could its function be? One possibility is that it has a structural
role. In the three-dimensional structure of (non-C-hexosy-
lated) recombinant sEPOR fromEscherichia coli, the
WSXWS motif is part of aπ-cation system, in which the
Trp residues form a scaffold that interacts with Arg residues
in the secondâ-strand of domain D2 (11, 12). This forms a
stack of alternating basic and aromatic residues at the surface
of the molecule. The question of what influence C-manno-
sylation would have on the arrangement of theπ-cation
system, and thereby on the structure of the cytokine-binding
domain, arises. The WSXWS motif is in the proximity of
the N-terminalR-helix (12), located in the elbow between
domains D1 and D2 (Figure 6A). A hexosyl residue on C2
of Trp232 would be expected to be on the surface of the
protein in close contact with the side chains of Arg45 in the
helix, and of Arg220 and Arg222, which interact with the
two Trp residues of the motif, as well as Phe231 (Figure
6B). It has been proposed that the interactions of the
WSXWS motif with the N-terminal helix and theâ-sheet in
D2 are biologically important in stabilizing the folded EPOR
(12). The presence of a hexosyl residue attached to the first
Trp could provide further stabilizing interactions. Such a
structural role has been found in other glycoproteins. For
example, NMR studies have shown that the single fucose
O-linked to Thr9 of PMP-C, a small proteinase inhibitor,
causes a decrease in the number of dynamic fluctuations of
the molecule (37), whereas O-fucosylation of the EGF-like

domain in factor V indirectly limits the flexibility of the loop
connecting twoâ-strands (38).

Alternatively, the WSXWS motif and the C-hexosyl
residue could interact with other macromolecules, although
at present such molecules are not known. Interestingly, a
very similar arrangement of Trp and Arg residues, as found
in type I cytokine receptors, has recently been observed in
recombinant TSR2 and -3 from thrombospondin-1 (39).
TSP-1 from platelets is C-mannosylated, and model building
suggests that the sugar residues protrude into solution and
potentially form part of a surface involved in macromolecular
interactions. This section of the TSR module is known to
interact with CD36, gp120, and glycosaminoglycans (13).

In summary, we have shown that the WSXWS motif in
the soluble form of a cytokine receptor can be C-hexosylated,
but as yet, no function can be linked to this modification.

FIGURE 6: (C-Hex-)Trp in the three-dimensional structure of
sEPOR. AnR-mannopyranosyl residue in the4C1 conformation was
incorporated into the model of the human EPOR-EPO complex
(PDB entry 1EER), and its position was adjusted manually. (A)
Schematic putative structure of the C-hexosylated sEPOR monomer.
The approximate position of the ligand has been indicated (EPO).
D1 and D2 denote the N- and C-terminal domains, respectively.
(B) Amino acid side chains that are within van der Waals distance
of the sugar residue (except Trp235). The numbering of mouse
EPOR has been used for consistency.
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However, since all structures of type I cytokine receptors
that have been determined to date have used non-C-
mannosylated proteins, the results presented here warrant
further three-dimensional structural studies on C-mannosy-
lated EPOR and other receptors of this family. This may
ultimately lead to defining a function for this form of
glycosylation in an important family of receptor proteins.
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