
Proc. Nati. Acad. Sci. USA
Vol. 82, pp. 1494-1498, March 1985
Immunology

Isolation and biochemical characterization of the mammalian
reovirus type 3 cell-surface receptor

(antl-Idiotpe/virus receptor/lymphocytes/neuroblastoma)

MAN SUNG Co*t, GLEN N. GAULTON*tt, BERNARD N. FIELDS§, AND MARK I. GREENE*t
*Department of Pathology, Harvard Medical School, Boston, MA 02115; Departments of tMedicine and *Pathology, Tufts University School of Medicine,
Boston, MA 02111; and IDepartment of Microbiology and Molecular Genetics, Harvard Medical School and the Shipley Institute of Medicine, and the
Department of Medicine (Infectious Disease), Brigham and Women's Hospital, Boston, MA 02115

Communicated by Alfred Nisonoff, October 22, 1984

ABSTRACT A cell-surface receptor for the mammalian
reovirus type 3 hemagglutinin was isolated by using anti-
idiotypic anti-receptor antibodies. The receptor is a gly-
coprotein with a molecular mass of 67,000 daltons and a pI of
5.9. Evidence that the isolated structure represents the
reovirus receptor was obtained by electrophoretic immunoblot
studies, which demonstrated that the 67,000-dalton glycopro-
tein is the only cell-surface structure recognized by both
reovirus type 3 and the anti-receptor immunoglobulin. Com-
parison of the reovirus receptor on murine thymoma (R1.1)
and rat neuroblastoma (B104) cells indicated that similar
structures on the cell surface are recognized by the reovirus
type 3 and the anti-receptor antibodies as previously suggested
from cellular and binding studies. This receptor was found on
mouse, rat, monkey, and human cells. Furthermore, diverse
tissue ypes, including lymphoid and neuronal cells, express
the receptor structure. The receptor structure is discussed in
terms of its role in mediating viral tropism and as an essential
cell-surface protein.

The identification of virus receptors and clarification of their
mode of interaction with ligands are important in under-
standing viral tropism and subsequent disease patterns. The
Reoviridae provide a workable and informative model sys-
tem for studying viral receptor interactions (1-3). The mam-
malian reoviruses are icosahedral viruses containing seg-
mented, double-stranded RNA genomes. They have been
divided by neutralization and hemagglutination patterns into
three serotypes-1, 2, and 3. Reovirus type 3 binds to
murine lymphoid and neuronal cells and causes a fatal
encephalitis when injected into neonatal mice (4). In con-
trast, reovirus type 1 binds selectively to ependymal cells in
the brain (5) and leads to hydrocephalus (6). By using a
variety of recombinant reovirus clones in which genetic
segments of one serotype have been imposed on a genetic
background of another, it has been revealed that the S1
double-stranded RNA segment is responsible for the distinct
tropism of type 1 and type 3 viruses (7). The gene for the S1
segment encodes the ui outer-capsid-protein hemagglutinin
(HA), which governs virus attachment to target cell surfaces
(8, 9).

In previous studies we have shown that both the cellular
and humoral murine immune responses to reovirus type 3
were predominantly directed to the viral HA and that these
anti-HA antibodies expressed a restricted set of idiotopes
(10). Anti-idiotypic antibodies made in rabbits were shown
to mimic HA binding and also to trigger cellular responses in
a similar manner to the viral HA (11). These studies demon-
strated the presence of a common HA binding conformation
on lymphoid and neuronal reovirus receptors that is also

shared on anti-HA antibodies and HA-specific T-cell recep-
tors (3). Anti-idiotypic antibodies have similarly been used in
studies of the cell-surface receptors for retinol binding
protein (12), insulin (13), adrenergic ligands (14), formyl
peptide chemotoxins (15) and ,81 H-globulin (16).
More recently we have developed syngeneic anti-HA

(idiotype) and anti-anti-HA (anti-idiotype) monoclonal anti-
bodies (17). Monoclonal anti-idiotypic antibody possesses all
of the specific binding properties of the polyclonal rabbit
anti-idiotype and mimics changes in cellular function in-
duced by HA binding, such as the activation of nonspecific
suppressor T cells. Syngeneic monoclonal anti-idiotypic
antibodies also have been utilized as a viral vaccine and are
capable of inducing potent T cell-mediated cytolytic and
delayed-type hypersensitivity responses as well as anti-HA
antibody production by B cells (18). These results confirm
that both the polyclonal and monoclonal anti-idiotypic anti-
bodies specifically recognize the cell-surface receptor for
reovirus type 3. In this report we describe the isolation and
biochemical characterization of the reovirus type 3 binding
receptor on a panel of mammalian cell lines utilizing anti-
idiotypic anti-receptor antibodies. The conservation of re-
ceptor structure on a murine thymoma line, a rodent
neuroblastoma line, and a human lymphoid line is discussed
in relation to potential alternative viral receptor functions.

MATERIALS AND METHODS
Anti-Idiotypic Antibodies. The preparation of rabbit anti-

idiotypic antibodies has been described (11). The purified
antisera were identified by affinity for the HA-specific Ig
9BG5, a monoclonal antibody recognizing the neutralization
domain of type 3 HA (10). The generation and screening of
syngeneic monoclonal anti-idiotypic antibodies have been
reported (17). Briefly, BALB/c mice were immunized re-
peatedly with 5 x 106 irradiated idiotype-bearing 9BG5
hybridoma cells. Cells were fused by the method of Kohler
and Milstein (19), and the resulting hybridomas were
screened for their ability to bind to the 9BG5 monoclonal
antibody. One such syngeneic monoclonal antibody, 87.92.6
(IgM; Kappa Scientific, Escondido, CA), was shown to
inhibit binding of 9BG5 to purified 125I-labeled reovirus type
3 HA protein. 87.92.6 was purified by sieve and ion-
exchange chromatography as described (18).

Virus Purification. Reovirus type 3 was grown in suspen-
sion cultures of L cells at 34WC and purified from infected
cells as described (20).

Cells. Murine thymoma R1.1, lymphoma YAC, and
reovirus type 3 HA-specific hybridoma 9BG5 were main-
tained in suspension in Dulbecco's modified Eagle's medium
(DME medium) supplemented with 10% fetal calf serum, 1%
glutamine, and 1% penicillin/streptomycin. The rat neuro-
blastoma B104 cells, murine NIH 3T3 fibroblasts, C3H

Abbreviation: HA, hemagglutinin.
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1OT'/2 cells, and monkey COS7 cells were grown in the
same medium on plates. Murine thymoma BW5147, human
lymphoid CEM cells, and insulin-specific T-cell hybridoma
B3C8 were maintained in suspension in RPM1 1640 medium
supplemented with 10% fetal calf serum, 1% glutamine, and
penicilhin/streptomycin. Splenic B and T cells were prepared
as described by Wysocki and Sato (21). COS7, B104, and
B3C8 were the gifts of G. Freeman (Dana-Farber Cancer
Institute, Boston), J. Drebin (Harvard Medical School,
Boston), and L. Glimscher (Harvard School of Public
Health, Boston), respectively.

Iodination. Cell-surface iodination was performed by using
the enzymatic lactoperoxidase method (22). Briefly, 2-5 x
107 washed cells were mixed with 1 mCi (1 Ci = 37 GBq) of
Na125I (New England Nuclear) in 50 ,1 of 0.2 M phosphate
buffer (pH 7.2) and 25 /.l of 1% P-D-glucose, and then 50 pul
of hydrated enzymobead reagent (Bio-Rad) was added and
the reaction mixture was incubated at room temperature for
30 min. The reaction was stopped by extensive washing in
phosphate-buffered saline. Membrane proteins were solubil-
ized following incubation in 500 1.l of phosphate-buffered
saline containing 0.5% Triton X-100 (Sigma), 0.25% Nonidet
P-40 (Bethesda Research Laboratories), and 1 mM phenyl-
methylsulfonyl fluoride for 30 min on ice. The debris was
cleared by centrifugation at 35,000 x g for 60 min. The
solubilized membrane proteins were used immediately or
stored at - 20°C.

Purified antibodies (10-100 ug in 10-50 Al) and viral
particles (1013 per ml) were labeled in an analogous manner.
Following incubation with enzymatic reagents, the reaction
mixture was passed through a Sephadex G-25 column to
remove the free iodine. In each case, >95% of the radio-
activity was precipitable in 10% cold CCl3COOH. Binding
analyses were conducted as described by Dower et al. (23).

Electrophoretic Immunoblot. Membranes were purified
from hypotonically lysed cells by a combination of dif-
ferential centrifugation and discontinuous sucrose density
gradients (24). Membranes from 5 x 107 cells were loaded
per lane and electrophoresed under reducing conditions on
10% polyacrylamide gels (25). Proteins were transferred to
nitrocellulose paper (Bio-Rad) at 250 mA for 18 hr at 4°C by
using a Hoefer electrophoresis TE series transfer unit
(Hoefer, San Francisco) (26). The nitrocellulose paper was
blocked with buffer containing 0.1 M Tris (pH 7.5), 3%
bovine serum albumin or 0.25% gelatin, and 0.5% Nonidet
P-40 at 37°C for 2 hr and then was hybridized with 1251I
labeled probes (2-5 x 106 cpm in 10 ml of buffer) for 1 hr at
room temperature. The paper was then washed thoroughly
in the buffer, dried in air, and exposed to Kodak X-OMAT
AR fim for 2 days at - 70°C. In the hybridization with
anti-bovine serum albumin antibodies, 0.25% gelatin (Sigma)
was used for blocking.

Immunoprecipitation. Iodinated cell lysates (2-5 x 105
cpm) were incubated with 50 ,ug of antibody (polyclonal
rabbit anti-idiotype, monoclonal anti-idiotype, or normal
rabbit immunoglobulin) at room temperature for 1 hr. Seph-
arose protein A (25 Al; Pharmacia) was next added, and the
incubation was continued for 2 hr. Beads were collected by
centrifugation in a Beckman Microfuge, washed three times
in solubilization buffer and then twice in phosphate-buffered
saline. Pellets were adjusted to NaDodSO4/PAGE sample
buffer containing 2-mercaptoethanol, boiled, and run on a
10% acrylamide slab gel (25). Dried gels were exposed to
Kodak X-OMAT AR film at - 70°C.
Two-Dimensional Gel Electrophoresis. Immunoprecipi-

tated proteins were adjusted to isoelectric focusing sample

buffer (9.5 M urea/2% Nonidet P-40/1.6% Pharmalyte, pH
5-8/0.4% Pharmalyte, pH 3-10/5% 2-mercaptoethanol) (27);
Pharmalyte was from Pharmacia. Samples (50 pd) were
loaded onto the basic end of 120 x 2.8 mm diameter tube

gels containing 9.2 M urea, 4% acrylamide, 2% Nonidet
P40, 1.6% Pharmalyte (pH 5-8), and 0.4% Pharmalyte (pH
3-10). Gels were run at 500 V for 16 hr. The tube gels were
then incubated in Laemmli sample buffer for 1 hr and layered
on top of 10%o NaDodSO4/PAGE slab gels with a 3% stack
and run at 30 mA for 5 hr. The gels were fixed, dried, and
exposed to a Kodak X-OMAT AR film for 2 days at - 700C.
Neuraminidase Treatment. Immunoprecipitates were in-

cubated with 0.5 unit of neuraminidase (Sigma) for 60 min at
370C. Following the incubation, samples were adjusted to
Laemmli sample buffer and run on a NaDodSO4/PAGE gel
as described above.

RESULTS
Specificity of 87.92.6 Binding. The specificity of mono-

clonal anti-idiotype antibody binding to the reovirus receptor
was illustrated by using the murine thymoma cell line R1.1
and the rat neuroblastoma line B104. 87.92.6 antibodies
recognized the cell-surface receptor for reovirus as demon-
strated by the ability of monoclonal anti-idiotype antibodies
to inhibit the binding of reovirus type 3 to both R1.1 and the
B104 cell lines. Incubation of R1.1 or B104 cells with
monoclonal 87.92.6 antibodies prior to reovirus exposure
resulted in a 62% and 71% decrease, respectively, in the
mean channel fluorescence as measured on a fluorescence-
activated cell sorter (Table 1). Preincubation with either
monoclonal anti-H-2k or anti-Thy-i antibodies had no effect
on the subsequent binding of reovirus.

Binding and Scatchard Analysis of Reovirus Receptors.
Iodinated purified 87.92.6 protein was used to determine the
number and affinity of reovirus binding sites on target cells
(Table 2). To quantitate binding, increasing amounts of
'-5I-labeled 87.92.6 (1-100 nM) were added to a fixed number
(106) of cells. The binding of anti-idiotype to reovirus type 3
binding R1.1, B104, and splenic T and B cells displayed
linear and saturable kinetics. Reovirus receptor-bearing cells
possess between 50,000 and 78,000 reovirus binding sites
with an apparent Kd for 87.92.6 of 1 nM. In each instance,
the nonspecific component of binding was assessed by
measuring the amount of 125I-labeled 87.92.6 bound in the
presence of a 100-fold excess of unlabeled anti-idiotype.
Nonspecific binding did not exceed 6% of the total bound
immunoglobulin. Similar results have been recently reported
from binding studies using iodinated reovirus particles (28).

Isolation and Biochemical Characterization of the Reovirus
Receptor. Our initial experiments indicated that the most
effective reovirus receptor purification was achieved by
utilizing polyclonal rabbit anti-receptor antibodies rather

Table 1. Inhibition of reovirus type 3 binding by
anti-idiotypic antibody

Mean channel
Cell line Blocking reagent fluorescence
R1.1 None 117.43

Reovirus type 3 11.98
Anti-Id 44.62

B104 None 131.68
Reovirus type 3 16.78
Anti-Id 38.19

R1.1 Anti-H-2k 116.02
Anti-Thy-1.2 115.38

Cells (106) were preincubated with reovirus type 3 (1011) particles
or blocking reagents: anti-idiotypic (10 pg), anti-H-2k (10 pg), or
anti-Thy-1.2 (10 ug) at 40C as described. Cells were washed thor-
oughly and incubated with 1011 biotinylated reovirus particles for 30
min on ice, washed, and then stained with avidin-fluorescein. Mean
channel fluorescence was determined by using a EPICS V fluores-
cence-activated cell sorter.
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Table 2. Number and affinity of anti-idiotypic antibody receptors
on reovirus high-binding and low-binding cells

Number of
Reovirus type 3 binding sites Kd, nM

High-binding cell
R1.1 thymoma 67,000 1.0
B104 neuroblastoma 78,000 0.9
Splenic T cell 65,000 0.8
Splenic B cell 50,000 0.9

Low-binding cell
YAC thymoma <2,000

Increasing amounts of purified monoclonal 125I-labeled anti-idio-
type were added to 106 cells in 50 p4 of phosphate-buffered saline
containing 1% bovine serum albumin and 0.2% NaN3. After incuba-
tion with labeled immunoglobulins, cells were pelleted through
phathlate oils, and cell-bound 125I was determined. The results pre-
sented were obtained by Scatchard analysis of binding data, assum-
ing that IgM binds to one cell. Similar results have been reported
from Scatchard analysis by using radiolabeled reovirus particles
(28).

than monoclonal anti-receptor antibodies. After surface
iodination, the solubilized membrane extracts of R1.1
thymoma cells were incubated with anti-receptor antibodies
and precipitated with Sepharose-protein A. The precipitate
was analyzed by two-dimensional PAGE under reduced
conditions. Fig. 1 is an autoradiogram of a two-dimensional
map of the polyclonal anti-receptor antibody immunopre-
cipitate of R1.1 cell extract. The labeled material in the
immunoprecipitate has a Mr of 67,000 with a heterogeneous
pI around 5.9.

Confirmation that the Mr 67,000 structure is the reovirus
receptor was achieved by using immunoblot analysis. R1.1
cell membranes were first purified by using differential and
equilibrium gradient centrifugation. Membrane extracts
were then run under reduced conditions on 10% NaDod-
S04/PAGE and blotted onto nitrocellulose paper. Identifica-
tion of the reovirus receptor was achieved by independent
hybridization with either '25I-labeled reovirus or anti-
idiotype. Fig. 2 is an autoradiogram of this hybridization.

pI

4l 2 3
MrI i&:,!.

I'xlC-3) E
92- :;

69 _1
e9

46-.

30- AX

FIG. 2. Electrophoretic immunoblot analysis of R1.1 membrane
proteins hybridized with 125I-radiolabeled reovirus or anti-receptor
antibodies. Membranes were purified from R1.1 cells, electropho-
resed under reducing conditions on 10%1 NaDodSO4/PAGE and
blotted onto nitrocellulose paper. Blotted papers were then blocked
with bovine serum albumin or gelatin and independently hybridized
with 125I-labeled reovirus (lane 1), monoclonal 87.92.6 antibody
(lane 2), polyclonal anti-receptor antibody (lane 3), and anti-bovine
serum albumin (lane 4). Washed nitrocellulose paper was exposed to
Kodak X-OMAT AR film at - 70TC for 2 days. The Mr 67,000 band
is apparent in lanes 1 and 2, faint in lane 3, and absent in lane 4.

Lanes 1-4 represent identical samples of R1.1 cell lysates
that varied in hybridization treatment. Lane 1 was hybrid-
ized with iodinated type 3 reovirus particles. Lanes 2 and 3
were hybridized with iodinated monoclonal 87.92.6 and
polyclonal rabbit anti-idiotype antibodies, respectively.
Both radiolabeled virus particles and anti-idiotypic antibod-
ies bound to a single band of Mr 67,000. Control hybridiza-
tion with radiolabeled anti-bovine serum albumin, shown in
lane 4, did not detect the same band. Thus, recognition of the
Mr 67,000 structure is specific for reovirus type 3 particles
and anti-receptor antibodies.
We also attempted immunoprecipitation with monoclonal

anti-receptor antibody and whole viral particles, but as
mentioned previously, these results have not been as satisfy-
ing as with the polyclonal rabbit antibody. Precipitations
with monoclonal antibody (Fig. 3, lane 2) or virus (Fig. 3,
lane 3) displayed a number of bands in the autoradiogram,
including the Mr 67,000 band identified in polyclonal anti-
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FIG. 1. Two-dimensional gel electrophoresis of cell surface
proteins of R1.1 cells immunoprecipitated with polyclonal rabbit
anti-receptor antibody. lodinated cell lysate was incubated with
anti-receptor antibody and Sepharose-protein A. The precipitates
were reduced with 2-mercaptoethanol and subjected to equilibrium
isoelectric focusing in a tube gel, followed by NaDodSO4/PAGE
using a 10%o acrylamide slab gel. The gel was fixed, dried, and
exposed to Kodak X-OMAT AR film at - 70'C for 2 days. The pH
was determined from blank tube gels run simultaneously with the
immunoprecipitates.

Cr-

FIG. 3. NaDodSO4/PAGE analysis of the immunoprecipitates of
R1.1 cell lysates with anti-receptor antibodies. 125I-labeled R1.1
lysate was precipitated with polyclonal rabbit anti-idiotype (lane 1),
monoclonal anti-idiotype 87.92.6 (lane 2), viral particles (lane 3).
Lane 4 showed the neuraminidase-treated polyclonal immunoprecipi-
tates.
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FIG. 4. Comparison of reovirus receptor on murine thymoma
R1.1 and rodent neuroblastoma B104 cells. (A) NaDodSO4/PAGE
analysis under reducing conditions. Lanes: 1 and 2, immunopre-
cipitates of R1.1 and B104 cell lysates with rabbit anti-idiotypic
(anti-Id) anti-receptor immunoglobulin; 3 and 4, parallel precipitates
with normal rabbit immunoglobulin (NRIg). (B) NaDodSO4/PAGE
analysis under nonreducing conditions. Lanes 1 and 2 show the
immunoprecipitates of R1.1 and B104 cell lysates with rabbit anti-
idiotypic anti-receptor immunoglobulin. The low molecular weight
bands do not appear consistently and are probably due to non-

specific bindings of irrelevant molecules.

receptor precipitations (lane 1) and in the immunoblots
described above. The results suggest that the Mr 67,000
molecule forms less-efficient precipitation complexes with
the monoclonal antibody, possibly a consequence of dis-
associated IgM molecules. An alternative interpretation is
that nonspecific molecules are trapped in the IgM immune
complexes. A similar result was obtained when we at-
tempted immunoprecipitation with the monoclonal antibody
and a second antibody. Nonspecific components of viral
precipitation are most likely related to less effective washing
techniques.
Demonstration that the Mr 67,000 receptor on R1.1 is a

glycoprotein was achieved by treatment of immunopre-
cipitates with neuraminidase before analysis on an NaDod-
S04/PAGE gel. Neuraminidase catalyzes the release of
sialic acid from glycoproteins (29). The autoradiogram (lane
4 in Fig. 3) shows, in addition to the Mr 67,000 band, an

additional band of Mr 62,000, the latter band being the
partially deglycosylated product. The Mr 67,000 glycopro-
tein also was observed by using [35S]cysteine to label meta-
bolically active cells, showing that the Mr 67,000 glycopro-
tein was indeed synthesized by the R1.1 line (data not
shown).
Comparison of the Reovirus Receptor on Murine Thymoma

Rl.l and Rat Neuroblastoma B104 Cells. Reovirus type 3
binds to both murine lymphoid cells and neuronal cells (17),
although only neonatal neuronal cells are susceptible to lytic
infection. To examine if reovirus type 3 recognizes the same

cell-surface structure on lymphoid and neuronal cells, we

compared the immunoprecipitates of the murine thymoma
R1.1 line with a nitrosoethylurea-induced rodent neuroblas-
toma line, B104, which is lytically infected by reovirus. Fig.
4A is an autoradiogram of the product of NaDodSO4/PAGE
analysis under reduced conditions of immunoprecipitations
performed with rabbit anti-receptor antibody. Both R1.1
(lane 1) and B104 (lane 2) expressed a major band cor-

responding to a Mr 67,000 protein. Similar precipitations
with normal rabbit immunoglobulin did not detect the Mr
67,000 protein (lanes 3 and 4 in Fig. 4A). NaDodSO4/PAGE
analysis of the immunoprecipitated protein under nonre-

duced conditions revealed a similar band corresponding to

Mr 67,000 (Fig. 4B). These experiments indicate that the
protein recognized by the anti-receptor antibody is mono-
meric. The parallel results on R1.1 and B104 suggest that the
reovirus type 3 HA recognizes similar structures on the
surface of the murine thymoma and rat neuroblastoma cells.
Other Cell Types that Express the Mr 67,000 Receptor

Protein. Earlier studies had identified a panel of cells that
bind reovirus type 3 and the anti-receptor antibody (17).
Therefore, we have extended our biochemical analysis to
include murine splenic T and B lymphocytes; BW5147, a
murine lymphoma line; B3C8, a murine T-cell hybridoma
specific to insulin; and CEM, a human lymphoma line. These
results (data not shown) indicate that, in agreement with
fluorescence-activated cell sorter analysis, the Mr 67,000
glycoprotein is present on all reovirus binding lymphoid
cells. The presence of the Mr 67,000 structure in the human
line CEM indicates that the receptor protein is not species
specific.
We also examined three murine fibroblasts-L929, NIH

3T3, and C3H/1T/2-and a monkey cell line-COS7 (data
not shown). L929 showed an intense band corresponding to
the Mr 67,000 glycoprotein, COS7 showed a faint band,
whereas NIH 3T3 and C3H/10T1/2 did not show the band.
The absence of the 67,000 dalton band in NIH 3T3 and
C3H/10T1/2 could be a result of absence of the protein, a
lower expression of the protein, or the consequence of less
efficient iodination. Cytofluorimetry experiments conducted
in parallel indicated that the staining of these latter two cells
with reovirus and rabbit anti-idiotype is less intense than that
seen in R1.1 cells.

DISCUSSION
These studies demonstrate that the cell surface receptor for
mammalian reovirus serotype 3 is expressed on normal
rodent lymphoid and neuronal cells as well as on several
rodent and primate transformed cell lines. Purification of the
reovirus receptor was accomplished by immunoprecipitation
with an anti-idiotypic anti-receptor antibody. Anti-receptor
antibodies provide several distinct advantages for the iden-
tification and isolation of cell-surface receptors as compared
to the use of reovirus particles. First, antisera and purified
monoclonal antibodies can be generated and stored in large
quantities, while viruses lose their activity over a short
period of time. Secondly, monoclonal antibodies are mono-
specific, whereas viruses by their mass favor nonspecific
binding. A final consideration for the use of antibodies to
isolate receptors relates to those viruses that are particularly
dangerous to handle.

Unfortunately, the generation of receptor-specific anti-
bodies has been limited by the availability of purified recep-
tors. An alternative approach has been developed using
anti-idiotypic antibodies as probes of receptor structure. We
previously have discussed the possibility that the anti-
idiotype is an "internal image" of the reovirus type 3 HA
(1-3, 11, 17). By internal image we mean that the antigen
binding site of the anti-idiotype contains conformations that
are indistinguishable from those present on the reovirus HA.
The evidence supporting this hypothesis is: (i) anti-idiotype
binding parallels the cellular tropism of reovirus 3 (11); (ii)
the anti-idiotype and reoviruses have similar biological ef-
fects in limiting conconavalin A-induced stimulation of
murine lymphocytes (3); (iii) anti-idiotype specifically inhib-
its reovirus 3 binding to target cells (30); (iv) anti-idiotype
prevents isolated HA protein from binding to monoclonal
anti-HA antibodies (11, 17); and (v) anti-idiotype specifically
stimulates both T- and B-cell immunity to reovirus in vivo
(18).

Biochemical characterization of the cell surface structure
detected by the anti-idiotype shows that it is a glycoprotein

Immunology: Co et al.
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with a Mr of 67,000 and a pI of 5.9. The receptor is
monomeric because NaDodSO4/PAGE analysis under re-
ducing and nonreducing conditions revealed a structure of
similar molecular weight. The receptor also contains sialic
acid residues since neuraminidase treatment created a new
band with a lower molecular weight. Immunoblot studies
clearly show that the Mr 67,000 glycoprotein is the only
cell-surface structure recognized by both reovirus type 3 and
the anti-idiotypic immunoglobulin.

Previous studies have shown that murine lymphoid and
neuronal cells have receptors for reovirus type 3 HA (17).
The murine thymoma cell line R1.1 and the rodent
neuroblastoma cell line B104 were used here as models for
detailed biochemical study of these cell types. The antibod-
ies detect a Mr 67,000 glycoprotein expressed on the surface
of both cell lines. Neuraminidase treatment revealed simi-
larly sized breakdown products ofMr 62,000, confirming that
the structures detected by anti-receptor antibodies on these
diverse tissues are probably identical. A set of normal
murine lymphocytes also express the Mr 67,000 reovirus
binding structure. This observation confirms that the Mr
67,000 glycoprotein is not a structure associated only with
transformed cell lines. This receptor is present on mouse,
rat, monkey, and human cells. Its occurrence on diverse cell
types, including lymphoid and neuronal cells, strongly sug-
gests that it is a common cell-surface structure perhaps
associated with normal cellular functions.
The isolation of a specific glycoprotein receptor for

reovirus type 3 has allowed us to begin studies for the nature
and function of the receptor in the normal cell. Over the last
few years, others have attempted to identify the nature of the
cellular membrane proteins that other viruses have used as
receptors. For example, it has been reported that Semliki
Forest virus binds to histocompatibility antigens (murine
H-2K and H-2D and human HLA-A and HLA-B) (31).
However, although binding studies have supported this
association, Semliki Forest virus can grow in cells devoid of
histocompatibility antigens, raising questions as to the sig-
nificance of the role of histocompatibility structure as recep-
tors (32). Lactate dehydrogenase virus has been found to
interact with mouse Ia antigens, suggesting a role for Ia in
targeting virus to a subset of macrophages (33). Rabies virus
has been reported to bind in close association with the
acetylcholine receptor (34). In each of these instances, it has
been difficult to prove definitively whether the association
with the virus and cell receptor is the specific, biologically
important pathway used for viral binding and entry.

Several membrane proteins with molecular weights similar
to the reovirus receptor have been reported. The Fc receptor
(35), P-adrenergic receptor (36) and the 8 component of the
acetylcholine receptor (37) all have molecular weights
around 67,000. The Fc receptor is an unlikely candidate
because control immunoprecipitation with normal rabbit
immunoglobulin did not reveal this band, and the Mr 67,000
structure is also found on tissues that do not express Fc
receptors. The f3-adrenergic receptor is a reasonable candi-
date, considering its distribution in reovirus-binding tissues.
The binding by reovirus to cell-surface structures such as the
,B-adrenergic receptor could account for the known tropism
of the mammalian reovirus. Preliminary studies have shown
some structural similarities between the reovirus type 3 and
the mammalian,B-adrenergic receptors. Identification of the

cell surface receptor for the viral HA should be an important
step forward in understanding the pathogenesis of reovirus
infection.
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