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Abstract. We have classified 28 hybridomas to the RS virus glycoproteins, VP66, VP84,

by virus neutralization, RIP, and RIA tests.

Without resorting to RIP, a combination of

neutralization tests and RIA on BCH4 and RS/HO cells could be used to classify 79% of the
hybridomas antibodies correctly. VP66 contains major determinants for virus neutralization
since 11/13 hybridoma antibodies to this protein neutralized RS virus while 0/15 hybridoma

antibodies to VP84 neutralized the virus.

Respiratory syncytial (RS) virus is an im-
portant respiratory pathogen of the family
Paramyxoviridae (1) and is a leading cause
of lower respiratory disease in young chil-
dren (2). Before a successful RS virus vac-
cine can be developed, more information
about the surface proteins is needed in
order to fully define the host response to RS
virus infection. Such studies have been
hampered by the difficulty in obtaining
purified viral proteins and monospecific
antisera. We have investigated these prob-
lems by developing hybridomas to glutaral-
dehyde-fixed RS virus-infected HeLa cells.
The initial fusion resulted in seven clones
secreting monoclonal antibodies to three
viral proteins (3).

The development of Balb/c cells persis-
tently infected with RS virus (BCH4) (4)
provided a convenient substrate for ra-
dioimmunoassay (RIA) and allowed us to
eliminate clones secreting antibodies to
human components early in the screening
process. These cells potentially could in-
duce antibodies better if injected into a
syngeneic host to minimize antibody re-
sponse to cellular antigen. We, therefore,
injected Balb/c mice with syngeneic BCH4
cells for the production of viral antigen-
specific hybridomas.

Although there has been a number of
studies involved with the identification of
RS virus glycoproteins (5—11) the results
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are not straightforward and are often con-
tradictory. Most authors present data for
three glycoproteins with molecular weights
of 70,000-90,000, 40,000—50,000, and
19,000—25,000. Wunner and Pringle (11),
however, could not confirm the presence of
the 70,000—90,000 or 19,000—25,000 mol wt
glycoproteins, but instead found two glyco-
proteins, mol wt 40,000—50,000 (VGP48
and VGP42). Recently the large glycopro-
tein was immunoprecipitated from infected
cells (5, 6) but other glycoproteins, mol wt
45,000—50,000 and 17,000—24,000, were
not. The development of monoclonal an-
tibodies with specificity for the RS virus
glycoproteins would greatly help in the
identification and study of these glycopro-
teins.

Materials and Methods. Cells and vi-
ruses. HeLa Ohio (HO) cells were obtained
from Flow Laboratories (McLean, Va.).
The Balb/c cell line (BCH4), persistently
infected with RS virus, has been described
(4). Both cell lines were grown in equal
parts of minimum essential medium with
Earles salts and basal Eagle medium with
Hank’s salts, 10% heated (56°/45 min) fetal
bovine serum (Dutchland Labs) and 4 mM
glutamine. Suspension cultures of HO cells
were grown in 10% heated fetal bovine
serum, 4 mM glutamine in Eagles minimum
essential medium, spinner modified. HO
cells were infected (RS/HO) in suspension
with 1 PFU/cell of RS virus, Long strain.
The cells were rinsed 2 hr after infection
and resuspended in suspension medium,
with 5% fetal bovine serum, at 2 x 10°
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cells/ml. RS/HO cells were labeled with 10
uCi/ml of p-[1,6-°H]glucosamine hydro-
chloride (New England Nuclear, sterile
aqueous solution) 12 hr postinfection. Cells
and culture fluid were collected 24 hr post-
infection. Virus-free culture fluid was pre-
pared by pelleting the virus at 7500 rpm for
4 hr in a Beckman J-21C centrifuge (12).

Virus neutralization. Hybridoma culture
fluids were tested for virus neutralizing
antibodies as described (3) with minor
modifications. Four units of guinea pig
complement (Flow Laboratories) were
added throughout to increase the sensitivity
of the assay (13).

Indirect immunofluorescence (IFL). IFL
was performed using live RS/HO cells as
described (4).

Radioimmunoprecipitation (RIP). RIP
using iodinated viral proteins (14), [3H]-
glucosamine-labeled cell lysate, or virus-
free culture fluid from [*H]glucosamine-la-
beled RS/HO cells was performed as de-
scribed (14). Samples were analyzed by slab
gel electrophoresis (14).

Radioimmunoassay (RIA). Indirect RIA
using !*5I-goat anti-mouse vy globulin as the
second antibody and methanol-fixed RS/
HO or BCH4 cells as the substrate was
recently described (3).

Somatic cell hybridizations. The genera-
tion of hybridomas followed standard tech-
niques as described for RS virus, except vi-
able BCH4 cells were used as the immuno-
gen instead of glutaraldehyde-fixed RS/HO
cells (3).

Results. Approximately 1000 hybridoma
colonies were originally screened by RIA
using methanol-fixed BCH4 cells. Ten per-
cent appeared to be RS virus specific; these
colonies were cloned and virus neutraliza-
tion, RIP, IFL, and further RIA analysis
using methanol-fixed BCH4 and RS/HO
cells performed on the spent culture fluid.

Immunofluorescence. All of the 28 clones
chosen for further study had the staining
characteristics of surface proteins as de-
termined on live RS/HO cells (4). Typical
results are shown in Fig. 1.

Radioimmunoprecipitation. RIP analysis
indicated that about 75% of the clones pre-
cipitated one of two viral glycoproteins
(Fig. 2, Table I); designated VP84 and VP66
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FiG. 1. Living cell immunofluorescence of RS/HO
cells. RS/HO cells were prepared for living cell immu-
nofluorescence as described (4) 22 hr after infection.
The cells were incubated with (A) monoclonal 111,
class 84A; (B) monoclonal 13-1 class 66A.

(14). VP84, a protein not present in great
abundance on the virion (7, 14) has been
identified using RIP (14). VP66 consists of
two disulfide-bonded polypeptides with
molecular weights of 43,000 and 19,000
(14); both polypeptides are glycosylated,
VP19 relatively more so than VP43,
Seventy-seven percent of the clones spe-
cific for VP66 could precipitate iodinated
viral VP66 protein while only 1 of 15 (6%)
clones specific for VP84 could precipitate
iodinated VP84 (Table I). Seventy-three
percent of the clones specific for VP84,
however, precipitated [*H]glucosamine-
labeled VP84 (Table I). RIP using [*H]-
glucosamine-labeled RS/HO cell lysates
showed the presence of VP66 (VP43 and
VP19) when precipitated by monoclonal
antibodies specific for VP66. However,
VP84 and an additional glycoprotein with
a mol wt of 43,000 to 46,000 precipitated
from cell lysates by monoclonal antibodies
specific for VP84. This protein, which is
not readily detected in virus-free culture
fluid, may represent a cleavage product
of VP84 (Fig. 2). The width and very
diffuse nature of the protein band is very
similar to that obtained with VP84, but
markedly different from VP43, indicating
that VP43 has not coprecipitated with
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FiG. 2. RIP of RS virus-specific glycoproteins from cell lysates or culture fluid. (A) RS/HO cells
grown in suspension were labeled from 12 to 24 hr postinfection with [*H]glucosamine. The cells were
pelleted, rinsed twice in Hank’s balanced salts, 50 mM Hepes, pH 7.5, PMSF 100 mg/ml, and sus-
pended in the same buffer at 5 x 107 cells/ml. Cell lysates were prepared by adding Triton X-100 to
0.1% and incubating at 37° for 30 min. Nuclei and large membrane fragments were removed and the
supernatant made up to 0.1% SDS. This mixture was incubated at 45° for 30 min. Approximately 5 X
107 cell equivalents of this cell lysate were incubated with 100 ul of washed Immunoprecipitin
(Bethesda Research Labs.), cleared, and incubated with the indicated antibody. The exact RIP proce-
dure has been described (14). Samples for electrophoresis were run on slab gels consisting of 14%
acrylamide with DATD as the crosslinker (14), using the discontinuous system of Laemmli (15). The
specific antibodies used were as follows: class 66A, RS 13-1; class 84B, RS 18-1; class 84A, RS 111; R
anti-FCS, rabbit anti-fetal calf serum (14); 2] RS, iodinated RS virus proteins precipitated with rabbit
anti-RS virus (14). '°I-VP84 is present in immunoprecipitates with rabbit anti-RS virus (14) but is not
visible in this photograph.

(B) A virus-free culture fluid preparation containing only VP84 was used to screen for monoclonals
to this protein. RIP and gel electrophoresis were as described (14). The specific antibodies used were
as follows: class 66A, RS 13-1; class 84A, RS 111; class 84C, RS 322; class 84B, RS 821.

VP84. Although Staphylacoccal protease munication), we have not eliminated the
treatment of culture fluid containing VP84 possibility that the coprecipitating protein
generates a fragment with a molecular is due to cellular contamination. If the
weight of 49,000 (S. Spring, personal com- 40,000—45,000 mol wt protein precipitated
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TABLE I. CLASSIFICATION OF HYBRIDOMAS TO
RS ViRus SURFACE PROTEINS

RIP? Relative

———  binding No. of
Class Neut.2 V S ratio® clones
66A + + - <1 6
66B + + - 1-2 3
66C + - - ~1 2
66D - + - <1 1
66E - - - <1 1
84A ~ + + 2 1
84B - - + <2.5 4
84C - - + 3-5 6
84D - - - 2 4

@ Viral neutralization activity scored positive if at
least 50% inhibition is found at 1:20 dilution.

® RIP performed using: iodinated viral proteins (V),
[*H]glucosamine-labeled, virus-free culture fluid from
RS/HO cells (S). This fluid was shown to be free of
[*Hlglucosamine-labeled VP66 by RIP/SDS—PAGE.
Viral protein precipitated is indicated by class number.
See Fig. 2.

¢ Relative binding ratio is determined from com-
parative RIA on RS/HO and BCH4 cells per Fig. 3.

by anti-VP84 antibodies is a cleavage prod-
uct, then it probably represents the VGP48
of Wunner and Pringle (11) while VP43 is
their VPG42. This interpretation is based
on the relative level of [?H]glucosamine in-
corporation into VP43 and VP19 compared
to the relative level of [*H]glucosamine into
proteins with mol wt of 40,000— 50,000 and
19,000—24,000, respectively (5-8, 11).
Virus neutralization. All of the selected
clones have been tested for virus neu-
tralization activity (Table I). None of the
monoclonal antibodies with neutralizing
activity appears to be directed against
VP84. Lack of neutralizing activity was not
caused by low antibody concentration as
indicated by the level of antibody binding in
the RIA tests as shown below.
Radioimmunoassay. When clones were
compared by RIA using BCH4 or RS/HO
cells as substrate consistent patterns in the
P/N binding ratios were observed (Fig. 3).
These differences were used to classify
clones as VP84-like or VP66-like (3). This
has been useful but not entirely accurate
since there is some overlap between
monoclonal groups specific for the two
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FiG. 3. Characterization of monoclonal antibodies
to RS virus glycoproteins by RIA. Assay of antibodies
with anti-VP66 activity (—) on RS/HO (A) and
BCH4 (B) cells; monoclonal antibody and class iden-
tifications in (A) and (B) are (@) RS 284:66A, (O) RS
334:66B, (A) RS 162:66C, (A) RS 47:66D, and (W) RS
184:66E. Assay of antibodies with anti-VP84 activity
(——-) on RS/HO (C) and BCH4 (D) cells; monoclonal
antibody and class identifications in (C) and (D) are
(@) RS 111:84A, (O) RS 93:84B, (A) RS 104:84C, and
(A) RS 402:84D. P/N is the cpm for the culture media
samples to that for blank culture media (100—175
cpm). Antibodies assayed on uninfected HeLa or
Balb/c cells exhibited P/N values <2. (E) The relative
binding ratio was determined by dividing the P/N
number obtained on RS/HO cells by the P/N number
obtained on BCH4 cells.

surface proteins. In addition, monoclonals
specific for RNP exhibit binding ratios sim-
ilar to those for VP66 (data not shown).
Further testing will be required to eliminate
these problems.
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Discussion. A fusion using spleenocytes
from mice immunized with live BCH4 cells
yielded approximately 15 stable clones se-
creting monoclonal antibodies to each of
two surface proteins. We developed a clas-
sification scheme for these hybridomas
based on IFL, virus neutralization, RIP and
RIA. This classification scheme divides
monoclonals to VP84 into four subgroups
and those to VP66 into five subgroups. In
most cases the assignment to a particular
subgroup was straightforward. However, a
small portion of the clones that failed to
specifically precipitate a viral protein have
been assigned to a subgroup based on RIA
data alone and these assignments must be
regarded as tentative. As knowledge about
the importance of each subgroup grows, it
should be possible to rapidly screen new
fusions for the desired hybridomas.

In the interest of developing a rapid, sim-
ple screening technique for hybridomas to
RS virus surface proteins, a variety of tests
have been performed on the 28 hybridomas
isolated to date. If initial screening is done
using BCH4 and RS/HO cells and this is
followed by virus neutralization tests, 79%
of the selected clones can be placed in their
correct classification. This procedure
eliminates the need to screen each initial
clone by the cumbersome procedures of
IFL and RIP.

We are currently studying reasons for the
differential binding of some classes of
monoclonal antibodies to BCH4 and
RS/HO cells. This may simply reflect dif-
ferences in the amount of VP84/VP66 in
these cells or differences in the orientation
of these proteins on the cell surface.

The efficacy of using BCH4 cells as im-
munogen and substrate for the production
and screening of hybridomas to RS virus
has been established. The success obtained
using BCH4 cells as an immunogen proba-
bly stems from the lack of response to
BCH4 cellular antigens. In addition, the
persistently infected BCH4 cells are pro-
viding a continual source of viral antigens
for purification and characterization.

VP66 contains major determinant(s) in-
volved in virus infectivity, VP84 apparently
does not. We have not been able to assign a
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definite function to VP84, although this
protein has the physicochemical character-
istics of the paramyxovirus hemaggluti-
nin (14).

The use of monoclonal antibodies with
specificity for VP84 and VP66 should help
clarify the complex picture of RS virus gly-
coproteins. The fact that two antigenically
distinct proteins have very similar molecu-
lar weight raises some question as to the
identity of the 45,000— 50,000 mol wt glyco-
protein found in nonimmunoprecipitated
RS virus or infected cells (7—11). In fact,
the protein that coprecipitates with VP84
may represent VGP48 as defined by Wun-
ner and Pringle (11) while VP43 may repre-
sent their VGP42. Earlier results obtained
by direct analysis of viral proteins has not
yet been consolidated with more recent
work involving the RIP of viral proteins (5,
6, 14). This is caused, in part, by the vari-
able precipitation efficiency of RS virus
proteins (5, 14) resulting in a selection of
viral proteins that may or may not be pres-
ent in great abundance. The selection pro-
cess, coupled with the presence of viral
proteins having similar molecular weight
(e.g., VGP48, VGP42; 11), VP43, postu-
lated cleavage product of VP84 (this paper)
has produced considerable uncertainty
about the number and size of the RS virus
glycoproteins (5—11). This uncertainty has
prevented a comprehensive understanding
of RS virus glycoproteins from being devel-
oped. Hopefully, this situation will be
clarified as monoclonal antibodies are used
to examine the glycoproteins of RS virus
more extensively.

The authors wish to thank E. Ford and G. Dapolito
for their technical assistance and V. Reap for her sec-
retarial assistance.

This work was supported in part by Contract NO1-
Al-22665 between Georgetown University and the
NIAID.

1. Kingsbury DW, Bratt MA, Choppin PW, Hanson
RP, Hosaka Y, ter Meulen V, Norrby E, Plow-
right W, Rott R, Wunner WH. Paramyxoviridae.
Intervirology 10:137—-152, 1978.

2. Jacobs JW, Peacock DB, Corner BD, Caul EO,
Clarke KR. Respiratory syncytial and other vi-



HYBRIDOMAS TO RS VIRUS GLYCOPROTEINS

ruses associated with respiratory disease in in-
fants. Lancet 1:871—-876, 1971.

. Cote, Jr PJ, Fernie BF, Ford EC, Shih JW-K,
Gerin JL. Monoclonal antibodies to respiratory
syncytial virus: Detection of virus neutralization
and other antigen-antibody systems using infected
human and murine cells. J Virol Methods
3:137—-147, 1981.

. Fernie BF, Ford EC, Gerin JL. The development
of Balb/c cells persistently infected with respira-
tory syncytial virus: Presence of ribonucleopro-
tein on the cell surface. Proc Soc Exp Biol Med
167:83—-86, 1981.

. Bernstein JM, Hruska JF. Respiratory syncytial
virus proteins: Identification by immunoprecipi-
tation. J Virol 38:278—-285, 1981.

. Dubovi EJ. Analysis of proteins synthesized in
respiratory syncytial virus-infected cells. J Virol
42:372-378, 1982.

. Levine S. Polypeptides of respiratory syncytial
virus. J Virol 21:427—-431, 1977.

. Peeples M, Levine S. Respiratory syncytial virus
polypeptides: Their location in the virion. Virol-
ogy 95:137-145, 1979.

. Pringle CR, Shirodaria PV, Gimenez HB, Levine
S. Antigen and polypeptide synthesis by

10.

11.

12.

13.

14.

15.

271

temperature-sensitive mutants of respiratory syn-
cytial virus. J Gen Virol 54:173—183, 1981.
Ueba O. Respiratory syncytial virus. II. Isolation
and morphology of the glycoproteins. Acta Med
Okayama 34:245—-254, 1980.

Wunner WH, Pringle CR. Respiratory syncytial
virus proteins. Virology 73:228—243, 1976.
Fernie BF, Gerin JL. The stabilization and purifi-
cation of respiratory syncytial virus using MgSO,.
Virology 106:141—144, 1980.

Buynak EB, Weibel RE, Carlson AJ, McLean
AA, Hilleman MR. Further investigations of live
respiratory syncytial virus vaccine administered
parenterally. Proc Soc Exp Biol Med 160:272—
277, 1979.

Fernie BF, Gerin JL. Immunochemical identifica-
tion of viral and non-viral proteins of the respira-
tory syncytial virus virion. Infect Immun
37:243-249, 1982.

Laemmli UK. Cleavage of structural proteins
during the assembly of the head of Bacteriophage
T4. Nature (London) 227:680—685, 1970.

Received May 17, 1982. P.S.E.B.M. 1982, Vol. 171.



