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TABLE 1. Classification of anti-HN monoclonal antibodies by
their reactivity with strain Italien in RIP and Western blot tests

Mono- Antigen precipi-
c;c:l?iixl Isotype tation in RIP¢ Reaction
body Origin of antigen“ mgrt;o- m:' :It;-
group clone” HN HN¢ PS2 in WBd
and
clone
1
7B2 Italien IgG1 + + o+ -
8C11 Italien IgG2A  + + o+ -
II
AC3 La Sota/octylglucoside IgG1 + + o+ +
HD5 La Sota/octylglucoside IgG2 + + o+ +
JB6 La Sota/octylglucoside IgG1 + + = +
4A4 La Sota 1gG2A + + o+ +
4C3 La Sota 1gG2A  + + o+ +
4D2 La Sota IgG2A  + + o+ +
4D6 La Sota IgG2A + + o+ +
5C1 La Sota IgG1 + + + +
111
IA3 La Sota/octylglucoside IgG1l + - - -
2B6 La Sota IgG1 + - - —
SAl La Sota IgGA2 + - - -
SH1 Italien I1gG2A + - - -
6C2 La Sota IsG2A + - - -
6C6 Italien IgG2A  + - - -
8E8 Italien IgG1 + - - -
v
7D4 La Sota IgG1 - - - -

< Italien, Intact NDV Italien; La Sota/octylglucoside, octylglucoside ex-
tract of NDV La Sota; La Sota, intact NDV La Sota.

b Isotype was determined by double-agar gel immunodiffusion against
reference cammercial antisera specific for each subclass of mouse immuno-
globulin (Meloy Laboratories). IgG, immunoglobulin G.

¢ HN was obtained in experiments in the absence of tunicamycin; HN, and
P52 were obtained from extracts of tunicamycin-treated cells. Symbols: +,
Precipitation or recognition; *, weak precipitation; —, no precipitation or
recognition.

4 For method, see the text. WB, Western blot.

a commercial vaccine. The viruses were grown in the
allantoic fluid of 9- to 11-day-old embryonated eggs from
specific-pathogen-free chicks. Harvest of the allantoic fluid
was performed 48 and 96 h postinoculation for NDV Italien
and La Sota, respectively.

The virus was purified by sucrose density gradient centrif-
ugation (20 to 40% sucrose in 0.01 M Tris hydrochloride-0.1
M NaCl-0.001 M EDTA, [pH = 7.4] [TNE]) at 50,000 x g
for 3 h. The virus band was recovered and extensively
dialyzed against TNE or phosphate buffer (0.02 M, pH 7.2),
and the protein concentration was determined by the method
of Lowry et al. (11).

Monoclonal antibodies. Hybrid cell lines producing mono-
clonal antibody to the envelope glycoproteins of NDV La
Sota and Italien were selected after fusion of myeloma cells
SP 2/0-Ag 14 with immune BALB/c spleen cells. For immu-
nization, intact virions or virions treated at pH 7.2 with
octylglucoside (13) were used. The viral suspension or the
octylglucoside extract (0.7 mg of protein in 1 ml of phos-
phate-buffered saline [PBS; pH 7.2]) was mixed with 1 ml of
complete Freund adjuvant and injected intraperitoneally (0.4
ml) and intradermally (1.6 ml) at multiple sites along the
spinal cord. This injection was followed by a booster 8
weeks later and 4 days before the fusion experiment. Fusion

NOTES 1199

was carried out with a 50% polyethylene glycol 4000 solution
in phosphate buffer (pH 7.2), and fused cells were grown in
RPMI medium containing sodium pyruvate (0.001 M),
glutamine (0.004 M), kanamycin (200 p.g/ml), amphotericin B
(Fungizone; 2.5 pg/ml), nonessential amino acids (0.1 mM),
hypoxanthine (0.1 mM), aminopterin (0.4 pM), thymidine
(16 uM), heat-inactivated horse serum (10%), and fetal calf
serum (5%).

Immunoglobulin-producing hybridomas were identified by
enzyme-linked immunosorbent assay, hemagglutination in-
hibition (HI), and virus neutralization (data not shown).
They were cloned twice with a semisolid medium containing
0.18% agarose. Immunoglobulin-producing clones were
identified by precipitation of immunoglobulins with a 1:1
mixture of rabbit and goat anti-mouse sera made in 0.18%
agarose. Ascites fluid was obtained by intraperitoneal injec-
tion of 107 hybridoma cells into mice that had been pristane
(2,6,10,14-tetramethylpentadecane) primed at least 10 days
before injection.

Immunoprecipitation assays. Baby hamster kidney cells
(BHK-21) were trypsinized and infected in suspension by
NDV Italien at a multiplicity of 10 PFU per cell in 2 ml of
minimal essential medium (MEM)-HEPES (N-2-hydroxyeth-
ylpiperazine-N’-2-ethanesulfonic acid; 20 mM; pH 7.4) for
30 min at room temperature and then incubated at 37°C with
8 ml of MEM-HEPES per flask. Actinomycin D (2 pg/ml)
was added at 2.5 h postinfection. 3*S-methionine labeling
was performed at 5 h postinfection with 40 wCi/ml in 5 ml of
MEM-HEPES without methionine supplemented with
actinomycin D and dialyzed fetal calf serum. After 1 h of
labeling, the infected cells were washed twice with TNE
(0.01 M Tris hydrochloride, pH 7.4, 0.15 M NaCl, 0.001 M
EDTA) and lysed with 1 ml of lysis buffer (TNE with 1%
Triton X-100) for 10 min at 4°C per flask.

The lysate was then spun in the Eppendorf centrifuge for
15 min at 4°C, brought to 5 ml with radioimmunoprecipita-
tion (RIP) buffer (TNE buffer with 1% Triton X-100, 0.5%
sodium deoxycholate, and 0.1% sodium dodecyl sulfate
[SDS]), and clarified by centrifugation in the Spinco SWS50.1
rotor at 36,000 rpm for 60 min at 4°C.

In experiments involving tunicamycin (13), the drug was
added to infected cells at 4 h postinfection and kept in the
culture at 2 pg/ml during labeling.

For immunoprecipitation assays, the monoclonal antibody
to be tested (4 nl) was mixed with 100 ul of clarified lysate;
the solution was brought to 400 pl with RIP buffer and
incubated for 16 h at 4°C. Rabbit anti-mouse immunoglobulin
serum was added and allowed to react for 1 h at 4°C. Immune
complexes were adsorbed onto 50 .l of a 10% suspension of
inactivated Staphylococcus aureus and allowed to react for
30 min at 4°C. The bacterial suspension was washed twice in
RIP buffer, once in a 1:1 RIP-TNE buffer, and once in TNE.
The complexes were dissolved in 50 pl of sample buffer
(0.05M Tris hydrochloride [pH 6.8], 1% SDS, 1% 2-
mercaptoethanol, 10% [vol/vol] glycerol), heated at 100°C
for 3 min, and centrifuged to eliminate S. aureus. The
supernatants were electrophoresed in 10% SDS-polyacryl-
amide gels. After electrophoresis, the gels were fixed,
stained for fluorography, dried, and exposed with Kodak
X-ARS films.

Western blots. NDV Italien viral proteins (200 png) were
dissolved in sample buffer and heated at 100°C for 3 min. The
proteins were separated by electrophoresis in a 10% poly-
acrylamide-SDS gel and transferred to a nitrocellulose filter
by the method of Towbin et al. (22). Transfer was for 2 h at
480 mA in 0.025 M Tris—0.2 M glycine buffer (pH 8.3).
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After transfer, the nitrocellulose filter was soaked at room
temperature in 100 ml of PBS (pH 7.4) with 1% bovine serum
albumin for 30 min. The filter was then cut into strips that
were incubated for 16 h, with gentle shaking, with appropri-
ate sera (1:1,250 for monoclonal antibodies or 1:100 for a
polyclonal serum) in 5 ml of reaction buffer (PBS buffer, pH
7.4, with 1% bovine serum albumin and 0.2% Tween 80).
The strips were then washed three times by soaking in PBS
buffer (pH 7.4)-0.2% Tween 80 and incubated for 3 h with
rabbit anti-mouse serum (except for strips already incubated
with rabbit anti-Italien serum or normal rabbit serum) diluted
1:1,000 in 5 ml of reaction buffer. After 3 washings with
PBS-Tween buffer, the strips were incubated for 4 h with 3
nCi of »I-protein A in 3 ml of reaction buffer. The strips
were finally washed six times with PBS-Tween buffer, dried,
and autoradiographed with Kodak X-ARS film. Protein A
was iodinated at a specific radioactivity of 35 uCi/ng of
protein by the method of Greenwood et al. (6).

Results and discussion. The specificity of the antibodies
was determined by immunoprecipitation of NDV ltalien-
infected [>*SImethionine-labeled BHK-21 cell lysates (Ta-
bles 1 and 2; Fig. 1 and 3) by HI and virus neutralization
(data not shown). When these criteria were combined, the 23
monoclonal antibodies were divided into the following two
categories: (i) 18 antibodies directed against HN (Table 1)
and (ii) 5 antibodies reacting with F (Table 2).

(i) Monoclonal antibodies directed against HN. The 18
monoclonal antibodies identified as anti-HN by RIP and HI
tests were divided into four groups (Table 1; Fig. 1). That
individual clones within each group reacted with the same
epitope was initially inferred from similar HI titers measured
on 13 velogenic, 2 mesogenic, and 38 lentogenic strains (data
not shown).

Group I contained monoclones 7B2 and 8C11. They
precipitated native HN, the nonglycosylated HN precursor
HN,, and P52. They were unreactive, however, towards HN
in Western blots (Fig. 2), suggesting that group I antibodies
were raised against a conformational epitope, made up of a
sugar-free amino acid sequence, which was largely indepen-
dent of protein glycosylation but sensitive to heat denatur-

TABLE 2. Reactivity of anti-F monoclonal antibodies with NDV
Italien in neutralization, RIP, and Western blot tests

Neu- Antigen

Mono- Origin of Isotype traliza- precipita- F antigen

clonal antigen®  of mono- tion in-  tion in RIP4 recognized
antibody clone® . — in WB¢

dex F P52

2C1 La Sota IgGl 1.47 + - -
1C3 Italien IgG1 3.90 + - -
8B1 n°3 Italien IgG1 3.20 + - -
10F2 Italien IgG2A 2.17 + - -
12C4 Italien 1gG2B 3.20 + - -

“ See Table 1, footnote a.

b See Table 1, footnote b.

¢ Expressed as the last dilution (in log,o) causing 50% plaque reductior..
NDV Italien (10>’ PFU/ml in Eagle MEM) was mixed with an equal volume of
serial dilutions of ascites fluid previously inactivated at 56°C for 30 min. After
2 h of incubation at 37°C, 0.2 ml of the different virus-ascites dilution mixtures
were plated on five 60-mm plates of chicken embryo fibroblasts. After
adsorption for 60 min, the cells were washed with MEM and overlaid with
0.6% agarose in MEM. Plaques were scored on day 3 after being stained with
neutral red.

4 F was obtained in experiments in the absence of tunicamycin; P52 was
obtained from extracts of tunicamycin-treated cells. Symbols: +, Precipita-
tion or recognition; —, no precipitation or recognition.

¢ WB, Western blot.
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FIG. 1. Autoradiogram of an SDS-polyacrylamide gel of 35S-
methionine-labeled proteins of NDV Italien labeled in the presence
(+) or absence (—) of tunicamycin (TM). Immunoprecipitation was
carried out with rabbit polyclonal serum raised against NDV Italien
octylglucoside extract (lanes R) and monoclonal antibodies 8C11,
4D6, 5A1, and 7D4, representatives of groups I, II, III, and IV,
respectively (see also Table 1). The background of the precipitation
reaction was obtained with normal mouse serum (lanes Mo). Mo-
lecular weight estimates of NDV proteins were essentially those
published previously (5, 13) (L, 200,000; HN, 74,000; HN,, 67,000;
F,y, 66,000; P, 59,000; F,-NP, 56,000; P52, 52,000; M, 40,000; F,,
10,000).

ation in the presence of mercaptoethanol (1%) and SDS (1%)
followed by adsorption onto nitrocellulose membranes.
Monoclonal antibodies of group II showed reactivity to-
wards HN antigen whether native, unglycosylated, or even
blotted after hot SDS-mercaptoethanol denaturation. It was

12 345678910112 13141516171BABC DEMR T

"

;.
|
[

FIG. 2. Behavior of monoclonal antibodies with strain Italien
polypeptides in Western blot experiments. Immune reactions in-
volved (i) HN monoclones from group 1 (7B2 and 8C11, lanes 1 and
2, respectively), group 11 (AC3, HDS, JB6, 4A4, 4C3, 4D2, 4D6, and
5C1, lanes 3 through 10, respectively), group III (IA3, 2B6, 5Al,
5H1, 6C2, 6C6, and 8E8, lanes 11 through 17, respectively), and
group IV (7D4, lane 18); (ii) anti-F monoclones (2C1, 1C3, 8B1 no.
3, 10F2, and 12C4, lanes A through E, respectively); (iii) normal
mouse serum (lane Mo); (iv) rabbit polyclonal anti-NDV proteins
(lane R); and (v) normal rabbit serum (lane r).
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FIG. 3. Autoradiogram of an SDS-polyacrylamide gel of *'S-
methionine-labeled proteins of NDV ltalien labeled in the presence
(+) or absence (—) of tunicamycin (TM). Immunoprecipitation was
carried out with rabbit polyclonal serum (lanes R); monoclones 2C1
(lanes A), 1C3 (lanes B), 8B1 (lanes C), 10F2 (lanes D), and 12C4
(lanes E): and normal mouse serum (lanes Mo). For molecular
weights of NDV proteins, see the legend to Fig. 1.

thus inferred that monoclonal antibodies of this group be-
haved as probes for a sequential rather than a conforma-
tional determinant. Precipitation of P52, cleaved and
nonglycosylated F (13), occurred with monoclonal antibod-
ies of groups I and II and solely from extracts of
tunicamycin-treated cells. This result was interpreted as a
coprecipitation due to interactions of P52 with regions of
HN, not available on HN, the native glycosylated protein.

Group III antibodies reacted only with the native glycosyl-
ated HN protein. Their lack of reactivity versus the
nonglycosylated HN suggested that the recognized epitope
was configurational and glycosylation dependent. The struc-
ture of the polysaccharide moiety being mostly cell deter-
mined (17), one would expect antibodies against HN and F
glycoproteins to show only limited specificity if the carbo-
hydrate contributed directly to the reactive epitope. Such a
behavior was not observed. It was thus tentatively con-
cluded that polysaccharide chains influenced the folding of
polypeptides and indirectly contributed to the building of
epitopes (12).

Monoclonal 7D4 showed a unique behavior among our
monoclonal antibodies, as it did not precipitate any form of
strain Italien HN (Table 1). It reacted, however, in HI and
enzyme-linked immunosorbent assays in which strain La
Sota was the source of antigen (data not shown).

The M protein, a highly hydrophobic molecule, was
precipitated by all monoclonal antibodies used except when
the lysate was prepared from tunicamycin-treated cells. M
and L were precipitated even by normal mouse serum.

(ii) Monoclonal antibodies directed against F. The search
for anti-F monoclonal antibodies was based on positivity in
virus neutralization assays accompanied by no activity in HI
tests.

Immunization of mice with NDV La Sota yielded only one
monoclonal antibody (2C1) with neutralization activity
against strain Italien but devoid of HI activity. A second
experiment was set up in which the immunogen was NDV
Italien. Four hybridomas (1C3, 8B1 no. 3, 10F2, and 12C4)
were isolated that did not affect the HI test but neutralized
the virus. Consequently, these five monoclones were taken
as good anti-F candidates.

The name, isotype, neutralization index, and immunopre-
cipitation capacities of each of the five monoclonal antibod-
ies are listed in Table 2.

All five antibodies precipitated protein F, (Fig. 3) but
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lacked reactivity towards P52, the presumed nonglycosyl-
ated precursor of protein F (Fig. 3, lanes A, B, C, D, and E).
None of the five monoclonal antibodies reacted with F
protein in Western blot experiments (Fig. 2, lanes A, B, C,
D. and E). Anti-La Sota monoclonal 2C1, even if slightly
active in seroneutralization tests, was able to precipitate
NDV Italien F; protein (Fig. 3). The other four monoclonal
antibodies raised against NDV ltalien exhibited much strong-
er neutralization capacity in in vitro experiments.

We thus tentatively concluded that (i) the five monoclonal
antibodies with virus neutralization activity were indeed
raised against determinants of protein F;, and (ii) the five
antibodies were recognizing conformational determinants,
whose spatial structure depended upon adequate glycosyla-
tion of the peptide backbone of F; protein. None of the five
monoclonal antibodies was able to bind to nonglycosylated F
precursor; similarly, none of these antibodies could react
with denatured F, protein transferred to nitrocellulose (Fig.
2, lanes A, B, C, D, and E).

It will be instructive to compare activities of the five
monoclonal antibodies both in vivo and in vitro. To that end,
the five antibodies are being checked for their capacity to
protect chicks from NDV Italien infection. When better
characterized, the available monoclonals will also be instru-
mental in studies aimed at identification of epitopes engaged
in the fusion reaction of cleaved F protein with liposomes, as
was described by Hsu et al. (8) for Sendai virus. Immediate
and detailed comparison with the reaction involving cell
membranes will also be feasible.

Production of anti-F monoclonal antibodies has met so far
with little success (19, 20). The availability of more of these
reagents will facilitate thedetailed characterization of biolog-
ically important epitopes on F; and provide efficient ways to
identify subtle variations between virus strains, especially
when these techniques are combined with gene cloning and
sequencing techniques.
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