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Abstract
A study on the neutralization of avian reovirus 1091 by mon oclonal antibodies (MAbs) against

B/BC and C proteins was carried out in primary chick kidney (CK) and seconadary Vero (African
green monkey kidney) cell cultures. MAbs against individual proteins of avian reovirus 1091 were
produced by fusion of spleenocytes derived from mice immune to avian reovirus 1091, with immortal
mouse myeloma cells. The neutralization of the virus infectivity by MAbs in primary chick kidney
(CK) and Vero (African green monkey kidney) cell cultures was determined by plaque reduct ion
neutralization test (PRNT).  Four MAbs against B/BC protein and  5 MAbs C protein of avian
reovirus 1091 were produced in this study. Four MAbs against against B/BC were designated as
4D1, 4E2, 5F5 and 5A6.  Five MAbs against C portein were designated as 1A2, 4D3, 5A12, 5B11 and
5C6. PRNT showed that one MAb (5A6) against B/BC neutralized the virus infectivity in CK and
Vero cell cultures. Three  Mabs against C (5A12, 5B11 and 5C6) neutralized the virus in primary CK
cell culture but only two MA bs (5A12 and 5C6) against C protein neutralized the virus infectivity in
Vero cell culture. Two MAbs (1A2 and 4D3) against C and 3 MAbs (4D1, 4E2, 5F5) against B/BC
showed no neutralizing activities both in CK and Vero cell cultures. The neutralization of avian
reovirus 1901 by MAbs against B/BC and C proteins indicated that the protein play important
roles in infection processes and my be  potential candidates for the preparation of a good vaccine.
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Introduction
Avian reoviruses have been widely associated

with  runting/stunting syndrome or malabsorption
syndrome (MAS). The association MAS with avian
reovirus infection has been proven both field surveys
and in controlled experiments (Pass et al, 1982 ,
Goodwin et al, 1993; Songserm et al, 2000; Songserm et
at, 2002). Commonly, the susceptible age of  MAS is
the first two weeks of age and is mainly characterized
by gastrointestinal lesions directly resulting in weight
gain depression. The gastrointestinal lesions generally
include proventriculitis and enteritis with cellular
infiltration, cystic crypts of Lieberkuhn, villus atrophy
and villus fusion (Reece et al, 1990). MAS is an
economic problem in poultry industry worldwide.
One of avian reovirus strain frequently isolated from
chickens with MAS is avian reovirus 1091 (Pass et al,
1982).

Avian reovirus particles consist of ten segments
of dsRNA genomes each of which codes fo r a single
individual protein. The genomes are designated as L1,
L2, L3, M1, M2, M3, S1, S2, S3, and S4 (Robertson and
Wilcox 1986). At least 10 individual proteins encoded
by the genes have been identified and they are
designated as A,B,C, A/AC, NS, A, B, NS,
C (Schnitzer et al, 1982). Each protein plays impor -
tant role in the infection processes and therefore
studies on the function of each individual  protein is
important in understanding the pathogenesis of avian
reovirus infection as well as in finding the effort  of
controlling the disease. Two surface proteins sugges-
ted to play important role in the infection processes  are
B/BC and C proteins.

Miu B/BC was initially designated as A/AC
(Shnitzer et al, 1982) but further studies showe d that
the correct designation of this protein is B/BC
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complex (Wickramasinghe et al, 1993).  The protein
has been suggested to be the cognate protein of
1/1C protein of mammalian reovirus (Varela and
Benavente, 1994).  In mammalian reoviruses 1/1C
has been suggested to be structurally similar with the
fusion protein (Nibert and Fields, 1992) and directly
involved in the penetration of the virus into the cells.
Antibody against this protein neutralizes the virus
infectivity and prevent the spread o f the lethal
reovirus infection in mice. Neutralization of the virus
by antibody against this protein was suggested to be
due to the interference of an tibody on the penetration
which prevent the initiation of viral replication
(Virgin et al, 1994). If same role is played by B/BC
protein of avian reoviruses as its mammalian
counterpart, it is likely that the antibody against this
protein will prevent the infection of avian reovirus in
susceptible animals. Meanwhile, C protein  of avian
reoviruses which is equivalent to 1 protein of their
mammalian counterpart, was identified to be the
virus attachment protein (Martinez-Costaz, et al,
1997). Neutralization of mammalian reovirus by
antibody against 1 protein has been reported and
was suggested to be due to  the blocking of the
attachment protein by antibody (Virgin et al, 1994).
As the C protein is the avian reovirus attachment
protein, the antibody against this protein is likely to
be able to neutralize the avian reovirus very
efficiently.  Such antibody will be able to block the
attachment of the virus onto the surface of the
susceptible cells and prevent the avian reovirus
infection.

To study the involvement of B/BC and C in
initiating  the infection of avian reovirus into cells,
MAbs against the two proteins were produced.
MAbs bind with a single antigenic determinant
(epitope) in a protein structure and can therefore be
used to manipulate the function of the protein
(Campbell, 1991). The MAbs were then used to
neutralize the virus infectivity in pr imary chicken
kidney cell and Vero cell cultures.

Methods
Virus

The virus used in this study was avian reovirus
1091 isolated from chickens with a malabsorption
syndrome (Pass et al 1982). The virus replicates
naturally in primary CK culture and has been
adapted in secondary Vero (African green monkey
kidney) cell culture (Wilcox et al   1985).

Production and Characterization of MAbs against
B/BC and C Proteins

MAbs against B/BC and C proteins were
produced by standard methods as described by

Campell, 1991). Immortal myeloma cells (P3NS1/1
Ag4.1, obtained from Murdoch University, Australia),
were fused  with lymphocytes derived from the
spleen of mice immunized with avian reovrus 1091.
The fusion of the two types of cells produced hybrid
cells called hybridomas. The hybridomas were then
screened by indirect ELISA (Campbell, 1991) for the
anti-avian reovirus 1091 using CsCl density gradient -
purified avian reovirus as the antigen and Vero
cellular antigen as negative control. The hybridomas
producing MAbs reacted specifically with the virus
were then used in the production of MAbs against the
B/BC and C proteins of avian reovirus 1091. Hi gh
titer MAbs were produced by inoculation of antibody-
producing hybridomas into the abdominal cavity of
pistane-primed Balb/c mice. The growth of hybrido -
mas in the abdominal cavity of mice was characteri -
zed by the production of ascitic fluid containing high
titre MAbs. The ascitic fluid containing MAbs was
inactivated by heating at 56 oC for 30 minutes. The
MAbs were isotyped by indirect ELSA using rabbit
antimouse subtyping isotyper kit (BioRad Laboratory,
USA) according to the procedu res described by
manufacturer. The titer of MAbs was also determined
by ELISA according to standard procedures (Voller
and Bidwell, 1986) and was expressed as the antilog
of the highest dilution of MAbs giving an absorbance
reading of approximately 50% of its optimum reading.

Determination of the Viral Proteins Reactive with MAbs
The reactivity and specificity of MAbs against

B/BC and C proteins of avian reovirus 1091 were
determined by radioimmunoprecipitation assay using
35-S-labelled viral proteins as described by Virgin et al,
1988. Monolayers of Vero cells grown in 60 mm sterile
tissue culture dishes were infected with av ian
reovirus 1091 at MOI of 5. At  11 hours post - infection,
the medium was discarded and replaced with 1 ml of
methionin-free medium supplemented with 1% FCS,
100 IU penicillin, 100 μg streptomycin, 100 μCi 35S-
methionin (ICN, USA) and incubated at 37 oC for 2
hours. The medium was then removed and the cells
were lysed with lysis buffer (10 mM Tris -HCl, 0.5%
Nonidet-40, 150 mM NaCl, 1 mM phenylsulfonyl -
floride, pH.7.5). The lysed cells was centrifuged at
12,000 g for 15 minutes. After addition of sodium
dodecyl sulfate (SDS) to a final concentration of  0.1%,
the cell lysate was centrifuged at 145,000 g for 60
minutes.

Ten μl ascitic fluid containing high titer of MAbs
or chicken anti-1091 polyclonal serum were added to
200 μl cell lysate and the mixture was incubated
overnight at 4oC. When chicken anti-1091 polyclonal
serum was used, 20 μl rabbit anti -chicken IgG
(Nordic) was added to the mixture after an incubation
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for 5 hours.  The protein-antibody complex was then
isolated by adding 100 μl of 8.5% Sepharose 4B -
Protein A beads (Pharmacia) to the mixture. After an
incubation for 30 minutes and centrifugation at 12,000
g for 1 minute and 3 times washes with lysis buffer,
the protein was separated from the complex by
adding 70 l of sample reducing buffer (1.3% SDS ,
5%  mercaptoethanol,  0.0625 M Tris -HCl  pH. 6.8, 10
glycerol,  0.001% bromophenol blue) to  the mixture.
The protein was analysed by sodium dodecyl sulfate -
polyacrylamid gel electrophoresis (SDS -PAGE) using
3% staking gel and 10% separating gel. The gel was
then dried a gel dryer (Bio -rad, Model 1125B) and
was then expoed to X-ray film at –70oC for 48 hours.

Neutralization of the virus infectivity by Mabs
To determine the neutralizing activities of

MAbs, plaque reduction neutralization test ( PNRT)
was carried out in primary CK and secondary Vero
cell cultures. Briefly, a serial two -fold dilution of
MAbs were made in sterile tubes. A virus suspension
containing approximatley 100 plaque forming units
(PFU) of avian reovirus 1091 was added to 1 ml of
MAbs from each dilution and incubated at 37 oC for 1
hour. The mixture was then added onto confluent
monolayer of CK or Vero cell cultures grown in 60
mm sterile tissue culture dishes. After incubation for
another 1 hour at 37oC, the inoculate was discarded
and the inoculated cells were covered by DMEM
semi-solid media containing 1% agarose, 5% NBCS,
200 IU/g per ml penicillin/streptomycin. Following
4-5 day incubation at 37oC, 1,5 ml DMEM containing
0,005% neutral red was added to each dish. The
number of plaque in each dish was counted and the
neutralizing titer of MAbs were determined as the
antilog of the highest dilution of MAbs capable of
reducing the number of plaque up to 50% compared
to the normal control.

Result and Discussion
In this study, 5 MAbs (1A2, 4D3, 5A12, 5B11,

and 5C6) against C protein and 4 MAbs (4D1, 4E2,
5F5 and 5A6) against B/BC proteins of avian
reovirus 1091 were produced. The characteristics of
MAbs such as their isotypes, ELISA titre, the reactive
proteins are presented in table 1. As shown in table 1,
the isotypes of MAbs against C protein were as 1A2
(IgG2b), 4D3 (IgG1), 5A12 (IgG2a ), 5B11 (IgG1), and
5C6(IgG2a) with ELISA titre of 21 2, 213, 222, 227 and
217 respectively. Meanwhile the isotypes of MAbs
against B/B were 4D1 (IgG1), 4E2 (IgG1), 5F5
(IgG2a) and 5A6 (IgG1). The fluorogram of 35-S-
labelled proteins precipitated with MAb s was
presented in figure 1. As shown in figure , 5 MAbs
(1A2, 4D3, 5A12, 5B11, and 5C6) reacted specifically

with  38Kda (C) protein of avian reovirus 1091.  Four
MAbs (4D1, 4E2, 5F5 and 5C6) reacted mainnly with
73/71 Kda (B/BC), although some of the MAbs
also reacted with 43Kda (B) protein (Table. 1)

Of the 5 MAbs anti-C protein produced, 2
(5A12 and 5C6) neutralized the virus infectivity in
Vero cell culture  and 3 MAbs (5A12, 5B11, and 5C6)
neutralized virus infectivity in CK cell culture. The
neutralizing titer of MAbs in Vero were 5A12
(1/6400), 5C6 (1/6400) whereas in CK cell culture
were 5A12 (1/51200), 5B11 (1/400), and 5C6
(1/51200). Only 1 Mab  (5A6) against B/BC protein
neutralized the virus infectivity in CK and Vero cell
cultures (Table 1).

Nine MAbs were examined for their activities  in
neutralizing the infectivity of avian reovirus 1091 in
CK and Vero cell cultures. RIP assay showed that 5
MAbs were reactive with 38 Kda protein (designated
as C protein) and 4 MAbs reactive with 76 an d 73
Kda protein (designated as B/BC protein complex)
(Wickramasinghe et al, 1993, Varela and Benavente,
1994). All MAbs against 76 Kda (B) protein also co-
precipitated 73 Kda (BC) protein, indicating that
BC protein is the clevage product of the B protein.
Both proteins have been determined to be coded for
by M2 gene (Varela and Benavente, 1994) and they
are therefore likely to be structurally and antigeni -
cally to be very similar to each other. In mammalian
reoviruses, cognate protein encoded by M 2 gene was
1/1C protein (Lee et al, 1981). As the two proteins
are coded for by M2 gene, they share common
epitopes recognized  by most MAbs  and most
workers, therefore,  prefer to refer these protein as
1/1C protein. Some MAbs against B/BC protein
complex also co-precipitated  43 Kda (B) suggesting
that they are complexed  to each other and form the
majority of the outer capsid proteins (Lee et al, 1981;
Weiner and Joklik, 1988).

PRNT with MAbs anti-C protein revealed 2
MAbs (5A12 and 5C6) neutralized the virus in Vero cell
culture and 3 MAbs  (5A12, 5B11, and 5C6) neutralized
the virus in  CK cell culture. Neutralization of the virus
infectivity by MAbs against C protein of avian
reovirus 1091 is expected as it was suggested that the
C of avian reovirus RAM1 is the virus attachment
protein (Wickramasighe et al, 1993 Martinez-Costaz et
al, 1997, Liu et al, 2003). It also consistent with the
finding in mammalian reovirus in which MAbs against
1 neutralised the virus infectivity. Protein 1 of
mammalian reovirus has been determined to the virus
attachment protein and antibodies against the protein
neutralized the virus infectivity (Hayes et al, 1981; Lee
et al, 1981; Nagata et al, 1987).  The neutralization of the
virus by antibodies against this protein is therefore not
surprising.
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Figure 1. Flourogram of S35-labelled proteins precipitated with MAbs against B/BC and C protein of
avian reovirus 1091.  The proteins were precipitated with MAbs, isolated with protein A, analyse d by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (PAGE ), and exposed to X-ray film. Lane
1-5: infected cell lysate precipitated by MAbs 1A2, 5A12, 5B11, 5C6 and. 5A12 Lane 6 -7 and 10-11 by
MAbs 4D1, 4E2, 5F5 and 5A6. Lane 8 an 12, precipitated with anti-1091 polyclonal serum, Lane 9 with
normal sera. Lane 13 : 14-C-labeled protein standard

Table 1. Neutralizing Activities of Monoclonal Antibodies  of against B/BC and C Proteins of Avian
Reovirus 1091 in Chicken Kidney Cell  and Vero Cell Cultures

Neutralization of the virus
infectivityMAbs Isotypes ELISA

titre1 Reactive protein2

Vero CK

1A2 IgG2b 212 38 (C) --- ---

4D3 IgG1 213 38 (C) --- ---

5A12 IgG2a 222 38 (C) 1/64003 1/51200

5B11 IgG1 226 38 (C) - 400

5C6 IgG2a 217 38 (C) 1/6400 1/51200

4D1 IgG1 218 73/71, 43 (B/BC, B) --- ----

4E2 IgG1 217 73/71, 43(B/BC, B) --- ----

5F5 IgG2a 216 73/71(B/BC) --- ----

5A6 IgG1 217 73/71, 43(B/BC, B) 1/51200 1/51200
1)  The antilog of the highest dilution MAbs giving a n absorbance reading of approximately of 50% of the

optimum reading
2 ) Determined by Radioimmunoprecipitation assay
3) The highest dilution of MAbs still able to reduce the plaque formation to 50%



Media Kedokteran Hewan                                                         Vol. 22, No. 2, Mei 2006

72

Two MAbs  against C protein (5A12 and 5C6)
neutralized the virus to a very high titer (1/6400 in
Vero cells and 1/51200 in CK cells) suggesting that
these MAbs bind with the epitope directly involved in
the attachment of the virus onto the membrane of the
infected cells. One MAbs (5B11) neutralized the virus
to a low titer and only in CK cells indicating that the
epitope on the protein bind with this MAbs is not
directly involved in the attachment of the virus onto
the infected cells. Two MAbs did not show any
neutralizing activities suggesting that the epitop react
with the MAbs was not involve in the attachment of
the virus onto the surface of the target cells.

Differences in the neutralization activities
exhibited by 5 MAbs against C protein of avian
reovirus 1091 may also suggest that several funct ional
domains do exist in the C protein of avian reovirus
1091 as reported in mammalian reoviruses. In
mammalian reoviruses, at least three functional
domains within 1 protein (equivalent with C
protein of avian reoviruses) have been identified. One
domain was identified to be responsible for
neutralization of the virus infectivity, one responsible
for haemagglutination, and one not involved in either
of these activities (Nagata et al, 1987).

Only 1 (5A6) out of 4 MAbs against B/BC
neutralized the virus infectivity both in CK and Vero
cell cultures. This is unexpected as in the previous
studies there appears to be  no direct evidence to
suggest that the proteins were involved virus neutra -
lization. However, in mammalian reoviruses MAbs
against 1/(1C protein have been demonstrated to
have neutralizing activities and protect mice from
lethal infection without interfering with the
attachment of the virus to cells (Tyler et al, 1993;
Virgin et al, 1994). MAbs against the 1/1C protein
of mamalian reovirus prevented uncoating and the
generation of infectious subviral particles which is
necessary for the initiation of revirus infection into M
cells (Virgin et al, 1994).  A similar mechanism of
virus neutralization by MAb 5A6 (against B/BC of
avian reovirus 1091) is also possible, but needs to be
further investigated.

Conclusion
MAbs against two proteins (C and B/BC)

neutralized the virus infectivity both in CK and Vero
cell cultures, indicating that the two proteins are
involved in the virus neutr alization. The
neutralization avian reovirus 1091 by MAbs against
C protein is likely to be due the blocking of the virus
attachment onto target cells suggesting that C
protein is the avian reovirus attachment protein.
Meanwhile, MAb against B/B protein complex is
likely to neutralize the virus infectivity by interfering

with the uncoating of the virus in the cells. As the C
and B/BC proteins were involved in the neutraliza -
tion of the virus infectivity, they can be  potential
candidates for the preparation of a good vaccine
against avian reovirus 1091 infection.
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