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Generation and Biological Characterization of a
Neutralization-Resistant Mutant of Newcastle Disease Virus

Mi-Ja Park’, Soo-J eong Kye, Ji-Ye Kim, Saeromi Kim, Hee-Jung Seul,
Choi-Kyu Park and Kang-Seuk Choi'

'OIE Reference Laboratory for Newcastle Disease, Avian Diseases Division, Animal, Plant and Fisheries Quarantine and
Inspection Agency, Anyang, Korea

A neutralization-resistant mutant of Newcastle disease virus (NDV) Kr005 strain belonging to class II genotype VII
was generated using a neutralizing monoclonal antibody and its biological effects were assessed. The mutant showed
single amino acid substitution (E to K) at position 347 of the hemagglutinin-neuraminidase (HN) protein (E347K mutant).
The E347K mutant exhibited marked rounding of the cells and few syncytia in infected chicken embryofibroblast (CEF)
cells. The hemadsorption and neuraminidase activities of the E347K mutant of the wild-type virus were 118% and 166%,
respectively. The mutant produced a rapid elution pattern whereas the wild type had a slow elution pattern. Growth
kinetics studies showed that the E347K mutant produced an 80-times higher yield of extracellular virus in CEF cells
compared with the wild-type virus. The time-course virus titer showed a marked increase in mutant-infected cells from
6 h to 12 h post infection (pi), which was consistent with the titer pattern time-course for NA activity. The E347K
mutant virus showed a slight decrease in virulence compared to the wild-type virus, but there was no change in pathotype
when measured by in vivo pathogenicity testing. These results suggest that an E347K mutation in HN protein might be
associated with increased NA activity and subsequent enhancement of virus release from infected cells without change
in viral pathotype.
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INTRODUCTION

Newcastle disease virus (NDV) is the causative agent of
the devastating Newcastle disease (ND), which causes
substantial economic losses in the poultry industry. The virus
is a single-stranded RNA virus that belongs to the genus
Avulavirus in the family Paramyxoviridae (1, 2). The viral

RNA genome encodes at least six proteins, i.e., nucleocapsid

protein, phosphoprotein, matrix protein, fusion protein (F),
hemagglutinin-neuraminidase (HN), and large polymerase.
The HN protein is one of two envelope glycoproteins
and it is a multifunctional molecule (3~6). The HN protein
recognizes sialic acid-containing receptors on cell surfaces,
which promote fusion activity via the HN-F interaction.
The HN protein allows the virus to penetrate the cell surface,
while it also acts as a neuraminidase during the release of

viral progeny from the infected cell. The HN protein
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Table 1. Primer sets used for sequencing of HN, F, N and L protein genes of Newcastle disease virus

Target gene Position® Primer sequence Reference
122-140 Nf : 5-TCCTCCGTATTTGATG-3'
NP In the study
1588-1573 Nr : 5-ATACCCCCAGTCGGTG-3'
4534-4554 Ff : 5'-ACATTCAGGACACAATATGGG-3'
g 6233-6254 Fr : 5-CACAGGCTGCTGTTGGGTAT-3' P
6405-6425 HNf  :5-ACAAGAGTCAATCATGGACCG-3'
i 8163-8183 HNr  :5-TCGTCTTCCCAACCATCCTAT-3' Y
8792-8811 L431R :5-CAAGATGACCCCAGCAGTTT-3'
8401-9100 Li12f :5-AAGGCAAAACAGCTCATGGT-3'
9101-9800 L13f :5-TTCACATGTCTTACCCAGGAA-3'
L 9801-10500 L14f :5-GACCCTGTCACCAACCTGAG-3' In the study
10501-11200 L15f :5-TTCAATCCTCCAAGTGACCC-3'
11201-11900 Li6f :5-ACACTAGAAATATCGGTGACCCG-3
11332-11356 LAfIIR: 5-LCTTAAGAACAATATTTGGGCTTGC-3'

*Nucleotide position was based on genomic sequence of NDV La Sota strain (accession no. JF950510)

contains at least five neutralizing antigenic sites including

site 23 (residues 193 to 211), site 1/14 (residues 345 to 352), MATERIALS AND METHODS

site 12 (residue 494), site 2/12 (residues 513 to 521), and

site 2 (residue 569) (7). Of these sites, site 1/14 is known to

be the major linear epitope of HN protein (8). Recently, The virulent NDV strain Kr005 (18) was used as the wild-

Virus and antibody

many field NDVs have been found to carry an E347K type virus to generate a neutralization escape mutant. The
mutation in site 1/14 of the HN protein in domestic fowl Kr005 virus was propagated in 9 to10-day-old embryonated
farms throughout China and Korea where extensive ND specific pathogen-free (SPF) chicken eggs until use. MAb
vaccination has been implemented (9~11). It was postulated 10F11 (IgG1, kappa) bound to the HN protein of NDV was
that antigenic variants of the E347K mutation might have produced at our laboratory from Balb/c mice immunized
emerged as a result of host immune pressure to vaccination with recombinant HN protein of NDV, which was expressed
(11~17). Despite the importance of the antigenic variation by a recombinant baculovirus (19) using the previously
in residue 347, the effects of the E347K mutation on HN described protocol (20). In preliminary work, the 10F11

protein biology still remain unclear. antibody had virus-neutralizing activity and inhibited
In this study, we generated an E347K mutant virus that hemagglutination of NDV Kr005 strain (see Table 1). The
escaped from a neutralizing monoclonal antibody (mAb), supernatant collected from 10F11 antibody-secreting

10F11, and determined the effects of the mutation on the hybridoma cells was clarified by low speed centrifugation,
biological properties of HN protein in NDV. and stored at -20C until use. Chicken NDV antiserum (to
NDV Kr005 strain) and specific pathogen free (SPF)

chicken serum were used as positive and negative controls,
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respectively.

Generation of an NDV neutralization-resistant escape

mutant

Primary CEF cells were infected with NDV (Kr005 strain)
with a multiplicity of infection (MOI) of approximately 1
for 1 h at 37°C, and then incubated for 4 days at 37°C in
the presence of 10F11 antibody (HI titer of 64) in M199
medium supplemented with 2% calf serum and an antibiotic-
antimycotic solution. Control cells were inoculated in
parallel using mock-neutralized virus. The passaging of
harvested virus into fresh primary CEF cells was repeated
using the same method until the marked cytopathic effect
(CPE) was visible. After the final passage, cytopathic viruses
were purified using a plaque assay with primary CEF cells,
before their propagation in SPF chicken eggs.

In the same manner, NDV Kr005 strain was passaged in
primary CEF cells in the absence of mAb 10F11 for use as
a wild-type control. The neutralization-resistance of escape
mutant viruses to 10F11 antibody was then confirmed using
a virus neutralization (VN) test and a hemagglutination

inhibition (HI) test in 96-well microplates.
Sequencing analysis

Viral genomic RNA was extracted from virus samples
using a Viral Gene-spin Kit (iNtRON Biotech, Korea),
according to the manufacturer's protocol. Complementary
DNA was amplified using a one-step RT-PCR Kit (Bioneer,
Korea), according to the manufacturer's instructions. The
PCR primers used for the Nucleoprotein (NP), F, HN and L
genes were shown in Table 1. The amplified PCR products
were electrophoresed on 1% agarose gel. Slices of gel
containing the DNA bands of the expected sizes were
purified using a Qiaquick Gel Purification Kit (Qiagen).
Purified DNA products were subjected to direct nucleotide
sequencing using a Dye Terminator Cycle Sequencing Kit
(Applied Biosystems), followed by analysis with an ABI
PRISM version 377 DNA autosequencer (PE Applied
Biosystems Inc., CA). The assembly of sequencing contigs
and translation of the collated nucleotide sequences into

deduced amino acid sequences was performed using the
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VectorNTT suite 10 program (Invitrogen, CA, USA). The
sequencing data were aligned using the MegAlign program
in the Lasergene package (DNASTAR Inc., Madison, W1,
USA) and the CLUSTALW multiple alignment algorithm.

Assessment of in vitro biological activity

A hemadsorption (HAd) assay was performed using CEF
cells in 96-well plates, according to a published procedure
(21). For the elution test NDV viruses were incubated with
chicken red blood cells for 1 h at 34C and hemagglutination
(HA) titration assays were performed at 34°C in 96-well
plates as previously described (22). The neuraminidase
(NA) activity of NDV was tested in 96-well ELISA plates
(Costar, USA). The absorbance of red coloration was
measured at a wavelength of 549 nm. The pathogenicity of
NDYV was measured by mean death time (MDT) in embryo-
nated SPF chicken eggs and intracerebral pathogenicity
index (ICPI) tests, which were previously developed by
Alexander (23).

Titration of extracellular virus in infected cells

The growth kinetics of NDV was determined in primary
CEF cells. Briefly, primary CEF cells were grown in six-
well plates and infected using NDV at 1 MOIL After
adsorption for 1 h, the infected cells were washed using
phosphate-buffered saline (PBS) and the medium was
replaced, before cultures were incubated at 37C. At 6, 12,
24, 48, and 72 h pi, 100 pl of culture supernatant was
collected and the viruses were stored at -70 C, before virus
titration of CEF cells in 96-well plates. Virus titers of the
samples were determined using a serial endpoint assay of
CEF cells in 96-well plates, with four wells per virus per
dilution. Titers were calculated as the 50% endpoint tissue
culture infectious dose (TCIDsy/ml) using the Reed and
Muench method (24). All tests were repeated three times.

RESULTS

Generation of neutralization-resistant NDV escape

mutant

NDV Kr005 strain was serially passaged in CEF cells in
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Figure 1. Cytopathic effects induced by wild-type and E347K mutant viruses at 48 dpi in CEF cells. (A) wild type Kr005-infected cells;
(B) E347K mutant-infected cells; (C) mock-infected control. E347K mutant virus was generated after 10 passages of wild-type NDV Kr005
strain in the primary CEF cells in the presence of mAb 10F11. Arrow represents cytopathic effects. E347K mutant-infected cells were
rounded and granulated with few small-sized few syncytia while the wild type Kr005- infected cells developed large-sized syncytia in
primary CEF cells.

Table 2. Inhibition of VN and HA activity of the E347K mutant virus using mAb 10F11

VN titer® HI titer®
Virus
mAD 10F11 NDV antiserum  Negative serum mAD 10F11 NDV antiserum  Negative serum
Wild type 32 32 32 32 <2
E347K mutant <2 16 <2 32 <2

VN test (beta method) was performed in primary CEF cells in microtiter plates using constant NDV (100~300 TCIDsy/well).
YHI test (beta method) was performed in microtiter plates using constant NDV antigen (4 HA units/well).

the presence of mAb 10F11. CPE was not apparent in the
cell monolayer during the first several passages. However,
CPE developed rapidly and consistently in the cell mono-
layer after eight passages. Infected cells were rounded and
granulated with few syncytia, which were small-sized in
the cell monolayer (Fig. 1B). By contrast, the wild type
Kr005-infected cells in the absence of 10F11 antibody
developed large-sized syncytia during every passage in
CEF cells (Fig. 1A). After 10 passages, the Kr005 viruses
propagated in either presence or absence of the 10FI11
antibody were purified by plaque assay and then used as
mutant and wild-type viruses, respectively.

A virus neutralization test was used to test whether the
E347K mutant virus could escape mAb 10F11. Table 2
shows that mutant virus escaped from mAb 10F11 (VN
titer of <2), but not from anti-NDV chicken serum (VN
titer of 16). The wild-type virus, which was collected after
10 passages in primary CEF cells in the absence of mAb

10F11, was neutralized by anti-NDV chicken serum (VN
titer of 32) and mAb 10F11 (VN titer of 32). Both wild-type
and mutant viruses were never neutralized by normal SPF
chicken serum (VN titer of <2). This indicated that the
mutant was an NDV escape mutant, which was resistant to
neutralization by mAb 10F11. The HI test results were
similar to the VN test. The HA activity of the wild type
virus was inhibited by mAb 10F11 (HI titer of 32) and
anti-NDV serum (HI titer of 32). However, the HA activity
of the mutant virus was not inhibited by mAb 10F11 (HI
titer of <2), whereas it was efficiently inhibited by anti-
NDV chicken serum (HI titer of 32). The HA activity of
the wild-type and mutant viruses were not affected by SPF
chicken serum (HI titer of <2).

Sequence analysis of the NP, F, HN and L genes of

the mutant virus

To determine the localization of the mutation that con-
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Table 3. Comparison of the Biological Properties of E347K mutant virus and the wild type virus
Amino acid residues Pathogenicity
HAd(%) ~ NA(%)  Elution HN 1/14site FO cleavage si
ge site

(345-352) (12-117) MDT (h)  ICPI
Wild type 100 100 Slow PDEQDYQIPKA RRQKRF 49.6 1.88
E347K 1181+9.1 166+16.4 Rapid PDKQDYQIPKA RRQKRF 584 1.57

HAd, Haemadsorption; NA, neuraminidase activity; MDT, mean death time (h) in embryonated chicken eggs; ICPI, intracerebral
pathogenicity index. HAd and NA actvities of the E347K mutant were expressed as a percentage of the wild-type value.

ferred resistance to the 10F11 antibody, the NP, F, HN and
L genes of the mutant were sequenced and the sequences
were compared with those of the wild-type virus. A single
amino acid substitution mutation of E to K was found at
residue 347 in the mutant HN protein, which was localized
within a linear epitope known as antigenic site 1/14 (9, 11)
(Table 3). The results indicated that amino acid residue
E347 in the HN protein may be critical to the antibody
10F11 neutralization-resistance of the NDV escape mutant.
Thus, the mutant was designated as an E347K mutant.
However, the sequences of NP, F and L genes were identical
to those of the wild-type virus (data not shown).

Biological characteristics of the E347K mutant virus

Biological tests were performed to determine whether
the E347K mutation affected the biological function of
NDV, i.e., HAd, NA, and HA elution, and the results were
compared with those of the wild-type virus. The percentage
biological (HAd and NA) activity of the E347K mutant
virus was determined relative to that of the wild-type virus,
which was considered to be 100% (Table 3). The HAd
activity of the E347K mutant was 118% of the wild-type
virus. The NA activity of the E347K mutant was 166% of
the wild-type virus. The E347K mutant was eluted rapidly
from chicken red blood cells, whereas the wild-type virus
had a slow elution pattern. The pathotype of the wild-type
and E347K mutant virus was determined by the MDT and
ICPI tests (23). MDT values of wild-type and E347K mutant
viruses were 49.6 h and 58.4 h, respectively. In other words,
the E347K mutant virus took an average of 8.8 h longer
than the wild-type virus did when the viruses kill chicken
embryos (Table 2). The ICPI value in day-old chickens was

1.88 for wild-type virus, and 1.57 for E347K mutant virus.
These results indicate that these viruses are classified as
velogenic virus (<60 hr for MDT and >1.5 for ICPI),
according to the classification described by Alexander (23).
When E347K mutant re-isolates from dead birds in the
ICPI tests were sequenced for HN protein gene, no genetic
variation on HN protein gene was found between challenge

virus and its re-isolates.

Growth curve Kinetics of extracellular virus from

infected cells

The growth curve kinetics of extracellular E347K mutant
and wild-type viruses were analyzed using CEF cells. The
supernatant was collected from infected cells at the indicated
time-points and virus titers were determined using CEF
cells in 96-well plates (Fig. 2). Cells infected with each
virus displayed accelerated virus release up to 12 h pi,
before reaching their peak titer. However, the peak titer
released from infected cells by the E347K mutant virus
was approximately 80-times higher (10** TCIDsy/ml) than
the wild-type virus (10%* TCIDsy/ml). The E347K mutant
virus released from infected cells showed a dramatic
increase in the NA activity level from 6 h to 12 h pi. The
wild-type extracellular virus had a relatively low and gradual
increase in the NA activity level compared with the E347K

mutant virus.
DISCUSSION

In this study, we investigated whether an E347K mutation
in the HN protein affected the biological function of NDV.
The biological effects of the E347K mutation were assessed
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Figure 2. Growth curve kinetics (A) and time-course neura-
minidase activity (B) of extracellular viruses released from CEF
cells infected with E347K mutant or wild-type viruses. Wild-type
and E347K mutant viruses were generated after 10 passages of
NDV Kr005 strain in the primary CEF cells in the absence or
presence of mAb 10F11, respectively. The E347K mutant virus
showed higher growth and enhanced NA activity in primary CEF
cells compared to the wild-type virus.

using a mutant virus that escaped from mAb 10F11
neutralization. The mutant possessed an E347K mutation in
the HN protein but no mutations in the F protein, indicating
that the residue E347 in a linear epitope of the HN protein,
known as an antigenic site 1/14, might be an important
determinant for a neutralizing epitope recognized by the
mAb 10F11.
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The mAb 10F11 also blocked the HA activity of the
wild-type virus but not that of the mutant virus, indicating
that antigenic site 1/14 (especially E347) might have a role
in receptor binding to chicken red blood cells. According to
computational conformation modeling analysis, the amino
acid residue at 347 forms part of a linear epitope (antigenic
sites 1/14) stretching from residues 345 to 352, which is
topographically localized in the fourth alpha-helical domain
of the globular head region of HN (4, 22). Antigenic sites
1/14 are remote from the hydrophobic sialic acid-binding
pocket of HN protein (4). The E347K mutation resulted in
a reversal of the residual charge from negative to positive
at residue 347, which may have affected the biological
function or conformational structure. It is interesting that the
main CPE produced by the mutant was cell rounding. The
mutant produced few syncytia in infected cells compared
with the wild-type virus. This suggests that the E347K
mutation in the HN protein may have impaired its ability to
promote syncytial formation. This is not surprising because
the abolishment of syncytial formation due to a single
mutation is reported in several other amino acid residues in
the stalk and globular head regions of the HN protein (3,
25, 26). Nevertheless, the reduced fusogenic effect of an
E347K mutation in the HN protein has never been reported.

Paramyxovirus-induced syncytia are formed by the
membrane fusion of infected cells and neighboring cells
via HN and F proteins expressed on the surface of infected
cells, although the relationship between HN-F interaction
and syncytial formation is still poorly understood (26~30).
Thus, the loss of syncytium formation of the mutant virus
might be a result of decreased fusion activity (important
for cell fusion) or increased neuraminidase activity
(involved in progeny virus release from budded infected
cells). The structure of the F protein in the E347K mutant
virus was not likely to have been affected because no amino
acid mutations were found in the F protein of the E347K
mutant virus.

Mutation in some residues on HN protein such as residues
123 and 526 is known to affect the pathotype of NDV in
chickens (31, 32), although F protein cleavage site has

been considered to be a primary determinant of virulence
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(6, 33). The E347K mutant virus of this study showed a
slight decrease in virulence compared to the wild-type virus,
but with no change in viral pathotype. This suggests that the
E347K mutation in HN protein may have little influence in
determining viral pathotype.

Interestingly, the growth curve kinetics (Fig. 2) of the
E347K mutant virus showed that it produced an 80-times
greater yield of extracellular virus in CEF cells compared
with the wild-type virus (Fig. 2). The NA activity was
markedly increased in the E347K mutant-infected cells
from 6 h to 12 h pi, which was consistent with the pattern
of virus titer release from infected cells. The E347K mutant
virus had a higher NA activity and a more rapid elution
pattern than the wild-type virus (Table 2), indicating that
the E347K mutant virus may be released more efficiently
from infected cells by neuraminidase than the wild-type.
Here we could not rule out the possibility of mutations in
other viral genes that might result in an alteration of
polymerase complex itself during virus passages in CEF
cells and in higher yield of released virus in CEF cells (34).
However, no genetic mutation was observed in the NP and
L genes of the E347K mutant, which are involved in the
formation of polymerase complex during virus replication
(34). This indicates that the E347K mutation in the HN
protein by mAb 10F11 might not be affected by alteration
of the NP and L proteins. Collectively, these observations
support the hypothesis concerning the role of the E347K
mutation in infected cells: the E347K mutation may
increase NA activity, which releases progeny virus particles
from infected cells more efficiently, before the formation of
syncytia, ultimately resulting in a higher yield of extra-

cellular virus.
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