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The hemagglutinin-neuraminidase (HN) protein of Newcastle disease virus (NDV) is a multifunctional protein
that plays a crucial role in virus infectivity. In this study, using the mesogenic strain Beaudette C (BC), we
mutated three conserved amino acids thought to be part of the binding/catalytic active site in the HN protein.
We also mutated five additional residues near the proposed active site that are nonconserved between BC and
the avirulent strain LaSota. The eight recovered NDV HN mutants were assessed for effects on biological
activities. While most of the mutations had surprisingly little effect, mutation at conserved residue Y526
reduced the neuraminidase, receptor binding, and fusion activities and attenuated viral virulence in eggs and
young birds.

Newcastle disease virus (NDV) is an avian pathogen of the
genus Avulavirus in the family Paramyxoviridae (10). The en-
velope of NDV contains two surface glycoproteins, the fusion
(F) protein and the HN (hemagglutinin-neuraminidase [NA])
protein. The F protein mediates viral penetration and requires
cleavage-activation by host protease. Cleavability of the F pro-
tein is a major determinant of virulence. However, other viral
proteins, including HN, also contribute to virulence (5). HN is
a multifunctional glycoprotein. It recognizes sialic acid-con-
taining receptors on cell surfaces; promotes the fusion activity
of F protein, thereby allowing the virus to penetrate the cell
surface; and acts as an NA that removes sialic acid from prog-
eny virus particles to prevent viral self-aggregation (9).

HN is a type II homotetrameric glycoprotein with a mono-
mer length of 577 amino acids for most NDV strains (14). The
ectodomain of the HN protein consists of a 95-amino-acid
stalk region supporting a 428-amino-acid terminal globular
head. Although mutations in the transmembrane and stalk
regions of the HN protein can affect the structure and activities
of the protein (11, 15), the antigenic, receptor recognition, and
NA active sites are all localized in the globular head (12, 16).
The X-ray crystal structure of the globular head of the NDV
HN protein has identified residues that appear to contribute to
receptor recognition, NA, and fusion activities (4). Previous
studies have proposed that conserved residues R174, I175,

D198, K236, R416, R498, Y526, and E547 are important in
receptor recognition and NA activities and that residues R174
and E547 influence the fusion promotion activity of the HN
protein (3, 4, 6). Although transfection studies using plasmids
expressing HN mutants of NDV have highlighted the impor-
tance of these residues in different biological functions of the
HN protein, their contribution to NDV biology and pathogen-
esis in the context of the complete virus was not known.

In this study, we examined the roles of three of the above-
named conserved residues, R416, R498, and Y526 (all located
near the sialic acid binding site), in the biological activities and
pathogenesis of the HN protein of NDV in the context of
infectious virus. In addition, comparison of the HN protein
sequence between the avirulent strain LaSota and the moder-
ately virulent strain Beaudette C (BC) identified 12 amino acid
differences in the globular head region of the HN protein
(H203, T214, I219, S228, L269, A271, E293, G310, S494, E495,
T502, and N568, named according to the BC amino acid as-
signment). We also examined five of these nonconserved res-
idues, T214, I219, S494, E495, and N568, located in close
proximity to residues identified earlier by crystal structure
studies, to determine whether these might affect HN function
and contribute to the difference in pathogenicity between the
LaSota and BC strains (Fig. 1).

We used site-directed mutagenesis (2) to introduce individ-
ual amino acid substitutions into a cDNA of the HN gene of
strain BC. For the conserved residues, we changed arginine at
positions 416 and 498 and tyrosine at position 526 to polar
glutamine. For the nonconserved residues, the assignments
T214, I219, S494, E495, and N568 of strain BC were altered to
the corresponding assignments of strain LaSota: S214, V219,
G494, V495, and D568, respectively. Each mutagenized HN
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gene was then inserted into a full-length cDNA clone of the
BC antigenome. These clones were transfected into HEp2
cells, and mutant viruses were recovered as previously described
(8). These viruses were designated according to the substitu-
tions introduced: T214S, I219V, R416Q, S494G, E495V,
R498Q, Y526Q, and N568D. The HN genes from recovered
viruses were sequenced. This confirmed the presence of each
introduced mutation and the lack of adventitious mutations in
the HN gene. To determine the stability of each HN mutation,

the recovered viruses were passaged five times in 9-day-old
embryonated chicken eggs and five times in chicken embryo
fibroblast DF-1 cells. Sequence analysis of the HN gene of the
mutant viruses at each passage showed that the introduced
mutations were unaltered (data not shown). To rule out the
possibility that change in the HN protein sequence could be
compensated for by a mutation in the F protein, the F gene
from each recovered virus was sequenced. No compensatory
mutations in the F gene were observed (data not shown). The
HN protein content of each mutant virus, determined by so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis and
Coomassie staining, was very similar to that of the parental BC
virus (pBC) (Table 1). The multicycle growth kinetics of the
recombinant HN mutant viruses in DF-1 cells (Fig. 2) showed
that the replication kinetics of all of the HN mutant viruses
were similar to those of pBC, with the exception of the Y526Q
mutant, which showed delayed growth and had a lower virus
yield (1.5 to 2.0 log10 PFU/ml) than the parental and other
mutant viruses. In addition, the Y526Q mutant produced syn-
cytia at 72 h, whereas the parental and other mutant viruses
initiated syncytia at 24 h postinfection. These studies showed
the importance of amino acid residue Y526 at the active site of
the HN protein of NDV.

Next we analyzed whether the mutations in the HN protein
modulated the biological activities of NDV in cultured cells
(Table 1). Vero cells were infected with pBC or the HN mutant
viruses, and cell surface expression was quantitated by Western
blot analysis using HN-specific monoclonal antibodies. The
amount of HN protein expressed on the cell surface by each
mutant virus was similar to that of pBC. The NA activity of the
mutant viruses was assayed by a fluorescence-based assay (13).
The percent biological activity of each virus is shown relative to
that of pBC, whose biological activities were considered to be
100%. The NA activity of the Y526Q mutant was 66% of that
of pBC, which was the greatest reduction of all of the mutants,
followed by 88% for the S494G virus. Hemadsorption (HAd)
activity was assayed at 4°C by incubating the infected Vero
cells with guinea pig red blood cells. The HAd activity of the
Y526Q mutant was 70% of that of pBC, while the other mu-
tants maintained HAd activity comparable to that of pBC. We
also evaluated the fusion activity of each HN mutant virus in

FIG. 1. Three-dimensional structure of the NDV HN protein
showing the positions of amino acid residues that were substituted in
the present study. The residues are shown in space-filling mode and
represented in different colors. The MacPymol (DeLano Scientific)
software was used to generate the model of the globular domain of the
NDV HN monomer. The structure was derived from the crystal struc-
ture of the NDV HN protein reported by Crennell et al. (4).

TABLE 1. Biological activities of HN mutants of NDV

Virus Expressiona Cell surface expressionb NA activityc HAd activityc Fusiond

pBC 100.00 100.00 100.00 100.00 100.00
T214S mutant 110.1 � 15.5 102.5 � 4.9 109.1 � 8.3 99.1 � 8.2 101.5 � 4.2
I219V mutant 105.8 � 5.2 100.1 � 2.8 112.2 � 9.2 99.3 � 9.5 92.9 � 5.4
R416Q mutant 101.2 � 6.3 99.5 � 2.5 106.5 � 9.1 101.0 � 9.1 90.6 � 4.3
S494G mutant 110.3 � 12.5 105.7 � 6.5 87.6 � 6.2 103.2 � 7.5 99.1 � 2.4
E495V mutant 106.1 � 12.2 101.2 � 3.2 94.4 � 3.1 101.1 � 7.2 89.2 � 4.5
R498Q mutant 108.5 � 13.9 106.9 � 8.1 102.8 � 5.4 101.8 � 8.8 102.0 � 6.2
Y526Q mutant 112.2 � 15.6 103.9 � 4.1 66.2 � 4.2 70.0 � 4.1 50.4 � 3.1
N568D mutant 105.1 � 7.8 98.9 � 2.1 102.5 � 8.1 103.7 � 7.1 87.4 � 5.2

a Shown is the HN protein content of purified virus relative to that of the pBC parent determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
Coomassie staining. All values are averages � standard deviations of three independent experiments.

b Shown are the cell surface expression levels of HN mutants relative to the level of the pBC parent. Expression of the HN protein was quantitated by Western blot
analysis using HN-specific monoclonal antibodies. All values are averages � standard deviations of three independent experiments.

c Shown are the HAd and NA activities of HN mutants expressed as normalized values relative to the amount of HN expressed at the cell surface. Each value is
relative to the activity of the pBC parent. All values are averages � standard deviations of three independent experiments.

d Shown are the fusion promotion activity of HN mutants expressed relative to the activity of the pBC parent. Cell fusion was calculated as the ratio of the total
number of nuclei in multinuclear cells to the total number of nuclei in the field. The values are averages � standard deviations of three independent experiments.
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Vero cells (Table 1) by calculating the fusion index as de-
scribed previously (7). The fusion activity of the Y526Q mutant
virus was only 50% of that of pBC, followed by 89% for the
E495V mutant. The other HN mutants did not have fusion
activities different from that of pBC. These studies emphasize
the importance of the tyrosine residue present at position 526,
found near the sialic acid binding site of the HN protein of
NDV, in fusion promotion and NA activities.

To determine whether the differences in the in vitro biolog-
ical characteristics of the Y526Q mutant virus resulted in de-
creased virulence in chickens in vivo, two internationally ac-
cepted pathogenicity tests were performed. The mean death
time (MDT) test with 9-day-old embryonated chicken eggs was
performed as described previously (1). The MDT was recorded
as the time (in hours) for a minimum lethal dose of virus to kill
all of the chicken embryos infected (Table 2). The MDT result
showed a significant increase in the time required by the
Y526Q HN mutant virus (98 h) to kill 9-day-old chicken em-
bryos compared to that required for pBC (60 h), indicating a
reduced virulence of the Y526Q mutant virus. The S494G HN
mutant virus, involving a nonconserved residue, also had an
MDT (70 h) slightly longer than that of pBC. The intracerebral
pathogenicity index (ICPI) test was performed as described
previously (1). Each virus was inoculated intracerebrally into
groups of 10 1-day-old chicks. The birds were observed for
paralysis and death once every 12 h for 8 days, and ICPI values
were calculated (1). The ICPI values of both of these mutants
were lower than that of pBC (Table 2). In aggregate, these
results indicated that mutation of the residues at positions 526
and 494 attenuated the virus.

In summary, we investigated the importance of three con-
served residues, namely, R416, R498, and Y526, which appear
to be part of the active site of the HN protein (4). In the
previous studies, mutation of R416 to Q or L essentially elim-
inated NA and strongly reduced or eliminated HAd activities
in transfected cells, although effects on fusion activity were not
evaluated (4, 6). Other substitutions at this position involving
A, D, E, or K also strongly reduced both NA and HAd activ-
ities but resulted in only a marginal decrease in fusion activity
(3). In contrast, in the present study, the R416Q mutation in
the context of the complete infectious virus had little or no
effect on the HAd, NA, and fusion activities and had no effect

FIG. 2. Multicycle growth kinetics of HN mutants of NDV in chicken embryo fibroblast (DF-1) cells. Cells were infected with the indicated
parental or mutant virus at an multiplicity of infection of 0.01. Supernatant samples were collected at 8-h intervals until 64 h postinfection, and
virus titers were determined at different time points by plaque assay. Values are averages from three independent experiments.

TABLE 2. Pathogenicitya of HN mutants of NDV

Virus MDT (h)b ICPI scorec

pBC 58 1.51
T214S mutant 59 NDd

I219V mutant 60 ND
R416Q mutant 59 ND
S494G mutant 70 1.36
E495V mutant 58 ND
R498Q mutant 64 ND
Y526Q mutant 98 1.33
N568D mutant 57 ND

a The virulence of the mutant and parental BC viruses was evaluated by MDT
in 9-day-old chicken embryos and by ICPI in 1-day-old chickens.

b The MDT duration is �90 h for lentogenic strains, 60 to 90 h for mesogenic
strains, and �60 h for velogenic strains.

c The ICPI values for velogenic strains approach the maximum score of 2.00,
whereas lentogenic strains give values close to 0.

d ND, not determined.
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on pathogenicity as measured by MDT. In one previous study,
mutation of R498 to Q resulted in a moderate reduction in NA
activity and little effect on HAd activity when evaluated by
cDNA transfection (4), whereas in other studies, mutation of
R498 to Q or L had more-severe effects on NA and HAd
activities (3, 6) but little effect on fusion activity (3). In con-
trast, in the present study, the same mutation in the context of
infectious virus had little or no effect on HAd, NA, and fusion
activities or on the MDT. Finally, when evaluated in previous
work with transfected HN cDNA, mutation of Y526 to Q or L
strongly reduced or eliminated both NA and HAd activities (4,
6). Fusion promotion was not measured in this previous study
for the Y526Q mutant, but mutation to F or H, which also
strongly inhibited NA and HAd activities, had no effect on
fusion activity (3). In contrast, in the present study, the Y526Q
mutation in the complete virus resulted in decreased HAd,
NA, and fusion activities, as well as a reduction in pathogenic-
ity. This highlighted the importance of residue Y526 in the
biological activities of the HN protein. The various activities of
the HN protein were much less sensitive to mutation when
evaluated in the context of the complete virus than in the
context of transfected cDNA. In addition, while there some-
times was dissociation of the NA, HAd, and fusion promotion
activities in the transfected cDNA assay, it was not observed in
the context of the complete mutant virus.

Second, we investigated the functional importance of five
other residues that differ between the lentogenic LaSota and
mesogenic BC strains of NDV and are in close proximity to the
above-mentioned conserved residues in the crystal structure.
We found that mutations at these positions generally had little
or no effect on the NA, HAd, or fusion promotion activity of
the HN protein and did not alter the virulence of the virus. The
one exception was the S494G mutation, which resulted in a
modest reduction in NA activity and virulence. We previously
showed that the HN protein of strain BC contributes to viral
tropism and virulence, compared to strain LaSota (5). Thus,
residue S494 may play a role in the difference between these
two strains and may contribute to the tropism and virulence of
the BC strain. This study indicates that mutating certain key
amino acids in the globular head region of the NDV HN
glycoprotein can attenuate the virulence of NDV and may
provide a means to produce a live attenuated vaccine virus.
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