;‘ Glycoconjugate Journal 18, 283-289, 2001
'w © 2002 Kluwer Academic Publishers. Manufactured in The Netherlands.

Membrane glycoproteins of Newcastle disease virus:
Nucleotide sequence of the hemagglutinin-
neuraminidase cloned gene and structure/function
relationship of predicted amino acid sequence
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The nucleotide sequence of the glycoprotein hemagglutinin-neuraminidase (HN) gene of the Newcastle disease virus
(NDV) strain Clone-30 has been determined. The open reading frame of the HN gene contains 1731 nucleotides and
encodes a protein of 577 amino acids. Three highly conserved patterns among all paramyxovirus HN glycoproteins, and
one additional conserved species-specific region are present. The protein contains five potential N-glycosylation sites, all
but one located in the C-terminal external domain. The secondary structure prediction shows that the C-terminal external
domain is mostly arranged in B-sheets, while «-helices are predominantly located in the N-terminal domain. The
nucleotide sequence data of the HN gene reported in this paper has been deposited in the GenBank database, under

accession humber AF098289.
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Introduction

Newcastle disease virus (NDV) is an avian enveloped single-
stranded RNA virus and a member of the genus Rubulavirus of
the family Paramyxoviridae [1]. The virus consists of an outer
lipoprotein membrane that encloses an internal helical
nucleocapsid. The membrane is composed of a lipid bilayer,
which is acquired from the plasma membrane of infected cell,
and three membrane-bound proteins: two transmembranal
glycoproteins—the hemagglutinin-neuraminidase glycoprotein
(HN), the fusion glycoprotein (F)- and an inner non
glycosylated matrix protein (M). The outer domain of both
transmembranal glycoproteins, projecting from the external
surface of the lipid envelope, play a central role in the
infection by the virus since they are essential in the early
events occurring in the invasion of host cells: the two
consecutive steps of attachment and membrane fusion. The
HN glycoprotein is a type II [2] multifunctional glycoprotein,
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and is the major antigenic determinant of paramyxoviruses [3].
Its ectodomain is responsible for the attachment of the virus to
sialic acids in the plasma membrane of target cells, thus acting
as a receptor through hemagglutinating activity. In addition, its
sialidase (neuraminidase) activity hydrolyses sialic acid-
containing macromolecules, which is likely to be crucial in
the release of the progeny virions from the remains of the host
cells preventing the aggregation of newborn viral particles.
Finally, a fusion-promoting activity has been described for the
HN glycoprotein [4,5]. The fusion glycoprotein induces viral-
host cell membrane fusion but a significant membrane fusion
activity is only found when the HN and F glycoproteins
interact [6,7]. It has also been shown that the HN and F
glycoproteins have a conformation that only exists when both
are present within the same viral membrane [8]. Although the
transmembrane glycoproteins of NDV and other paramyx-
oviruses play a crucial role in the early events of the viral
infection cycle and although their conformation and physical
interaction are of paramount importance for their biological
activities, so far little information is available about their three-
dimensional structure [9,10].
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The nucleotide sequences of several genes for different
NDV strains have been reported [reviewed in ref. 3]. However
none of the sequences of the Clone-30 lentogenic strain genes
has been reported previously. Clone-30 strain deserves
particular attention since it is obtained from the lentogenic
La Sota strain, one of the NDV strains used for efficacious
live-virus vaccine [11] and Clone-30 strain itself is also now
widely used as a vaccine. In addition, it is known that NDV
strains differ in their sialidase and fusigenic activities,
specially among lentogenic (e.g. Clone-30) and velogenic
strains. A relationship between changes in the predicted amino
acid sequence of HN with an increase in thermostability of
NDV vaccine has been reported [12], supporting the idea that
knowledge about the residues directly involved in pathogeni-
city and stability and about the conformation of the HN
glycoprotein is crucial for the design of new vaccines and
therapies against NDV infections. In this paper we describe for
the first time the complete nucleotide sequence of the
hemagglutinin-neuraminidase gene from the lentogenic
Clone-30 strain of NDV. Also, the structure of the HN
glycoprotein is discussed from the predicted amino acid
sequence in terms of the predicted secondary structures. These
data may be important for the future design of NDV mutants
for the development of new vaccines for use in the poultry
industry. Also, knowledge of HN sequence may provide a tool
for the analysis of the involvement of specific regions in the
biological functions of the protein, as well as in the
evolutionary relationships between NDV and other members
of the Paramyxoviridae and other families such as Orthomyx-
oviridae and Rhabdoviridae.

Materials and methods

The lentogenic strain Clone-30 of NDV was grown at 37°C for
48h in the allantoic cavity of 11-day-old specific-pathogen-
free chick embryos. The virus was purified exactly as
previously described [13]. Virion RNA was extracted using
proteinase K (Boehringer-Mannheim) and purified as de-
scribed [14]. The open reading frame (ORF) of the HN gene
was obtained by RT-PCR of the virion RNA. The cDNA was
synthesized using SuperScript ™ RNase H™ reverse transcrip-
tase (Life-Technologies), and the positive-sense primer,
5'CCGGCCATGGACCGCGCAGTTAAGA, complementary
to the established sequence to the start of the ORF of the
HN gene of NDV strain Beaudette C [15]. For PCR, this
primer and a negative-sense primer corresponding to the start
of the L gene (contiguous in viral RNA to the 3’ end of the HN
gene) of NDV strain Beaudette C [16],
5'GCGCGTCGACGGACCGGAGCTCGCCAT, were used
and the reaction was performed with the Expand™-High
Fidelity PCR system (Boehringer-Mannheim). The PCR
product was cloned into pGEM®™-T Easy vector system
(Promega) and automatically sequenced in an ABIPRISM
Model 377 sequencer (Figure 1).
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The amino acid sequence was predicted at http://embl-
heidelberg.de/predictprotein Physicochemical parameters such
as molecular mass (M,), isoelectric point and charge were
estimated using the ProtParameter program. As previously
described [17], the hydropathy profile was obtained with the
ProtScale program at http://www.expasy.ch/tools/protpar-re-
f.html:window (#9); relative weight of the windows edges
compared to the window center (100%); weight variation
modes (linear); normalized dats 0-1 (yes). The prediction of
transmembrane segments was accomplished using the program
HMMTOP [18]. All these programs are available from the web
at http://www.expasy.ch/. The secondary structure prediction
was estimated using the information in the “Protein Analysis
Server” available at http://bmerc-www.bu.edu/psa.

Results and discussion

The ORF of the NDV “Clone-30” HN gene has a length of
1731 nt and contains a coding region of 577 amino acid
residues, with a predicted M, of 63.3kDa for the translated
polypeptide. The estimated M, is in agreement with the
previously predicted M, of 67 kDa [19] for the unglycosylated
HN form in the Australia-Victoria strain NDV-infected cells in
the presence of tunicamycin. The addition of oligosaccharides
to HN molecule ocurrs only by N-glycosylation [20].
Glycosylation is an extremely important event for viral
glycoproteins since it may affect their biological properties
and the antigenicity of the virus itself which can alter the host-
cell tropism of the virus and its degree of virulence [21].
Analysis of the sequence of the NDV Clone-30 HN revealed
five potential asparagine-linked N-glycosylation sites at
positions 119, 341, 433, 481, and 538. All of them but site
119 are in the C-terminal external region, as has been
described for HN in other paramyxoviruses [22]. The presence
of an aspartic acid residue at position 342 makes site 2 less
favourable for glycosylation [23]. In the Beaudette strain of
NDV [15] there is one additional potential glycosylation site,
NPT (Asparagine-Proline-Threonine), at positions 500-502,
which is the only site conserved between NDV, Sendai virus
and SV5. In our case, the Clone-30 strain, residue 502 is
alanine instead of threonine, meaning that the additional
glycosylation site should not exist.

It has been predicted that for at least two different
paramyxoviruses the structure of HN is organized as a so-
called f-sheet propeller [24,25]. This structure has been
confirmed from X-ray data [10]. The folding consists of six
similarly folded antiparallel f-sheets of four strands each,
which are connected by loops. The loops connecting the last
strand of one ff-sheet with the first strand of the next f-sheet
are located on the top of the molecule. The sheets are arranged
cyclically around an axis through the center of the molecule.
According to the three-dimensional model for the HN protein
of bPIV-3 [24] the glycosylation sites are located on the
surface of the molecule and mostly on the loops of the top.
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ATGGACCGCGCAGTTAGCCAAGTTGCGTTAGAGAATGATGAAAGAGAGGCAAAAAATACAT GGCGCTT GATATT CCGGATT
M D RAV s Q VA LENUDEIREA AI KNTWR L I F R I
GCAATCTTATTCTTAACAGTAGTGACCTT GGCTATATCTGTAGCCTCCCTTTTAT ATAGCATGGGGGC TAGCACACCTAGC
A I L F L TV VT LAI S VASLLY S MGA A S T P S
GATCTTGTAGGCATACCGACTAGGATTTC CAGGGCAGAAGAAAAGATTACATCTACACTTGGTTCCAATCAAGATGTAGTA
b L v I p T RI S RAUEEIK I TS TUL G S N Q D V V
GATAGGATATATAAGCAAGTGGCCCTTGAGTCTCCGTTGGCATTGTTARATACTGAGACCACAATTAT GAACGCAATAACA
b R I Y K Q VAL E S PL AL L NTET T TI MN A I T
TCTCTCTCT TATCAGATTAATGGAGCTGCAAACAACAGTGGG TGGGGGGCACCTATCCATGACCCAGATTATAT AGGGGGG
s L s Y Q I N GA A NNS G W G A P I H D P D Y I G G
ATAGGCAAAGAACTCATTGTAGATGATGC TAGTGATGTCACATCATTCTATCCCT CCGCAT TTCAAGAACATCTGAATTTT
I G K E L I VDD AS DV T S F Y P S A F Q EH L N F
ATCCCGGCGCCTACTACAGGAT CAGGTTGCACTCGAATACCCTCATTT GACATGAGTGCTACCCATTACTGCTACACCCAT
I p A PT TGS G C TR I P S F DM S A T H Y C Y T H
AATGTAATATTGTCTGGATGCAGAGATCACTCACATTCATAT CAGTAT TTAGCACTTGGTGTGCTCCGGACATC TGCAACA
NV I L S G C R D H S H S Y Q ¥ L A L G VL R T S A T
GGGAGGGTATTCTTTT CTACTCTGCGTTCCATCAACCTGGAC GACACCCAAAATCGGAAGT CTTGCAGTGTGAGTGCAACT
G R VFF S T LR S I NL DD TOQNIRI KSTC SV s A T
CCCCTGGGT TGTGATATGCTGT GCTCGAAAGTCACGGAGACAGAGGAAGAAGATTATAACT CAGCTGT CCCTACGCGGATG
P L G ¢CDMIL CsS KV TETEEED Y N S A V P T R M
GTACATGGGGGGTTAGGGTTCGACGGCCAGTACCACGAAAAGGACCTATATGTCACAACAT TATTCGGGGACTGGGTGGCC
vV H G G L GF DG QY HE KD LYV TT L F G D W V A
AACTACCCATTAGTAT GGGGTGGATCTTT TATTGACAGCCGCGTATGGTTCTCAGTCTACGGAGGGTTAAAACCCAATTCA
N Y P L V W G G S F I DS RV WPFS VY G G L K P N S
CCCAGTGACACTGTACAGGAAGGGAAATATGTGAT ATACAAGCGATACAATGACACATGCCCAGATGAGCAAGACTACCAG
p s DT V Q E G K Y Vv I ¥ K R Y N D T C P D E Q D Y Q
ATTCGAATGGCCAAGTCTTCGTATAAGCCTGGACGGTTTGGT GGGAAACGCATACAGCAGGCTATCTTATCTAT CAAGGTG
I R M A K S S Y K P G R F G GG KR I QO Q A I L s I K V
TCAACATCCTTAGGCGAAGACCCGGTACT GACTGTACCGCCCAACACAGTCACACTCATGGGGGCCGAAGGCAGAATTCTC
s T s L G E D PV L T V P PN T VT L MG AEGTIRTIL
ACAGTAGGGACATCTCATTTCT TGTATCAACGAGGGTCATCATACTTCTCTCCCGCGTTAT TATATCC TATGACAGTCAGC
T v 6 T S H F L Y Q R G S s Y F s pPp A L L Y P M T V S
AACAAAACAGCCACTCTTCATAGTCCTTATACATT CAATGCCTTCACT CGGCCAGGTAGTATCCCTTGCCAGGC TTCAGCA
N K T A T L H S P Y T F N A F T R P G S I P C Q A S A
AGATGCCCCAACTCGT GTGTTACTGGAGT CTATACAGATCCATATCCCCTAATCT TCTATAGAAACCACACCTT GCGAGGG
R ¢C P NS CV TG VY T D P Y P L I F Y R N_H T L R G
GTATTCGGGACAATGCTTGATGGTGTACAAGCAAGACTTAACCCTGCGTCTGCAGTATTCGATAGCACATCCCGCAGTCGC
v F G T M LD GV Q A RL NUPASA AV F DS T S R S R
ATTACTCGAGTGAGTT CAAGCAGTACCAAAGCAGCATACACAACATCAACTTGTT TTAAAG TGGTCAAGACTAATAAGACC
I T RV s s s s8S T KAAY T T s T C F K V VvV K T N_ K T
TATTGTCTCAGCATTGCTGAAATATCTAATACTCT CTTCGGAGAATTCAGAATCGTCCCGT TACTAGT TGAGAT CCTCAAA
y ¢ L. s I A E I 8§ N T L F G E F R I VP L L V E I L K
GATGACGGGGTTAGAGAAGCCAGGTCTGGCTAGTT GAGTCAATTATAAAGGAGTT GGAAAGATGGCAT TGTATCACCTATC
D D G V R E A R S G
TTCTGCGACATCAAGAATCAAACCGAATGCCGGCGCGTGCTCGAATTCCATGTTGCCAGTT GACCACAATCAGCCAGTGCT

CATGCGATCAGATTAAGCCTTGTCAATAGTCTCTT GATTAAGAAAAAA
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Figure 1. Nucleotide sequence and deduced amino acid sequence of Clone-30 strain NDV HN gene. Residues conserved among all
paramyxovirus HN proteins are in boldface. Potential glycosylation sites are underlined.

It has been described [26] that glycosylation sites at positions
341, 433 and 481 could be accomodated in this structure and
could be located at the side or the bottom of the tetramer
structure, while site 500 (conserved in several NDV strains, as
well as Sendai virus and SV5) remains hidden in the interior of

the structure. The last glycosylation site in the C-terminal
region, at position 538, must be located in a region involved in
the tetramerization process [27].

The oligomerization of HN is not common to all NDV
strains [28,29] and to date it is not clear which domain is
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involved in tetramer formation. In most cases NDV HN
glycoproteins have a residue at position 123, located in the
predicted stalk region in the external domain, which is
believed to form an intramolecular disulfide with another
HN ectodomain to form a homodimer [29-31]. Also, it has
been proposed that the cysteine residue at position 6 in the
cytoplasmic domain must be involved in the process [30]
although studies with the Kansas NDV strain [32] suggest that
the transmembrane and/or the external domains must be
involved in the process, rather than the cytoplasmic domain.
This is in agreement with the importance given [26] to the
transmembrane domain in the tetramerization of Australia-
Victoria NDV HN protein. A variability analysis of 25 viral
HN aligned sequences, including NDV [33], revealed that the
highest rate of variability was found near to the transmem-
brane domain, which seemed to be involved in the formation
or stabilization of the functional tetramer structure. Recently, a
detailed study [34] elucidated the disulfide bond arrangement
of the Queensland strain NDV HN glycoprotein, confirming
that HN ectodomains dimerize via cysteine 123. We found that
the sequence of NDV Clone-30 HN protein contains 12
cysteine residues at positions 172, 186, 196, 238, 247, 251,
344, 455, 461, 465, 531 and 542, which are conserved in all
NDV strains [26]. However, cysteine residues at position 6 and
123 are not present, suggesting that NDV Clone-30 HN
glycoprotein do not form disulfide-linked oligomers. In fact,
our data from polyacrylamide gel electrophoresis analysis
under reducing and non-reducting conditions showed no
evidence of the presence of any disulfide-linked oligomers
(data not shown). If any oligomerization does occur, this
process may not be linked to intramolecular disulfide bond
formation. Previous data [35] from our lab, using sucrose
gradient ultracentrifugation also support the idea that Clone-30
HN behaves as a monomer. However, we are currently
investigating this topic. It has been described that the
oligomerization state affects the biological properties of the
viral glycoproteins [36]. In a previous work we reported [37]
that the kinetics of the sialidase activity of HN in NDV strain
Clone-30 followed a substrate-inhibition model instead of the
classical hyperbolic model. So far it is not clear whether the
possible absence of an oligomeric structure in Clone-30 NDV
HN could be involved in the above-mentioned different
sialidase kinetic mechanism.

Unless crystallographic data are available, it is not possible
to assign specific regions of the sequence to the biological
activities of the HN glycoprotein. Most studies conducted in
this field mainly rely on homologies obtained from compari-
son analysis with HN glycoproteins from other paramyxo-
viruses and with the NA and HA proteins of influenza viruses
[24,38,39]. It has been described that in proteins with
functional similarity a convergent evolution might be operat-
ing, thus resulting in conservation of the residues involved in
the maintenance of active site. This leads to a similar three-
dimensional clustering of these active elements. Furthermore
the framework elements (amino acid residues) that do
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not play a direct role in the active site (i.e., those that
do not contact with the substrate) are not necessarily
conserved [39]. A description of the NDV Kansas strain HN
(23xxx), from crystallographic studies has been published
recently. However, this HN from Kansas strain behaves as a
homodimer. Crystallographic data show for the globular
region an overall structure consisting of a six-bladed f-
propeller fold, supporting the accuracy of the studies based on
sequence homologies.

There are three highly conserved regions in paramyxovirus
HN proteins [10,40] that are also present in our protein. The
first one, NRKSCSI/V/L, is located at positions 234—240 [38],
and has been identified as a part of the active site of the
neuraminidase activity of the NA protein of influenza virus. It
has also been suggested to be involved in the same activity in
the HN of paramyxoviruses [39]. This region in bPIV-3 is
located on the loop that connects strand 4 of f-sheet 6 with
strand 1 of f-sheet 1, at the top of the molecule [24]. The other
two conserved regions seem to be involved in hemagglutinating
activity: the residues at positions 314 to 320, FXXYGGV/L/M,
at the start of the sequence predicted to be the hemagglutinat-
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Figure 2. Topographic maps of the secondary-structure probabil-
ities for Clone-30 strain NDV HN. Areas of high probability in the
contour plot correspond to dark regions with closely spaced
contour lines. The contour lines show probability increments of 0.1.
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Figure 3. Hydropathy profile of the HN amino acid sequence, using the procedure of Kyte and Doolittle (1982). A window of 11 amino acids
was used in the calculation. The residues corresponding to the transmembrane region are boxed. Hydrophobic and hydrophilic regions are
indicated respectively by peaks above and below the horizontal line, which represents the relative average hydropathy of the sequenced

proteins.

ing domain, and the residues GA/SEGRI/V/L, 399 to 405, at
the end of the region. Point mutations in this sequence [5]
cause alterations in the maturation process of the HN protein
by affecting intracellular processing, which could interfere
with the correct folding of the molecule. Finally, the residues
at positions 15 to 23, REAKNTWRL, are consistent [33] with
the species-specific pattern for NDV.

Figure 2 shows the probability of secondary structures
predicted for the HN protein from NDV strain Clone-30. The
f-sheets are mostly in the C-terminal domain, while in the
N-terminal domain o-helices are predominant and are in
aggrement with those previously described [25]. Comparison
of the HN protein sequences from NDV strain Clone-30
described here with those of D26/76 [41] revealed 94%
homologies (results not shown). Our results, according to the
three-dimensional model described for the HN proteins from
NDV strains D26/76 [25] and Kansas [10] and bPIV-3 [24],
suggest that the HN protein from NDV strain Clone-30 is
organized as a so-called f-sheet propeller.

The contribution of basic and acidic residues of the Clone-30
strain NDV HN protein was similar (9%) although they
were asymetrically distributed within the protein, with their
positive charge located in the C-terminal region, and their
negative charge in the N-terminal region. The isoelectric point,
7.3, was practically neutral. The hydropathy profile of the HN
protein (Figure 3) showed the presence of a short hydrophilic
region at the N-terminus, corresponding to the cytoplasmic
domain (14x), and a major hydrophobic region including
residues 27 to 48, which contained the only transmembrane
helix in the molecule, corresponding to the membrane-
spanning segment.
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