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Abstract—Influenzavirus A (FIuA) reassortants with low-functional neuraminidase (NA) of subtype N1 and
hemagglutinin (HA) of subtypes H2, H3, H4, and H13 display virion aggregation and accumulate to a lower
titer because sialyl residues are not completely removed from virion components. Nonaggregating variants of
FIuA (H13N1) were shown to result from a mutation that reduces the HA affinity for sialyl substrates. Amino
acid substitution K156E, which increases a negative charge at the edge of the receptor-binding pocket of HA
large subunit (HAL), was revealed in two independent variants. This substitution was the only difference
between HA1 of the original reassortant and one of its variants and, therefore, accounted for restoration of the

functional match between HA and NA.
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INTRODUCTION

Two coat glycoproteins, hemagglutinin (HA) and
neuraminidase (NA), of the influenza virus A (FIUA)
are functionally related: HA interacts with terminal
sialyl residues of cell oligosaccharides and thereby
provides for virus binding to the cell surface, and NA
removes siayl residues from viral and cell compo-
nents during virus reproduction. When NA is inacti-
vated by atemperature-sensitive mutation [1], a dele-
tion [2], or a chemical inhibitor [3, 4], HA interacts
with nonremoved sialyl residues, and virus particles
aggregate. Aggregation and sorption of virus particles
on the surface of infected cells impair dissemination
and reproduction of the virus. This has also been
observed with reassortants combining low-functional
human FIuUA NA (N1) and avian Flu HA (H2, H3, H4,
and H13) [5, 6]. The reassortants tend to aggregate
and accumulate to a low titer in embryonated chicken
eggs and in cell cultures because of aggregate adhe-
sion to the cell surface [7]. Serial passaging resultsin
selection of variants that do not aggregate and accu-
mulate to a normal level. Like original reassortants,
the nonaggregating variants carry nonremoved sialyl
residues on the virion surface, and their HA has a
markedly reduced affinity for high-molecular-weight
sialyl substrates [8]. Sequencing of the gene region
for HA large subunit (HA1), which contains a recep-
tor-binding site, has revealed amino acid substitutions
that increase alocal negative charge at the edge of the

receptor-binding pocket. Such substitutions are asso-
ciated with a lower receptor-binding activity of HA
and restore accumulation of avian Flu of subtypes H2,
H3, and H4 [8, 9]. Here we analyze avian Flu of sub-
type H13, which is of special interest owing to itsevo-
lutionary and biological characteristics.

EXPERIMENTAL

Viruses. Influenza virus A/Pilot
whale/Maine/328/84 (H13N2) was obtained from the
virus collection of the Institute of Virology. Reassor-
tant RWB1 was human influenza virus A/USSR/90/77
(HIN1) carrying the HA gene of influenza virus
A/Pilot whale/Maine/328/84 (H13N2) [5]. Viruses
were propagated in 10-day embryonated chicken eggs.
Virus-containing alantoic fluid was stored at 4°C.

Viruspurification. Allantoic fluid was clarified by
low-speed centrifugation. Virus was purified by cen-
trifugation through 20% sucrose (w/w) at 23,000 rpm
for 90 min at 4°C in an SW27-1 rotor. The pellet was
resuspended in 0.01 M TrissHCI| (pH 7.4) supple-
mented with 0.15 M NaCl (to assay the affinity for sia-
lyl-containing substrates) or with 0.1 M NaCl, 1 mM
EDTA (to extract RNA).

Affinity for sialyl substrates. Fetuin binding was
estimated in the direct solid-phase assay with immo-
bilized virus and fetuin conjugated to horseradish per-
oxidase [10]. Affinity for sialic acid, 3-sialyllactose,
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Table 1. Affinity of RWB1 variants for sialyl substrates

RUDNEVA et al.

K, UM sidlic acid
Virus et 3-sialyllactose attached to o iy
uin polyacrylic carrier sidic acid 3-sialyllactose
RWB1 0.492 £ 0.116 0.183 £ 0.022 2229.3 + 133.7 308.3+ 16.3
RWB1-XIlI 1.174 £ 0.166 0.961 £ 0.051 4766.7 + 185.8 151.0+£17.9
RWB1-Xa 1.254 + 0.227 0.815+ 0.051 4270.3+175.8 169.8 + 10.5

Note: In each case, K, (mean = SE) was obtained in four independent experiments [9].

and 3-sialylglycopolymer (a conjugate of 1-N-glycyl-
sialyllactose with poly-4-nitrophenylacrylate) was
estimated from competitive inhibition of fetuin conju-
gate binding [12].

Sequencing. The HA gene was amplified via
reverse transcription—polymerase chain reaction. The
products were cloned in pPGEM-T asrecommended by
Promega. Recombinant plasmids were propagated in
Escherichia coli IM109 and sequenced according to
Sanger. Primersdirected to the HA gene of FluA/Pilot
whale/328/84 (GenBank accession no. M26091) were
obtained from Litekh.

RESULTS

Selection of reassortant RWB1 variants. Like
other reassortants carrying the NA (N1) gene of Flu
A/USSR/90/77, reassortant RWB1 showed virion
aggregation and accumulated to alow titer in embry-
onated chicken eggs [5]. Serial passaging alowed
selection of variants that lost the ability to aggregate
and restored normal accumulation [6]. In two inde-
pendent experiments, we passaged RWB1 10 and
12times in embryonated eggs infected at 3000
50% embryo infective doses (EIDgy). Being 16-32
hemagglutinating units (HU) with original RWB1,
accumulation increased to 128-256 HU and became
comparable with that of parental Flu A/Pilot
whale/Maine/328/84 after three or four passages. The
resulting two variants were designated RWB1-XI1 and
RWB1-Xa.

Affinity for sialyl substrates. Original RWB1 and
its two variants were tested for affinity to sialyl sub-
strates (Table 1). Compared with RWB1, both RWB1-
X1l and RWB1-Xahad similarly low affinities for per-

Table2. Amino acid substitutionsin HA1 of RWB1 variants

Virus Amino acid substitution
RWB1-XII K156E
RWB1-Xa Y50C; E83G; K156E

Note: Amino acid positions are given according to the HA (H3)
sequence.

oxidase-conjugated fetuin. The decrease in affinity
was even greater with a high-molecular-weight syn-
thetic substrate (sialyllactose attached to a carrier).
With low-molecular-weight substrates, the affinity of
the two variants was only slightly lower or even
higher than in RWBL1.

Amino acid substitutionsin HA 1. We sequenced
the RWB1, RWB1-XIl, and RWB1-Xa gene regions
that code for HA1l forming the receptor-binding
pocket. A comparison with the corresponding
sequence of Flu A/Pilot whale/Maine/328/84 (Gen-
Bank M26091) revealed amino acid substitutions
L1821 and A325V inHA1 of RWB1. The substitutions
were also found in the original strain A/Pilot
whale/Maine/328/84 (Institute of Virology) which
was used to obtain RWB1. Hence the substitutions
characterize our subline of this isolate, rather than
being reassortment artifacts. Compared with RWB1,
both variants contained substitution K156E, which
probably increases the negative charge at the edge of
the receptor-binding pocket [13]. In addition, RWB1-
Xa had substitutions Y50C and E83G (Table 2).

DISCUSSION

Surface glycoproteins HA and NA greatly vary in
antigenic properties among FIUA isolates obtained
from humans, mammals, and birds. In total, HA of 15
subtypes combine with NA of 9 subtypes [14]. The
HA-NA combinations vary in frequency, some being
never found. The selectivity of subtype combinationis
still poorly understood, while the problem isrelated to
the origin of pandemic FIUA variants.

We have previously shown that low-functional NA
of strain A/USSR/90/77 (HIN1) fails to completely
remove sialyl residues from virion components [5, 8].
Reassortants that combine this NA and avian Flu HA,
which has a high affinity for sialyl residues, display
virion aggregation [5] and accumulate to a lower titer
in embryonated chicken eggs [5] and in cell cultures
[7]. In their nonaggregating variants obtained via
serial passaging, mutations in the HA gene compen-
satefor alow NA function [6, 8, 9]. With subtypesH2,
H3, and H4, the compensation is a decrease in affinity
for high-molecular-weight sialyl substrates as a result
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of amino acid substitutions that increase a negative
charge at the edge of the receptor-binding pocket of
HA. Thus we have found substitutions K156E and
K165Q in two independent H2 variants, N145D and
N248D in two independent H3 variants, and N160D in
an H4 variant [8, 9]. Here we for the first time
obtained such data for subtype H13.

Interestingly, FIUA (H13) occupies a specific eco-
logical niche. Strains with other HA subtypes have all
been isolated from waterfowl (ducks, geese), a major
natural FIUA reservoir [14]. In contrast, FlIuA (H13)
isolates originate from gulls, shorebirds, and, in some
cases (including our strain A/Pilot
whale/Maine/328/84), from dolphins. We previously
studied only duck isolates of FIUA (H2, H3, and H4),
and it was unclear whether the molecular mechanism
of HA adaptation to low-functional NA is shared by
viruses differing in the host range. Here this mecha-
nism was observed for H13, as the character and posi-
tion of amino acid substitution in HA (H13) proved
the same as in one of the H2 variants. Thus, the func-
tional match between HA and NA is restored after
reassortment via a common mechanism, which is nei-
ther restricted to any evolutionary branch of HA (as
our previous data demonstrate) nor specific for FIuA
with a certain narrow host range.
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