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Molecular characterization of H1N1 influenza A viruses
from human cases in North America
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Subtypes of H1N1 influenza virus can be found in humans in North America, while they are also asso-
ciated with the infection of swine. Characterization of the genotypes of viral strains in human popula-
tions is important to understand the source and distribution of viral strains. Genomic and protein se-
quences of 10 isolates of the 2009 outbreak of influenza A (H1N1) virus in North America were ob-
tained from GenBank database. To characterize the genotypes of these viruses, phylogenetic trees of
genes PB2, PB1, PA, HA, NP, NA, NS and M were constructed by Phylip3.67 program and N-Linked
glycosylation sites of HA, NA, PB2, NS1 and M2 proteins were analyzed online by NetNGlyc1.0 program.
Phylogenetic analysis indicated that these isolates are virtually identical but may be recombinant vi-
ruses because their genomic fragments come from different viruses. The isolates also contain a char-
acteristic lowly pathogenic amino acid motif at their HA cleavage sites (IPSIQSR|GL), and an E residue
at position 627 of the PB2 protein which shows its high affinity to humans. The homologous model of M
proteins showed that the viruses had obtained the ability of anti-amantadine due to the mutation at the
drug-sensitive site, while sequence analysis of NA proteins indicated that the viruses are still suscep-
tible to the neuraminidase inhibitor drug (i.e. oseltamivir and zanamivir) because no mutations have
been observed. Our results strongly suggested that the viruses responsible for the 2009 outbreaks of
influenza A (H1N1) virus have the ability to cross species barriers to infect human and mammalian
animals based on molecular analysis. These findings may further facilitate the therapy and prevention
of possible transmission from North America to other countries.
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Influenza A viruses are clinically and/or economically
important pathogens in a variety of hosts, including hu-
mans, swine, marine mammals, and avian'". They are
classified into different subtypes on the basis of anti-
genic properties in the two surface glycoproteins, hae-
magglutinin (HA) and neuraminidase (NA). There are
limited numbers of hosts specific influenza A viruses,
i.e., humans (HIN1, H3N2, H2N2, and HIN2) and
swine (HIN1, H3N2 and HIN2)"®\. Depending on their
ability to cause disease in chickens, influenza A viruses
are characterized as lowly pathogenic (LP) or highly
pathogenic (HP). Subtypes H1, H2 and H3 influenza A

viruses are usually lowly pathogenic to animals and hu-
mans but may become highly pathogenic to animals in-
cluding humans through mutations of multiple basic
amino acids in the connecting peptide between HA1 and
HA2 domains of the HAO precursor protein.

Influenza A virus HINI1 subtype, also known as A
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(HIN1), is the most common cause of influenza (flu) in
humans and cause several endemics in humans. The
1918 flu pandemic, which killed 50— 100 million people
worldwide, is thought to be one of the most deadly pan-
demics in human history. It was caused by the HINI
type of influenza virus". The more recent Russian flu,
1977 — 1978 flu epidemics, was caused by strain
A/USSR/90/77 (HIN1). It infected mostly children and
young adults under 23 because a similar strain prevalent
in 1947—1957 caused most adults to have substantial
immunity. Though some called it a flu pandemic, be-
cause it only affected the young, it is not considered a
true pandemicH). Minor outbreaks of swine influenza
occurred in humans in 1976 and 1988 and in swine in
1998 and 2007. Less virulent HIN1 strains still exist in
the wild today, worldwide, causing a small fraction of all
influenza-like illness and a large fraction of all seasonal
influenza. HIN1 strains caused roughly half of all flu
infections in 2006”. Other strains of HIN1 are endemic
in pigs and birds.

In the 2009 outbreak of influenza A (HINT1) virus, the
virus isolated from patients in the United States was
found to be made up of genetic elements from 4 differ-
ent flu viruses —North American Mexican influenza,
North American avian influenza, human influenza, and
swine influenza virus typically found in Asia and
Europe—“an unusually mongrelized mix of genetic se-
quences””. This new strain appears to be a result of re-
asserting 4 different HIN1 strains of human influenza
and swine influenza viruses. World Organization for
Animal Health (OIE) suggests it be called “North-

598)

American influenza™”, and later began referring to it as

“Influenza A (HIN1)”". Preliminary genetic charac-
terization of the Influenza A (HINT1) isolates showed
that the hemagglutinin (HA4) gene was similar to swine
flu viruses present in U.S. pigs since 1999, but neura-
minidase (NA) and matrix protein (M) genes resembled
versions present in European swine flu isolates. The 6
genes from American swine flu are themselves mixture
of swine flu, bird flu and human flu viruses'*'". Nev-
ertheless complete molecular characterizations of vi-
ruses remain unknown.

In this study, we collected ten complete genome
sequences for U.S. flu cases in 2009 through the Global
Initiative on Sharing Avian Influenza Data, and analyzed
their phylogenetic relationships based on genes PB2,
PBI1, PA, HA, NP, NA, NS and M. Pathogenic and drug
esistance were predicted by comparison and analysis of
potential N-Linked glycosylation sites of HA, NA, PB2,
NS1 and M2 proteins. It will be of important significance
for human to prevent and treat HIN1 influenza A virus.

1 Materials and methods
1.1 Sequence data

We collected the full genome of 10 HIN1 influenza vi-
rus isolates in North America and the reference se-
quences from GenBank (Table 1). These sequences were
analyzed together with all publicly available sequence
data, including genes from H1, H2 and H3 viruses. In
addition, sequences of HA, NA, NS1, PB2 and M2 pro-
teins were also obtained from GenBank (Table 2).

1.2 Construction of phylogenetic trees

Nucleotide BLASTn analysis (http://www.ncbi.nlm.nih.
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gov/BLAST) was used to identify related genes of the
viruses, and the reference sequences were obtained from
GenBank. Pair-wise sequence alignments were also
performed with the MEGA4.0 program”! (http:/www.
megasoftware.net/) to determine nucleotide sequence
similarities. Alignments of each influenza virus se-
quence were generated using program ClustalW
(http://clustalw.genome.ad.jp/). To understand the evo-
lutionary characterization of HIN1 viruses isolates in
North America, phylogenetic analyses of the aligned
sequences for 8 gene segments were performed by the
neighbor-joining method with 1000 bootstraps and
Maximum-Likelihood with 100 bootstraps by using
PHYLIP version 3.67 (http://evolution.gs.washington.
edu/phylip.html).

1.3 Comparison and analysis of amino acid se-
quences in HA, NS1, NA, M2 and PB2

We extracted the amino acid sequences of North Amer-
ica HINI influenza viruses HA, NS1, NA, M2 and PB2
proteins from the public domain database Entrez Protein,
and compared each of them with all known North
America HIN1 Influenza viruses proteins (n = 10 as of
May 8, 2009) using the software ClusterW!*!. Analysis
of N-glycosylation sites based on the amino acid se-
quences was conducted using the NetNGlyc1.0 program
(http://www.cbs.dtu.dk/services/NetNGlyc/).

1.4 Molecular models and 3D structural similarity
of M2 protein

Based upon comparison and analysis of the amino acid
sequences in M2 proteins, a three-dimensional model
of the homologous M2 proteins was constructed using
the software SWISS-MODELY (available through
Web interface at http://swissmodel.expasy.org/SWISS-
MODEL.html), and visualized by VMD program (Vis-
ual molecular dynamics) (version 1.8.6, which is freely
available at http://www.ks.uiuc.edu/Research/vmd/)"®.

2 Results

2.1 Phylogenetic analysis of the North America iso-
lates

To investigate the genetic origin of the North America
isolates, the nucleotide sequences of 10 North America
isolates and reference strains were obtained from Gen-
Bank. The percentage of nucleotide sequence homology
among the eight gene segments of the ten North Amer-
ica isolates ranged between 99.9% and 100%, and the

predicted amino acid sequence homology is 100%. Thus,
their genetic characterizations were virtually identical,
suggesting that the 10 isolates originated from the same
progenitor virus.

Therefore, we selected the eight gene segments of
A/California/06/2009(HIN1) (as a representative strain
of 10 isolates) to further conduct genetic distance analy-
sis. The genetic origin of this isolate (A/California/06/
2009(H1NT1)) was initially inferred from BLAST analy-
sis and pair wise comparisons of each gene segment to
the corresponding sequences of reference viruses. In our
present studies, the results indicated that the eight gene
segments from the isolate share the different sequence
homology with other influenza viruses circulating in
different regions (Table 3). The isolate shares the high-
est homology (98%) of the PB2 gene segment with ref-
erence viruses such as A/swine/Korea/JNS06/2004
(H3N2), A/Swine/Minnesota/55551/00 (HIN2) and A/
mallard duck/SouthDakota/Sg-00128/2007. For M gene,
this isolate shares the higher homology (91%) with the
human isolate (A/swine/Hong Kong/5212/99 (H3N2))
and the swine isolate (A/Hong Kong/1774/99 (H3N2))
in Hong Kong and the swine isolate (A/swine/ Den-
mark/WVL9/1993 (HIN1)) in Denmark. Compared to
the swine isolates in Europe such as A/Swine/England/
195852/92 (HIN1), A/swine/Spain/WVL6/1991 (HIN1)
and A/swine/England/WVL7/1992 (HIN1), its homol-
ogy is only 94%. For North America, this isolate shares
the homology (96%) of the NP gene segment with
A/Swine/lowa/533/99(H3N2) and A/Swine/Indiana/
P12439/00 (HIN2), the homology (96%) of the P4 gene
segment with A/Swine/Illinois/100084/01 (HIN2), A/
Swine/Minnesota/593/99 (H3N2) and A/Swine/lowa/
569/99 (H3N2), the homology (96%) of the PBI gene
segment with A/Wisconsin/10/98 (HIN1) and A/Swine/
Indiana/9K035/99 (HIN2), and the homology (96%) of
the NS gene segment with A/Swine/Minnesota/9088-
2/98 (H3N2) and A/Swine/Texas/4199-2/98 (H3N2).
According to host species, this isolate shares the ho-
mology (96%) of the PB1 gene segment with mallard
duck (A/mallard duck/South Dakota/Sg-00125/2007
(H3N2)) and the homology (95%) of the HA gene seg-
ment (A/Turkey/MO/24093/99(H1N2).

To further demonstrate the genetic origin of the gene
segments of the North America virus isolates, we con-
structed 8 phylogenetic trees (Figure 1). Reference vi-
ruses consisted of HIN1, HIN2, H3N2, H5N1 and
H2N2 viruses isolated in poultry, humans and swine
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(a) HA

AfTurkey/M0O/24093/99 H1N2
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Figure 1 Phylogenetic trees of the nucleotide sequences for the HA, NA, NP, M, NS, PB2, PB1 and PA genes of the North America isolates
(A/California/06/2009(H1N1)) and related reference viruses. The evolutionary relationships among these viruses were estimated by the
neighbor-joining method with 100 bootstraps by using PHYLIP version 3.67. Alignments of each influenza virus sequence were generated
using program Clustal W. The sequence regions compared were as follows: nt 16—1624 (1609 bp) of HA, 7—1377 (1371 bp) of NA;
17—2242 (2226 bp) of PB2, 1—2274 (2274 bp) of PB1, 22—2161 (2140 bp) of PA, 1—1458 (1458 bp) of NP, 9—939 (931 bp) of M, 5—802
(798 bp) of NS. The tree of HA is rooted to A/Turkey/MO/24093/99 (H1N2), the tree of M is rooted to A/Wisconsin/10/98 (H1N1), the tree of
NA is rooted to A/Swine/Minnesota/55551/00 (H1N2), the tree of NP is rooted to A/swine/Hong Kong/5212/99 (H3N2), the trees of NS and PA
are rooted to A/Swine/lowa/569/99 (H3N2), the tree of PB1 is rooted to A/swine/Korea/JNS06/2004 (H3N2), and the tree of PB2 is rooted to
A/Swine/ Indiana/P12439/00 (H1N2). Black triangles indicate A/California/06/2009 (H1N1) (as a representative of North America isolates),
including A/Brevig Mission/1/1918 (H1N1), A/Guiyang/1/1957 (H2N2), A/Hong Kong/1-1/1968 (H3N2), and A/USSR/90/1977 (H1N1).
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from 1918 to 2009 (Figure 1). Phylogenetic analysis also
indicated the same genetic diversity. As a result, the ge-
netic origin of the North America isolates is complex in
several aspects such as geographical distribution
(America, Europe and Asia), host species (humans,
avian and swine) and genotype (HINI1, HIN2 and
H3N2). A larger genetic distance was observed com-
pared to HPAI H5N1 and major epidemic strains that
caused 4 pandemics in the 20th century.

2.2 Molecular characterization of the North Amer-
ica isolates

Based on the deduced amino acid sequences, 8 potential
N-linked glycosylation sites were found in the HA pro-
tein, of which 6 are located in HA1 (positions 27, 28, 40,
104, 293 and 304) and 2 in HA2 (positions 498 and 557)
(Figure 2). Compared to the HINI virus (A/Brevig
Mission/1/18(HIN1)) in 1918, the A/California/06/2009
(HINT1) virus isolate exhibited a K295T mutation, which
results in the emergence of a potential glycosylation site.
This mutation was also found in other isolates from
North America in 2009. The A/California/ 06/2009
(HIN1) isolate contained the amino acid motif
IPSIQSR/GL at their HA cleavage sites, which is not a
characteristic of highly pathogenic influenza viruses.
Several amino acid mutations of the polymerase (PB2)
protein may have an important effect on the virulence
and adaptation of HIN1 virus in the hosts!!”
of amino acid sequence in PB2 protein showed clearly
that all 10 isolates from North America exhibited the
exactly identical amino acid residue (Glu, E) at position
627 (Figure 3). The A/California/06/2009 (HIN1) iso-
late exhibited exactly the same model of glycosylation

1. Analysis

sites with the HIN1 virus strain (A/swine/Guangdong/2/
2001 (HINT1)) in China. All the other 9 virus isolates
from North America exhibited the same amino acid
residues (Gln, Q) at position 240, but A/California/07/
2009 (HIN1) isolate exhibited an undetermined amino
acid residues (indicates “X”)(Figure 3). These results
indicated that the amino acid residues (Gln, Q) at posi-
tion 240 were considered to enhance the binding of
HINI virus to the sialic acid (SA) a2,6-NeuAcGal
linkages of the human cell receptors. Therefore, al-
though influenza virus isolates from North America have
obtained the preferential ability to infect humans, yet
they are lowly pathogenic for human hosts. This result
was consistent with the facts (74 deaths/8829 cases, data
from WHO, up to date May 18, 2009).

In addition, NS1 protein plays an important role in the
pathogenicity of HIN1 virus in different hosts'™.
Large-scale sequence analysis of avian influenza viruses
indicated that the four C-terminal residues of the NS1
protein form a potential PDZ ligand binding motif of the
ESEV typel”. The PDZ ligand binding motifs with the
sequence of ESEV or EPEV were found in the NS1 from
the highly pathogenic HSN1 viruses isolated in 1997 and
2003 as well as the 1918 pandemic virus (all of avian
origin). They are able to bind cellular PDZ-containing
proteins involved in host cellular signaling pathways. By
contrast, the NS1 proteins in most lowly pathogenic
human influenza viruses contain different motifs (RSKV
or RSEV), which cannot bind PDZ-containing proteins.
A recent study showed that the PDZ-binding motif of
NS1 is a new virulence factor of influenza A viruses''”.
But at the C-terminus of NS1 protein of A/California/06/
2009 (HIN1) virus isolate (Figure 4), we did not find the
amino acid motif ESEV or EPEV present in avian highly
pathogenic influenza viruses, which was considered to
bind to many the avian intracellular receptors[g]. Com-
pared with the nine virus isolates from North America,
no mutations were found in the NS1 of A/California/06/
2009 (HINT1) isolate. Thus, these isolates may show low
pathogenicity. This result was also consistent with the
facts (74 deaths/8829 cases, data from WHO, up to date
May 18, 2009) (http://www.who.int/csr/don/2009 05
18/en/index.html).

2.3 Drug resistant characterization of the North
America isolates

Antiviral activity is essential for the treatment and pre-
vention of influenza infections. The M2 protein of in-
fluenza A virus forms a homotetramer ion channel in the
lipid membrane!''!. The protonation of His37 and con-
comitant cation-pi interaction with Trp41 is a key step in
the activation of the M2 ion channel. Trp41 may play a
certain role in stabilizing the channel open state through
the cation-pi interaction with His37 (Figure 5). A mo-
lecular model for the activation of M2 ion channel is
proposed on the basis of the gating mechanism!'"., We
have studied the structure of the transmembrane domain
of the M2 ion channel by using software SWISS-
MODEL, with special attention to the side chains of His-
tidine (His37) and Tryptophan (Trp41) residues. A
three-dimensional model of the homologous M proteins
was visualized VMD program (visual molecular dynam-
ics). By amino acid sequence analysis of the M2 proteins,
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Figure 2 Amino acid sequence comparison of the HA proteins between the isolates from North America and related reference viruses
available in GenBank. Only the amino acids different from those in the consensus sequence are indicated. The blue boxed residues indicate
the potential glycosylation sites, the black boxed residues indicate the HA cleavage sites, and the red boxed residues indicate the undeter-
mined amino acid sites.
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Figure 3 Amino acid sequence comparison of the PB2 proteins between the isolates from North America and related reference viruses
available in GenBank. Only the amino acids different from those in the consensus sequence are indicated. The boxed residues indicate the
potential glycosylation sites.
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Figure 4 Amino acid sequence comparison of the NS1 proteins between the isolates from North America and related reference viruses
available in GenBank. Only the amino acids different from those in the consensus sequence are indicated.

all the isolates for North America exhibited an S31N
mutation, which results in the loss of a drug-sensitive
site!'?. Amantadine and Rimantadine target the M2 pro-
tein, and single mutations in the trans-membrane domain
of M2 (e.g. positions 26 (Leu, L), 27 (Val, V), 30 (Ala, A),
and 31 (Asn, N)) can confer resistance to these drugsm].
Thus, it was suggested that the North America isolates
are resistant to this class of antiviral drugs. In order to
show clearly the spatial relationship of each residue, an

2188

almost complete model of M2 protein (Figure 5, a and d),
and a partial model of M2 (Figure 5, b—f) were built by
SWISS-MODEL. It has been reported that several
amino acid mutations, including E119, R152, H275,
R293, and N295, could confer viral resistance to NA in-
hibitors (e.g. oseltamivir and zanamivir)!"”. No similar
amino acid substitutions were observed at the conserved
residues in the NA of the North America isolated viruses
(data not shown). These results suggest that the North
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Figure 5 The three-dimensional structures of M2 protein. a and d indicate the frontal view and the bottom view of the M2 protein tetramer in
the drug-sensitive virus, respectively; b and c indicate the frontal view and the bottom view of the M2 protein monomer related to
drug-sensitive sites, respectively; e and f indicate the frontal view and the bottom view of the M2 protein monomer related to drug-resistant
sites, respectively. Yellow indicates the molecular surface of 37 and 41 amino acid residues, which consists of the core of the H" ion channel
(a and e); red indicates position 26, 27 and 30 amino acid residues (a and d), which may have an important effect on the binding of Aman-
tadine and Rimantadine to A influenza virus. Green indicates position 31 amino acid residues, which exhibit a mutation of S31N in North

America isolates.

America isolated viruses are sensitive to NA inhibitors.

3 Discussion

In our present studies, all the ten 2009 North America
isolates from human cases were exactly identical by
comparison of 8 gene segments. Therefore, we selected
the A/California/06/2009(HIN1) isolate as a representa-
tive of all the North America isolates to continue further
analysis. The nucleotide genetic distance of HA genes was
analyzed between the (A/California/06/2009(H1N1)) iso-
late and 24 classical reference viruses from North Amer-
ica, Europe and Asia (Table 3). Of the 24 reference strains,
the U.S. HIN2 isolate showed the minimal genetic dis-
tance with (A/Swine/Indiana/P12439/00 (HIN2)) for HA
gene. According to comparison of the other genes, the
minimal genetic distances with the isolate (A/California/
06/2009 (HIN1)) were 0.06133 (A/swine/England/
WVL7/1992 (HIN1)) for NA, 0.04951 (A/Swine/Min-
nesota/55551/00 (HIN2), A/Swine/Minnesota/593/99
(H3N2) and A/Swine/lowa/ 569/99 (H3N2)) for PA,

1) See footnote 7) on page 2180.

0.02401 (A/Swine/lowa/569/99(H3N2) and A/Swine/
Minnesota/593/99 (H3N2)) for PB2, 0.04025 (A/duck/
NC/91347/01 (HIN2)) for PB1, 0.03411 (A/swine/Korea/
CY05/2007 (H3N2)) for NP, 0.0202 (A/swine/Hong
Kong/5212/99 (H3N2)) for NP, and 0.04156 (A/Swine/
Minnesota/55551/00 (HIN2)) for NS, respectively.
Phylogenetic trees of the nucleotide sequences of all the
8 genes are shown in Figure 1. Phylogenetic analysis
clearly showed that all H4, M, NP, PB2, PA, NA and NS
genes were in different influenza virus lineages. Al-
though most of the genes showed close phylogenetic
relationships with the swine influenza virus lineage, all
the 8 genes were placed in three different influenza virus
lineages including the swine, avian and human. There-
fore, these results demonstrated that all the ten North
America HIN1 virus isolates are reassortants between
classical HIN1, HIN2 and H3N2 swine, human and
avian influenza viruses. Our current results may also
provide potent evidence for the results reported by Deb-
ora MacKenzie and Novel Swine-Orgin Influenza A
(HIN1) virus Investigation Team!'*" .
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tor-binding properties and to its being targeted by neu-
tralizing antibodies since it represents the membrane
fusion glycoprotein of influenza virus. The residues
within the receptor-binding site are relatively conserved
but the residue mainly responsible for NeuAc a 2,6 Gal
linkage specific for the H3 subtype was 1226 instead of

1516 11 our present stud-

Leu226 as previously reported[
ies, we did not observe significant changes in amino
acids residues of the HA protein at position 131, 158,
160, 183, 187, 222 and 227. These amino acids residues
were located at either the HA receptor-binding site (po-
sitions 158, 160, 183), at the edge of the HA receptor-
binding pocket (position 131, 222 and 227), or next to
this pocket (position 187)!'"). In another study, a single
amino acid residue change, L226Q), at the right edge of
the receptor-binding pocket was shown to be responsible
for altering the specificity of the HA from an SAa2,3
Gal to SA02,6Gal linkage!"™, as well as altering the host
range of the virus. In our present studies, all the North
America isolates but A/California/07/2009(HIN1) were
amino acid residue Gln (Q) at position 226, which was
responsible for SAa2,6Gal linkage. Thus, North Amer-
ica isolates have obtained the ability of transmitting
from human to human or swine. The facts (As of 06:00
GMT, 18 May 2009, 40 countries have officially re-
ported 8829 cases of influenza A(HINI) infection)
(http://www.who.int/csr/don/2009 05 18/en/index.html)
have proved our results.

Currently, two specific classes of antiviral drugs are
available to manage influenza virus infection: the in-
hibitors of M2 protein, amantadine and its congener ri-
mantadine, and the neuraminidase (NA) inhibitors,
zanamivir and oseltamivir''”. These two classes of drugs
target different viral proteins and have different mecha-
nisms of action on the replication cycle of the virus.
Amantadine and rimantadine inhibit virus replication
during the early stage of infection by blocking the ion
channel formed by the transmembrane domain of the
M2 protein®**'!, and NA inhibitors interrupt the estab-
lished replication cycle by preventing virus release and
allowing viruses to clump on the cell surface!'**2*. M2
blockers have an inhibitory effect on different subtypes
of influenza A viruses. However, a major concern about
using M2 blockers is their association with rapid emer-
gence of drug resistance and ineffectiveness against in-
fluenza A virus infection. In our present study, we ob-
served that M2 protein exhibited an S31N mutation,

which results in the loss of a drug-sensitive site. Resis-
tant variants possessed amino acid substitutions at posi-
tions 26, 27, 30, 31 and 34 in the target M2 protein[zo’m].
In addition, amantadine-resistant variants showed no
obvious loss of virulence or transmissibility in animal
models or humans, i.e., M2 mutations conferring resis-
tance to amantadine did not compromise the replicative
capacity or virulence of the influenza A viruses>. Other
studies showed that naturally occurring amantadine-
resistant influenza A viruses are quiet rare>*. However,
it was reported that the level of amantadine-resistant
variants increased among viruses of the H3*"! and H5
HA subtypes™®.

Zanamivir and oseltamivir are potent and specific
against all 9 NA subtypes of influenza A and B viruses,
and they have minimal adverse effects, as reported in
clinical trials!®?>!, Unlike M2 blockers, NA inhibitors
appear to be associated with a lower frequency of emer-
gence of drug-resistant variants caused by mutations in
either the NA or hemagglutinin (HA). The NA substitu-
tions in drug-resistant viruses include amino acid resi-
dues at position 119, 152, 274, 292 and 294 of the en-
zyme’s active centrel® %, In this study, we did not ob-
serve significant amino acid sequence differences at the
conserved sites of the NA.

The contribution of NS to the genetic variability of
influenza virus and the discovery of NS families with
unique proteotype combinations prompted us to examine
this gene in detail. The NS gene encodes the proteins
NS1 and NS2. NS1 is found only in infected cells and
regulates many cell functions during infection™>. Sub-
stantial evidence suggests that NS1 plays a certain role
in virulence by abrogating the expression of antiviral
genes in host cells, including interferon (IFN), nuclear
factor kappa B (NF-kB), and RNA activated protein
kinase (PKR) pathways[%Jm]. PDZ domains are modular
protein interaction domains that bind in sequence-spe-
cific fashion to short C-terminal peptides (ESEV-
COOH). They are known to function as scaffold proteins
that coordinate the assembly of supermolecular com-
plexes that perform localized signaling at particular sub-
cellular locations'*'). Proteins that contain PDZ domains
play important roles in many key signaling pathways,
including regulating the activity and trafficking of
membrane proteins, maintaining cell polarity and mor-
phology, and organizing the postsynaptic density in
neuronal cells. The human viruses with the EPEV motif
are highly virulent isolates from the 1997—1999 out-
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breaks in Hong Kong. The human isolates with the PL
motif ESEV were from the 2003—2004 outbreaks in
Hong Kong of China, Vietnam, and Thailand. The 1918
virus NS1 protein has a unique PL motif, KSEV. Thus,
the recent high-mortality HSN1 outbreaks are all char-
acterized by NS1 proteins with “avian” PL motifs,
whereas previous low-mortality human pandemics (in
1957 and 1968) are characterized by NS1 proteins with
“human” PL motif”. We examined our collection of the
North America isolates NS data at the C terminus of
NS1 (ESEV); however, we did not observe the structure
“ESEV” at the C terminus of NS1. Therefore, the North

America isolates were the lowly pathogenic human virus.

This finding reveals a fact that the North America iso-
lates could cause high morbidity but low mortality (40
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