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Abstract. The outbreak of highly pathogenic avian influenza (HPAI) viruses has severely dis-
rupted poultry production and trade. Humans have been infected with HPAI H5N1 viruses and
many have died. The nonstructural (NS) proteins of the virus are a factor that determines
virulence. In this report, 80 NS genes of H5N1 HPAI viruses isolated from Thailand were com-
pletely sequenced and phylogenically analyzed. The percentages of identity and variable site
NS1 genes were similar to NS2/nuclear export protein (NEP) genes. All NS1 genes from the
samples were |located in allelic group A. The NS1 and NS2/NEP proteins possess 225 and 121
amino acids, respectively. All NS1 protein samples had five amino acid deletions typical of
avian influenza viruses isolated since 2002. An amino acid substitution at position 92 (G92E) of
the NS1 protein, known to promote the inhibition of host immune responses, was also found in

the samples.

INTRODUCTION

The H5N1 avian influenza virus epidemic
is a significant problem for the poultry indus-
try and human health and has worldwide dis-
tribution (Webster and Hulse, 2004; Smith
et al, 2006). In Thailand and neighboring coun-
tries, more than 150 million poultry and more
than 184 people have been killed by the H5N1
avian influenza virus. The H5N1 avian influenza
virus is also expected to cause the next influ-
enza pandemic (Viseshakul et al, 2004; Smith
et al, 2006; Palese and Shaw, 2007). It is not
clear why the H5N1 avian influenza virus is
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virulent. Hemagglutinin has been identified as
one of the virulence factors. The nonstructural
1 protein also contributes to the virulence of
the influenza virus (Nicholson et al, 2003;
Barclay and Zambon, 2004; Seo et al, 2004;
Govorkova et al, 2005; Li et al, 2006b; Palese
and Shaw, 2007).

The H5N1 avian influenza virus belongs
to the family Orthomyxoviridae. Its genome
contains eight separate segments of single-
stranded negative sense RNA named poly-
merase basic 2 (PB2), polymerase basic 1
(PB1), polymerase acid (PA), hemagglutinin
(HA), nucleoprotein (NP), neuraminidase (NA),
matrix (M), and nonstructural (NS), which en-
code ten to eleven viral proteins (Chen et al,
2004; Palese and Shaw, 2007). The smallest
segment of RNA, the NS, encodes two pro-
teins, the nonstructural 1 protein (NS1) and
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the nuclear export protein (NS2/NEP). The
NS1 protein is translated directly from the
MRNA (Porter et al, 1980). It consists of 124-
237 amino acids, depending on the virus strain
(Suarez and Perdue, 1998; Wang et al, 2005).
The NS1 protein is the only virus protein not
present in the virus particle. It accumulates in
the nucleus of infected cells (Li et al, 1998;
Ozaki and Kida, 2007; Satterly et al, 2007).
The NS1 protein is a multifunctional protein
that plays important roles in viral replication
and the anti-immune response of the host cell.
The NS1 protein structure contains an RNA
binding domain and an effector domain (Wang
et al, 1999; Hayman et al, 2007; Lin et al,
2007). The RNA binding domain is located at
the 1 to 73 amino-terminus, and the effector
domain extends from 74 to the end C-termi-
nus. The RNA binding domain can interact with
double stranded RNA (dsRNA), viral RNA
(VRNA), poly (A) binding protein, U6 snRNA,
protein kinase R (PKR), 2’5" oligoadenylate
synthetase (2’5" OAS)/RNase L pathway, and
eukaryotic initiation factor (elF4Gl) (Hatada and
Fukuda, 1992; Qian et al, 1995; Bergmann et
al, 2000; Burgui et al, 2003; Min and Krug,
2006; Lin et al, 2007; Min et al, 2007).

NS1 protein binds to cellular multifunc-
tional protein nucleolin and NS1-binding pro-
tein (NS1-BP) (Wolff et al, 1998; Murayama et
al, 2007). The effector domain contains the
binding site of 30 kDa cleavage and
polyadenylation specificity factor (CPSF), poly
(A) binding protein Il (PABII) (Chen et al, 1999;
Noah et al, 2003). The NS2/NEP protein is
translated from the NS2/NEP mRNA which is
produced by NS mRNA splicing in the nucleus
of the host cell. The greatest length of the NS2/
NEP protein is 121 amino acids (Porter et al,
1980; Palese and Shaw, 2007). The NS2/NEP
protein may promote the formation of a stable
export complex of new viral RNP (Neumann
et al, 2000). In this report, we demonstrate
the genetic analysis of eighty segments of NS
genes of H5N1 avian influenza virus isolated
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in Thailand during 2004-2005.

MATERIALS AND METHODS

Viruses

Eighty H5N1 influenza viruses used in this
study were isolated from diseased or dead
poultry in Thailand during 2004-2005 (Table
1). The samples were obtained from the North-
ern Veterinary Research and Development
Center. The viruses were isolated and identi-
fied according to the standard method de-
scribe in the OIE Terrestrial Manual (OIE, 2004).
Briefly, the tracheal or cloacal swab samples
were inoculated into 10-day-old-specific-
pathogen-free (SPF) embryonated chicken
eggs. These eggs were then incubated at 37°C
for up to 4 days. Dead eggs and all remaining
eggs at the end of the incubation period for
collecting allantoic fluid were tested for he-
magglutination (HA) activity. The virus sub-
types were identified by hemagglutination in-
hibition (HI) and real-time RT-PCR. Samples
yielding positive results were kept at -80°C
until used.

RNA extraction, PCR, and DNA sequencing

Viral RNA was extracted from allantoic fluid
using the RNeasy Mini kit (Qiagen) as described
by the manufacturer. Reverse transcription was
performed with oligonucleotide influenza uni-
versal primer Uni 12 (Hoffmann et al, 2001)
using the Inpromll kit (Promaga) as described
by the manufacturer. The cDNAs were ampli-
fied with primers Bm-NS-1 and Bm-NS-890-R
as previously reported (Hoffmann et al, 2001).
The amplification program was started at 94°C
for 40 seconds followed by 35 cycles at 94°C
for 40 seconds, 50°C for 40 seconds, 72°C for
1 minute, and a 10 minute final extension at
72°C. To confirm proper amplification, PCR
products were electrophoresed in 1% agarose
gel and visualized by ethidium bromide stain-
ing under UV illumination.

PCR products were purified with the
QIAquick PCR purification kit (Qiagen) as de-
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Table 1
H5N1 avian influenza viruses in this study and their GenBank accession numbers.
No. Viruses Accession number
01 A/Partridge/Thailand/Sukhothai-01/2004(H5N1) EU153264
02 A/Chicken/Thailand/Tak-01/2004(H5N1) EU153265
03 A/Chicken/Thailand/Nakornsawan-01/2004(H5N1) EU153266
04 A/Chicken/Thailand/Phitsanulok-01/2004(H5N1) EU153267
05 A/Chicken/Thailand/Sukhothai-01/2004(H5N1) EU153268
06 A/Duck/Thailand/Phichit-01/2004(H5N1) EU153269
07 A/Chicken/Thailand/Phitsanulok-02/2004(H5N1) EU153270
08 A/Chicken/Thailand/Kamphaenphet-01/2004(H5N1) EU153271
09 A/Chicken/Thailand/Nakornsawan-02/2004(H5N1) EU153272
10 A/Chicken/Thailand/Phetchabun-01/2004(H5N1) EU153273
11 A/Chicken/Thailand/Phetchabun-02/2004(H5N1) EU153274
12 A/Chicken/Thailand/Sukhothai-02/2004(H5N1) EU153275
13 A/Chicken/Thailand/Pathumthani-01/2004(H5N1) EU153276
14 A/Chicken/Thailand/Udonthani-01/2004(H5N1) EU153277
15 A/Chicken/Thailand/Udonthani-02/2004(H5N1) EU153278
16 A/Chicken/Thailand/Udonthani-03/2004(H5N1) EU153279
17 A/Chicken/Thailand/Mahasarakham-01/2004(H5N1) EU153280
18 A/Quail/Thailand/Phitsanulok-01/2004(H5N1) EU153281
19 A/Quail/Thailand/Phichit-01/2004(H5N1) EU153282
20 A/Open-bill ibis/Thailand/Nakornsawan-01/2004(H5N1) EU153283
21 A/Pigeon/Thailand/Uttaradit-01/2004(H5N1) EU153284
22 A/Pigeon/Thailand-01/2004(H5N1) EU153285
23 A/Sparrow/Thailand/Phitsanulok-01/2004(H5N1) EU153286
24 A/Bird/Thailand/Nakornsawan-01/2004(H5N1) EU153287
25 A/Pigeon/Thailand/Phitsanulok01/2004(H5N1) EU153288
26 A/Duck/Kamphaenphet/NIAH6-2-0045/2004(H5N1) EU153289
27 A/Chicken/Kamphaenphet/NIAH6-2-0046/2004(H5N1) EU153290
28 A/Chicken/Sukhothai-2-01/2004(H5N1) EU153291
29 A/Chicken/Uttaradit-2-01/2004(H5N1) EU153292
30 A/Chicken/Uttaradit-2-02/2004(H5N1) EU153293
31 A/Chicken/Kamphaengphet-2-01/2004(H5N1) EU153294
32 A/Chicken/Kamphaengphet-2-02/2004(H5N1) EU153295
33 A/Chicken/Kamphaengphet-2-03/2004(H5N1) EU153296
34 A/Chicken/Kamphaengphet-2-04/2004(H5N1) EU153297
35 A/Chicken/Uthaithani-2-01/2004(H5N1) EU153298
36 A/Chicken/Kamphaengphet-2-06/2004(H5N1) EU153299
37 A/Chicken/Nakornsawan-2-01/2004(H5N1) EU153300
38 A/Chicken/Nakornsawan-2-04/2004(H5N1) EU153301
39 A/Chicken/Nakornsawan-2-05/2004(H5N1) EU153302
40 A/Chicken/Nakornsawan-2-06/2004(H5N1) EU153303
41 A/Chicken/Nakornsawan-2-07/2004(H5N1) EU153304
42 A/Duck/Nakornsawan-2-02/2004(H5N1) EU153305
43 A/Chicken/Uthaithani-2-02/2004(H5N1) EU153306

Vol 39 No.5 September 2008 839



SouTHEAST AsiaN J TRop Mep PusLic HEALTH

Table 1 (continued).

No. Viruses Accession number

44 A/Chicken/Uthaithani-2-03/2004(H5N1) EU153307

45 A/Chicken/Uthaithani-2-05/2004(H5N1) EU153308

46 A/Duck/Uthaithani-2-02/2004(H5N1) EU153309

47 A/Chicken/Phitsanulok-2-01/2004(H5N1) EU153310

48 A/Duck/Phitsanulok-2-01/2004(H5N1) EU153311

49 A/Duck/Phitsanulok-2-02/2004(H5N1) EU153312

50 A/Chicken/Phitsanulok-2-03/2004(H5N1) EU153313

51 A/Chicken/Phitsanulok-2-04/2004(H5N1) EU153314

52 A/Duck/Phichit-2-01/2004(H5N1) EU153315

53 A/Duck/Phichit-2-02/2004(H5N1) EU153316

54 A/Little-cuckoo-dove/Tak-2-01/2004(H5N1) EU153317

55 A/Chicken/Phetchabun-2-01/2004(H5N1) EU153318

56 A/Chicken/Phetchabun-2-02/2004(H5N1) EU153319

57 A/Chicken/Nakornsawan/NIAH6-3-0014/2005(H5N1) EU153320

58 A/Chicken/Sukhothai/NIAH6-3-0005/2005(H5N1) EU153321

59 A/Duck/Phitsanulok/NIAH6-3-0015/2005(H5N1) EU153322

60 A/Chicken/Nakornsawan/NIAH6-3-0004/2005(H5N1) EU153323

61 A/Chicken/Phitsanulok/NIAH6-3-0016/2005(H5N1) EU153324

62 A/Duck/Uthaithani/NIAH6-3-0003/2005(H5N1) EU153325

63 A/Chicken/Phitsanulok/NIAH6-3-0017/2005(H5N1) EU153326

64 A/Chicken/Phitsanulok/NIAH6-3-0011/2005(H5N1) EU153327

65 A/Duck/Phichit/NIAH6-3-0018/2005(H5N1) EU153328

66 A/Chicken/Uthaithani/NIAH6-3-0007/2005(H5N1) EU153329

67 A/Chicken/Thailand/Kamphaengphet-3-04/2005(H5N1) EU153330

68 A/Chicken/Kamphaengphet/NIAH6-3-0028/2005(H5N1) EU153331

69 A/Chicken/Thailand/Kamphaengphet-3-07/2005(H5N1) EU153332

70 A/Chicken/Thailand/Kamphaengphet-3-02/2005(H5N1) EU153333

71 A/Chicken/Kamphaengphet//NIAH6-3-0019/2005(H5N1) EU153334

72 A/Chicken/Kamphaengphet/NIAH6-3-0020/2005(H5N1) EU153335

73 A/Chicken/Sukhothai/NIAH6-3-0013/2005(H5N1) EU153336

74 A/Chicken/Uthaithani/NIAH6-3-0021/2005(H5N1) EU153337

75 A/Chicken/Phitsanulok/NIAH6-3-0022/2005(H5N1) EU153338

76 A/Chicken/Nakornsawan/NIAH6-3-0023/2005(H5N1) EU153339

77 A/Chicken/Phitsanulok/NIAH6-3-0024/2005(H5N1) EU153340

78 A/Chicken/Nakornsawan/NIAH6-3-0025/2005(H5N1) EU153341

79 A/Chicken/Phitsanulok/NIAH6-3-0026/2005(H5N1) EU153342

80 A/Chicken/Kamphaengphet/NIAH6-3-0027/2005(H5N1) EU153343
scribed by the manufacturer. The purified PCR nator Sequencing kit™ (Applied Biosystems).
products were sequenced by the sequencing The sequencing products were precipitated by
primers Bm-NS-1, Bm-NS-890R, NS-F503, sodium-acetate ethanol precipitation and then
and NS-R320 as previously reported analyzed with an automated sequencer (Ge-
(Hoffmann et al, 2001) using the BigDye Termi- netic Analyzer 310 Applied Biosystems).
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Table 2
Related sequences of the NS gene of H5N1 avian influenza virus from the GenBank
database for genetic analysis.

Viruses

Accession number

A/Tiger/Thailand/VSMU-1-SPB/2004(H5N1)
A/cat/Thailand/KU-02/04(H5N1)
A/chicken/Bangkok/Thailand/CU-21/04(H5N1)
A/Gs/Thailand/79/2004(H5N1)

Allittle grebe/Thailand/Phichit-01/2004(H5N1)
A/mallard/Vietnam/3/2003(H5N1)
A/dog/Thailand-Suphanburi/KU-08/04(H5N1)
A/Goose/Guangdong/178/04(H5N1)
A/Tuekey/England/50-92/91(H5N1)
A/Chicken/NY/13142-5/94(H5N1)
A/Duck/Michigan/1980(H5N1)

EF178527
DQ236083
DQ083659
AY651548
DQ407248
DQ493215
DQ530177
AY028445
U85447
AF001409
U85381

Sequence analysis

Assembly of the sequences, translation
of the nucleotide sequences in protein se-
guences, pair wise alignment, and multiple
alignment were performed using the BioEdit
program version 7.0.7 (Hall, 1999). Calcula-
tion of variable site and non-synonymous/syn-
onymous ratios were performed with DnaSP
version 4.10.9 (Rozas et al, 2003) and K-esti-
mator version 6.0 (Comeron, 1995, 1999).

The sequence samples in this study and
additional data of other related sequences of
the NS gene H5N1 avian influenza virus from
the GenBank database (Table 2) were used
for phylogenetic analysis. The multiple align-
ments were performed with clustalX, version
1.83, before the phylogenetic tree was con-
structed by PHYLIP (Phylogeny inference
package) software, version 3.66.

RESULTS

Genetic characterization

The nucleotide sequences of NS genes
of 80 isolates of H5N1 avian influenza viruses
were completely identified. The data from this
study are available from GenBank under the
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accession number EU153264 to EU153343.

In this study, the NS1 protein of all 80 iso-
lates of H5N1 was found to have five amino
acids at positions 80-84. The length of this
NS1 protein was 225 amino acids. The NS2
protein in all isolates contained 121 amino
acids residues. All NS1 and NS2/NEP genes
shared the first 30 nucleotides of the coding
region. All NS1 genes were 678 nucleotides
in length (including stop codon). The NS2/NEP
genes had 457 nucleotides in their one intron,
making the second exon reside in a different
reading frame than the gene NS1. The lengths
of the NS1 and NS2/NEP proteins were 225
and 121 amino acid residues, respectively. The
NS2/NEP genes of all HSN1 samples also had
the same length. The lengths of all NS coding
sequence, non-overlapping and overlapping
regions of the gene NS1 and NS2/NEP, per-
cent identity, and numbers of variable sites in
each region are summarized in Table 3.

In regard to genetic variation, analysis of
the coding region, the non-synonymous/syn-
onymous ratio for the NS2/NEP region
(0.394805) was higher than the NS1 region
(0.255446) (data not shown). There were 20
groups of amino acid substitutions in the NS1
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Table 3
The percentages of identity and the numbers of variable site comparisons of the NS1 and
NS2/NEP coding sequences and deduced amino acid sequences.

Lengths % ldentity Variable site
Max Min Average Number %
All coding sequence 823 100 98.5 99.46 55 6.68
Non-overlapping 602 100 98.3 99.46 46 7.64
Overlapping 221 100 98.6 99.51 9 4.07
NS1 gene 678 100 98.5 99.48 46 7.09
NS2/NEP gene 366 100 98.0 99.49 18 491
Amino acids in NS1 225 100 97.3 99.57 22 9.77
Amino acids in NS2/NEP 121 100 96.7 98.81 13 10.74

protein and 14 groups of amino acid substi-
tutions in the NS2/NEP protein as shown in
Tables 4 and 5, respectively.

Phylogenetic tree analysis

The coding region of the NS1 gene from
35 different HS5N1 influenza virus samples from
this study and another 11 NS1 genes of H5N1
influenza viruses obtained from the GenBank
database were used for phylogenetic analysis
(Fig 1). The results reveal there were 35 NS1
genes located on allele A. The NS1 gene for
H5N1 viruses isolated in Thailand could be
divided into two different subgroups.

DISCUSSION

Since the outbreak of the H5N1 highly
pathogenic avian influenza (HPAI) viruse epi-
demic in Thailand in 2004, these viruses have
spread rapidly to many provinces resulting in
the death of more than 62 million birds. In
humans, at least 14 deaths and 22 cases of
H5N1 HPAI infection have been reported
(Songserm et al, 2006; Maton et al, 2007).
There have been few studies on the NS genes
of H5N1 viruses in Thailand. In the present
study, the NS coding sequences of H5N1
avian influenza were completely analyzed. The
NS1 gene of influenza A viruses is generally
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divided into alleles A and B (Suarez and Per-
due, 1998). Phylogenetic analysis in this study
indicates that all the isolates of NS1 genes of
H5N1 influenza viruses belonged to allele A
and are subdivided into two subgroups. The
subgroups are divided by nucleotide substi-
tutions. Analysis of sequence identity and vari-
able sites of the NS coding sequence, NS1
gene, and NS2/NEP gene indicate the genes
are highly conserved (identity in more than
99%). The NS1 proteins were more conserved
than the NS2/NEP proteins. This is further
supported by calculations of non-synony-
mous/synonymous ratios of the two genes.
The value for the NS1 gene is lower than the
NS2/NEP gene (NS1 0.25546 and NS2/NEP
0.394805). Our results are different from the
study by Suarez and Perdue (1998), but are
similar to the study done in Israel (Wang et al,
2005; Banet-Noach et al, 2007). In addition,
the numbers of variable sites in non-overlap-
ping regions (7.64%) were higher than those
in the overlapping regions (4.07%).

The NS2/NEP protein function depends on
the nuclear export signal (NES) motif in its N-
terminus region. The amino acid sequence in
this region is highly conserved. The amino acid
sequence of NES and the NS2/NEP sequence
in the A/WSN/33 viruses has previously been
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Table 4

Amino acid substitution in the NS1 protein.

Groups Amino acid substitution Sample number (as describe in Table 1)

1 - 01, 02, 06, 07, 10, 12, 13, 15, 16, 17, 20, 21, 23, 24, 25, 26,
28, 31, 32, 33, 34, 35, 36, 37, 38, 42, 43, 47, 49, 51, 52, 55,
56, 57, 58, 59, 65, 66, 67, 70, 71, 72, 75, 76, 77, 78, 80

2 D53G 04, 40, 46, 62, 73

3 E91K 05

4 V65M 08

5 L27M 09

6 D53N 11

7 R95G 14

8 L90P 18

9 R67W 19

10 S3P 22

11 M79L 48

12 E71K 50, 53, 61

13 A81T, R95K, 1123V, E191K 68

14 D134G 03

15 N171l 27, 29, 30, 45, 54, 64, 79

16 A197V 39, 44

17 V122T, A127G 63

18 1140M 74

19 1221T 41, 60

20 P80S 69

Table 5
Amino acid substitution in the NS2/NEP protein.

Groups Amino acid substitution Sample number (as described in Table 1)

1 - 01, 02, 03, 04, 05, 07, 08, 09, 10, 11, 12, 13, 14, 16, 17, 18,
19, 20, 21, 32, 34, 40, 42, 46, 53, 62, 63, 68, 73

2 A22E 06

3 R86K 15

4 189V 41, 60

5 S3P 22

6 L45F, R61K 39, 44

7 K39R, R61K 48

8 R42K, R61K 67,69, 70, 71, 72, 80

9 R61K, E82G 56

10 R61K 26, 31, 33, 35, 36, 37, 38, 43, 47, 49, 51, 55, 66, 74, 75, 76,
77,78

11 180V, A115T 57

12 R61K, A115T 65

13 M19L, 180V 27, 29, 30, 45, 55, 64, 79

14 180V 23, 24, 25, 28, 50, 52, 58, 59, 61

Vol 39 No.5 September 2008
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Fig 1-Phylogenetic relationships in influenza A virus based on the nucleotide sequences of the nonstructural
genes generated using the DNA maximum likehood method. Samples with bold type face were taken

from the GenBank as indicated in Table 2.

identified to be | ,ILMRMSKMQL,, (lwatsuki-
Horimoto et al, 2004). The NES sequence of
the NS2/NEP H5N1 samples in this present is
located at | ,ILVRMSKMQL,,

NS1 proteins have been found only in in-
fected cells. These proteins regulate many cell
functions in infection (Lin et al, 2007). The NS1
protein has two nuclear localization signals
(NLS1 and NLS2) (Greenspan et al, 1988; Qian
et al, 1994). NLS1 is conserved in all avian
influenza viruses that contain a stretch of ba-
sic amino acids at positions 34 to 38 (DRLRR).
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NSL2 is found between amino acids 223 and
237 at the C-terminus. The basic amino acid
residues at positions 231 and 232 are also part
of the nucleolar localization signal (NoLS). The
nuclear accumulation of NS1 protein may con-
tribute to efficient viral replication in vero cells
(Greenspan et al, 1988; Melen et al, 2007;
Ozaki and Kida, 2007). In our samples, no NS1
proteins had NSL2 at their C-terminus. NS1
function is important to viral replication and
the host immune response. The NS1 protein
can act as antagonist to the human alpha/beta
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interferon response and prevent the activation
of NF-kappa B. Some molecular changes af-
fect the virulence of H5N1 influenza viruses.
H5N1 viruses contain amino acid deletions at
80 to 84 leading to an amino acid change at
position 92 (D92E). These viruses induce an
increased cytokine response (Wang et al,
2000; Seo et al, 2004; Hayman et al, 2007).
NS1 protein in this study contained an amino
acid substitution at 92. Another molecular
mutation in NS1 protein is an amino acid sub-
stitution at the 149 amino acid residue
(E149V). NS1 protein from H5N1 samples did
not vary at this position (Li et al, 2006b). The
RNA binding domains of NS1 protein in our
H5N1 samples were at R38 and K41. These
amino acids are important for the functioning
of this domain (Wang et al, 1999; Lin et al,
2007). The effector domain of the NS1 pro-
tein binds to the 30 kDa CPSF (binding site at
144 to 186 amino acid residues) and for the
PAB Il at the amino acid region 223 to 237
(Nemeroff et al, 1998; Chen et al, 1999; Twu
et al, 2006). The effector domain at amino
acid residues 123 to 127 interacts with the
PKR to inhibit the function of PKR (Bergmann
et al, 2000; Li et al, 2006a; Min et al, 2007).
The binding site of PKR in our NS1 protein
was conserved among H5N1 Thailand iso-
lates. These isolates were not the PBA Il bind-
ing site in the NS1 protein because the NS1
protein of all H5N1 Thailand isolates was 225
amino acid residues long. The 3" end C-ter-
minus sequence motifs of some H5N1 influ-
enza viruses were predicted to mediate bind-
ing to a PDZ domain. This domain plays an
important role in many key signaling pathways.
NS1 proteins in all isolates were contained in
the EPEV amino acid residues at the NS1 3’
end sequence (Obenauer et al, 2006).

Other roles of the NS1 proteins include its
association with anti-apoptosis or the pro-
gramed cell death of host cells. A recent re-
port in Israel showed that influenza A viruses
containing K70, E76, G86, A143, and T171

Vol 39 No.5 September 2008

have high apoptosis inducing activity (Schultz-
Cherry et al, 2001; Ito et al, 2002; Banet-Noach
et al, 2007). The NS1 protein in our H5N1
samples showed the amino acid sequences of
E70, A76, T86, R143, and N or | 171.
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