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Non-structural protein 1 from avian influenza virus HON2 is an efficient
RNA silencing suppressor with characteristics that differ from those
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Abstract

Non-structural protein 1 (NS1) of influenza A virus is a multifunctional dimeric protein that contains a conserved N-terminal
RNA binding domain. Studies have shown that NS1 suppresses RNA silencing and the NS1 proteins encoded by different
influenza A virus strains exhibit differential RNA silencing suppression activities. In this study, we showed that the NS1
protein from avian influenza virus (AIV) HON2 suppressed systemic RNA silencing induced by sense RNA or dsRNA. It
resulted in more severe Potato virus X symptom, but could not reverse established systemic green fluorescent protein silencing
in Nicotiana benthamiana. In addition, its systemic silencing suppression activity was much weaker than that of p19. The
local silencing suppression activity of AIV HON2 NS1 was most powerful at 7 dpi and was even stronger than that of p19.
And the inhibition ability to RNA silencing of NS1 is stronger than that of p19 in human cells. Collectively, these results
indicate that ATV HON2 NS1 is an effective RNA silencing suppressor that likely targets downstream step(s) of dSRNA
formation at an early stage in RNA silencing. Although NS1 and p19 both bind siRNA, their suppression mechanisms seem
to differ because of differences in their suppression activities at various times post-infiltration and because p19 can reverse
established systemic RNA silencing, but NS1 cannot.
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Introduction

RNA silencing is a highly conserved antiviral mechanism in
plant and mammalian cells [1]. As a counter-defence mecha-
nism, viruses may encode specific proteins, known as RNA
silencing suppressor (RSS) proteins [2], to target various
Edited by Thomas Hohn. steps of the silencing pathway [3]. Both animal and plant
virus have been shown to encode RSSs. As for its mode of
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action, HC-Pro was reported to reduce the accumulation of
siRNAs and sequester double-stranded small RNAs, pre-
venting their incorporation into the RNA-induced silencing
complex (RISC) [4]. In addition, HC-Pro may decrease the
stability of siRNAs by modifying their 3’ overhangs [5]. The
2b protein of Tomato aspermy virus was confirmed as an
RSS when it was found to bind double-stranded RNAs (dsR-
NAs) and argonaute proteins [6—8]. The first RSS discovered
in an animal virus was B2 protein from flock house virus [9],
followed by the o protein of reovirus, non-structural protein
1 (NS1) from influenza A virus, and E3L protein encoded
by vaccinia virus [10].

NS1 has been found to play multiple functions in the
process of avian influenza virus (AIV) assembly [11]. NS1
protein, largely synthesized in infected cells at an early stage
of ALV infection, contributes to efficient virus accumula-
tion through multiple interactions with proteins or RNAs
[12, 13]. As a kind of regulatory protein with versatile func-
tions, NS1 plays a key role in modulating the pathogenicity
and replication of influenza virus [14, 15]. Differential gene
lengths and protein structures exist in NS1 proteins of differ-
ent AIV strains. NS1 protein is composed of two functional
domains, namely RNA binding domain and effector domain
[16]. NS1 can inhibit the transportation of host mRNA from
nuclear to cytoplasm, block pre-mRNA splicing by com-
bining the nuclear RNA and restrain dsRNA-dependent
protein kinase activation by binding dsRNA, even interact
with many host cell proteins [17]. NS1 also functions on the
regulation of immune responses. NS1 encoded by human
influenza virus was first reported as an RSS [18]. Maliogka
et al. showed that NS1 could replace the well-known silenc-
ing suppression function of HC-Pro from plant potyvirus
[19]. NS1 could also suppress RNA silencing in plants and
Drosophila [20, 21], and recent studies have shown the
activity of NS1 to suppress either the artificially engineered
RNAI [22] or the biogenesis of influenza A virus-derived
siRNAs in human cells [23]. Site-directed mutagenesis of
AIV NSI1 indicated that some positively charged residues
played key roles in its dSRNA binding [24]. Our previous
studies discovered that any mutations of 35R and 46R which
contribute to the homodimeric structure of NS1 caused the
loss of RSS activity. And the first 70 residues of NS1 could
suppress RNA silencing triggered by sense transgene, but
this sequence was not sufficient to block dsRNA-induced
silencing [25].

In this study, we showed that ATV HIN2 NS1 protein
could suppress local and systemic RNA silencing triggered
by either sense RNA or dsRNA. Moreover, ATV HIN2 NS1
could not reverse the established systemic GFP silencing,
which verified by the PVX vector. Its systemic silencing sup-
pression activity is much weaker than that of p19. However,
the RSS activity of AIV HON2 NS1 was most powerful at
about 7 dpi, even stronger than that of p19. Collectively,

AIV HON2 NS is an efficient RSS with a different action
mode from p19, although both of them could bind siRNA
and probably plays role in the downstream of dsSRNA forma-
tion at the early stage of RNA silencing.

Materials and methods
Plant materials and plasmid constructs

Green fluorescent protein (GFP) transgenic Nicotiana
benthamiana line 16c¢ plants were grown at 24 + 2 °C under
a 16-h light and 8-h darkness regimen.

Agrobacterium clones containing the GFP, p19, and
dsGFP expression cassettes have been described previously
[26]. The NS1 gene (GQ981533) was amplified by reverse
transcription PCR with specific primers NS1-F: CAGGAT
CCATGGATTCCAACACGTG and NS1-R: CAGAGCTCT
CTTCAAACTTCTGACTCA from total RNA extracted
from AIV HON2 and the resulting PCR product was cloned
into the PMD-18T vector (TaKaRa, DaLian, China) to pro-
duce PMD-NSI. Then this construct was digested with spe-
cific enzymes and cloned between the 35S promoter and the
Nos terminator of the binary vector pBI121 to yield con-
struct 35S-NS1. To produce PVX-NS1, the NS1 sequence
was amplified from plasmid PMD-NS1 using the primers
PVX-NS1-F: GCGCGGCCGCATGGATTCCAACACTGT
GTC and PVX-NS1-R: GCGTCGACTCAAACTTCTGAC
TCAACCG and then inserted into the Sall/NotI site in the
PVX vector pGR106. In order to construct pPCMV-NS1 and
pCMV-p19, the sequences were amplified from plasmid
PMD-NS1 and pBI121-p19 using the primers pCMV-NS1-
F: GCGAATTCATGGATTCCAACAC, pCMV-NSI1-R:
GCGGATCCTCAAACTTCTGACTCAAC, pCMV-pl9-F:
GCCGAATCCATGGAACGAG CTATACAAGGA, pCM V-
pl19-R: GCCGAGCTCTTACTCCCTTTCTTTTTCGAA
G and then inserted into the EcoRI/BamHI site and the
EcoRI/Sacl site in the pPCMV-3 X Flag. All constructs gen-
erated by PCR were confirmed by nucleotide sequencing,
and all of the plasmids described above were verified by
restriction site analysis. Each construct was transformed into
Agrobacterium tumefaciens GV3101 containing the helper
plasmid pJIC SA Rep by the freeze—thaw method.

Co-infiltration and GFP imaging

GFP-expressing N. benthamiana 16c¢ plants with four to
five leaves were infiltrated with the A. tumefaciens GV3101
strains carrying the above constructs according to the
method of Jing et al. [26]. Local and systemic RNA silencing
were examined through observing the GFP fluorescence in
both the infiltrated leaves and newly emerging leaves under
long-wave-length (365 nm) UV light (Spectroline model
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SB-100P/A; UV Products, New York, NY), and photographs
were taken with a CoolPix 5400 Nikon digital camera.

RNA analysis

GFP mRNA and GFP siRNAs were extracted from leaf tis-
sues and Northern blot analysis of GFP mRNA and GFP
siRNAs used the method described by Jing et al. [26].

siRNA and plasmid DNA transfections

We cultured Human renal epithelial 293T cells at 37 °C in
Dulbecco’s Modified Eagles Medium (HyClone, Los Ange-
les, USA) supplemented with 10% fetal bovine serum. Cells
were harvested by trypsinization and plated on 60 mm tissue
culture dishes at a density of 4 x 107 to 8 x 10° cells per cm?
with appropriate complete medium. Arrestin domain-con-
taining protein-3 (ARRDC3) siRNAs (GGCCTTGGCTAC
TACCAGTATdT and GCGTGGAATATTCACTAATATAT)
and three kinds of plasmid DNA (2 to 8 pg total) were added
to 200 pL serum-free medium and mixed well. The mixture
was incubated at 37 °C incubator for 4 h and then replaced
with pre-warmed serum-containing medium. The cells were
collected on 3, 5, and 7 days after transfection, respectively.

RNA extraction and qPCR

Total RNA was extracted from the collected cells using
TRIzol Reagent (Invitrogen, California, USA) following the
manufacturer’s instructions. cDNA was synthesized from
1 pg of total RNA using TIANScript RT Kit (Tiangen, Bei-
jing, China). Real-time quantitative polymerase chain reac-
tion (RT-qPCR) was performed using Talent SYBR Green
Kit (Tiangen, Beijing, China). Raw PCR data from Light-
Cycler software 1.5.0 were analyzed. Specific primers for
ARRDC3 were GGCAGCCATTTACCAAAC and GAGGAT
AGAGGGAGAAACTGG. Transcript levels were quantified
in three independent biological replicates. Human actin was
used as a housekeeping gene with primers CTCCATCCT
GGCCTCGCTGT and GCTGTCACCTTCACCGTTCC.

Results

Sequence analysis of NS1 protein encoded by AIV
HI9N2

An RSS activity analysis of several NS1 subtypes showed
that the variation in NS1 suppression activities among
AIV strains seemed to contribute to differences in replica-
tion and pathogenicity of AIVs [27]. For instance, the NS1
protein encoded by AIV HIN1 was most efficient in sup-
pressing RNA silencing mediated by short hairpin RNAs,

@ Springer

whereas the NS1 proteins in highly pathogenic HSN1 strains
were more potent in compensating for the RSS function of
Human immunodeficiency virus type I Tat protein [27].
Here, to clarify the RSS ability of the NS1 protein from
low pathogenic AIV HON2, the NS1 gene of the A/chicken/
China/B1-6/2006 strain was amplified by reverse transcrip-
tion PCR, and the cDNA of the NS1 gene was cloned and
sequenced. We also compare the amino acid sequence of
AIV HON2 NS1(ACX48437) with NS1s from H3N2, HIN1,
H7N7, and H5N1, which have been identified previously as
RSSs. The result shows that the sequence homology of NS1
from each selected strain is very high at more than 77%. In
particular, the RNA binding region (amino acids 19-41) is
almost completely conserved. But the sequence homology
is not directly related to the RNAI inhibition function of
NSI1. In addition, HON2 and H5N1 NS1s can suppress type I
interferon (IFN) induction, a characteristic function of NS1s
in IAVs [28]. AIV HON2 NS1 shares an almost identical
sequence with A/HK/156/97 (HSN1) NS1 and 86.09% iden-
tity with the strongest RSS A/WSN/33 (HIN1) NS1 (Fig. 1).

NS1 protein suppresses systemic RNA silencing
induced by sense RNA or dsRNA

Our previous study showed that ATV HON2 NS1 could sup-
press local RNA silencing caused by sense RNA and dsRNA
[25]. To test whether the AIV HON2 NS1 protein disturbs
systemic RNA silencing triggered by sense green fluores-
cent protein (GFP), we monitored systemic GFP silencing
in infiltrated plants under a hand-held UV light at 13 days
post-infection (dpi). In most plants infiltrated with an empty
vector, the newly emerging leaves lost GFP fluorescence in
major veins, whereas that of the 19-kDa protein (p19) of
Tomato bushy stunt virus (TBSV) and NS1-infiltrated plants
retained green fluorescence (Fig. 2a). In agreement with
this, a higher level of GFP mRNA was detected in emerg-
ing leaves from the areas of NS1 or p19 infiltrations than in
plants infiltrated with an empty vector. As a major sign of
RNA silencing, GFP siRNA could be detected at 13 dpi in
the local and upper emerging leaves receiving empty vector
and 35S-GFP. Nevertheless, GFP siRNA was nearly unde-
tected in the local and upper emerging leaves infiltrated
with 35S-GFP and 35S-NS1 or 35S-GFP and 35S-p19 at
13 dpi (Fig. 2b). The result also showed that the systemic
RSS ability of NS1 was weaker than that of p19 (Fig. 2b).
Furthermore, co-infiltrated patches and newly emerging
leaves of the infiltrated plants were observed under a hand-
held ultraviolet lamp from 3 to 35 dpi. A red ring on the
edge of the infiltrated areas could be observed at 6 dpi in
the areas of empty vector co-infiltrations, and at 13 dpi in
the areas of NS1 and p19 co-infiltrations (date not shown).
Almost all empty vector-infiltrated plants revealed typical
GFP silencing in the areas adjacent to the veins of emerging
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Fig. 1 NS1 sequences of different AIV strains. a Sequence alignment
of NS1 proteins. Complete amino acid sequences of NS1s from dif-
ferent AIV strains were compared by DNAman. Dashes indicate resi-
dues identical to those of AIV HON2 NS1 and dots indicate deletions.
b A phylogenetic tree of NS1 proteins. A highly resolved, automati-

leaves at 10 dpi. However, systemic GFP silencing in NS1
co-infiltrations was observed until 15 dpi. It was stronger in
the upper leaves at 21 dpi, and extended to the whole plant
at 28 dpi (Fig. 2¢).

To further test whether the ATV HIN2 NS1 protein sup-
presses systemic RNA silencing induced by dsGFP, we
measured the effects of NS1 on systemic RNA silencing
triggered by GFP dsRNA. At 13 dpi, strong systemic GFP
silencing occurred in the plants with empty vector infiltra-
tions, whereas strong green fluorescence was maintained in
those with NS1 or p19 infiltration (Fig. 2d). In addition, the
intensity of green fluorescence in the newly emerging leaves
of plants with NS1 infiltrations was significantly weaker than
that of plants with p19 infiltrations (Fig. 2d). We also fol-
lowed GFP expression in local tissues until 13 dpi, and there
was still strong green fluorescence in plants with NS1 and

cally phylogenetic tree of NSI1 proteins generated using MEGA4.0,
based on complete amino acid sequences of NSls from different
strains of influenza virus. The asterisk marks the target protein of this
study

p19 infiltrations (Fig. 2e). Results showing GFP mRNA and
siRNA accumulation were supported by visual observations
(Fig. 2e). These results suggest that AIV HON2 NS1 can
suppress systemic silencing triggered by sense GFP RNA
or GFP dsRNA. Suppressing RNA silencing triggered by
sense RNA or dsRNA indicates that NS1 likely targets a
downstream step in dsSRNA formation at an early stage in
the RNA silencing process.

NS1 protein could cause more severe PVX
symptoms, although it could not reverse
the established systemic GFP silencing

The PVX vector has low suppression activity and the ina-

bility to reverse RNA silencing in co-infiltrations. There-
fore, we used the heterologous vector PVX to validate the
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358 GFP+ vector NS1 pl9 vector NS1 pl9
GFP mRNA — _

rRNA ‘ . M e ’ ' l
GFP siRNA . v -
FFFF FF3

Fig.2 Effect of avian influenza virus HOIN2 NSI1 protein on sys-
temic GFP silencing triggered by sense RNA and dsRNA. a Co-infil-
tration of transgenic N. benthamiana 16c¢ leaves with 35S-GFP and
empty vector, 35S-NS1 or 35S-p19. d Co-infiltration in 16¢ leaves
with 35S-GFP, 35S-dsGFP, and empty vector, 35S-NS1 or 35S-p19.
Images were obtained under a hand-held long-wave ultraviolet lamp
at 13 dpi. The inserted photographs show the local silencing of infil-
trated patches (top right). b, e Northern blot assays of green fluores-

silencing suppression activity of HON2 NS1. To deter-
mine whether NS1 can reverse GFP silencing, a silence-
inducing single-sense GFP containing plasmid was first
allowed to infiltrate 16¢, and then a PVX vector (pGR106)
harboring NS1 was inoculated into the upper leaves at
18 dpi, when silencing occurred in the entire plant. No
GFP fluorescence was observed in patches inoculated with
the PVX-vector or PVX-NSI1 at 7 dpi, whereas green fluo-
rescence was found in patches inoculated with PVX-P19
(Fig. 3a). Consistent with these observations, northern
blot assays of GFP mRNA extracted from infected local
leaves at 7 dpi showed that there was little GFP mRNA in
the leaves exposed to the PVX-vector or PVX-NS1 infil-
trations, whereas abundant GFP mRNA was detected in
PVX-p19-infiltrated leaves (Fig. 3b). These results sug-
gested that NS1 could not reverse established systemic
GFP silencing. This is consistent with the finding of Del-
gadillo et al. [18], but differs from results of a study by
Bucher et al. [29]. We suspect that although NSI1s are
highly homologous, small differences in sequence can
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cent protein (GFP) mRNA and siRNA extracted from local and dis-
tal leaves of plants co-infiltrated with the strains mentioned above at
13 dpi. Ethidium bromide-stained rRNA was used as a loading con-
trol for mRNA. ¢ Photographs of 16¢ plants infiltrated with Agrobac-
terium tumefaciens harboring 35S-GFP and 35S-NS1 at 15, 21, and
28 dpi obtained under a hand-held long-wave ultraviolet lamp (Color
figure online)

result in different RSS activities. This is supported by
the studies on the differential RSS activities of NS1 pro-
teins encoded by various AV strains [27].

AIV H9N2 NSI1 protein could not reverse established
systemic GFP silencing in emerging leaves, but it did
cause more severe PVX symptoms. We found that PVX-
NS1 caused more severe symptoms than PVX-vector at 7
and 20 dpi (Fig. 3c, d), a phenomenon often observed in
suppressor-expressing plants [30]. Co-infiltration of 35S-
GFP and PVX-NSI1 caused cell death as early as 7 dpi
(Fig. 3c), and the leaves were entirely dried by 20 dpi
(Fig. 3d). We speculated that NS1 acted as an RSS to pro-
mote the accumulation of PVX by being stably expressed
in viral progeny. As early as 2004, Bucher and Delgadillo
showed that a PVX vector expressing human influenza
virus NS1 protein caused more severe symptoms than a
PVX vector with no insertion in various plant hosts [18,
29]. Similarly, a study of Munir et al. showed that express-
ing the NS1 gene in a low pathogenic HON2 virus strain
increased the pathogenicity of the virus [28].
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A 7dpi

C 7dpi

PVX-vector PVX-NS1

PVX-p19

PVX-NS1

PVX-vector

20dpi
PVX-vector

PVX-NS1

B 7dpi
PVX-vector PVX-NS1 PVX-p19
rRNA IS - - =

Fig.3 Verification of avian influenza virus HON2 NS1 suppressor
activity using silenced N. benthamiana 16¢ and the heterologous
PVX vector. a Reversion of green fluorescent protein (GFP) silencing
by NS1. 16¢ plants were firstly infected with an Agrobacterium strain
carrying 35S-GFP, and lost green fluorescence at 18 days post-infec-
tion (dpi). Then, PVX-vector, PVX-NS1, and PVX-p19 were inocu-
lated into the upper leaves of these plants, and photographs of these

Comparation of the RNA silencing suppression
activity of NS1 with p19

Studies on the functional structure of RSSs can help iden-
tify the interactions between virus and host. TBSV p19 has
a well-defined structure and is widely used as a suppressor
[31, 32]. Experiments in vitro have shown that p19 can bind
21nt siRNAs, despite not containing a conserved dsRNA bind-
ing motif [33]. p19 is believed to prevent the formation of
RISC by sequestering viral siRNAs [32]. Previous research
has shown that ATV HON2 NS1 can effectively suppress local
RNA silencing, similar to p19 [25]. Therefore, we compared
the local silencing suppression capacity of NS1 with that of
p19. Local GFP silencing in infiltrated plants was monitored
using a hand-held UV light at 3, 5, 7, 10, and 17 dpi (Fig. 4a).
In almost all empty vector-infiltrated plants, weak GFP fluores-
cence was observed in infiltrated patches at 3 dpi. This fluores-
cence disappeared at 5 dpi, turned red at 7 dpi, and remained
significantly red from 10 to 17 dpi (Fig. 4a). As a result of
silencing suppression, the leaves co-infiltrated with 35S-GFP
and 35S-NS1 or 35S-p19 continued to exhibit bright GFP fluo-
rescence from 3 to 17 dpi (Fig. 4a). Northern blot assays of
GFP mRNA showed that little GFP mRNA accumulated in
the leaves expressing GFP and the empty vector at 3 dpi, and
GFP mRNA was nearly undetectable from 5 to 17 dpi. By con-
trast, the levels of steady-state GFP mRNA were dramatically
higher in the leaves expressing GFP and NS1 or p19 from 3
to 17 dpi. GFP mRNA accumulation of NS1 co-infiltrations
was less than that of p19 at 3 dpi, almost the same as p19 at
5 dpi, markedly higher than that of p19 from 7 to 10 dpi, and

. |

leaves were obtained at 7 days after the second infiltration under UV
illumination. b Northern blot assays of GFP mRNA extracted from
infected local leaves (a) at 7 dpi. Ethidium bromide-stained rRNA
was used as a loading control for mRNA. Phenotypic effects of infec-
tion with PVX-NS1 or PVX-vector in N. benthamiana plants at 7 dpi
(¢) and 20 dpi (d) (Color figure online)

then little less than that of p19 at 17 dpi (Fig. 4b). These results
showed that the local RSS activity of NS1 was significantly
stronger than that of p19 from 7 to 10 dpi, and, at other times,
was weaker than or equivalent to that of p19.

To compare the RSS activity between NS1 and P19 in
animal cells, ARRDC3 siRNA were transfected into human
renal epithelial 293T cells with pCMV-NS1 or pPCMV-p19,
respectively. Cells co-transfected with ARRDC3 siRNA and
empty pCMV were taken as control. The cells were collected
at 3, 5, and 7 days after transfection, respectively. The RT-
PCR results showed that the expression of ARRDC3 in the
cells transfected with NS1 was significantly higher than the
control, indicating that NS1 also plays a role of suppress-
ing RNAi in human cells (Fig. 5). And NS1 presented the
strongest suppression on RNAI at 3 days after transfection
during the test phase. Some studies have shown that p19 can
effectively inhibit RNAi in animal cells such as Drosophila,
and mammalian cells [10, 34]. The experimental results
also showed that the expression of ARRDC3 mRNA in the
cells transfected p19 was significantly higher than that of
the control (Fig. 5). The expression of ARRDC3 in the cells
transfected NS1 was always higher than that of p19 during
the test phase (Fig. 5).

Discussion
Studies have shown that the p19 protein is composed

of four B-sheets and five a-helixes and forms a homodi-
mer when it is bound to siRNA in a cell. Two a-helixes
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Fig.4 RNA silencing sup- A

pression activity comparison

between NS1 and p19. a 35S GFpP+
Co-infiltrations of 16¢ leaves
with Agrobacterium and 35S-
GFP and the empty vector or
constructs expressing NS1 or
p19. Photographs were obtained
under UV light at 3, 5, 7, 10,
and 17 days post-infection (dpi).
b Northern blot assays of GFP
mRNA extracted from leaves
co-infiltrated with the various
strains at 3, 5, 7, 10, and 17 dpi.
Ethidium bromide-stained
rRNA was used as a loading
control for mRNA. This assay
was repeated two times with
five plants per replicate

vector

3dpi

Sdpi

7dpi

B 3dpi

NS1 p19

vector NS1 pl19

5dpi 7dpi 10dpi 17dpi

vector NS1 p19 vector NS1 p19 vector NS1 p19 vector NS1 pl19 vector NS1 p19
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Fig.5 RNA silencing suppression activity of NS1 and p19 in human
cells. ARRDC3 siRNA was co-transfected into human T293 cells with
pCMYV, pCMV-NS1 or pCMV-p19. The cells were collected at 3, 5,
and 7 days after transfection, respectively, for total RNAs extraction.
ARRDC3 mRNA levels were determined by RT-qPCR. Transcript
levels were normalized relative to that of the actin gene. Data points
show the mean + SD of three replicate assays

protrude from the homodimer ends and position trypto-
phan pairs over the terminal base pairs, thereby deter-
mining the size of the siRNA duplex. This is why p19
binds preferentially to 21 nt siRNAs rather than to longer
siRNAs [35]. Similarly, as an RNA binding protein, NS1
not only binds siRNA but also recognizes longer dsR-
NAs [18, 36]. In animals, larger dSRNA molecules, as
well as siRNAs, have been shown to be involved in the
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sequence-unspecific initiation of an IFN-mediated innate
antiviral response [37, 38]. This might explain the above
observations for different RSS activities of NS1 at vari-
ous post-infiltration times. Therefore, when NS1 protein
was used as a tool to enhance exogenous gene expres-
sion, choosing the right time for observation is of great
importance.

Viral RSS proteins are important factors of pathogenicity
in plants. Similarly, NS1 is the major virulence determi-
nant in influenza viruses. Most AIV subtypes do not result
in severe disease in poultry, whereas some subtypes are
associated with pandemics [39, 40]. Previous studies have
shown that RSS activity is cell-line dependent [41]. NS1 was
reported to have the function of suppressing RNA silencing
in animals [21]. This experiment demonstrated that HON2
NS functions as a more potent RSS in human cells even
more effective than p19. This indicated the RNA silencing
suppression mechanisms of NS1 in plants and animals might
be very different. Apart from the RSS activity of NS1 pro-
tein, the other functions of NS1 in the interactions between
virus and host should not be overlooked. Previous studies
have shown that gene mutations in NS1, namely F103L and
M1061, enhanced protein synthesis and virus virulence [28,
42]. NS1 protein can inhibit type I IFN responses as well
as RNA silencing-two main defence mechanisms in mam-
malian cells that are mediated by dsSRNA. A detailed under-
standing of RSS function and RNA binding characteristics
of NS1 may aid in manipulating RNA silencing and the IFN
response to limit influenza virus infections.
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