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Abstract
Influenza, mainly caused by influenza virus, is becoming one of the major concerns in the world. Limitation in vaccines
necessitates the urgent development of new therapeutic options against this virus. In the present study, we designed small
interfering RNA (siRNA) targeting overlapping gene of PB1 and PB1-F2 gene of the influenza A virus and investigated its
effect against influenza A virus infection. A reduction in virus-associated cell apoptosis was observed in A549 cells treated with
this siRNA. Furthermore, its antiviral effect was confirmed by different methods. Also, a marked decrease of virus titer in
chicken embryos treated with the siRNAwas observed. The findings of this work highlight the potential of this shared region to
be an additional therapeutic target for the treatment of influenza virus infection.

Keywords: Influenza A virus, small interfering RNA, PB1, PB1-F2

Introduction

Influenza A virus is known to be the major pathogen of

influenza, one of the most common and important

respiratory diseases affecting all ages (Taubenberger

and Morens 2007). With the prospect of another

pandemic influenza fresh in our consciousness, there

aremore serious concerns about themeasures available

to control an avian or human pandemic of influenza

A. Although vaccines provide protection against

influenza virus, the vaccine strains have to be changed

almost every year due to the antigen shift and drift in

virus surface protein (Fedson 2003). The advantage of

anti-influenza drugs in influenza control is their

independence with the antigenic changes in the virus,

which means that they can be used against emerging

strains for which no vaccines are available. Therefore,

the spread of virus in the body can be slowed down and

enough time may be acquired for host cells initiating

immune system. For these reasons, antivirals consti-

tute an important element in the global campaign

against seasonal flu and potential pandemic. The main

problem with the present antivirals is the emergence

of resistance through point mutations in viral genes

(De Clercq 2006). New drugs are urgently needed for

the preparedness of seasonal and pandemic flu.

RNAi, a powerful functional genomics tool, seems

to be a promising way to explore new antiviral agents.

It is a universal phenomenon of post-transcriptional

gene silencing which is initiated by double-stranded

RNA and leads to specific degradation of homologous
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RNAs. This process involves the generation of 21-

nucleotide small interfering RNAs (siRNAs), which in

association with RISC are used as guides to target

specific RNA substrate. Such RNAs can lead to the

degradation of targeted sequences when introduced

directly into mammalian cells (Elbashir et al. 2001). In

recent years, RNAi has been called on to silence

deviant or disease-causing genes, such as viral genes or

oncogenes. Recently, siRNAs have been used to treat

respiratory syncytial virus infection and progressed

into phase II clinical trial (De Clercq 2006). All these

pave the way for siRNA-based anti-influenza drugs for

clinical applications.

PB1 is the product of the second segment of

influenza A virus genome and functions as the “classic

polymerase” responsible for polymerization and

endonuclease. Recently, a novel protein encoded by

an alternate reading frame in the PB1 gene segment of

influenza A virus has been discovered and shown to

enhance viral virulence in a mouse model (Chen et al.

2001; Zamarin et al. 2006). In this study, we designed

siRNA targeting highly conserved sequence shared by

PB1 and PB1-F2 within the type A influenza virus

genomes, and tried to find out whether this siRNA

could inhibit virus replication both in vitro and in vivo.

Materials and methods

Cells and virus

Madin Darby Canine Kidney (MDCK) cell lines and

A549 cells were cultured in Dulbecco’s Modified

Eagle Medium (Invitrogen, Carlsbad, CA, USA)

supplemented with 10% fetal calf serum, 100U/ml

penicillin, and 100mg/ml streptomycin. Influenza

A/CNIC/246/2000 (H1N1) virus was isolated by the

Chinese National Influenza Center, passaged, and

adapted in A549 and MDCK cells prior to use.

Design and synthesis of siRNA

siRNAs were rationally designed according to new

strategies (Birmingham et al. 2007). The candidate

siRNAs scored five or more were selected and subjected

to a BLAST search againstGenBank to ensure that they

are unique to influenza virus genome sequences only.

Basedon the panels of siRNAtransfection,we select one

conserved site in H5N1 and H1N1 influenza virus

genome: PB1-259 (50-CCAAGTGGCTATGCC-

CAAA-30) for further study. As a control, siRNA with

the sequence (50-TTCTCCGAACGTGTCACGT-30)

was used. All siRNAs were synthesized by Guangzhou

RiboBio Co., Ltd (Guangzhou, China), and stored at

2708C before use.

Cell transfection

siRNA transfection was performed according to the

instructions in the HiPerFect Transfection Reagent

Handbook. The optimized conditions were: 2 £ 105

cells, 30ml HiPerFect Transfection reagent (Qiagen,

Valencia, CA, USA), and 1.25ml (50 nM) siRNA in

each well of a 6-well plate. The efficiency of cell

transfection was monitored by co-transfection of

1.25mg pEGFP-N1 plasmid and 50 nM siRNA

targeting Green Fluorescent Protein (GFP) gene and

observed under fluorescent microscopy 12 h after

transfection.

Viral infection and titration

Twenty-four hours after siRNA transfection, the cells

were infected with influenza A virus as described

previously (Turpin et al. 2005). Briefly, A549 cells in a

6-well plate (Falcon, Becton Dickinson, San Jose, CA,

USA) were challenged with A/CNIC/246/2000 virus

at a multiplicity of infection of 0.1 plaque-forming

units (PFU)/cell. After absorption at 378C for 1 h, the

cells were washed three times with phosphate-buffered

saline (PBS) to remove unabsorbed viruses, and then

cultured in serum-free Dulbecco’s Modified Eagle

Medium (MEM) supplemented with 1.0 mg/ml

TPCK trypsin (Sigma, St Louis, MO, USA) at

378C. After 48-h incubation, the cells were frozen and

thawed for three cycles, and clarified by low-speed

centrifugation (500g for 10min). The supernatants

were collected for the determination of virus yield by

hemagglutination assay (Gubareva et al. 1998).

Triplicate cultures were used so as to perform

statistical analysis.

Quantification of viral genomic RNA by quantitative real

time RT-PCR

Antiviral activities were also assessed by quantitative

real-time RT-PCR (Sequence Detection System 7700;

Applied Biosystems, Foster City, CA, USA). Forty-

eight hours post-infection, viral RNA extraction and

RT-PCR were performed as described (Cheng et al.

2008). Experiments were performed with 500 ng total

RNA in a reaction volume of 50ml, using the TaqMan

One-Step RT-PCR Master Mix Reagent (Applied

Biosystems). Primer and probe sequences specific for

the PB1 gene include 50-AGTACTCAGAAAGAGG-

AAGATGGAC-30 (forward primer), 50-AATACAC-

AATCTGTTTGGGCATAGC-30 (reverse primer),

and 50-(FAM) ACCGAAACTGGAGCACCGCAA-

CTCA-30 (probe). The total RNA amount was

corrected by performing a parallel real-time RT-PCR

experiment targeting the human b-actin gene as an

internal control. The primer and probe sequences for

b-actin include 50-GCGCGGCTACAGCTTCA-30

(forward primer), 50-TCTCGTTAATGTCACGCA-

CGAT-30 (reverse primer), and 50-FAM-CACCAC-

GGCCGAGCGGGA-30 (probe). And b-actin RNA

was used to generate a standard.
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Cell apoptosis assay

siRNA transfection and virus infectionwere performed

as above. To evaluate the inhibition effect of siRNA on

PB1-F2, cell apoptosis assay was performed. Briefly,

15-h post-infection, A549 cells (2 £ 105) were double

stained with Annexin V-FITC and propidium iodide

(PI). The cells were washedwith PBS and resuspended

in 200ml Annexin V-binding buffer [10mM Hepes/-

NaOH (pH 7.4), 150mM NaCl, 1.8mM CaCl2,

1mM MgCl2 and 5mM KCl] supplemented with

4mg/ml Annexin V-FITC (Nanjing KeyGen Biotech-

nology Co., Ltd, Nanjing, China). After 10-min

incubation in the dark, the cells were washed once

before the addition of 1mg PI/ml of cell suspension and

incubated for 10min in the dark. Single staining using

Annexin V-FITC or PI alone was performed as

controls (Vermes et al. 1995). Flow cytometry analysis

was performed using aFACSstarw plus flowcytometer

(Becton Dickinson) equipped with Lysis II software.

Western blot

To determine whether this siRNA could down–

regulate PB1 protein expression, virus from cell

supernatants 72-h post-infection was concentrated.

Total protein was then quantified using the Bradford

assay (Bio-Rad, Philadelphia, PA, USA). Equal

amounts of protein were subjected to 10% sodium

dodecyl sulfate–polyacrylamide gel electrophoresis

and were then transferred to nitrocellulose mem-

branes. The membranes were blocked with 5% skim

milk containing 0.1%Tween 20 for 1 h. The blots were

probed with primary goat antibody against PB1

protein (Santa Cruz Biotechnology, Santa Cruz, CA,

USA) or mouse antibody against b-actin (Santa Cruz)

for 1 h, followed by incubation with different horse-

radish peroxidase-conjugated secondary antibodies.

Finally, PB1 and b-actin expression were detected by

TMB reagents (Promega, Madison, WI, USA).

Antiviral activity of the siRNA in chicken embryos

Inhibitory effects of PB1 siRNA against influenza A

virus was determined in eggs as described (Ge et al.

2003). For each egg, 30ml Oligofectamine (Invitrogen)

was diluted with 30ml Opti-MEM (GIBCO,Gaithers-

burg, MD, USA). 2.5 nmol (10ml) siRNA was mixed

with 30ml Opti-MEM and added to diluted Oligofec-

tamine, and the mixture was incubated at room

temperature for 30min. The mixture was then

combined with 100 ml influenza virus strain

A/CNIC/246/2000 (5000PFU/ml) and immediately

injected into the allantoic cavity of a 10-day embryo-

nated chicken egg.The eggswere incubated at 358C for

17 h and the allantoic fluid was harvested for plaque

reduction assay.

Figure 1. Microscopic observation of transfection efficacy and CPE of virus-infected cells. A549 cells were (A) transfected with pEGFP-N1

plasmid alone or (B) co-transfected with pEGFP-N1 and siRNA specific to GFP gene. Quenching of fluorescence was detected (B) 12-h post-

infection, which demonstrated effective transfection condition. (C) Then, A549 cells were transfected with siRNA of PB1 under the same

conditions above and were infected with A/CNIC/246/2000 (H1N1) virus. (A) The supernatants were inoculated to MDCK cells. As

controls, the cells transfected with control siRNA and challenged with virus showed CPE (D), while the cells without virus infection showed

no CPE (E).
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Results

siRNA targeting overlapping region attenuate influenza A

virus infection in vitro

Since PB1 siRNA could reduce virus-associated cell

apoptosis, the studies were carried out to determine

whether it has potential as an antiviral agent. We first

examined the transfection efficiency by siRNA target-

ing GFP gene in A549 cells. At 12-h post-transfection,

the expression level of GFP was down-regulated

(Figure 1(A),(B)). Then A549 cells were transfected

with siRNA targeting overlapping gene followed by

infection with influenza virus strain A/CNIC/

2000/246. Twenty-four hours later, the supernatants

were collected and inoculated on MDCK cells.

Cytopathic effect (CPE) was evaluated as the

indication of virus replication. A significant reduction

in CPE (,75%) was observed in PB1 siRNA-treated

group, while control siRNA showed no reduction in

CPE (Figure 1(C)–(E)).

Since siRNA functions by degrading RNAs that

share sequence homology, we next examined the effect

of siRNA on the abundance of viral genomic RNA

in virus-infected cells by using quantitative real-time

RT-PCR. The relative viral genome copy numbers

revealed that the viral genomic RNA was able to

achieve a .60% reduction. By contrast, control

siRNA showed no inhibitory effect on viral genomic

RNA. This result demonstrated the PB1 siRNA target

specifically viral genomic RNA and abolishes virus

replication in cultured cells (Figure 2(A),(B)).

We further evaluated the effect of PB1-silencing

siRNA on virus replication by HA assay. We collected

the supernatants from siRNA-treated influenza A

virus infected A549 cells 72-h post-infection, and

determined the virus titer by hemagglutination assay.

Figure 2. Inhibition of virus replication in vitro by siRNA targeting the overlapping gene. A549 cells were transfected with PB1 siRNA or

control siRNA and challenged with H1N1 virus. Forty-eight hours later, virus loads were investigated by quantitative real-time RT-PCR with

b-actin as an internal control. (A) A decrease in RNA copies is indicative of inhibitory effect of siRNA. (B) The RT-PCR products were

visualized in agarose gel electrophoresis. (C) The virus titer was determined 72-h post-infection by hemagglutination assay and a dramatic

reduction in virus yield was observed after treatment of PB1 siRNA.
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As a control, untreated influenza virus-infected cells

were also included. The results indicated that the cells

transfected with the control siRNA did not exhibit any

reduction in virus titer compared with untreated virus-

infected A549 cells. However, a reduction of 84% in

virus titer was observed in the cells treated with PB1

siRNA (Figure 2(C)).

siRNA targeting overlapping region of PB1 and PB1-F2

can inhibit virus-induced cell apoptosis and reduce target

protein production

As the targeted sequence is shared by PB1-F2 and

PB1, and the former has a number of unique

features, including apoptotic or proapoptotic proper-

ties, we herein investigated its putative role in virus-

induced apoptosis in epithelial cell lines by RNAi

method. A549 cells were transfected with PB1 siRNA

followed by challenging with H1N1 influenza A virus.

To eliminate background apoptosis aroused by

siRNA or transfection reagents, a series of control

were set up. As shown in Figure 3, untreated or

control siRNA-treated cells showed no obvious

apoptosis. However, apoptosis in PB1 siRNA-treated

cells decreased by ,20% after virus challenge, while

control siRNA-treated cells demonstrate dramatic

apoptosis.

As the chosen siRNA targeting both PB1-F2 and

PB1 effectively reduced virus-associated apoptosis,

the next question was whether these siRNAs would be

able to specifically reduce PB1 proteins that are

produced during infection. Equal amounts of siRNA-

treated and control siRNA-treated samples were

analyzed by the western blot. Using b-actin as an

internal control, it can be observed that the expression

level of PB1 protein could be diminished by the

specific siRNA (Figure 4).

siRNA abolish virus infection in embryonated chicken eggs

To expand the in vitro findings, the antiviral effect of

the PB1 siRNA was evaluated in chicken embryos.

Each of 10-day-old chicken embryos was treated with

2.5 nmol siRNA and followed by challenging with

100ml of 5000 PFU/ml influenza virus A. Seventeen

hours post-infection, the allantoic fluid was collected

for plaque reduction assay on MDCK cells. The PB1

siRNA alone, as well as negative (distilled H2O) and

positive controls (influenza virus only), was included

in the injections. As shown in Figure 5, injection of

control siRNA did not interfere with virus replication.

However, a significant reduction in virus titer was

observed in chicken embryos treated with PB1-siRNA

(P , 0.05). These results were in agreement with the

in vitro experiments (Figure 5).

Discussion

RNAi is a process of sequence-specific, post-tran-

scriptional gene silencing that is initiated by double-

stranded RNA. RNAi appears to be ideal for inhibiting

RNA virus, especially influenza virus infection for the

reason that their mRNAs, both vRNA and cRNA,

could be potential targets for siRNA-mediated

degradation (Bennink and Palmore 2004). Second,

the influenza virus genome consists of eight segmen-

ted RNAs, encoding a total of 11 proteins. Each

protein is either an integral component of the viral

structure or plays critical role during the virus life

cycle. Interfering with the production of any one of

them is likely to have severe consequences on viral

replication and production (Ge et al. 2004).

To our knowledge, little study is involved in using the

overlapping region of PB1 and PB1-F2 as a target to

abolish virus infection, although many studies have

confirmed siRNA-mediated gene silencing in influenza

Figure 3. Reduction of virus-associated cell apoptosis by PB1

siRNA. A549 cells were transfected with PB1 siRNA or control

siRNA and challenged with H1N1 virus. The cells were digested

and collected from 6-well plates for apoptosis analysis using

Annexin V-FITC dual staining kit 15-h post-infection. As controls,

the cells transfected with control siRNA (mock group) and infected

with virus (no siRNA-treated) were also included.

Figure 4. Western blot analysis of viral PB1 protein. Samples from

siRNA-treated and control siRNA-transfected groups were run on

10% SDS–PAGE, and then transferred to nitrocellulose

membranes for blotting. Cellular b-actin was used as an internal

control.
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virus. The aim of this study was to determine whether

this shared region can be targeted to inhibit influenza A

virus replication and to explore the possibility of this

region as new drug target.

We first facilitated screening of active siRNAs

by reporter plasmid-containing GFP gene. Low

expression of GFP protein by siRNA was achieved in

the preliminary study. Owing to these results, we have

identified some effective siRNAs against H5N1 and

H1N1 influenza A virus (data not shown) and

presented here against PB1 for further study. PB1 is

known to be part of influenza virus RNA polymerase

and plays an important role in both transcription and

replication of the RNA genome. PB1-F2 was found to

be translated from an alternative (þ1) ORF in the

polymerase PB1 gene (nt 120–381). Previous studies

demonstrated that the exposure of cells to a synthetic

version of PB1-F2-induced apoptosis and resulted in

variably sized pores in planar lipid membrane (Chen

et al. 2001; Chanturiya et al. 2004). In this study, the

influence of siRNA on virus-induced apoptosis was

investigated and the siRNA was shown to inhibit

apoptosis in A549 cells. The result partly confirmed

previous reports on the role of PB1-F2 in virus-

induced cell apoptosis. Recent studies have also

confirmed the role of PB1-F2 in pathogenesis (Cole-

man 2007; McAuley et al. 2007). We hypothesized

that the encoded gene could be explored as novel drug

targets to clear virus infection.

For this reason, we picked up this siRNA for

further study and sought to determine whether the

siRNA is shown to be most efficient in inhibiting the

virus in cell culture. Virus CPE indicated that this

siRNA could inhibit virus production. In order to

verify whether virus production from siRNA-treated

cells is reduced accordingly, viral particles were

titrated in the supernatants from the cells transfected

with siRNA and infected with influenza virus, both by

real-time quantitative RT-PCR, and western blot, and

by the determination of virus hemagglutinin titer.

Because RNA was detected 24-h post-infection, we

took this RNA as viral RNA from new virion and

obvious decrease was observed compared with

control siRNA-transfected group. This inhibitory

effect was confirmed at the protein level as shown in

western blot. Abolishment of the virus infection was

also confirmed by hemagglutinin assay, which

indicated that this siRNA could specifically inhibit

virus replication in vitro.

We then addressed the question of antiviral activity

of the siRNA in chicken embryos. Treatment with the

siRNA resulted in a substantial reduction in virus

titer as determined by plaque reduction, suggesting

that influenza virus infection can be blocked by

siRNA targeting the gene overlap. Recent study has

shown that PB1-F2 served as an indirect regulator of

the influenza virus polymerase activity via its

interaction with PB1 (Mazur et al. 2008). Lack of

PB1-F2 during infection resulted in an altered

localization of PB1 and decreased viral polymerase

activity and mutant viruses devoid of a functional

PB1-F2 reading frame exhibited a small plaque

phenotype. As a result, the dramatic reduction in cell

apoptosis and viral titer after this siRNA transfection

is probably due to a mixed effect of reducing the

production of both PB1-F2 and PB1 proteins. Thus,

this region can be used as a novel candidate target for

anti-influenza drug development. Further study

should be performed using an expression plasmid-

containing PB1-F2 but not the entire virus to study

the specific cellular changes upon reduction of PB1-

F2 by siRNA treatment.

Recently, it was reported that expression of the

influenza A virus PB1-F2 enhances the pathogenesis

of viral and secondary bacterial pneumonia (McAuley

et al. 2007). If an antiviral antagonist of the PB1-F2 is

available, the targeted destruction of professional

antigen-presenting cells could be inhibited. Therefore,

the ability to clear virus and more importantly to fend

off opportunistic bacterial infections would be main-

tained (Coleman 2007). If the inhibitory effect was

contributed mainly by PB1-F2, our investigation here

may aid the development of new drugs against

influenza virus.
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Figure 5. In vivo antiviral activity of PB1 siRNA. Embryonated

chicken eggs were injected with Oligofectamine containing 30nmol

PB1 siRNA or control siRNA. Seventeen hours later, viruses were

titrated on MDCK cells with plaque reduction assay. Virus plaques

were counted (right upper) and viral yield was calculated as the ratio

of PB1-F2 siRNA against non-specific control.

C. Cheng et al.138

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
S
y
d
n
e
y
]
 
A
t
:
 
0
8
:
3
7
 
3
 
N
o
v
e
m
b
e
r
 
2
0
0
9



References

Bennink JR, Palmore TN. 2004. The promise of siRNAs for the

treatment of influenza. Trends Mol Med 10(12):571–574.

Birmingham A, Anderson E, Sullivan K, Reynolds A, Boese Q,

Leake D, Karpilow J, Khvorova A. 2007. A protocol for

designing siRNAs with high functionality and specificity. Nat

Protoc 2(9):2068–2078.

Chanturiya AN, Basanez G, Schubert U, Henklein P, Yewdell JW,

Zimmerberg J. 2004. PB1-F2, an Influenza A virus-encoded

proapoptotic mitochondrial protein, creates variably sized pores

in planar lipid membranes. J Virol 78(12):6304–6312.

ChenW, Calvo PA,Malide D, Gibbs J, Schubert U, Bacik I, Basta S,

O’Neill R, Schickli J, Palese P, Henklein P, Bennink JR,

Yewdell JW. 2001. A novel Influenza A virus mitochondrial

protein that induces cell death. Nat Med 7(12):1306–1312.

Cheng C, Dong J, Yao L, Chen A, Jia R, Huan L, Guo J, Shu Y,

Zhang Z. 2008. Potent inhibition of human Influenza H5N1

virus by oligonucleotides derived by SELEX. Biochem Biophys

Res Commun 366(3):670–674.

Coleman JR. 2007. The PB1-F2 protein of Influenza A virus:

Increasing pathogenicity by disrupting alveolar macrophages.

Virol J 4:9.

De Clercq E. 2006. Antiviral agents active against Influenza A

viruses. Nat Rev Drug Discov 5(12):1015–1025.

Elbashir SM, Harborth J, Lendeckel W, Yalcin A, Weber K,

Tuschl T. 2001. Duplexes of 21-nucleotide RNAs mediate RNA

interference in cultured mammalian cells. Nature 411(6836):

494–498.

Fedson DS. 2003. Pandemic influenza and the global vaccine

supply. Clin Infect Dis 36(12):1552–1561.

Ge Q, McManus MT, Nguyen T, Shen CH, Sharp PA, Eisen HN,

Chen J. 2003. RNA interference of Influenza virus production by

directly targeting mRNA for degradation and indirectly

inhibiting all viral RNA transcription. Proc Natl Acad Sci USA

100(5):2718–2723.

Ge Q, Eisen HN, Chen J. 2004. Use of siRNAs to prevent and treat

Influenza virus infection. Virus Res 102(1):37–42.

Gubareva LV, McCullers JA, Bethell RC, Webster RG. 1998.

Characterization of Influenza A/HongKong/156/97 (H5N1)

virus in a mouse model and protective effect of Zanamivir on

H5N1 infection in mice. J Infect Dis 178(6):1592–1596.

Mazur I, Anhlan D, Mitzner D, Wixler L, Schubert U, Ludwig S.

2008. The proapoptotic Influenza A virus protein PB1-F2

regulates viral polymerase activity by interaction with the PB1

protein. Cell Microbiol 10(5):1140–1152.

McAuley JL, Hornung F, Boyd KL, Smith AM, McKeon R,

Bennink J, Yewdell JW, McCullers JA. 2007. Expression of the

1918 Influenza A virus PB1-F2 enhances the pathogenesis of

viral and secondary bacterial pneumonia. Cell Host Microbe

2(4):240–249.

Taubenberger JK, Morens DM. 2007. The pathology of Influenza

virus infections. Annu Rev Pathol. 3:499–522.

Turpin E, Luke K, Jones J, Tumpey T, Konan K, Schultz-Cherry S.

2005. Influenza virus infection increases p53 activity: Role of

p53 in cell death and viral replication. J Virol 79(14):

8802–8811.

Vermes I, Haanen C, Steffens-Nakken H, Reutelingsperger C.

1995. A novel assay for apoptosis. Flow cytometric detection of

phosphatidylserine expression on early apoptotic cells using

fluorescein labelled Annexin V. J Immunol Methods

184(1):39–51.

Zamarin D, OrtigozaMB, Palese P. 2006. Influenza A virus PB1-F2

protein contributes to viral pathogenesis in mice. J Virol

80(16):7976–7983.

Antiviral effect of siRNA targeting PB1 139

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
S
y
d
n
e
y
]
 
A
t
:
 
0
8
:
3
7
 
3
 
N
o
v
e
m
b
e
r
 
2
0
0
9


