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Reassortment is a key driving force of the evolution and host adaptation of the influenza
virus. A(H1N1)pdm2009 (pdm09), a novel H1N1 influenza viral subtype, caused a
pandemic in 2009. The strain was established in pig herds and cocirculated with the
highly pathogenic H5N1 avian influenza virus. The coexistence of pdm09 with H5N1
raises concerns that reassortment may cause the development of novel viral strains with
unpredictable virulence. Given that the viral polymerase subunit PB2 is a determinant of
host range and pathogenicity, and that the substantial amino acid differences in PB2
between pdm09 and H5N1, including positions 590/591 and 271, which are shown to
play key roles in enhanced polymerase activity in mammalian host cells, we generated
a reassortant virus containing PB2 derived from a pdm09 (A/Liaoning/1/2009, LN/09)
to investigate if pdm09-derived PB2 can function in a heterologous avian virus
isolate as an adaptive strategy, with H5N1 (A/duck/Hubei/hangmei01/2006, HM/06)
as the backbone. We assessed the biological characteristics, including pathogenicity,
replication, and polymerase activity, of the reassortant. Compared with HM/06 and
LN/09, H5N1 hybrid virus containing PB2 from LN/09 exhibited significantly increased
pathogenicity in mice and proliferation activity in mammalian cell lines, as well as
markedly enhanced polymerase activity. Our results indicate that the coexistence of
H5N1 and pdm09 may pose a great threat to public health through reassortment.
Moreover, our results highlight the importance of monitoring the emergence of H5N1
reassortants containing pdm09-derived PB2.
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INTRODUCTION

Reassortment is an important mechanism for the generation of novel influenza strains capable of
causing pandemics. For example, influenza subtypes that caused pandemics in 1957, 1968, and
2009 emerged through genetic recombination (Hsieh et al., 2006; Smith et al., 2009). H7N9, which
emerged in China in 2013, is also derived from reassortment events (Liu et al., 2013).
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Since 1997, highly pathogenic avian influenza (HPAI) viruses
of the H5N1 subtype have spread around the globe and have
become global public health concern. The dissemination of
these viruses is accompanied by the occasional transmission
of HPAIV H5N1 viruses to humans (Neumann et al., 2010).
H5N1 frequently jumps into pig populations (Nidom et al.,
2010; He et al., 2013). Some human H3N2 and H1N1 subtypes
also can infect pigs (Hiromoto et al., 2012). In April 2009, a
novel swine-origin H1N1 subtype (pdm09) caused a pandemic.
pdm09 is highly transmissible and can establish infection in
a wide range of hosts (Peiris et al., 2009). A growing body
of evidence has shown that pdm09 has been established in
humans and pigs and undergone further reassortment with other
influenza subtypes (Chen et al., 2013; Grontvedt et al., 2013;
Lange et al., 2013). The coexistence of HPAIV H5N1 with
pdm09 provides the potential for reassortment, which poses a
massive threat to public health through the generation of highly
pathogenic viral strains. Therefore, the potential risk posed by
reassortment necessitates the improved understanding of the
specific genetic factors that contribute to the pathogenicity of
influenza viruses.

PB2, a viral polymerase subunit, is a well-known determinant
of host range and pathogenicity (Hatta et al., 2001). The
PB2 of human-origin influenza strains predominantly possesses
a lysine at the 627 position (627K), whereas that of avian-
origin influenza strains often possesses glutamic acid at the
627 position (627E) (Subbarao et al., 1998; Hatta et al.,
2001). PB2 627K has higher activity than PB2 627E, and
the increased activity of viral polymerases is associated with
increased viral replication and pathogenicity (Subbarao et al.,
1993; Rameix-Welti et al., 2009). Although pdm09 expresses
the PB2 gene with 627E, a 590/591 SR polymorphism facilitates
its evasion of host restriction in human cells (Mehle and
Doudna, 2009). Besides, pdm09 express 271A in PB2, which
plays a key role in enhanced polymerase activity in mammalian
host cells. By contrast, HPAIV H5N1 express 627E and
271T in PB2, and do not possess the SR polymorphism in
590/591. Duo to the substantial amino acid differences in
PB2 between pdm09 and H5N1, and the potential reassortant
risk of coexistence of pdm09 with H5N1, it is attractive to
investigate if pdm09-derived PB2 can function in a heterologous
HPAIV H5N1 virus isolate. Although several studies have
previously investigated the compatibility between avian H5N1
and other human influenza viruses, including H3N2 (Chen
et al., 2008; Li et al., 2010) and pdm09 (Octaviani et al.,
2010), no study has focused on the functions of the PB2
gene from pdm09 in HPAIV H5N1. Thus, investigating the
contribution of pdm09-derived PB2 to the pathogenicity and
replication capability of an H5N1 hybrid strain is of great
importance.

Here, we created H5N1 reassortant virus containing pdm09-
derived PB2. We then evaluated the virulence of the reassorted
virus. Our in vitro and in vivo studies indicated that pdm09-
derived PB2 can enhance the pathogenicity of H5N1 reassortant
virus in mice. Furthermore, our results highlighted the
importance of monitoring the emergence of H5N1 reassortant
virus with pdm09-derived PB2.

MATERIALS AND METHODS

Ethics Statement
This study was conducted in strict accordance with the
recommendations provided in the Guide for the Care and Use of
Laboratory Animals of the Ministry of Science and Technology
of the People’s Republic of China. Animal experiments were
approved by the Hubei Administrative Committee for Laboratory
Animals (Approval No. SYXK-2010-0029). All experiments with
live viruses and animals were performed in a biosafety level
3 animal facility and complied with the instructions of the
institutional biosafety manual.

Viruses and Cells
A/duck/Hubei/hangmei01/2006(H5N1) (HM/06) and
A/Liaoning/1/2009(H1N1) (LN/09) were conserved in our
laboratory, and the NCBI accession numbers for the viruses
HM/06 and LN/09 are EU594346–EU594353 and JX403975–
JX403982 respectively. Viral titers were determined through
50% tissue culture infectious dose (TCID50) analysis in
Madin–Darby canine kidney cells (MDCKs). MDCK, the
human lung carcinoma cell line A549, and 293T cells were
obtained from CTCC (Wuhan, China). Cells were maintained
in Dulbecco’s modified Eagle’s medium supplemented with 10%
heat-inactivated fetal bovine serum (FBS) (Hyclone, Logan, UT,
United States) and incubated in a humidified incubator at 37◦C
with 5% CO2.

Reverse Genetics
H5N1 hybrid virus expressing PB2 from LN/09 (here and after
named LNPB2), in which only PB2 gene of H5N1 was replaced
with PB2 gene from LN/09, was generated using the eight-
plasmid system as described previously (Hoffmann et al., 2000)
and confirmed through sequence analysis. Briefly, a mixture
of 293T and MDCK cells were co-transfected with PHW2000
plasmids encoding all eight influenza virus segments using
Lip2000 (Invitrogen). After 48 h, the supernatants were harvested
and inoculated in to 10-day-old SPF embryonated chicken
eggs for virus propagation. Then, viral RNA was extracted and
analyzed by RT-PCR. Each viral gene was confirmed through
sequence analysis.

Viral Replication Test
Madin–Darby canine kidney cell and A549 cells were infected
at a multiplicity of infection (MOI) of 0.1 for 1 h at 37◦C.
Cells were washed thrice to remove unbound viruses and
cultured in DMEM containing 0.1% FBS with 0.5 µg/ml L-1-
tosylamido-2-phenylethyl chloromethyl ketone (TPCK)-treated
trypsin. HM/06 and LNPB2 were cultured in the absence of TPCK
trypsin. Cell supernatant samples were collected at 12, 24, 36, 48,
and 60 h post-infection (hpi) for viral titer determination through
TCID50 assay in MDCK cells.

Animal Experiment
The 50% mouse lethal dose (MLD50) values were determined
by intranasally inoculating groups of five 6 to 8-week-old
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female BALB/c mice with 50 µl of 10-fold serial dilutions
of the viruses. To determine morbidity and mortality
rates, groups of 6 to 8-week-old female BALB/c mice were
intranasally challenged with PBS Control or 100 TCID50
units of HM/06, LN/09, or the reassortant LNPB2 in 50 µl
volumes. Mouse body weight and survival were recorded
daily for 14 days. At the indicated days post-infection (dpi),
three control and three infected mice were euthanized. Lungs,
brains, hearts, livers, spleens, and kidneys were collected
from the euthanized mice and immediately stored at −80◦C
until used for viral titer and cytokine detection. Samples
were homogenized in 1 ml of cold PBS. Viral titers were
determined from clarified sample homogenates through
TICD50 analysis. Meanwhile, cytokine (IL-1α, IL-6, MCP-1,
and KC) levels were detected in lung homogenates using
the Bioplex Protein Assay system (Bio-Rad, Hercules,
CA, United States) in accordance with the manufacturer’s
instructions. To measure macrophage and neutrophil content
in lungs, whole lung cells were prepared in DMEM with 2%
fetal calf serum following digestion with collagenase–DNase
(Sigma-Aldrich, St. Louis, MO, United States) at 37◦C and
manual disruption (Baumgarth et al., 1994). Red blood cells
were removed through lysis buffer (Beyotime, Shanghai,
China) treatment. Lung cells were resuspended in PBS and
then stained overnight at 4◦C to reduce non-specific reaction
with fluorophore-conjugated antibodies (BD Bioscience)
specific for macrophages (CD11b-FITC) and neutrophils
(Ly6G/C-PE). Cells were then washed twice and fixed with
4% paraformaldehyde at room temperature for 30 min. Flow
cytometry was performed with BD FACSCalibur system, and
BD CellQuest was used to analyze macrophage and neutrophil
contents.

Polymerase Activity Analysis
A dual-luciferase reporter assay system (Promega) was used
to measure polymerase activities. To generate each of the
16 possible RNP complex combinations, 0.5 µg of the
luciferase report plasmid pPoll-NP-Luc (pNP-Luc), which was
kindly provided by Dr. Hualan Chen (Harbin Veterinary
Research Institute), and 20 ng of the internal control plasmid
Renilla (pGL4.75 hRluc/CMV) (Promega) were co-transfected
into 293T cells together with 0.5 µg each of plasmid
PHW2000 expressing PB2, PB1, PA, or NP derived from

HM/06 or LN/09. Cells were lysed 36 h after transfection,
and firefly and Renilla luciferase activities were measured in
accordance with the manufacturer’s instructions. Values were
reported as the results of three independent experiments
and were standardized to the activities of HM/06-derived
polymerase.

Statistical Analysis
Viral loads and polymerase activity values were expressed as
mean ± SD. The statistical significance of differences between
experimental groups was determined through two-way ANOVA,
Student’s t-test, or Log-rank test. Differences were considered
significant at P < 0.05.

RESULTS

H5N1 Hybrid Virus Containing
pdm09-Derived PB2 Replicate Efficiently
in Mammalian Cells
PB2 is involved in host range restriction and pathogenicity.
Given that pdm09 cocirculates with avian H5N1 viruses in
many areas of the world, we used reverse genetics to generate
reassortant virus LNPB2. LNPB2 contains PB2 gene from pdm09
virus strain LN/09, and other genes (PB1, PA, HA, NP, NA,
M, and NS) from HM/06, a HPAIV H5N1 subtype. Due to
the substantial amino acid differences between PB2 of HM/06
and LN/09 (Table 1), we then assessed the replication capacity
of the reassortant LNPB2 in three different cell lines (MDCK,
A549, and DF1) compared with the parent viruses. MDCK cells
are the standard for determining the replication capacity of
influenza viruses. A549 cells are the primary target cell types
of the influenza virus, and DF1 has an avian origin. Cells were
infected at an MOI of 0.1 with the two parental or reassortant
virus, and viral titers were determined at indicated hpi through
TCID50 analysis. In all the studied cell lines, HM/06 exhibited
efficient replication, whereas LN/09 exhibited weak replication
(Figure 1). Notably, compared with the replication capacity
of both of its parental viruses, the replication capacity of the
reassortant LNPB2 remarkably increased in MDCK and A549
cells but not in DF1 cells. The results indicated that LN/09
PB2 can promote the replication of HM/06 in mammalian
cells.

TABLE 1 | Amino acid differences between PB2 of HM/06 and LN/09 viruses.

Virus Residue in PB2

54 64 65 76 89 108 126 147 184 225 271 292 295 299 309 315 339

HM/06 K T E A L A K I I S T I V K G M T

LN/09 R M D T V T N T A G A V M R D I K

Virus Residue in PB2

340 369 387 453 467 477 468 483 495 559 576 588 590 591 645 649 684

HM/06 K K S P L R V V I T G A G Q M I T

LN/09 N R N S M G I M V I E T S R L V S
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Reassortant LNPB2 Exhibits Increased
Pathogenicity in Mice
To study the effects of pdm09-derived PB2 on the virulence of
H5N1 in vivo, we first determined the MLD50 of the parental
and reassortant viruses. We found that substituting the PB2
gene in HM/06 with LN/09-derived PB2 sharply increases the
pathogenicity of the reassortant virus in mice. LNPB2 had an
MLD50 of 101.5 TCID50, whereas HM/06 had an MLD50 of
103.5 TCID50 and LN/09 caused non-lethal infection. To further
investigate the virulence of the reassortant virus, we recorded
the weight and survival rates of mice infected with the parental
or reassortant viruses. As shown in Figure 2A, HM/06-infected
mice exhibited significant weight loss at 3 dpi. LN/09-infected
mice exhibited negligible weight loss during 1 and 2 dpi. LNPB2
challenge resulted in more rapid weight loss than HM/06 and
LN/09 challenge. Specifically, LNPB2 challenge caused a drastic
weight loss of more than 20% at 4 dpi. Although HM/06-
and LNPB2-infected mice all died over the course of infection,
LNPB2-infected mice began to die at 3 dpi. The time-to-death
of LNPB2-infected mice is 2 days faster than that of HM/06-
infected mice. All LNPB2-infected mice succumbed by 4 dpi,
3 days earlier than HM/06-infected mice. As expected, LN/09
did not cause lethal infection (Figure 2B). These results clearly
demonstrated that PB2 derived from LN/09 (pdm09) significantly
increases the virulence of the H5N1 recombinant virus in
mice.

pdm09-Derived PB2 Increases Viral
Titers in Tissues From Mice Infected
With Reassortant LNPB2
To investigate the potential mechanism underlying the drastically
increased pathogenicity of LNPB2 in mice, we systemically
explored the proliferation of the parental virus and the
reassortant LNPB2 in mouse organs, including lungs, brains,
hearts, kidneys, spleens, and livers, over the period of 1–7 dpi
(Figure 3). LN/09 could only be detected in lungs at 2–4 dpi.

Furthermore, viral titers peaked at 102.15 TCID50/100 µl at 3
dpi and declined at 4 dpi. HM/06 viruses were recovered from
all organs, and exhibited the highest viral replication ability
in the lungs. HM/06 viral titers in the lungs continuously
increased from 2 dpi, peaked at 104.35 TCID50/100 µl at 5
dpi, and declined at 6 dpi. By contrast, at 4 dpi, LNPB2 titers
in lungs were significantly higher than HM/06 titers (LNPB2-
infected mice all died within 4 days) and reached a maximum
value of 104.69 TCID50/100 µl at 3 dpi, 2 days earlier than
HM/06. Additionally, at 4 dpi, viral titers in the spleens, kidneys,
livers, and hearts of LNPB2-infected mice were all higher than
in those of HM/06-infected mice. Given that HM/06 is a
HPAIV exhibiting neurotropism and significant neurovirulence
(Zou et al., 2009), analyzing the viral titers of the brains of
HM/06-infected mice is of great interest. As shown in Figure 3,
H1N1 was not detected in brains. HM/06 were detected in
brains at titers that slowly but gradually increased from 3 to
7 dpi. Surprisingly, LNPB2 was recovered from brains by as
early as 2 dpi at a titer of 102.00 TCID50/100 µl. At 3 dpi,
the LNPB2 titer sharply increased to 104.08 TICD50/100 µl,
which is almost 8400-fold higher than the HM/06 titer at the
same time point. We could not detect viral titers on 5 and
7 dpi because all LNPB2-infected mice died on 4 dpi. These
results indicated that LN/09-derived PB2 substantially promotes
the replication capacity of the reassortant H5N1. This effect
may contribute greatly to the increased virulence of H5N1 in
mice.

LNPB2 Elicits High Levels of
Proinflammatory Cytokines in the Lung
Many studies have implicated host innate immune responses
in the high pathogenicity of H5N1. We thus analyzed the
contents of several key cytokines and chemokines (IL-6, IL-
1α, KC, and MCP-1) in the lungs of mice at 1, 3, and 5
dpi (except LNPB2-infected group). As shown in Figure 4A,
at 1 dpi, lungs from LNPB2-infected mice exhibited higher
titers of IL-6 than lungs from HM/06- and LN/09-infected

FIGURE 1 | Growth curves of reassortant H5N1 and parental viruses. Viral replication abilities in MDCK, A549, and DF1 cells were determined on the basis of
TCID50 at indicated time points. Data are presented as the means ± SD of three independent experiments. Statistical significance of differences is analyzed by
two-way ANOVA. ∗∗P < 0.01, ∗∗∗P < 0.001.
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FIGURE 2 | Pathogenicity of reassortant H5N1 and parental viruses in mice. At 6–8 weeks of age, groups of female mice were infected with 100 TCID50 of the
indicated viruses or PBS control. (A) Nine mice each groups were monitored daily for body weight, statistical significance of differences is analyzed by two-way
ANOVA. (B) Six mice each groups were monitored daily for survival, statistical significance of difference is analyzed by Log-rank test. Data are presented as
means ± SD. ∗∗P < 0.01, ∗∗∗P < 0.001.

FIGURE 3 | Viral titers in tissues from infected mice. Twenty four mice each groups were infected with 100 TCID50 of the indicated viruses. Three mice were
euthanized per group for tissue collection in indicated dpi (Lungs of LNPB2-infected mice were not collected at 5 dpi, because all LNPB2-infected mice died at 4 dpi).
Viral titers were determined on the basis of TCID50. Data are presented as means ± SD. Statistical significance of differences is analyzed by two-way ANOVA.
∗∗P < 0.01, ∗∗∗P < 0.001.

mice. By contrast, lungs from LNPB2, HM/06, and LN/09-
infected mice exhibited similar IL-1α, KC, and MCP-1 titers.
However, the IL-6, KC, and MCP-1 titers of lungs from all
infected mice increased on 3 dpi compared with those on 1
dpi. Interestingly, IL-6, IL-1α, KC, and MCP-1 titers are all
significantly higher in the lungs of LNPB2-infected mice than

in those of HM/06-infected mice. Unfortunately, we could not
measure the cytokine and chemokine contents of LNPB2-infected
mice at 5 dpi because all the mice died at 4 dpi. The results
suggested that that the proinflammatory response induced by
LNPB2 infection is more intense than that induced by HM/06 and
LN/09 infection.
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FIGURE 4 | Proinflammatory response in lungs. Lungs were collected from infected mice at indicated dpi (Lungs of LNPB2-infected mice were not collected at 5 dpi,
because all LNPB2-infected mice died at 4 dpi). The contents of IL-6, IL-1α, KC, and MCP-1 (A) and numbers of macrophages and neutrophils (B) were detected as
described in Section “Materials and Methods.” Data are presented as means ± SD. Statistical significance of difference is analyzed by two-way ANOVA. ∗P < 0.05,
∗∗P < 0.01, and ∗∗∗P < 0.001.

Severe H5N1 infection can lead to the rapid infiltration
of high numbers of macrophages and neutrophils into the
lungs; this response has an important role in acute lung
inflammation, which is associated with pathogenicity (Perrone
et al., 2008). Thus, we investigated the macrophage and
neutrophil content of the lungs of infected mice (Figure 4B).
On 3 dpi, the macrophage and neutrophil contents of LNPB2-
infected lungs were significantly higher than those of HM/06-
and LN/09-infected lungs; this result is consistent with the
tested cytokine and chemokine content (Figure 4A). On 5 dpi,
HM/06 infection induced the production of higher numbers
of macrophages and neutrophils than LN/09 infection. These

data demonstrated that infection with LNPB2 can induce more
intense macrophage and neutrophil infiltration to the lungs
than infection with other viruses. This response could enhance
proinflammatory responses and increase viral pathogenicity in
mice.

LN/09 PB2 Enhances the Polymerase
Activity of H5N1 Recombinants
Polymerase activity has important associations with viral
replication, pathogenicity, and host adaptation (Neumann and
Kawaoka, 2006). We performed a luciferase assay to investigate
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FIGURE 5 | Polymerase activities of 16 RNP complexes. 293T cells were co-transfected with PHW2000 expressing LN/09- or HM/06-derived PB2, PB1, PA, or NP
and with the luciferase report plasmid pNP-Luc and the internal control plasmid Renilla (pGL4.75 hRluc/CMV). After 36 h post-transfection, cells were lysed to
measure pNP-Luc and Renilla luciferase activities. Values shown represent the means ± SD of the results of three independent experiments and are standardized to
HM/06 values. The statistical significance of differences is analyzed with Student’s t-test. ∗, Compared with the value of HM/06 (HPB2HPAHPB1HNP ); ∗∗P < 0.01,
∗∗∗P < 0.001.

the polymerase activity of 16 different ribonucleoprotein (RNP)
complex combinations from LN/09 and HM/06 at 37◦C in
293T cells (Figure 5). The data indicated that the activity of
the pandemic H1N1 LN/09 polymerase (LPB2LPB1LPALNP; “L”
stands for the LN/09 virus) is slightly higher than that of
the avian H5N1 HM/06 polymerase (HPB2HPB1HPAHNP; “H”
stands for the HM/06 virus). Interestingly, the polymerase
activity of the RNP combination consisting of LN/09-derived
PB2 and HM/09-derived PB1, PA, and NP (LPB2HPB1HPAHNP)
significantly increased compared with that of LN/09 and
HM/09. Remarkably, the reassortant LNPB2 possesses this type
of RNP combination. Additionally, two RNP combinations
(LPB2HPB1LPAHNP and LPB2HPB1LPALNP), which exhibited the
highest polymerase activities among all combinations, possess
LN/09-derived PB2 and PA. The removal of PB2 drastically
decreased polymerase (HPB2HPB1LPAHNP and HPB2HPB1LPALNP)
activities to levels equivalent to or lower than those of HM/06.
These results indicate that LN/09-derived PB2 may play a critical
role in RNP complexes compatibility between HM/06 and LN/09.

DISCUSSION

Reassortment is an important mechanism for the evolution of
influenza viruses. This phenomenon could lead to antigenic
shift and generate pandemic strains. The coexistence of pdm09
and H5N1 viruses provides an opportunity for the emergence
of novel viral subtypes with considerable potential threats to
public health. Several studies have previously investigated the
compatibility between avian H5N1 and other human influenza

viruses, including H3N2 (Chen et al., 2008; Li et al., 2010)
and pdm09 (Octaviani et al., 2010). However, no study has
focused on the roles of the PB2 gene in reassortment. PB2 is an
important determinant of host range restriction and virulence in
animal models (Hatta et al., 2001). Glutamic acid is present at
position 627 (627E) in the avian PB2, whereas lysine is present at
position 627 (627K) in human PB2. PB2 627K is associated with
enhanced polymerase activity and viral replication, transmission,
and pathogenicity in mammals. Interestingly, although pdm09
possesses the avian-signature 627E, this virus is efficiently
transmitted in humans and animal models (Fraser et al., 2009)
because it has acquired second-site suppressor mutations in
its PB2 that confer enhanced polymerase activity (Mehle and
Doudna, 2009).

In this study, we demonstrated that replacing HM/06 (H5N1)-
derived PB2, which encodes 627E, by LN/09 (pdm09) promotes
viral replication capacity in mammalian cells (Figure 1) and
virulence in mice (Figures 2–4), which may be attributed
to the following mechanisms: (1) LN/09-derived PB2 can
significantly increase the polymerase activity of the reassortant
virus (Figure 5); (2) LN/09-derived PB2 expands the tissue
tropism of the H5N1 recombinant (Figure 3); (3) LN/09-derived
PB2 is highly compatible with other genes of HM/06, which
may contribute great to genome transcript, replication, and
virus assembly. Additionally, other amino acids difference except
590/591 may also play some roles in the pathogenicity. It is
interesting to investigate that if PB2 of pdm09 can also increase
the pathogenicity of H5N1 recombinant when the amino acids
590/591(S/R) were mutated to 590/591(G/Q) in the future, which
are same as those in H5N1. Previous studies suggested that
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H9N2 PB2 significantly decreases the virulence of the H5N1
recombinant in mice (Hao et al., 2016) and significantly decreases
the replication capacity of H7N9 (Su et al., 2015). Furthermore,
a single PB2 gene substitution between pdm09 PB2 and H9N2
decreases replication and infection ability (Sun et al., 2011). These
results indicated that the compatibility of PB2 with remaining
genes from other virus may be strain-dependent.

In the present study, the polymerase activity of the RNP
complex, which consists of HM/06-derived PB1, PA, and NP
and LN/09-derived PB2, significantly increased compared with
that of HM/06 and LN/09 (LPB2HPB1HPAHNP). However, the
polymerase activity of the RNP complex possessing HM/06-
derived PB2 and other LN/09-derived genes (HPB2LPB1LPALNP)
significantly decreased compared with that of HM/06 and LN/09
(Figure 5). This result strongly suggested that LN/09 PB2 is
highly compatible with the PB1, PA, and NP of HM/06, whereas
HM/06 PB2 is incompatible with the PB1, PA, and NP of LN/09.
Furthermore, the reassortant LNPB2 virus exhibited a new RNP
complex combination (LPB2HPB1HPAHNP) with higher activity
than HM/06 and LN/09. The LPB2HPB1HPAHNP complex may
account for the increased replication capacity in mammalian
cells and pathogenicity in mice of the reassortant LNPB2 virus.
It is confusing that Octaviani found that pdm09 PB2 could
low the polymerase activity of a H5N1 strain in a previous
study (Octaviani et al., 2010), which is in contrast to our result.
Our analysis suggests there are four amino acids difference
between A/California/04/2009 (H1N1) used in Octaviani’s study
and LN/09 in the present study. Although we are fail to get
the sequence information of A/Vietnam/HN31604/2009 (H5N1)
virus used in Octaviani’s study, we speculate that there are
likely many differences between the H5N1 strains used in the
two studies, due to the different time, region, and species
for virus isolation. The substantial amino acid differences
between the viruses used may make the results different, which
needs further study. Surprisingly, two different RNP complexes
(LPB2HPB1LPAHNP and LPB2HPB1LPALNP) with LN/09-derived

PB2 have nearly 17-fold higher activity than HM/06. Even
interestingly, these two RNP complexes contain a LN/09-derived
PA; however, only the PA combination of the RNP complex
(HPB2HPB1LPAHNP and HPB2HPB1LPALNP) showed significantly
lower activities than the RNP complex of LNPB2. This result
suggested that PB2 is necessary for high polymerase activity
and that the high compatibility between LN/09 PB2 and PA
contributes to high polymerase activity. Given these observations,
the biological properties of H5N1 hybrids bearing the PB2 and PA
of pdm09 require further investigation.

In summary, our data demonstrated that pdm09 PB2 can
enhance H5N1 replication in mammalian cells and pathogenicity
in mice. Moreover, our data highlighted the importance of
monitoring the emergence of H5N1 reassortant virus containing
a human-derived PB2.
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