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Abstract
Reassortants between type A and B influenza viruses have not been detected in nature, although both
viruses co-circulate in human populations. One explanation for this may be functional incompatibility
of RNA transcription and replication between type A and B viruses. To test this possibility, we
constructed type A/B mosaic polymerase machinery, containing PB2, PB1, PA and nucleoprotein
from each of the two virus types, and assessed their polymerase activities with a type A promoter in
a reporter assay. Type B polymerase machinery containing homologous components was functional
with the type A promoter albeit to various extents depending on the segments from which the regions
downstream of the promoter sequence were derived, indicating functional compatibility between the
type A promoter and B polymerase machinery. However, all of the A/B mosaic polymerase
machinery, except that containing PA from a type A and the others from a type B virus strain, did
not function with the type A promoter, indicating limited compatibility among polymerase
components of both types. Taken together, these data suggest that incompatibility among components
of the polymerase machinery for RNA transcription and replication alone is not responsible for the
lack of heterotypic reassortants.
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1. Introduction
The genomes of influenza A and B viruses each consist of eight single-stranded RNA segments
of negative polarity (Palese and Shaw, 2007). In cells infected with two different type A viruses,
homotypic reassortants possessing various combinations of gene segments are readily
produced (Wright et al., 2007). However, intertypic reassortants between type A and B viruses
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have not been detected in nature or in vitro, although both viruses co-circulate in human
populations, suggesting the intertypic incompatibility at the RNA level, protein level, or both
(Kaverin et al., 1983; Mikheeva and Ghendon, 1982; Tobita et al., 1983).

By contrast, several artificial A/B chimeric viruses have been made by reverse genetics. Muster
et al. (1991) produced a mutant type A virus whose non-coding regions (NCRs) of the
neuraminidase (NA) segment were replaced with those of the type B NS segment, suggesting
that at least the NCRs of type B NS are compatible with type A components with respect to
RNA transcription, replication, and packaging. In addition, we have shown that the type A
polymerase machinery can express type B HA from the type B HA segment (Horimoto et al.,
2003). These observations may be surprising because, although terminal sequences at both
ends of the NCRs containing the promoter sequences needed for RNA transcription and
replication are conserved among viruses of the same type, they differ between type A and B
RNA segments. By contrast, Muster et al. (1991) were unable to generate a mutant virus in
which the NCRs for the type A NA segment were replaced with those of the type B NA segment.
These data together suggest that functional compatibility between the type A and B NCRs
depends on the specific RNA segment.

To gain further insight into heterotypic incompatibility between type A and B viruses at the
levels of RNA transcription and replication, here we used a series of reporter constructs
containing the NCRs of each type A segment, such that virus RNA (vRNA)-like transcription
and replication could be evaluated quantitatively and systemically. Using this series of reporter
constructs, we evaluated the activity of A/B mosaic polymerase machinery containing various
combinations of polymerase components with respect to their ability to drive the type A
promoter.

2. Materials and methods
2.1. Cells

293T human embryonic kidney cells and Madin-Darby canine kidney (MDCK) cells were
maintained in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal calf serum
(FCS) and in minimal essential medium (MEM) containing 5% newborn calf serum,
respectively. The 293T cell line is a derivative of the 293 line into which the gene for the simian
virus 40 T antigen was inserted (DuBridge et al., 1987). All cells were maintained at 37°C in
5% CO2.

2.2. Plasmids
A series of plasmids, designated pPolI-χ-SEAP (where χ represents PB2, PB1, PA, HA, NP,
NA, M, or NS), each containing the secreted alkaline phosphatase (SEAP) gene flanked by the
NCRs of segments from A/WSN/33 (H1N1; A/WSN) between the human RNA polymerase I
promoter and the mouse RNA polymerase I terminator were described previously (Maeda et
al., 2004). Plasmids constructed to express the PB2, PB1, PA and NP proteins of A/WSN, A/
duck/Guangxi/35/2001 (H5N1; A/DKGX) (Li et al., 2005), B/Lee/40 (B/Lee) or B/Panama/
45/90 (B/Panama) were inserted into the eukaryotic protein expression vector pCAGGS/MCS
(controlled by the chicken β-actin promoter) (Kobasa et al., 1997; Niwa et al., 1991) as
described previously (Neumann et al., 1999).

2.3. Expression and measurement of SEAP activity
293T cells in 12-well plates were transfected with 1 μg of each pPolI-χ-SEAP plasmid and
with 1 μg each of plasmids designed to express the four influenza viral proteins (PB2, PB1,
PA and NP). At 48 hrs post-transfection, SEAP activity in the supernatant was measured by
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using the Alkaline Phosphatase Yellow (pNPP) liquid substrate system (Sigma Chemical Co.,
USA) as described previously (Maeda et al., 2004).

2.4. Generation of viruses by plasmid-based reverse genetics
Viruses were generated by transfecting 293T cells with eight plasmids designed to express the
vRNA segments, together with the four plasmids designed to express the viral proteins (PB2,
PB1, PA and NP) as described previously (Neumann et al., 1999). The viruses in the supernatant
of the 293T cells were harvested 48 hrs post-transfection. Virus titers were determined by a
plaque assay using MDCK cells.

3. Results
3.1. Activity of type B polymerase machinery with a type A promoter

We constructed a series of plasmids for the synthesis of model vRNAs containing the SEAP
open reading frame, instead of the original coding sequences of A/WSN, flanked by the NCRs
of one of its segments (Maeda et al., 2004). These model vRNAs are transcribed and replicated
only in the presence of functional viral polymerase machinery, composed of three polymerase
components (PB2, PB1 and PA) and NP. Upon transfection of 293T cells with one of the model
vRNA-synthesizing plasmids together with four plasmids expressing PB2, PB1, PA and NP,
levels of transcription and replication for each model vRNA can be evaluated as SEAP activity
in cell culture supernatant.

We first measured the SEAP activities of the model vRNAs with A/WSN promoter sequences
by the type B polymerase machinery derived from the B/Lee (Fig. 1A) or B/Panama (Fig. 1B)
strains, and by type A polymerase machinery derived from A/DKGX (Fig. 1C) or homologous
A/WSN as a control (Fig. 1D). The levels of SEAP activity with the B/Lee polymerase
machinery were equivalent to those observed with A/WSN (homologous control) in all vRNA-
like constructs, except for the PB1 segment. The SEAP value for the PB1 construct with B/
Lee polymerase machinery was significantly lower than that for the control A/WSN machinery
(p<0.05 by t-test). By contrast, significantly lower levels (p<0.05) of SEAP were detected with
the PB2, PB1 and NA segments when the B/Panama polymerase machinery was used. These
findings indicate that activity for the type B polymerase machinery with a type A promoter
depends on the specific RNA segment and that the levels of activity differ between type B
strains. Interestingly, the SEAP activities with all of the A/WSN promoter sequences and the
A/DKGX polymerase were significantly lower than for the homologous WSN control, and
even for the type B polymerase.

To further test the limited activity of the B/Panama polymerase machinery with the type A
promoter, we attempted to generate A/WSN virus by plasmid-based reverse genetics using the
B/Panama polymerase machinery. The virus was produced in the supernatant of the transfected
cells albeit to a lesser extent (4.7x104 PFU/ml) than when using the homologous WSN
polymerase machinery (2.1x108 PFU/ml). This finding indicates that type B polymerase
machinery is compatible with the type A promoter at the level of RNA transcription and
replication.

3.2. Activity of type A/B mosaic polymerase machinery with the type A promoter
To investigate the compatibility among type A and B polymerase components and NP for
polymerase activity with the type A promoter, we tested a total of 14 combinations of types A
and B polymerase components and NP (Fig. 2A, lanes 2–15), and measured their polymerase
activities using a reporter segment that possessed the type A HA segment promoter. Among
all combinations tested, only the combination containing PA from A/WSN and NP, PB2 and
PB1 from B/Panama (lane 15) showed a level of polymerase activity equivalent to type A (lane
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1) or the B homologous control (lane 16); however, the same combination was not functional
with B/Lee-derived NP, PB2 and PB1. Similar results were obtained when type A promoters
of other segments such as PA, NP, M and NS were used (data not shown). Also, the reverse
combination containing PA from B/Panama and NP, PB2 and PB from A/WSN did not show
any polymerase activity (lane 5). Thus, the compatibility of PA function between A/WSN and
B/Panama is unidirectional. However, the polymerase components and NP of type A and B
viruses are largely incompatible with a type A virus promoter.

We, then, tested the activities of various combinations of the polymerase components and NP
from the two type B viruses, B/Panama and B/Lee, using a reporter segment possessing the A/
WSN HA segment promoter. All 14 combinations of these polymerase components and NP
showed similar SEAP activity of more than 2.0, indicating high compatibility between the two
type B virus proteins (data not shown). By contrast, the activities of combinations of
polymerase components and NP from A/WSN and A/DKGX varied; in particular, all of the
combinations containing A/DKGX PA had substantially reduced polymerase activity (Fig. 2B;
lanes 5, 8, 9, 11, 12, 13, and 14).

Since the only functional heterotypic polymerase/NP combination possessed PA from type A
virus and the rest from B/Panama, we next attempted to determine which polymerase
components plus NP of type B viruses are responsible for the formation of functional
heterotypic polymerase machinery. To this end, we tested various combinations of type B
polymerase components and NP with A/WSN PA (Fig. 3). We found that all of the polymerase
machinery containing B/Lee PB1 was non-functional, suggesting that the PA of A/WSN could
interact with PB1 from B/Panama but not from B/Lee.

4. Discussion
Influenza A and B viruses can form homotypic but not heterotypic reassortants. To gain insight
into this phenomenon, we assessed the compatibility between type A and B polymerase
machinery. Our findings indicate that homologous type B polymerase machinery is functional
with the type A promoter albeit to various extents depending upon the segments from which
the regions downstream of the promoter sequence were derived. Thus, lack of intertypic
reassortment between type A and B viruses cannot be explained by incompatibility at the RNA
transcription and replication levels. Although most combinations of polymerase components
and NP between type A and B viruses were not functional, one combination did indeed exhibit
activity equivalent to either parental polymerase. Previously, we successfully generated type
A/B chimeric virus, which contained type B HA in a type A virus background, indicating
functional compatibility between type A and B HA glycoproteins (Horimoto et al., 2003). In
addition, two studies have reported that type B NA can replace the function of type A NA
(Ghate and Air, 1999; Flandorfer et al., 2003). Taken together with our current findings, the
lack of intertypic reassortants cannot be explained by incompatibilities at the protein level.
Recently, we (K. Fujii et al., 2005; Y. Fujii et al., 2003; Muramoto et al., 2006; Ozawa et al.,
2007; Watanabe et al., 2003) and others (De Wit et al., 2006; Dos Santos Afonso et al.,
2005; Gog et al., 2007; Liang et al., 2005, 2008; Marsh et al., 2008) have identified regions in
the RNA segments of type A viruses that are essential for their incorporation into virions. It
may be that incompatibility in these sequences between type A and B viral RNA segments is
responsible for the lack of intertypic reassortants.

Interestingly, the activity of the A/DKGX polymerase machinery with A/WSN promoters was
significantly lower than that of the homologous WSN control, and even that of the type B
polymerase. It may be that the polymerase machinery of this highly pathogenic H5N1 virus
may not function optimally in 293T human cells, as used this assay, which would suggest host
specificity for the type A polymerase machinery. Our finding that the type A mosaic
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polymerase machinery containing PA from A/DKGX had reduced polymerase activity
suggests that the PA subunit may play a role in the host specificity of type A polymerase
activity.

Here, we found that homologous type B polymerase machinery is functional with type A
promoters, as reported earlier (Crescenzo-Chaigne et al., 1999), but that the extent of activity
depends on the RNA segments from which the NCRs are derived. The NCRs of each segment
contain sequences conserved among all eight RNA segments as well as downstream segment-
specific sequences (Desselberger et al., 1980). Although promoter activity is mainly
determined by the former region (Portela et al., 1999), the latter region could affect the
polymerase activity of the type B polymerase machinery with a type A promoter.

We have shown in this study that the PA of A/WSN interacts with PB1 of B/Panama but not
with that of B/Lee. Previous studies have reported that direct binding between the carboxyl-
terminal region of PA and the amino-terminal region of PB1 is required for functional
polymerase machinery (Perez and Donis, 2001). Thus, it is possible that B/Panama PB1 can
bind to type A PA, but that B/Lee PB1 cannot. Further studies at the molecular level may shed
light on the interplay between PA and PB1 in the polymerase machinery.
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Fig. 1.
Activity of type B polymerase machinery with a type A promoter (non-coding region [NCR]
derived from A/WSN segment). Polymerase activities are quantified by use of a SEAP assay
of the supernatants of cells transfected with (A) B/Lee-, (B) B/Panama-, or (C) control A/WSN-
derived plasmids. The SEAP units are expressed as absorbance values (optical density
[OD405]) and are reported as means ± standard deviation (n=3).
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Fig. 2.
Activity of type A/B mosaic polymerase machinery with a type A HA segment promoter.
Combinations of type A and B components are shown at the bottom. Polymerase activities are
quantified by use of a SEAP assay with B/Lee-, or B/Panama-derived components as described
in the legend to Fig. 1. As controls, SEAP values for homologous type A (lane 1) and type B
(lane 16) polymerase machinery are shown.
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Fig. 3.
Activity of type A/B mosaic polymerase machinery, containing type A PA and the other
components from type B, with a type A HA segment promoters Combinations of type B
components from B/Panama or B/Lee are shown at the bottom. Polymerase activities are
quantified by use of a SEAP assay as described in the legend to Fig. 1. As controls, SEAP
values for homologous type A (lane 1) and type B (lane 2 for B/Panama and lane 3 for B/Lee)
polymerase machinery are shown.

Iwatsuki-Horimoto et al. Page 9

Virus Res. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


