
WO 2004/094466 PCT/US2004/012050  VIRUSES ENCODING
MUTANT MEMBRANE PROTEIN Cross-Reference to Related
Applications The present application claims the
benefit of the filing date of U.S. 5 application
Serial No. 60/464,776, filed April 23, 2003, and U.S.
application  Serial No. 60/465,328, filed April 24,
2003, the disclosures of which are  incorporated by
reference herein. Statement of Government Rights This
invention was made with a grant from the Government of
the United  10 States of America (grant AI-47446 from
the National Institutes of Health). The  Government
may have certain rights in the invention. Background
of the Invention Cell membranes consist of a double
layer of lipid molecules in which  15 various proteins
are embedded. Because of its hydrophobic interior, the
lipid  bilayer of cell membranes serves as a barrier
to the passage of most polar  molecules and therefore
is crucial to cell viability. To facilitate the
transport of  small water-soluble molecules into or
out of cells or intracellular compartments,  such
membranes possess carrier and channel proteins. Ion
channels are essential 20 for many cellular functions,
including the electrical excitability of muscle cells
and electrical signaling in the nervous system
(reviewed by Alberts et al., 1994).  They are present
not only in all animal and plant cells, as well as
microorganisms, but also have been identified in
viruses (Ewart et al., 1996;  Piller et al., 1996;
Pinto et al., 1992; Schubert et al., 1996; Sugrue et
al., 1990; 25 Sunstrorn et al., 1996), where they are
thought to play an important role in the  viral life
cycle. The influenza A virus is an enveloped
negative-strand virus with eight  RNA segments
encapsidated with nucleoprotein (NP) (reviewed by Lamb
and  Krug, 1996). Spanning the viral membrane are
three proteins: hemagglutinin 30 (HA), neuraminidase
(NA), and M2. The extracellular domains (ectodomains)
of HA and NA are quite variable, while the ectodomain
domain of M2 is  essentially invariant among influenza
A viruses. The life cycle of viruses 1 WO 2004/094466
PCT/US2004/012050  



generally involves attachment to cell surface
receptors, entry into the cell and  uncoating of the
viral nucleic acid, followed by replication of the
viral genes inside the cell. After the synthesis of
new copies of viral proteins and genes,  these
components assemble into progeny virus particles,
which then exit the cell  5 (reviewed by Roizman and
Palese, 1996). Different viral proteins play a role in
each of these steps. In influenza A viruses, the M2
protein which possesses ion  channel activity (Pinto
et al., 1992), is thought to function at an early
state in the  viral life cycle between host cell
penetration and uncoating of viral RNA (Martin  and
Helenius, 1991; reviewed by Helenius, 1992; Sugrue et
al., 1990). Once 10 virions have undergone
endocytosis, the virion-associated M2 ion channel, a
homotetrameric helix bundle, is believed to permit
protons to flow from the  endosome into the virion
interior to disrupt acid-labile M1 protein-
ribonucleoprotein complex (RNP) interactions, thereby
promoting RNP release  into the cytoplasm (reviewed by
Helenius, 1992). In addition, among some 15 influenza
strains whose HAs are cleaved intracellularly (e.g.,
A/fowl  plagues/Rostock/34), the M2 ion channel is
thought to raise the pH of the trans- Golgi network,
preventing conformational changes in the HA due to
conditions  of low pH in this compartment (Hay et al.,
1985; Ohuchi et al., 1994; Takeuchi  and Lamb, 1994).
20 Evidence that the M2 protein has ion channel
activity was obtained by  expressing the protein in
oocytes ofXenopus laevis and measuring membrane
currents (Pinto et al., 1992; Wang et al., 1993;
Holsinger et al., 1994). Specific  changes in the M2
protein transmembrane (TM) domain altered the kinetics
and  ion selectivity of the channel, providing strong
evidence that the M2 TM domain 25 constitutes the pore
of the ion channel (Holsinger et al., 1994). In fact,
the M2  TM domain itself can function as an ion
channel (Duff and Ashley, 1992). M2  protein ion
channel activity is thought to be essential in the
life cycle of influenza  viruses, because amantadine
hydrochloride, which blocks M2 ion channel  activity
(Hay et al., 1993), inhibits viral replication (Kato
and Eggers, 1969; 30 Skehel et al., 1978). The genome
of influenza B virus, a member of the family
Orthoinyxoviridae, consists of eight negative-strand
RNA segments, which  2 



WO 2004/094466 PCT/US2004/012050  encode 11 proteins.
Of these, nine are also found in influenza A virus:
three  RNA-dependent RNA polymerase subunits (PB 1,
PB2, and PA), hemagglutinin  (HA), nucleoprotein (NP),
neuraminidase (NA), matrix protein (M1), and two
nonstructural proteins (NS 1 and NS2). Two proteins,
NB and BM2 are unique 5 to influenza B virus. NB is
encoded by RNA segment 6, which also encodes  NA,
while BM2 is encoded by segment 7. The NB protein of
influenza B virus is a type III integral membrane
protein, expressed abundantly on the surface of
virus-infected cells (Betakova et  al., 1996; Shaw et
al., 1983; Shaw et al., 1984), and is incorporated
into virions 10 (Betakova et al., 1996; Brassard et
al., 1996). This small protein (100 amino  acids)
possesses an 18-residue N-terminal ectodomain, a
22-residue  transmembrane domain, and a 60-residue
cytoplasmic tail (Betakova et al., 1996;  Williams et
al., 1986). From previous studies measuring membrane
currents,  and by analogy with the M2 protein of
influenza A virus (Fisher et al., 2000; 15 Fisher et
al., 2001; Sunstrom et al., 1996), NB was thought to
function as an ion  channel protein. However, the
electrophysiological measurements of NB protein  based
on the lipid bilayer system are difficult to
interrupt. That is, proteins and  peptides containing
hydrophobic domains, which are believed to lack ion
channel activity in cells, can yield channel
recordings in lipid bilayers (Lear et 20 al., 1988;
Tosteson et al., 1988; Tosteson et al., 1989).
Moreover, in the studies  of Fischer et al. (2001),
and Sunstrom et al. (1996), amantadine was used to
demonstrate the loss of channel activity by NB
protein, despite the inability of  this drug to
inhibit influenza B virus replication. Thus, the
available evidence  challenges the notion that the NB
protein has ion channel activity. 25 Immunity to viral
infections depends on the development of an immune
response to antigens present on the surface of
infected cell or on the virions. If  the surface viral
antigens are known, successful vaccines can be
produced.  Although there may be several antigens
present on the surface, only some of  them produce
neutralizing immunity. One method to produce a vaccine
is to 30 "attenuate" the virus. This is usually done
by passing infectious virus into a  foreign host and
identifying strains that are super virulent. Normally,
these super  virulent strains in the foreign host are
less virulent in the original host cell, and 



3 WO 2004/094466 PCT/US2004/012050  so are good
vaccine candidates as they produce a good immune
response in the  form of humoral IgG and local IgA.
Generally, influenza vaccines have been prepared from
live, attenuated  virus or killed virus which can grow
to high titers. Live virus vaccines activate  5 all
phases of the immune system and stimulate an immune
response to each of the protective antigens, which
obviates difficulties in the selective destruction of
protective antigens that may occur during preparation
of inactivated vaccines. In  addition, the immunity
produced by live virus vaccines is generally more
durable, more effective, and more cross-reactive than
that induced by inactivated 10 vaccines. Further, live
virus vaccines are less costly to produce than
inactivated  virus vaccines. However, the mutations in
attenuated virus are often ill-defined  and those
mutations appear to be in the viral antigen genes.
Thus, what is needed is a method to prepare
recombinant attenuated  influenza virus for vaccines
e.g., attenuated viruses having defined mutation(s).
15 Summary of the Invention The invention provides an
isolated and/or purified recombinant influenza  virus
comprising a mutant membrane protein gene, e.g., a
mutant integral  membrane protein gene such as a
mutant type III integral membrane protein 20 gene,
which does not encode a functional membrane protein or
a functional  portion thereof. The invention also
provides an isolated and/or purified  recombinant
influenza virus which lacks a membrane protein gene.
The lack of  a functional membrane protein such as an
integral membrane protein in a  recombinant influenza
virus provides for recombinant influenza viruses which
25 replicate in vitro but are attenuated in vivo. In
one embodiment, the recombinant  virus comprises a
mutant membrane protein gene which comprises one or
more  mutations which, when the gene is transcribed
and/or translated in a cell, does  not yield a
functional membrane protein or a functional portion
thereof. In  another embodiment, the mutant membrane
protein gene comprises at least two 30 mutations
relative to a corresponding membrane protein gene
which encodes a  functional membrane protein, wherein
at least one of the mutations is not in a  



region corresponding to the transmernbrane domain of
the protein. For example, 4 WO 2004/094466
PCT/US2004/012050  the mutant membrane protein gene,
when transcribed and/or translated in a cell,  does
not yield a functional gene product, yields reduced,
e.g., less than about 50%, 10%, 1%, or undetectable,
levels of the wild-type membrane protein,  and/or
yields a mutant membrane protein with less than about
50%, preferably  5 less than about 10%, and more
preferably less than about 1 %, the activity of the
corresponding wild-type (functional) membrane protein,
e.g., as a result of the  absence of wild-type
sequences at the C-terminus, i.e., a truncated
membrane  protein. In one embodiment of the invention,
the mutant membrane protein gene  encodes at least one
amino acid substitution relative to the corresponding
wild 10 type membrane protein. In one embodiment, the
substitution(s) is at or within  about 1 to 50
residues, or any integer in between, for instance, at
or within 1 to  20 or at or within 1 to 3, residues,
of the initiator methionine. In one preferred
embodiment, at least one substitution is at the
initiator methionine. In another  embodiment, the
mutant membrane protein gene has one or more stop
codons at 15 or within about 1 to 50 codons, or any
integer in between, e.g., at or within 1 to  20 codons
of the initiator codon. In yet another embodiment, the
mutant  membrane protein gene comprises one or more
deletions of one or more  nucleotides. In one
embodiment, the mutant membrane protein gene comprises
one or more deletions of one or more nucleotides at or
within about 150 20 nucleotides, e.g., at or within 1,
2, 3 up to 150 nucleotides, or any integer in
between, of the first codon in the coding region of
the gene. In one embodiment,  the mutant membrane
protein gene comprises one or more insertions of one
or  more nucleotides. In one embodiment, the mutant
membrane protein gene  comprises one or more
insertions of one or more nucleotides at or within
about 25 150 nucleotides, e.g., at or within 1, 2, 3
up to 150 nucleotides, or any integer in  between, of
the first codon in the coding region of the gene. Such
insertion(s)  and/or deletion(s) preferably alter the
reading frame of the membrane protein  gene. In yet
another embodiment, the mutant membrane protein gene
comprises  two or more mutations, e.g., two or more
mutations including a nucleotide 30 substitution in
the initiator codon that results in a codon for an
amino acid other  



than methionine, a nucleotide substitution that
results in a stop codon at the  initiation codon, a
nucleotide substitution that results in a stop codon
in the 5 WO 2004/094466 PCT/US2004/012050  coding
sequence, one or more nucleotide deletions in the
coding sequence, one or more nucleotide insertions in
the coding sequence, or any combination  thereof. In
one embodiment, the mutant membrane protein gene is in
a vector  and is operably linked to a promoter
including, but not limited to, a RNA 5 polymerase I
promoter, e.g., a human RNA polymerase I promoter, a
RNA  polymerase II promoter, a RNA polymerase III
promoter, a T7 promoter, and a  T3 promoter. In
another embodiment, the mutant membrane protein gene
is in a  vector and is linked to transcription
termination sequences including, but not  limited to,
a RNA polymerase I transcription termination sequence,
a RNA 10 polymerase II transcription termination
sequence, or a RNA polymerase III  transcription
termination sequence, or a ribozyme. As described
herein, influenza B knockout viruses were generated by
reverse genetics and their growth characteristics and
other properties tested both  in vitro and in vivo.
Mutants not expressing NB replicated as efficiently as
the 15 wild-type virus in cell culture, whereas in
mice they showed restricted growth  compared with
findings for the wild-type virus. Thus, NB protein is
not essential  for influenza B virus replication in
cell culture, but promotes efficient growth in  mica
Given the attenuated growth of the NB knockout virus
in vivo, but not in  vitro, these mutant viruses may
be useful in the development of live influenza 20
vaccines. Thus, the invention further provides a
vaccine or immunogenic  composition comprising a
recombinant virus of the invention, and a method of
using the vaccine or immunogenic composition to
immunize a vertebrate or  induce an immune response in
a vertebrate, respectively. In one embodiment, 25 the
recombinant virus of the invention includes genes from
influenza A virus. In  another embodiment, the
recombinant virus of the invention includes genes from
influenza B virus. In yet another embodiment, the
recombinant virus of the  invention includes genes
from influenza C virus. In a further embodiment, the
recombinant virus of the invention includes one or
more genes from influenza A 



30 virus, influenza B virus, influenza C virus, or any
combination thereof. For  instance, the recombinant
virus may comprise a mutant NB gene derived from  the
NB gene of B/Lee/40, B/Shiga/T30/98, B/Mie/1/93,
B/Chiba/447/98, 6 WO 2004/094466 PCT/US2004/012050
B/Victoria/2/87, B/Yainanashi/166/98, B/Nagoya/20/99,
B/Kouchi/193/99,  B/Saga/S 172/99, B/Kanagawa,
B/Lusaka/432/99, B/Lusaka/270/99,  B/Quebec/74204/99,
B/Quebec/453/98, B/Quebec/51/98, B/Quebec/465/98 and
B/Quebec/511/98 (Accession Nos. AB036873, AB03672,
AB036871, 5 AB036870, AB036869, AB036868, AB036867,
AB036866, D14855, D14543,  D14542, AB059251, AB059243,
NC 002209, AJ419127, AJ419126, AJ419125,  AJ419124,
and AJ419123, the disclosures of which are
specifically incorporated  by reference herein). In
one embodiment, the mutation(s) in the NB gene do not
alter the sequence of the NA gene. In another
embodiment, the mutation(s) in 10 the NB gene also
alter the sequence of the NA gene but yield a NA with
substantially the same activity as the NA encoded by a
corresponding non- mutated NA gene. As used herein,
"substantially the same activity" includes an
activity that is about 0.1 %, 1%, 10%, 30%, 50%, e.g.,
up to 100% or more, the  activity of the corresponding
full-length polypeptide. 15 Also provided is a method
of preparing a recombinant influenza virus  comprising
a mutant membrane protein gene which does not encode a
functional  membrane protein or a functional portion
thereof relative to a corresponding  wild-type
membrane protein gene. The method comprises contacting
a host cell  with a composition comprising a plurality
of influenza vectors, including a 20 vector comprising
a mutant membrane protein gene, so as to yield
recombinant  virus. For example, for influenza B, the
composition comprises: a) at least two  vectors
selected from a vector comprising a promoter operably
linked to an  influenza virus PA cDNA linked to a
transcription termination sequence, a  vector
comprising a promoter operably linked to an influenza
virus PB 1 cDNA 25 linked to a transcription
termination sequence, a vector comprising a promoter
operably linked to an influenza virus PB2 cDNA linked
to a transcription  termination sequence, a vector
comprising a promoter operably linked to an  influenza
virus HA cDNA linked to a transcription termination
sequence, a  



vector comprising promoter operably linked to an
influenza virus NP cDNA 30 linked to a transcription
termination sequence, a vector comprising a promoter
operably linked to an influenza virus cDNA NA and NB
linked to a transcription  termination sequence, a
vector comprising a promoter operably linked to an 7
WO 2004/094466 PCT/US2004/012050  influenza virus M
cDNA linked to a transcription termination sequence,
and a vector comprising a promoter operably linked to
an influenza virus NS cDNA  linked to a transcription
termination sequence, wherein the sequence of the
cDNA for NB' comprises at least two mutations relative
to a corresponding NB 5 gene which encodes a
functional NB membrane protein, one of which mutations
is not in the transmembrane domain, the presence of
which in the mutant gene,  when the mutant gene is
transcribed and translated in the host cell, does not
yield  a functional membrane protein or a functional
portion thereof, and optionally  yields a functional
NA protein, and b) at least two vectors selected from
a vector 10 comprising a promoter operably linked to a
DNA segment encoding influenza  virus PA, a vector
comprising a promoter operably linked to a DNA segment
encoding influenza virus PB 1, a vector comprising a
promoter operably linked to  a DNA segment encoding
influenza virus PB2, a vector comprising a promoter
operably linked to a DNA segment encoding influenza
virus NP, a vector 15 comprising a promoter operably
linked to a DNA segment encoding influenza  virus HA,
a vector comprising a promoter operably linked to a
DNA segment  encoding influenza virus NA, a vector
comprising a promoter operably linked to  a DNA
segment encoding influenza virus Ml, a vector
comprising a promoter  operably linked to a DNA
segment encoding influenza virus BM2, and a vector 20
comprising a promoter operably linked to a DNA segment
encoding influenza  virus NS. The invention further
provides a composition comprising a plurality of
vectors such as those described above, and a host cell
contacted with such a  composition or isolated
recombinant virus of the invention, e.g., so as to
yield 25 infectious virus. Alternatively, the host
cell may be contacted with each vector,  or a subset
of vectors, sequentially. Further provided is an
isolated and/or purified nucleic acid molecule  



(polynucleotide) encoding at least one of the proteins
of influenza virus  B/Lee/40, or a portion thereof, or
the complement of the nucleic acid molecule. 30 In one
embodiment, the isolated and/or purified nucleic acid
molecule encodes  HA, NA, PB 1, PB2, PA, NP, M, or NS,
or a portion thereof having substantially  the same
activity as a corresponding polypeptide of one of SEQ
ID NOs:l-8. As  8 WO 2004/094466 PCT/US2004/012050
used herein, "substantially the same activity"
includes an activity that is about 0.1%, 1%, 10%, 30%,
50%, e.g., up to 100% or more, the activity of the
corresponding full-length polypeptide. In one
embodiment, the isolated and/or  purified nucleic acid
molecule encodes a polypeptide having at least 80%,
e.g., 5 90%, 92%, 95%, 97% or 99%, contiguous amino
acid sequence identity to one of  SEQ ID NOs. 1-8. In
one embodiment, the isolated and/or purified nucleic
acid  molecule comprises a nucleotide sequence having
at least 50%, e.g., 60%, 70%,  80% or 90% or more
contiguous nucleic acid sequence homology to one of
SEQ  ID NOs. 1-8, or the complement thereof, and if
homologous to coding sequences 10 of one of SEQ ID
NOs:l-8, encodes a polypeptide having at least 80%,
e.g., 90%, 92%, 95%, 97% or 99%, contiguous amino acid
sequence identity to one of  SEQ ID NOs. 1-8. In
another embodiment, the isolated and/or purified
nucleic  acid molecule encoding at least one of the
proteins of influenza virus B/Lee/40,  or a portion
thereof, or the complement of the nucleic acid
molecule, hybridizes 15 to one of SEQ ID NOs. 1-8, or
the complement thereof, under low stringency,
moderate stringency or stringent conditions. For
example, the following  conditions may be employed: 7%
sodium dodecyl sulfate (SDS), 0.5 M NaPO4, 1  mM EDTA
at 50C with washing in 2X SSC, 0.1 % SDS at 50C, more
desirably  in 7% sodium dodecyl sulfate (SDS), 0.5 M
NaPO4, 1 mM EDTA at 50C with 20 washing in 1X SSC,
0.1% SDS at 50C, more desirably still in 7% sodium
dodecyl sulfate (SDS), 0.5 M NaPO4, 1 mM EDTA at 50C
with washing in  0.5X SSC, 0.1% SDS at 50C, preferably
in 7% sodium dodecyl sulfate (SDS),  0.5 M NaPO4, 1 mM
EDTA at 50C with washing in 0.1X SSC, 0.1% SDS at
50C, more preferably in 7% sodium dodecyl sulfate
(SDS), 0.5 M NaPO4, 1 25 mM EDTA at 50C with washing
in 0.1X SSC, 0.1 % SDS at 65C. The nucleic acid
molecule of the invention maybe employed to express  



influenza proteins, to prepare chimeric genes, e.g.,
with other viral genes  including other influenza
virus genes, and/or to prepare recombinant virus.
Thus, the invention also provides isolated
polypeptides, recombinant virus and 30 host cells
contacted with the nucleic acid molecules or
recombinant virus  comprising influenza virus B/Lee/40
sequences. Such polypeptides, recombinant  9 WO
2004/094466 PCT/US2004/012050  virus and host cells
may be used in medical therapy, e.g., to induce a
protective  immune response or in gene therapy. Brief
Description of the Figures 5 Figure 1. Schematic
diagram of established reverse genetics systems. In
the RNP transfection method (A), purified NP and
polymerase proteins are  assembled into RNPs with use
of in vitro-synthesized vRNA. Cells are  transfected
with RNPs, followed by helper virus infection. In the
RNA  polymerase I method (B), a plasmid containing the
RNA polymerase I promoter, 10 a cDNA encoding the vRNA
to be rescued, and the RNA polymerase I  terminator is
transfected into cells. Intracellular transcription by
RNA  polymerase I yields synthetic vRNA, which is
packaged into progeny virus  particles upon infection
with helper virus. With both methods, transfectant
viruses (i.e., those containing RNA derived from
cloned cDNA), are selected  15 from the helper virus
population. Figure 2. Schematic diagram of the
generation of RNA polymerase I  constructs. cDNAs
derived from influenza virus were amplified by PCR,
digested with BsmBI and cloned into the BsinBI sites
of the pHH21 vector (E.  Hoffinann, Ph.D. thesis,
Justus, Liebig-University, Giessen, Germany), which 20
contains the human RNA polymerase I promoter (P) and
the mouse RNA  polymerase I terminator (T). The
thymidine nucleotide upstream of the  terminator
sequence (*T) represents the 3' end of the influenza
viral RNA.  Influenza A virus sequences are shown in
bold face letters. (SEQ ID NOs: 10-19  and 28-29) 25
Figure 3. Proposed reverse genetics method for
generating segmented  negative-sense RNA viruses.
Plasmids containing the RNA polymerase I  promoter a
cDNA for each of the eight viral RNA segments, and the
RNA  



polymerase I terminator are transfected into cells
together with protein  expression plasmids. Although
infectious viruses can be generated with 30 plasmids
expressing PA, PB 1, PB2, and NP, expression of all
remaining  structural proteins (shown in brackets)
increases the efficiency of virus  production
depending on the virus generated. 10 WO 2004/094466
PCT/US2004/012050  Figure 4. Schematic diagram of
mutations introduced into the NA segment. Mutations
are shown in bold (-, deletion; *, insertion). The
numbers shown are  nucleotide positions. (SEQ ID NOs:
20-27) Figure 5. Analysis of the expression of NB
protein. (A) Detection of NB  5 protein in infected
MDCK cells by immunofluoresence assay. B/LeeRG,
B/LeeRG-infected; WSN, A/WSN/33-infected; Control,
uninfected; #1, #2, and  #3, BLeeNBstop#l,
BLeeNBstop#2, and BLeeNBstop#3-infected cells,
respectively. (B) Detection of NB protein in
virus-infected MDCK cells by  inununoprecipitation
assays. Radiolabeled NB proteins were 10
immunoprecipitated with a rabbit anti-NB peptide serum
and analyzed on 4-20%  gradient polyacrylarnide gels.
#1, BLeeNBstop#1-infected; #2, BLeeNBstop#2- infected;
#3, BLeeNBstop#3-infected; C, uninfected cell lysate.
Molecular  weight markers (kDa) are indicated. Figure
6. Growth curves for B/LeeRG and mutant viruses. MDCK
cells  15 were infected with virus (0.001 PFU) and
incubated at 37C. At the indicated  times after
infection, virus titers were determined in the
supernatant. The values  are means ( SD) of 3
determinations. Figure 7. Sequences of influenza virus
B/Lee/40 (SEQ ID NOs: 1-8).  20 Detailed Description
of the Invention Definitions  As used herein, the
terms "isolated and/or purified" refer to in vitro
preparation, isolation and/or purification of a
vector, plasmid or virus of the  invention, so that it
is not associated with in vivo substances, or is
substantially 25 purified from in vitro substances. An
isolated virus preparation of the invention  is
generally obtained by in vitro culture and propagation
and is substantially free  from other infectious
agents. As used herein, "substantially free" means
below  



the level of detection for a particular infectious
agent using standard detection  methods for that
agent. A "recombinant" virus is one which has been 30
manipulated in vitro, e.g., using recombinant DNA
techniques to introduce  changes to the viral genome.
11 WO 2004/094466 PCT/US2004/012050  As used herein,
the term "recombinant nucleic acid" or "recombinant
DNA sequence or segment" refers to a nucleic acid,
e.g., to DNA, that has been  derived or isolated from
a source, that may be subsequently chemically altered
in  vitro, so that its sequence is not naturally
occurring, or corresponds to naturally 5 occurring
sequences that are not positioned as they would be
positioned in the  native genome. An example of DNA
"derived" from a source, would be a DNA sequence  that
is identified as a useful fragment, and which is then
chemically synthesized  in essentially pure form. An
example of such DNA "isolated" from a source 10 would
be a useful DNA sequence that is excised or removed
from said source by  chemical means, e.g., by the use
of restriction endonucleases, so that it can be
further manipulated, e.g., amplified, for use in the
invention, by the methodology  of genetic engineering.
"Low" stringency conditions include hybridization with
a buffer solution  15 of 30 to 35% formamide, 1 M
NaCl, 1% SDS (sodium dodecyl sulphate) at  37C, and a
wash in IX to 2X SSC (20X SSC = 3.0 M NaCI/0.3 M
trisodium  citrate) at 50 to 55C. "Moderate"
stringency conditions include hybridization in 40 to
45%  formamide, 1.0 M NaCl, 1% SDS at 37C, and a wash
in 0.5X to 1X SSC at 55  20 to 60C. "Stringent"
conditions for hybridization of complementary nucleic
acids  which have more than 100 complementary residues
on a filter in a Southern or  Northern blot is 50%
formamide, e.g., hybridization in 50% formamide, 1 M
NaCl, 1% SDS at 37C, and a wash in 0. 1X SSC at 60 to
65C. 25 Methods of alignment of sequences for
comparison are well known in the  art. Thus, the
determination of percent identity between any two
sequences can  be accomplished using a mathematical
algorithm. Preferred, non-limiting  



examples of such mathematical algorithms are the
algorithm of Myers and  Miller, 1988; the local
homology algorithm of Smith et al., 1981; the homology
30 alignment algorithm of Needleman and Wunsch, 1970;
the search-for-similarity- 12 WO 2004/094466
PCT/US2004/012050  method of Pearson and Lipman, 1988;
the algorithm of Karlin and Altschul, 1990, modified
as in Karlin and Altschul, 1993. Computer
implementations of these mathematical algorithms can
be  utilized for comparison of sequences to determine
sequence identity. Such  5 implementations include,
but are not limited to: CLUSTAL in the PC/Gene
program (available from Intelligenetics, Mountain
View, California); the ALIGN program (Version 2.0) and
GAP, BESTFIT, BLAST, FASTA, and TFASTA in  the
Wisconsin Genetics Software Package, Version 8
(available from Genetics  Computer Group (GCG), 575
Science Drive, Madison, Wisconsin, USA). 10 Alignments
using these programs can be performed using the
default parameters.  The CLUSTAL program is well
described by Higgins et al., 1988; Higgins et al.,
1989; Corpet et al., 1988; Huang et al., 1992; and
Pearson et al., 1994. The ALIGN program is based on
the algorithm of Myers and Miller, supra. The  BLAST
programs of Altschul et al., 1990, are based on the
algorithm of Karlin  15 and Altschul supra. Software
for performing BLAST analyses is publicly available
through  the National Center for Biotechnology
Information  (http://www.ncbi.nlm.nih.gov/). This
algorithm involves first identifying high  scoring
sequence pairs (HSPs) by identifying short words of
length Win the 20 query sequence, which either match
or satisfy some positive-valued threshold  score T
when aligned with a word of the same length in a
database sequence. T is  referred to as the
neighborhood word score threshold (Altschul et al.,
1990).  These initial neighborhood word hits act as
seeds for initiating searches to find  longer HSPs
containing them. The word hits are then extended in
both directions 25 along each sequence for as far as
the cumulative alignment score can be  increased.
Cumulative scores are calculated using, for nucleotide
sequences, the  parameters M (reward score for a pair
of matching residues; always > 0) and N  (penalty
score for mismatching residues; always < 0). For amino
acid sequences,  



a scoring matrix is used to calculate the cumulative
score. Extension of the word 30 hits in each direction
are halted when the cumulative alignment score falls
off by  the quantity X from its maximum achieved
value, the cumulative score goes to  13 WO 2004/094466
PCT/US2004/012050  zero or below due to the
accumulation of one or more negative-scoring residue
alignments, or the end of either sequence is reached.
In addition to calculating percent sequence identity,
the BLAST  algorithm also performs a statistical
analysis of the similarity between two  5 sequences
(see, e.g., Karlin & Altschul (1993). One measure of
similarity  provided by the BLAST algorithm is the
smallest sum probability (P(N)), which provides an
indication of the probability by which a match between
two  nucleotide or amino acid sequences would occur by
chance. For example, a test  nucleic acid sequence is
considered similar to a reference sequence if the 10
smallest sum, probability in a comparison of the test
nucleic acid sequence to the  reference nucleic acid
sequence is less than about 0.1, more preferably less
than  about 0.01, and most preferably less than about
0.001. To obtain gapped alignments for comparison
purposes, Gapped BLAST  (in BLAST 2.0) can be utilized
as described in Altschul et al., 1997. 15
Alternatively, PSI-BLAST (in BLAST 2.0) can be used to
perform an iterated  search that detects distant
relationships between molecules. See Altschul et al.,
supra. When utilizing BLAST, Gapped BLAST, PSI-BLAST,
the default  parameters of the respective programs
(e.g. BLASTN for nucleotide sequences,  BLASTX for
proteins) can be used. The BLASTN program (for
nucleotide 20 sequences) uses as defaults a wordlength
(W) of 11, an expectation (E) of 10, a  cutoff of 100,
M=5, N=-4, and a comparison of both strands. For amino
acid  sequences, the BLASTP program uses as defaults a
wordlength (W) of 3, an  expectation (E) of 10, and
the BLOSUM62 scoring matrix (see Henikoff &  Henikoff,
1989). See http://www.ncbi.nlm.nih.gov. Alignment may
also be  25 performed manually by inspection. For
sequence comparison, typically one sequence acts as a
reference  sequence to which test sequences are
compared. When using a sequence  comparison algorithm,
test and reference sequences are input into a
computer,  



subsequence coordinates are designated if necessary,
and sequence algorithm 30 program parameters are
designated. The sequence comparison algorithm then
calculates the percent sequence identity for the test
sequence(s) relative to the  reference sequence, based
on the designated program parameters. 14 WO
2004/094466 PCT/US2004/012050  Orthomyxoviruses
Influenza virus Influenza A viruses possess a genome
of eight single-stranded negative- sense viral RNAs
(vRNAs) that encode a total of ten proteins. The
influenza 5 virus life cycle begins with binding of
the HA to sialic acid-containing receptors  on the
surface of the host cell, followed by
receptor-mediated endocytosis. The  low pH in late
endosomes triggers a conformational shift in the HA,
thereby  exposing the N-terminus of the HA2 subunit
(the so-called fusion peptide). The  fusion peptide
initiates the fusion of the viral and endosomal
membrane, and the 10 matrix protein (Ml) and RNP
complexes are released into the cytoplasm. RNPs
consist of the nucleoprotein (NP), which encapsidates
vRNA, and the viral  polymerase complex, which is
formed by the PA, PB 1, and PB2 proteins. RNPs  are
transported into the nucleus, where transcription and
replication take place.  The RNA polymerase complex
catalyzes three different reactions: synthesis of an
15 mRNA with a 5' cap and 3' polyA structure, of a
full-length complementary  RNA (cRNA), and of genomic
vRNA using the cDNA as a template. Newly  synthesized
vRNAs, NP, and polymerase proteins are then assembled
into RNPs,  exported from the nucleus, and transported
to the plasma membrane, where  budding of progeny
virus particles occurs. The neuraminidase (NA) protein
20 plays a crucial role late in infection by removing
sialic acid from  sialyloligosaccharides, thus
releasing newly assembled virions from the cell
surface and preventing the self aggregation of virus
particles. Although virus  assembly involves
protein-protein and protein-vRNA interactions, the
nature of  these interactions is largely unknown. 25
Although influenza B and C viruses are structurally
and functionally  similar to influenza A virus, there
are some differences. For example, influenza  B virus
does not have a M2 protein with ion channel activity.
Similarly,  



influenza C virus does not have a M2 protein with ion
channel activity.  However, the CMl protein is likely
to have this activity. The activity of an ion 30
channel protein may be measured by methods well-known
to the art, see, e.g.,  Holsinger et al. (1994) and WO
01/79273. 15 WO 2004/094466 PCT/US2004/012050  Cell
Lines and Influenza Viruses That Can Be Used in the
Present Invention According to the present invention,
any cell which supports efficient  replication of
influenza virus can be employed in the invention,
including mutant  cells which express reduced or
decreased levels of one or more sialic acids which 5
are receptors for influenza virus. Viruses obtained by
the methods can be made  into a reassortant virus.
Preferably, the cells are WHO certified, or
certifiable, continuous cell  lines. The requirements
for certifying such cell lines include
characterization  with respect to at least one of
genealogy, growth characteristics, immunological 10
markers, virus susceptibility tumorigenicity and
storage conditions, as well as by  testing in animals,
eggs, and cell culture. Such characterization is used
to  confirm that the cells are free from detectable
adventitious agents. In some  countries, karyology may
also be required. In addition, tumorigenicity is
preferably tested in cells that are at the same
passage level as those used for 15 vaccine production.
The virus is preferably purified by a process that has
been  shown to give consistent results, before being
inactivated or attenuated for  vaccine production
(see, e.g., World Health Organization, 1982). It is
preferred to establish a complete characterization of
the cell lines to  be used, so that appropriate tests
for purity of the final product can be included.  20
Data that can be used for the characterization of a
cell to be used in the present invention includes (a)
information on its origin, derivation, and passage
history;  (b) information on its growth and
morphological characteristics; (c) results of  tests
of adventitious agents; (d) distinguishing features,
such as biochemical,  immunological, and cytogenetic
patterns which allow the cells to be clearly 25
recognized among other cell lines; and (e) results of
tests for tumorigenicity.  Preferably, the passage
level, or population doubling, of the host cell used
is as  low as possible. 



It is preferred that the virus produced in the cell is
highly purified prior to  vaccine or gene therapy
formulation. Generally, the purification procedures
will  30 result in the extensive removal of cellular
DNA, other cellular components, and adventitious
agents. Procedures that extensively degrade or
denature DNA can  also be used. See, e.g., Mizrahi,
1990. 16 WO 2004/094466 PCT/US2004/012050  Vaccines A
vaccine of the invention may comprise immunogenic
proteins  including glycoproteins of any pathogen,
e.g., an immunogenic protein from one  or more
bacteria, viruses, yeast or fungi. Thus, in one
embodiment, the influenza 5 viruses of the invention
may be vaccine vectors for influenza virus or other
viral  pathogens including but not limited to
lentiviruses such as HIV, hepatitis B  virus,
hepatitis C virus, herpes viruses such as CMV or HSV
or foot and mouth  disease virus. A complete virion
vaccine is concentrated by ultrafiltration and then 10
purified by zonal centrifugation or by chromatography.
It is inactivated before or  after purification using
formalin or beta-propiolactone, for instance. A
subunit vaccine comprises purified glycoproteins. Such
a vaccine may  be prepared as follows: using viral
suspensions fragmented by treatment with  detergent,
the surface antigens are purified, by
ultracentrifugation for example.  15 The subunit
vaccines thus contain mainly HA protein, and also NA.
The detergent used may be cationic detergent for
example, such as hexadecyl  trimethyl ammonium bromide
(Bachmeyer, 1975), an anionic detergent such as
ammonium deoxycholate (Laver & Webster, 1976); Webster
et al., 1977); or a  nonionic detergent such as that
commercialized under the name TRITON X100. 20 The
hemagglutinin may also be isolated after treatment of
the virions with a  protease such as bromelin, then
purified by a method such as that described by  Grand
and Skehel (1972). A split vaccine comprises virions
which have been subjected to treatment  with agents
that dissolve lipids. A split vaccine can be prepared
as follows: an  25 aqueous suspension of the purified
virus obtained as above, inactivated or not, is
treated, under stirring, by lipid solvents such as
ethyl ether or chloroform, 



associated with detergents. The dissolution of the
viral envelope lipids results in  fragmentation of the
viral particles. The aqueous phase is recuperated
containing  the split vaccine, constituted mainly of
hemagglutinin and neuraminidase with 30 their original
lipid environment removed, and the core or its
degradation  products. Then the residual infectious
particles are inactivated if this has not  already
been done. 17 WO 2004/094466 PCT/US2004/012050
Inactivated Vaccines. Inactivated influenza virus
vaccines of the invention are provided by inactivating
replicated virus of the invention using  known
methods, such as, but not limited to, formalin or
13-propiolactone  treatment. Inactivated vaccine types
that can be used in the invention can 5 include
whole-virus (WV) vaccines or subvirion (SV) (split)
vaccines. The WV  vaccine contains intact, inactivated
virus, while the SV vaccine contains purified  virus
disrupted with detergents that solubilize the
lipid-containing viral envelope,  followed by chemical
inactivation of residual virus. In addition, vaccines
that can be used include those containing the 10
isolated HA and NA surface proteins, which are
referred to as surface antigen or  subunit vaccines.
In general, the responses to SV and surface antigen
(i.e.,  purified HA or NA) vaccines are similar. An
experimental inactivated WV  vaccine containing an NA
antigen immunologically related to the epidemic virus
and an unrelated HA appears to be less effective than
conventional vaccines  15 (Ogra et al., 1977).
Inactivated vaccines containing both relevant surface
antigens are preferred. Live Attenuated Virus
Vaccines. Live, attenuated influenza virus  vaccines,
can also be used for preventing or treating influenza
virus infection,  according to known method steps.
Attenuation is preferably achieved in a single 20 step
by transfer of attenuated genes from an attenuated
donor virus to a replicated  isolate or reassorted
virus according to known methods (see, e.g., Murphy,
1993). Since resistance to influenza A virus is
mediated by the development of  an immune response to
the HA and NA glycoproteins, the genes coding for
these  surface antigens must come from the reassorted
viruses or high growth clinical 25 isolates. The
attenuated genes are derived from the attenuated
parent. In this  



approach, genes that confer attenuation preferably do
not code for the HA and  NA glycoproteins. Otherwise,
these genes could not be transferred to  reassortants
bearing the surface antigens of the clinical virus
isolate. Many donor viruses have been evaluated for
their ability to reproducibly  30 attenuate influenza
viruses. As a non-limiting example, the A/Ann
Arbor(AA)/6/60 (H2N2) cold adapted (ca) donor virus
can be used for attenuated  vaccine production (see,
e.g., Edwards, 1994; Murphy, 1993). Additionally,
live, 1S WO 2004/094466 PCT/US2004/012050  attenuated
reassortant virus vaccines can be generated by mating
the ca donor virus with a virulent replicated virus of
the invention. Reassortant progeny are  then selected
at 25 C, (restrictive for replication of virulent
virus), in the  presence of an H2N2 antiserum, which
inhibits replication of the viruses bearing 5 the
surface antigens of the attenuated A/AA/6/60 (H2N2) ca
donor virus. A large series of HIN1 and H3N2
reassortants have been evaluated in  humans and found
to be satisfactorily: (a) infectious, (b) attenuated
for  seronegative children and immunologically primed
adults, (c) immunogenic and  (d) genetically stable.
The immunogenicity of the ca reassortants parallels
their 10 level of replication. Thus, the acquisition
of the six transferable genes of the ca  donor virus
by new wild-type viruses has reproducibly attenuated
these viruses  for use in vaccinating susceptible
adults and children. Other attenuating mutations can
be introduced into influenza virus genes  by
site-directed mutagenesis to rescue infectious viruses
bearing these mutant  15 genes. Attenuating mutations
can be introduced into non-coding regions of the
genome, as well as into coding regions. Such
attenuating mutations can also be  introduced into
genes other than the HA or NA, e.g., the PB2
polymerase gene  (Subbarao et al., 1993). Thus, new
donor viruses can also be generated bearing
attenuating mutations introduced by site-directed
mutagenesis, and such new 20 donor viruses can be used
in the reduction of live attenuated reassortants H1N1
and H3N2 vaccine candidates in a manner analogous to
that described above for  the A/AA/6/60 ca donor
virus. Similarly, other known and suitable attenuated
donor strains can be reassorted with influenza virus
of the invention to obtain  attenuated vaccines
suitable for use in the vaccination of mammals (Ewami
et 



25 al., 1990; Muster et al., 1991; Subbarao et al.,
1993). It is preferred that such attenuated viruses
maintain the genes from the  virus that encode
antigenic determinants substantially similar to those
of the  original clinical isolates. This is because
the purpose of the attenuated vaccine is  to provide
substantially the same antigenicity as the original
clinical isolate of 30 the virus, while at the same
time lacking infectivity to the degree that the
vaccine  causes minimal change of inducing a serious
pathogenic condition in the  vaccinated mammal. 19 WO
2004/094466 PCT/US2004/012050  The virus can thus be
attenuated or inactivated, formulated and
administered, according to known methods, as a vaccine
to induce an immune  response in an animal, e.g., a
mammal. Methods are well-known in the art for
determining whether such attenuated or inactivated
vaccines have maintained 5 similar antigenicity to
that of the clinical isolate or high growth strain
derived  therefrom. Such known methods include the use
of antisera or antibodies to  eliminate viruses
expressing antigenic determinants of the donor virus;
chemical  selection (e.g., amantadine or rimantidine);
HA and NA activity and inhibition;  and DNA screening
(such as probe hybridization or PCR) to confirm that
donor 10 genes encoding the antigenic determinants
(e.g., HA or NA genes) are not  present in the
attenuated viruses. See, e.g., Robertson et al., 1988;
Kilbourne,  1969; Aymard-Henry et al., 1985; Robertson
et al., 1992. Pharmaceutical Compositions
Pharmaceutical compositions of the present invention,
suitable for  15 inoculation or for parenteral or oral
administration, comprise attenuated or  inactivated
influenza viruses, optionally further comprising
sterile aqueous or  non-aqueous solutions,
suspensions, and emulsions. The compositions can
further comprise auxiliary agents or excipients, as
known in the art. See, e.g.,  Berkow et al., 1987;
Goodman et al., 1990; Avery's Drug Treatment, 1987;
Osol, 20 1980; Katzung, 1992. The composition of the
invention is generally presented in  the form of
individual doses (unit doses). Conventional vaccines
generally contain about 0.1 to 200 g, preferably  10
to 15 g, of hemagglutinin from each of the strains
entering into their  



composition. The vaccine forming the main constituent
of the vaccine 25 composition of the invention may
comprise a virus of type A, B or C, or any
combination thereof, for example, at least two of the
three types, at least two of  different subtypes, at
least two of the same type, at least two of the same
subtype,  or a different isolate(s) or reassortant(s).
Human influenza virus type A includes  H1N1, H2N2 and
H3N2 subtypes. 30 Preparations for parenteral
administration include sterile aqueous or non- aqueous
solutions, suspensions, and/or emulsions, which may
contain auxiliary  agents or excipients known in the
art. Examples of non-aqueous solvents are 20 WO
2004/094466 PCT/US2004/012050  propylene glycol,
polyethylene glycol, vegetable oils such as olive oil,
and  injectable organic esters such as ethyl oleate.
Carriers or occlusive dressings can be used to
increase skin permeability and enhance antigen
absorption. Liquid  dosage forms for oral
administration may generally comprise a liposome
solution  5 containing the liquid dosage form.
Suitable forms for suspending liposomes include
emulsions, suspensions, solutions, syrups, and elixirs
containing inert  diluents commonly used in the art,
such as purified water. Besides the inert  diluents,
such compositions can also include adjuvants, wetting
agents,  emulsifying and suspending agents, or
sweetening, flavoring, or perfuming 10 agents. See,
e.g., Berkow et al., 1992; Goodman et al., 1990;
Avery's, 1987;  Osol, 1980; and Katzung, 1992. When a
composition of the present invention is used for
administration to  an individual, it can further
comprise salts, buffers, adjuvants, or other
substances which are desirable for improving the
efficacy of the composition. 15 For vaccines,
adjuvants, substances which can augment a specific
immune  response, can be used. Normally, the adjuvant
and the composition are mixed  prior to presentation
to the immune system, or presented separately, but
into the  same site of the organism being immunized.
Examples of materials suitable for  use in vaccine
compositions are provided in Osol (1980). 20
Heterogeneity in a vaccine may be provided by mixing
replicated  influenza viruses for at least two
influenza virus strains, such as 2-50 strains or  any
range or value therein. Influenza A or B virus strains
having a modem  



antigenic composition are preferred. According to the
present invention,  vaccines can be provided for
variations in a single strain of an influenza virus,
25 using techniques known in the art. A pharmaceutical
composition according to the present invention may
further or additionally comprise at least one
chemotherapeutic compound, for  example, for gene
therapy, immunosuppressants, anti-inflammatory agents
or  immune enhancers, and for vaccines,
chemotherapeutics including, but not 30 limited to,
gamma globulin, amantadine, guanidine,
hydroxybenzimidazole,  interferon-a, interferon-B,
interferon-?, tumor necrosis factor-alpha,
thiosemicarbarzones, methisazone, rifampin, ribavirin,
a pyrimidine analog, a 21 WO 2004/094466
PCT/US2004/012050  purine analog, foscarnet,
phosphonoacetic acid, acyclovir, dideoxynucleosides, a
protease inhibitor, or ganciclovir. See, e.g., Katzung
(1992), and the references  cited therein on pages
798-8 00 and 680-681, respectively. The composition
can also contain variable but small quantities of 5
endotoxin-free formaldehyde, and preservatives, which
have been found safe and  not contributing to
undesirable effects in the organism to which the
composition  is administered. Pharmaceutical Purposes
The administration of the composition (or the antisera
that it elicits) may  10 be for either a
"prophylactic" or "therapeutic" purpose. When provided
prophylactically, the compositions of the invention
which are vaccines, are  provided before any symptom
of a pathogen infection becomes manifest. The
prophylactic administration of the composition serves
to prevent or attenuate any  subsequent infection.
When provided prophylactically, the gene therapy 15
compositions of the invention, are provided before any
symptom of a disease  becomes manifest. The
prophylactic administration of the composition serves
to  prevent or attenuate one or more symptoms
associated with the disease. When provided
therapeutically, an attenuated or inactivated viral
vaccine  is provided upon the detection of a symptom
of actual infection. The therapeutic  20
administration of the compound(s) serves to attenuate
any actual infection. See, e.g., Berkow et al., 1992;
Goodman et al., 1990; Avery, 1987; and Katzung,  



1992. When provided therapeutically, a gene therapy
composition is provided  upon the detection of a
symptom or indication of the disease. The therapeutic
administration of the compound(s) serves to attenuate
a symptom or indication of  25 that disease. Thus, an
attenuated or inactivated vaccine composition of the
present  invention may thus be provided either before
the onset of infection (so as to  prevent or attenuate
an anticipated infection) or after the initiation of
an actual  infection. Similarly, for gene therapy, the
composition may be provided before 30 any symptom of a
disorder or disease is manifested or after one or more
symptoms are detected. 22 WO 2004/094466
PCT/US2004/012050  A composition is said to be
"pharmacologically acceptable" if its administration
can be tolerated by a recipient patient. Such an agent
is said to be  administered in a "therapeutically
effective amount" if the amount administered  is
physiologically significant. A composition of the
present invention is 5 physiologically significant if
its presence results in a detectable change in the
physiology of a recipient patient, e.g., enhances at
least one primary or secondary  humoral or cellular
immune response against at least one strain of an
infectious  influenza virus. The "protection" provided
need not be absolute, i.e., the influenza 10 infection
need not be totally prevented or eradicated, if there
is a statistically  significant improvement compared
with a control population or set of patients.
Protection may be limited to mitigating the severity
or rapidity of onset of  symptoms of the influenza
virus infection. Pharmaceutical Administration 15 A
composition of the present invention may confer
resistance to one or  more pathogens, e.g., one or
more influenza virus strains, by either passive
immunization or active immunization. In active
immunization, an inactivated or  attenuated live
vaccine composition is administered prophylactically
to a host  (e.g., a mammal), and the host's immune
response to the administration protects 20 against
infection and/or disease. For passive immunization,
the elicited antisera  can be recovered and
administered to a recipient suspected of having an
infection  



caused by at least one influenza virus strain. A gene
therapy composition of the  present invention may
yield prophylactic or therapeutic levels of the
desired gene  product by active immunization. 25 In
one embodiment, the vaccine is provided to a mammalian
female (at or  prior to pregnancy or parturition),
under conditions of time and amount sufficient  to
cause the production of an immune response which
serves to protect both the  female and the fetus or
newborn (via passive incorporation of the antibodies
across the placenta or in the mother's milk). 30 The
present invention thus includes methods for preventing
or  attenuating a disorder or disease, e.g., an
infection by at least one strain of  pathogen. As used
herein, a vaccine is said to prevent or attenuate a
disease if its 23 WO 2004/094466 PCT/US2004/012050
administration results either in the total orpartial
attenuation (i.e., suppression) of a symptom or
condition of the disease, or in the total or partial
immunity of  the individual to the disease. As used
herein, a gene therapy composition is said  to prevent
or attenuate a disease if its administration results
either in the total or 5 partial attenuation (i.e.,
suppression) of a symptom or condition of the disease,
or  in the total or partial immunity of the individual
to the disease. At least one inactivated or attenuated
influenza virus, or composition  thereof, of the
present invention may be administered by any means
that achieve  the intended purposes, using a
pharmaceutical composition as previously 10 described.
For example, administration of such a composition may
be by various  parenteral routes such as subcutaneous,
intravenous, intradermal, intramuscular,
intraperitoneal, intranasal, oral or transdermal
routes. Parenteral administration  can be by bolus
injection or by gradual perfusion over time. A
preferred mode of 15 using a pharmaceutical
composition of the present invention is by
intramuscular  or subcutaneous application. See, e.g.,
Berkow et al., 1992; Goodman et al.,  1990; Avery,
1987; and Katzung, 1992. A typical regimen for
preventing, suppressing, or treating an influenza
virus related pathology, comprises administration of
an effective amount of a  20 vaccine composition as
described herein, administered as a single treatment,
or 



repeated as enhancing or booster dosages, over a
period up to and including  between one week and about
24 months, or any range or value therein.  According
to the present invention, an "effective amount" of a
composition is one that is sufficient to achieve a
desired biological effect. It is 25 understood that
the effective dosage will be dependent upon the age,
sex, health,  and weight of the recipient, kind of
concurrent treatment, if any, frequency of  treatment,
and the nature of the effect wanted. The ranges of
effective doses  provided below are not intended to
limit the invention and represent preferred  dose
ranges. However, the most preferred dosage will be
tailored to the 30 individual subject, as is
understood and determinable by one of skill in the
art.  See, e.g., Berkow et al., 1992; Goodman et al.,
1990; Avery's, 1987; Ebadi,  1985; and Katsung, 1992.
24 WO 2004/094466 PCT/US2004/012050  The dosage of an
attenuated virus vaccine for a mammalian (e.g., human)
or avian adult organism can be from about 103-107
plaque forming units  (PFU)/kg, or any range or value
therein. The dose of inactivated vaccine can  range
from about 0.1 to 200, e.g., 50 g of hemagglutinin
protein. However, the 5 dosage should be a safe and
effective amount as determined by conventional
methods, using existing vaccines as a starting point.
The dosage of immunoreactive HA in each dose of
replicated virus  vaccine can be standardized to
contain a suitable amount, e.g., 1-50 gg or any  range
or value therein, or the amount recommended by the
U.S. Public Heath 10 Service (PHS), which is usually
15 g, per component for older children. 3 years  of
age, and 7.5 gg per component for older children <3
years of age. The  quantity of NA can also be
standardized, however, this glycoprotein can be labile
during the processor purification and storage (Kendal
et al., 1980; Kerr et al.,  1975). Each 0.5-m1 dose of
vaccine preferably contains approximately 1-50 15
billion virus particles, and preferably 10 billion
particles. The invention will be further described by
the following non-limiting  examples. Example 1  20
Materials and Methods 



Cells and viruses. 293T human embryonic kidney, cells
and Madin-Darby  canine kidney cells (MDCK) were
maintained in Dulbecco's modified Eagle  medium (DMEM)
supplemented with 10% fetal calf serum and in modified
Eagle's medium (MEM) containing 5% newborn calf serum,
respectively. All 25 cells were maintained at 37C in
5% CO2. Influenza viruses AIWSN/33 (H1N1)  and
A/PR/8/34 (H 1 N 1) were propagated in 10-day-old
eggs. Construction of plasmids. To generate RNA
polymerase I constructs,  cloned cDNAs derived from
A/WSN/33 or A/PR/8/34 viral RNA were  introduced
between the promoter and terminator sequences of RNA
polymerase 30 I. Briefly, the cloned cDNAs were
amplified by PCR with primers containing  BsmBI sites,
digested with BsinBI, and cloned into the BsmBI sites
of the pHH21  vector which contains the human RNA
polymerase I promoter and the mouse 25 WO 2004/094466
PCT/US2004/012050  RNA polymerase I terminator,
separated by BsmBI sites (Figure 2). The PB2, PB 1,
PA, HA, NP, NA, M, and NS genes of the A/WSN/33 strain
were PCR- amplified by use of the following plasmids:
pSCWPB2, pGW-PB 1, and  pSCWPA (all obtained from Dr.
Debi Nayak at the University of California Los 5
Angeles), and pWH17, pIV P152, pT3W NA15 (Castrucci et
al., 1992),  pGT3WM, and AWNS 1, respectively. The PB
1 gene of influenza A/PR/8/34  virus was amplified by
using pcDNA774 (PB 1) (Perez et al., 1998) as a
template.  To ensure that the genes were free of
unwanted mutations, PCR-derived  fragments were
sequences with an autosequencer (Applied Biosystem
Inc., CA, 10 USA) according to the protocol
recommended by the manufacturer. The cDNAs  encoding
the HA, NP, NA, and M1 genes of A/WSN/33 virus were
cloned as  described (Huddleston et al., 1982) and
subcloned into the eukaryotic expression  vector
pCAGGS/MCS (controlled by the chicken 13-actin
promoter) (Niwa et al.,  1991), resulting in pEWSN-HA,
pCAGGS-WSN-NPO-14, pCAGGS-WNA15, 15 and
pCAGGS-WSN-Ml-2/1, respectively. The M2 and NS2 genes
from the  A/PR/8/34 virus were amplified by PCR and
cloned into pCAGGS/MCS,  yielding pEP24c and pCA-NS2.
Finally, pcDNA774(PB1), pcDNA762(PB2),  and
pcDNA787(PA) were used to express the PB2, PB 1, and
PA proteins under  control of the cytomegalovirus
promoter (Perez et al., 1998). 



20 Generation of infectious influenza particles. 293T
cells (1 x 10) were  transfected with a maximum of 17
plasmids in different amounts with use of  Trans IT
LT-1 (Panvera, Madison, Wisconsin) according to the
manufacturer's  instructions. Briefly, DNA and
transfection reagent were mixed (2 l Trans IT- LT-1
per g of DNA), incubated at room temperature for 45
minutes and added 25 to the cells. Six hours later,
the DNA-transfection reagent mixture was replaced  by
Opti-MEM (Gibco/BRL, Gaithersburg, Maryland)
containing 0.3% bovine  serum albumin and 0.01% fetal
calf serum. At different times after transfection,
viruses were harvested from the supernatant and
titrated on MDCK cells. Since  helper virus was not
required by this procedure, the recovered transfectant
30 viruses were analyzed without plaque purification.
Determination of the percentage of plasmid-transfected
cells producing  viruses. Twenty-four hours after
transfection, 293T cells were dispersed with  26 WO
2004/094466 PCT/US2004/012050  0.02% EDTA into single
cells. The cell suspension was then diluted 10-fold
and  transferred to confluent monolayers of MDCK cells
in 24-well plates. Viruses were detected by the
hemagglutination assay. Immunostaining ass . yNine
hours after infection with influenza virus, 5 cells
were washed twice with phosphate-buffered saline (PBS)
and fixed with  3.7% paraformaldehyde (in PBS) for 20
minutes at room temperature. Next,  they were treated
with 0.1% Triton X-100 and processed as described by
Neumann et al. (1997). Results  10 Generation of
infectious virus by plasmid-driven expression of viral
RNA  segments, three polymerase subunits and NP
protein. Although transfection of  cells with a
mixture of RNPs extracted from purified virions
results in infectious  influenza particles, this
strategy is not likely to be efficient when used with
eight  different in vitro generated RNPs. To produce
infectious influenza viruses 15 entirely from cDNAs,
eight viral RNPs were generated in vivo. Thus,
plasmids  were prepared that contain cDNAs for the
full-length viral RNAs of the  A/WSN/33 virus, flanked
by the human RNA polymerase I promoter and the  mouse
RNA polymerase I terminator. In principle,
transfection of these eight  



plasmids into eukaryotic cells should result in the
synthesis of all eight influenza 20 vRNAs. The PB2, PB
1, PA and NP proteins, generated by cotransfection of
protein expression plasmids, should then assemble the
vRNAs into functional  vRNPs that are replicated and
transcribed, ultimately forming infectious  influenza
viruses (Figure 3). 1 x 106 293T cells were
transfected with protein  expression plasmids (1 gg of
pcDNA762(PB2), 1 gg of pcDNA774(PB1), 0.1 g 25 of
pcDNA787(PA), and 1 g of pCAGGS-WSN-NPO/14) and 1 g of
each of the  following RNA polymerase I plasmids (pPo
I I-WSN-PB2, pPo I I-WSN-PB 1, pPo 1 I-WSN-PA, pPo I
I-WSN-HA, pPo I I-WSN-NP, pPo 1 I-WSN-NA, pPo1I-
WSN-M, and pPo I I-WSN-NS). The decision to use a
reduced amount of  pcDNA787(PA) was based on previous
observations (Mena et al., 1996), and 30 data on the
optimal conditions for generation of virus-like
particles (VLPs) (data  not shown). Twenty-four hours
after transfection of 293T cells, 7 x 103 pfu of
virus per ml was found in the supernatant (Experiment
1, Table 1), 27 WO 2004/094466 PCT/US2004/012050
demonstrating for the first time the capacity of
reverse genetics to produce influenza A virus entirely
from plasmids. Table 1. Plasmid sets used to produce
influenza virus from cloned cDNA*  Experiment  RNA
polymerase I 1 2 3 4 5 6 7 8  plasmids fora PB1 + + -
- - - - - PR8-PB 1 - - + + + + + +  PB2 + + + + + + +
+  PA + + + + + + + +  HA + + + + + + + +  NP + + + +
+ + + +  NA + + + + + + + +  M + + + + + + + +  NS + +
+ + + + + Protein expression  plasmids for: 



PB1 + + + + - + + +  PB2 + + + + + - + +  PA + + + + +
+ - +  NP + + + + + + + - HA - + - + + + + +  NA - + -
+ + + + +  M1 - + - + + + + +  M2 - + - + + + + +  NS2
- + - + + + + + Virus titer (pfu/ml) 7 x 103 7 x 103 1
x 103 3 x 104 0 0 0 0  5 * 293T cells were transfected
with the indicated plasmids. Twenty-four  (Experiments
1 and 2) or forty-eight hours (Experiments 3-8) later,
the virus titer  in the supernatant was determined in
MDCK cells. 10 t Unless otherwise indicated, plasmids
were constructed with cDNAs  representing the RNAs of
A/WSN/33 virus. 28 WO 2004/094466 PCT/US2004/012050
Efficiency of influenza virus production with
coexpression of all viral structural proteins.
Although expression of the viral NP and polymerase
proteins  is sufficient for the plasmid-driven
generation of influenza viruses, it was  possible that
the efficiency could be improved. In previous studies,
the 5 expression of all influenza virus structural
proteins (PB2, PB 1, PA, HA, NP,  NA, Ml, M2, and NS2)
resulted in VLPs that contained an artificial vRNA
encoding a reporter chloramphenicol-acetyltransferase
gene (Mena et al., 1996).  Thus, the availability of
the entire complement of structural proteins, instead
of  only those required for viral RNA replication and
transcription, might improve 10 the efficiency of
virus production. To this end, 293T cells were
transfected with  optimal amounts of viral protein
expression plasmids (as judged by VLP  production;
unpublished data): 1 gg of pcDNA762(PB2) and
pcDNA774(PB1);  0.1 g of pcDNA787(PA); 1 gg of
pEWSN-HA, pCAGGS-WSN-NPO/14, and  pCAGGS-WNA15; 2 gg
of pCAGGS-WSN-M1-2/1; 0.3 g of pCA-NS2; and 15 0.03 gg
of pEP24c (for M2), together with 1 g of each RNA
polymerase I  



plasmid (Experiment 2, Table 1). A second set of cells
was transfected with the  same set of RNA polymerase I
plasmids, with the exception of the PB 1 gene, for
which pPolI-PR/8/34-PB1 was substituted in an effort
to generate a reassortant  virus, together with
plasmids expressing only PA, PB 1, PB2, and NP 20
(Experiment 3, Table 1) or those expressing all the
influenza structural proteins  (Experiment 4, Table
1). Yields of WSN virus did not appreciably differ at
24  hours (Experiments 1 and 2, Table 1) or at 36
hours (data not shown) post- transfection. However,
more than a 10-fold increase in yields of the virus
with  PR/8/34-PB 1 was found when all the influenza
viral structural proteins were 25 provided
(Experiments 3 and 4, Table 1). Negative controls,
which lacked one  of the plasmids for the expression
of PA, PB 1, PB2, of NP proteins, did not yield  any
virus (Experiments 5-8, Table 1). Thus, depending on
the virus generated,  expression of all influenza A
virus structural proteins appreciably improved the
efficiency of the reverse genetics method. 30 Next,
the kinetics of virus production after transfection of
cells was  determined using the set of plasmids used
to generate a virus with the  A/PR/8/34-PB 1 gene. In
two of three experiments, virus was first detected at
24 29 WO 2004/094466 PCT/US2004/012050  hours after
transfection. The titer measured at that time, > 103
pfu/ml, had increased to >106 pfu/ml by 48 hours after
transfection (Table 2). To estimate  the percentage of
plasmid-transfected cells that were producing viruses,
293T  cells were treated with EDTA (0.02%) at 24 hours
after transfection to disperse 5 the cells, and then
performed limiting dilution studies. In this
experiment, no  free virus was found in the culture
supernatant at this time point. The results  indicated
that 1 in 103'3 cells was generating infectious virus
particles. Table 2. Kinetics of virus production after
plasmid transfection into 293T cells*  Hours after
Virus titers in culture supernatant (pfu/ml)  plasmid
Experiment transfection 1 2 3  6 0 ND ND  12 0 ND 0
18 0 ND 0  



24 0 2x 103 6x 103  30 ND 5 x 104 9 x 104  36 6x102
>1x105 7x105  42 ND > 1 x 106 5 x 106  48 8x104 >1x106
1x107  10 * 293T cells were transfected with eight RNA
polymerase I plasmids encoding  AIWSN/33 virus genes
with the exception of PB1 gene, which is derived from
A/PR/8/34 virus, and nine protein expression plasmids
as described in the text.  At different time points,
we titrated virus in the culture supernatant in MDCK
15 cells. ND = not done. Recovery of influenza virus
containing the FLAG epitope in the NA  protein. To
verify that the new reverse genetics system allowed
the introduction  of mutations into the genome of
influenza A viruses, a virus containing a FLAG 20
epitope (Castrucci et al., 1992) in the NA protein was
generated. 293T cells  30 WO 2004/094466
PCT/US2004/012050  were transfected with an RNA
polymerase I plasmid (pPolI-WSN-NA/FL79) that
contained a cDNA encoding both the NA protein and a
FLAG epitope at the  bottom,of the protein's head,
together with the required RNA polymerase I and
protein expression plasmids. To confirm that the
recovered virus (PR8-WSN 5 FL79) did in fact express
the NA-FLAG protein, immunostaining assays of cells
infected with PR8-WSN-FL79 or A/WSN/33 wild-type virus
was performed. A  monoclonal antibody to the FLAG
epitope detected cells infected with PR8- WSN-FL79,
but not those infected with wild-type virus. Recovery
of the PR8- WSN-FL79 virus was as efficient as that
for the untagged wild-type virus (data 10 not shown).
These results indicate that the new reverse genetics
system allows  one to introduce mutations into the
influenza A virus genome. Generation of infectious
influenza virus containing mutations in the PA  gene.
To produce viruses possessing mutations in the PA
gene, two silent  mutations were introduced creating
new recognition sequences for restriction 15
endonucleases (Bsp 120I at position 846 and PvuII at
position 1284 of the  mRNA). Previously, it was not
possible to modify this gene by reverse genetics,  



because of the lack of a reliable selection system.
Transfectant viruses, PA- T846C and PA-A1284 were
recovered. The recovered transfectant viruses were
biologically cloned by two consecutive limiting
dilutions. To verify that the 20 recovered viruses
were indeed transfectants with mutations in the PA
gene,  cDNA for the PA gene was obtained by reverse
transcriptase-PCR. PA-T846C  and PA-A1284C viruses had
the expected mutations within the PA gene, as
demonstrated by the presence of the newly introduced
restriction sites. PCR of  the same viral samples and
primers without the reverse transcription step failed
25 to produce any products (data not shown),
indicating that the PA cDNA was  indeed originated
from vRNA instead of the plasmid used to generate the
viruses. These results illustrate how viruses with
mutated genes can be produced  and recovered without
the use of helper viruses. Discussion  30 The reverse
genetics systems described herein allows one to
efficiently  produce influenza A viruses entirely from
cloned cDNAs. Bridgen and Elliott  (1996) also used
reverse genetics to generate a Bunyamwera virus
(Bunyaviridae 31 WO 2004/094466 PCT/US2004/012050
family), but it contains only three segments of
negative-sense RNA, and the  efficiency of its
production was low, 102 pfu/107 cells. Although the
virus yields  differed among the experiments,
consistently > 103 pfu/106 cells was observed for
influenza virus, which contains eight segments. There
are several 5 explanations for the high efficiency of
the reverse genetics system described  hereinabove.
Instead of producing RNPs in vitro (Luytjes et al.,
1989), RNPs  were generated in vivo through
intracellular synthesis of vRNAs using RNA  polymerise
I and through plasmid-driven expression of the viral
polymerase  proteins and NP. Also, the use of 293T
cells, which are readily transfected with 10 plasmids
(Goto et al., 1997), ensured that a large population
of cells received all  of the plasmids needed for
virus production. In addition, the large number of
transcripts produced by RNA polymerase I, which is
among the most abundantly  expressed enzymes in
growing cells, likely contributed to the overall
efficiency  of the system. These features led to a
correspondingly abundant number of 15 vRNA transcripts
and adequate amounts of viral protein for
encapsidation of  



vRNA, formation of RNPs in the nucleus, and export of
these complexes to the  cell membrane, where new
viruses are assembled and released. Previously
established reverse genetics systems (Enami et al.,
1990;  Neumann et al., 1994; Luytjes et al., 1989;
Pleschka et al., 1996) require helper- 20 virus
infection and therefore selection methods that permit
a small number of transfectants to be retrieved from a
vast number of helper viruses. Such  strategies have
been employed to generate influenza viruses that
possess one of  the following cDNA-derived genes: PB2
(Subbarao et al., 1993), HA (Enami et  al., 1991:
Horimoto et al., 1994), NP (Li et al., 1995), NA
(Enami et al., 1990), 25 M (Castrucci et al., 1995;
Yasuda et al., 1994), and NS (Enami et al., 1991).
Most of the selection methods, except for those
applicable to the HA and NA  genes, rely on growth
temperature, host range restriction, or drug
sensitivity, thus  limiting the utility of reverse
genetics for functional analysis of the gene
products. Even with the HA and NA genes, for which
reliable antibody-driven 30 selection systems are
available, it is difficult to produce viruses with
prominent  growth defects. In contrast, the reverse
genetics system described herein does  not require
helper virus and permits one to generate transfectants
with mutations 32 WO 2004/094466 PCT/US2004/012050  in
any gene segment or with severe growth defects. This
advantage is demonstrated in Figure 5, which the
recovery of transfectant viruses with a  mutated PA
gene. Having the technology to introduce any viable
mutation into  the influenza A virus genome will
enable investigators to address a number of 5
long-standing issues, such as the nature of regulatory
sequences in nontranslated  regions of the viral
genome, structure-function relationships of viral
proteins,  and the molecular basis of host-range
restriction and viral pathogenicity. Although
inactivated influenza vaccines are available, their
efficacy is  suboptimal due partly to their limited
ability to elicit local IgA and cytotoxic T  10 cell
responses. Clinical trials of cold-adapted live
influenza vaccines now underway suggest that such
vaccines are optimally attenuated, so that they will
not cause influenza symptoms, but will still induce
protective immunity  (reviewed in Keitel & Piedra,
1998). However, preliminary results indicate that
these live virus vaccines will not be significantly
more effective than the best 



15 inactivated vaccine (reviewed in Keitel. & Piedra,
1998), leaving room for  further improvement. One
possibility would be to modify a cold-adapted  vaccine
with the reverse genetics system described above.
Alternatively, one  could start from scratch by using
reverse genetics to produce a "master" influenza  A
strain with multiple attenuating mutations in the
genes that encode internal 20 proteins. The most
intriguing application of the reverse genetics system
described herein may lie in the rapid production of
attenuated live-virus vaccines  in cases of suspected
pandemics involving new HA or NA subtypes of influenza
virus. This new reverse genetics system will likely
enhance the use of influenza  25 viruses as vaccine
vectors. The viruses can be engineered to express
foreign  proteins or immunogenic epitopes in addition
to the influenza viral proteins.  One could, for
example, generate viruses with foreign proteins as a
ninth  segment (Enami et al., 1991) and use them as
live vaccines. Not only do  influenza viruses
stimulate strong cell-mediated and humoral immune
responses, 30 but they also afford a wide array of
virion surface HA and NA proteins (e.g., 15  HA and 9
NA subtypes and their epidemic variants), allowing
repeated  immunization of the same target population.
33 WO 2004/094466 PCT/US2004/012050  Influenza VLPs
possessing an artificial vRNA encoding a reporter gene
have been produced by expressing viral structural
proteins and vRNA with the  vaccinia-T7 polymerase
system (Mena et al., 1996). Using reverse genetics,
one  can now generate VLPs containing vRNAs that
encode proteins required for 5 vRNA transcription and
replication (i.e., PA, PB 1, PB2, and NP), as well as
vRNAs encoding proteins of interest. Such VLPs could
be useful gene delivery  vehicles. Importantly, their
lack of genes encoding viral structural proteins
would ensure that infectious viruses will not be
produced after VLP-gene  therapy. Since the influenza
virus genome is not integrated into host 10
chromosome, the VLP system would be suitable for gene
therapy in situations  requiring only short-term
transduction of cells (e.g., for cancer treatment). In
contrast to adenovirus vectors (Kovesdi et al., 1997),
influenza VLPs could  contain both HA and NA variants,
allowing repeated treatment of target  



populations. 15 The family Orthomyxoviridae comprises
influenza A, B, and C viruses,  as well as the
recently classified Thogotovirus. The strategy for
generating  infectious influenza A viruses entirely
from cloned cDNAs described herein  would apply to any
orthomyxovirus, and perhaps to other segmented
negative- sense RNA viruses as well (e.g.,
Bunyaviridae, Arenaviridae). The ability to 20
manipulate the viral genome without technical
limitations has profound  implications for the study
of viral life cycles and their regulation, the
function of  viral proteins and the molecular
mechanisms of viral pathogenicity. Example 2  25
Materials and Methods Cells, viruses, and antibodies.
293T human embryonic kidney cells and  Madin-Darby
canine kidney (MDCK) cells were maintained in DMEM
supplemented with 10% fetal calf serum and in MEM
containing 5% newborn  calf serum, respectively. The
293T cell line is a derivative of the 293 line, into
30 which the gene for the simian virus 40 T antigen
was inserted (DuBridge et al.,  1987). All cells were
maintained at 37C in 5% CO2. B/Lee/40 and its mutant
viruses were propagated in 10-day-old embryonated
chicken eggs. The viruses  34 WO 2004/094466
PCT/US2004/012050  were purified from allantoic fluid
by differential centrifugation and sedimentation
through a 10-50% sucrose gradient. An anti-NB rabbit
serum was  generated against synthesized peptide
NKRDDISTPRAGVD (SEQ ID NO: 9;  amino acid residues
70-83 of NB protein) coupled to keyhole limpet 5
hemocyanin. Construction of plasmids. The cDNAs of
B/Lee/40 viruses were  synthesized by reverse
transcription of viral RNA with an oligonucleotide
complementary to the conserved 3' end of the viral
RNA. The cDNA was  amplified by PCR with gene-specific
oligonucleotide primers containing Bsm BI 10 sites,
and PCR products were cloned into the pT7Blueblunt
vector (Novagen,  Madison, WI). After digestion with
Bsm BI, the fragment was cloned into the  Bsm BI sites
of a plasmid vector, which contains the human RNA
polymerase I  promoter and the mouse RNA polymerase I
terminator, separated by Bsm BI  



sites. These plasmids for the expression of vRNA are
referred to as "Poll" 15 constructs. The cDNAs
encoding the PB2, PB 1, PA, and NP genes of B/Lee/40
virus were cloned into the eukaryotic expression
vector pCAGGS/MCS  (controlled by the chicken R-actin
promoter) (Kobasa et al., 1997; Niwa et al.,  1991),
resulting in pCABLeePB2, pCABLeePB 1, pCABLeePA, and
pCABLeeNP, which express the PB2, PB1, PA, and NP
proteins, respectively. 20 The NB knockout mutants
were constructed as follows. Mutated NA  genes (see
Figure 4) were amplified by PCR from the Poll
construct containing  B/Lee/40 NA gene and then
digested with Bsin BI. The Bsm BI-digested  fragment
was cloned into the Bsm BI sites of the Poll plasmid.
The resulting  constructs were designated
pPolBLeeNBstop#1, pPolBLeeNBstop#2, and 25
pPolBLeeNBstop#3. All of the constructs were sequenced
to ensure that  unwanted mutations were not present.
Plasmid-based reverse genetics. Transfectant viruses
were generated as  reported earlier (Example 1).
Briefly, 12 plasmids (eight Poll constructs for  eight
RNA segments and four protein-expression constructs
for polymerase 30 proteins and NP) were mixed with
transfection reagent (Trans IT LT-1 [Panvera,
Madison, WI]), incubated at room temperature for 10
minutes, and added to 1 x  106 293T cells cultured in
Opti-MEM (Invitrogen) containing 0.3% BSA. Forty- 35
WO 2004/094466 PCT/US2004/012050  eight hours later,
viruses in the supernatant were collected and
amplified in MDCK cells for the production of stock
viruses. Indirect immunofluoresence assay. MDCK cells
were infected with viruses  at a multiplicity of
infection (MOT) of 1 to about 2 plaque-forming units
(PFU) 5 per cell. After 8 hours of infection, cells
were fixed with 3% formaldehyde  solution and
permeated with 0.1 % Triton X-100. Antigens were
detected with  rabbit anti-NB peptide rabbit serum as
a primary antibody and FITC-conjugated  anti-rabbit
IgG as a secondary antibody. Immunoprecipitation.
Influenza B virus-infected MDCK cells (MOT of 5  10
PFU/cell) were labeled with a mixture of [35S]Met and
[35S]Cys (50 Ci/ml  each) (Tran 35S-label; ICN
Biochemicals) at 7 hours postinfection for 2 hours.
The radiolabeled cells were lysed in RIPA buffer
containing 10 mM Tris-HC1  



(pH 7.5), 100 mM NaCl, 1 mM \EDTA, and 0.5% Triton
X-100 and then  centrifuged. The anti-NB rabbit serum
was added to the supernatant and 15 incubated
overnight at 4C. Protein A-Sepharose beads were then
added and  incubated for 1 hour at room temperature.
The immune complexes were washed  and separated on
4-20% gradient polyacrylamide gels (ISC BioExpress,
Kaysville, UT). The gels were dried and examined by
autoradiography. Replicative perties of transfectant
viruses. MDCK cells were infected  20 with viruses at
MOI of 0.001 PFU per cells, overlaid with MEM medium
containing 0.5 g of trypsin per ml, and incubated at
37C. Supernatants were  assayed at different times for
infectious virus in plaque assays on MDCK cells.
Experimental infection. Five-week-old female BALB/c
mice,  anesthetized with methoxyflurane, were infected
intranasally with 50 l of virus.  25 The dose lethal
for 50% of mice (MLD50) was determined as previously
described in Gao et al. (1999). The replicative
capacity of virus was determined  by intranasally
infecting mice (1.0 x 104 PFU) and determining virus
titers in  organs at 3 days postinfection, as
described by Bilsel et al. (1993). Results  30
Generation of B/Lee/40 virus by reverse genetics. As a
first step in  determining the role(s) of NB protein
in virus replication, B/Lee/40 (B/Lee) virus  was
generated entirely from cloned cDNA, using
plasmid-based reverse genetics 36 WO 2004/094466
PCT/US2004/012050  (Neumann et al., 1999). The
plasmids contained cDNAs encoding all eight  segments
of B/Lee virus, flanked by the human RNA polymerase I
promoter and the mouse RNA polymerase I terminator.
Then 293T cells were transfected with  four plasmids
expressing PA, PB1, PB2 and NP proteins of B/Lee virus
and 5 eight plasmids that directed the production of 8
viral RI,,TA segments of B/Lee  virus. Forty-eight
hours after transfection, the virus, designated
B/LeeRG, was  recovered from the supernatant of 293T
cells (103'5 50% tissue culture infectious  dose,
TCID50) NB protein-knockout viruses are viable. Using
this reverse genetics  10 system, mutant viruses that
did not express the NB protein were generated.  Three
mutant Poll constructs designated pPolBLeeNBstop#l, 



pPolBLeeNBstop#2, and pPolBLeeNBstop#3 were prepared
(Figure 4). In all  mutant constructs, the initiation
codon of the NB protein was converted from  ATG to GCG
(Met to Ala), and the codon at amino acid position 41
of NB 15 protein was changed from AAA to TAA (stop
codon). pPolBLeeNBstop#2 has a  single nucleotide
deletion downstream of the mutated initiation codon,
which  was expected to alter the reading frame of NB
protein. pPolBLeeNBstop#3 has a  nucleotide insertion
downstream of the mutated initiation codon, which also
was  expected to alter the reading frame of the NB
protein. At 48 hours after 20 transfection of 293T
cells with each mutant NA Poll plasmid, together with
seven other Poll plasmids and four protein expression
plasmids, BLeeNBstop#1,  BLeeNBstop#2, and
BLeeNBstop#3 were recovered from the supernatant
(103'1  TCID50), indicating that all viruses lacking
the NB protein were generated with  an efficiency
equivalent to that for the wild-type B/Lee virus. The
transfectant 25 viruses present in the supernatant
were grown in MDCK cells and used as stock  viruses.
Sequencing of the NA gene of each stock virus
confirmed the stability  of the desired mutations and
ruled out the introduction of additional mutations. To
confirm that the three mutant viruses did not express
NB protein, as  intended, indirect immunofluoresence
assays and immunoprecipitation assays  30 were
performed using virus-infected MDCK cells (Figure 5).
None of the mutants were positive, in contrast to the
B/LeeRG virus, which expressed NB.  In
immunoprecipitation studies, NB protein was identified
as a 1.8-kDa protein  37 WO 2004/094466
PCT/US2004/012050  (high-mannose form) and as about
30- to 50-kDa proteins (heterogeneous form) in
agreement with the previously reported results
(Williams et al., 1986;  Williams et al., 1988).
Several cells infected with BLeeNBstop#1 virus showed
faint, diffuse cytoplasmic staining in the
immunofluoresence assays, which 5 might indicate the
production of a short NB peptide produced by
alternative  initiation and read through of the stop
codon introduced. Thus, all three mutant  viruses were
viable and did not express the full-length NB protein.
Growth properties of NB-knockout viruses in cell
culture. MDCK cells  were infected with B/LeeRG,
BLeeNBstop#l, BLeeNBstop#2, or 10 BLeeNBstop#3 viruses
at an MOI of 0.001 PFU per cell and incubated at 37C.



The supernatants were collected at different times
postinfection, and virus titers  were determined by
plaque assays in MDCK cells. BLeeNBstop#1,
BLeeNBstop#2, and BLeeNBstop#3 viruses showed similar
growth kinetics to  those of B/LeeRG, with virus
titers reaching 107 PFU/ml at 36 hr postinfection 15
(Figure 6). These results indicate that, in cell
culture, influenza B virus can  undergo multiple
cycles of replication and grow well without NB
protein.  Replication of NB knockout viruses in mice.
To determine the role of NB in influenza B virus
replication in vivo, the MLD50 of the wild-type and
mutant viruses were compared (Table 5). The MLD50
values for NB knockout  20 viruses were at least one
log higher than the value for B/LeeRG. In tests of
virus replication in the lungs and nasal turbinates
(NT) of mice infected with 104 PFU  of virus (Table
3), B/LeeRG grew well in both sites, while the growth
of mutant  viruses was restricted, as shown by virus
titers that were generally more than one  log lower
than the titer for mutant viruses. Thus, although not
required for 25 growth in cell culture, the NB protein
appears important for efficient influenza B  virus
replication in mice. 38 WO 2004/094466
PCT/US2004/012050  Table 3. Role of NB in virus
replication in micea Virus Virus titer (mean log PFU
SD/g) in: MLD50 (PFU)  Lungs Nasal tubinates B/LeeRG
7.9  0.2 6.5  0.2 2.1 x 10  BLeNBstop#1 5.2  0.6 4.9
0.3 4.3 x 104  BLeNBstop#2 5.7  0.1 3.9  0.2 >1.5 x
105  BLeNBstop#3 6.6  0.04 3.4+0.4 1.5 x 104 a BALB/c
mice, anesthetized with methoxyflurane, were infected
intranasally with  50 l of virus (1 x 104 PFU). Three
mice from each virus-infected group were  5 sacrificed
on day 3 postinfection for virus titration. The MLD50
was determined as  described in Gao et al. (1999).
Discussion  As shown herein above, the NB protein is
not essential for influenza B 10 virus replication in
cell culture, but promotes efficient replication in
vivo. In this  regard, NB is similar to the M2 protein
of A/WSN/33 influenza virus, although  



the requirement for NB during in vivo replication
appears less stringent than that  for the M2 protein.
An A/WSN/33 mutant lacking the transmembrane and
cytoplasmic domains of M2 was severely attenuated in
mice (Watanabe et al., 15 2001), and a mutant of
A/Udorn/72 (H3N2) lacking nucleotides encoding amino
acid residues 29 to 31 of the M2 protein was
attenuated even in cell culture  (Takeda et al.,
2001). Although the ion channel activity of M2 is
experimentally  well-established (Duff et al., 1992;
Holsinger et al., 1994; Pinto et al., 1992;  Sugrue et
al., 1990; Sugrue et al., 1991), such activity has not
been 20 unequivocally demonstrated for the NB protein.
Thus, the limited dependency of  influenza B virus on
NB function may suggest either that the virus does not
depend as much on ion channel activity as influenza A
virus does or that NB has  functions other than ion
channel activity. Since NB is highly conserved among
influenza B strains, such function(s) must be
important for viral replication in a  25 natural
setting. Current human vaccines are inactivated
vaccines that reduce the severity  of, but are limited
in their ability to prevent, viral infection. Clinical
trials of  cold-adapted live attenuated vaccines have
generated promising results with  respect to both
efficacy and safety (Abbasi et al., 1995; Alexandrova
et al., 1986; 39 WO 2004/094466 PCT/US2004/012050
Anderson et al., 1992; Belshe et al., 1998; Cha et
al., 2000; Hrabar et al., 1977;  Obrosova-Serova et
al., 1990; Steinhoff et al., 1990; Tomoda et al.,
1995; Wright et al., 1982)). However, a molecular
basis for the attenuation of the master  vaccine
strain of influenza B viruses remains unknown. Thus,
it is important to  5 produce an influenza B virus
with known attenuating mutations. It would be ideal to
produce a master vaccine strain which contains
attenuating mutations  exclusively in genes other than
the HA and NA, so that only the latter genes need
replacement with those of a field strain for vaccine
production. However, with  the invention of reverse
genetics, it is no longer difficult to modify even the
HA 10 and NA genes for vaccine production. Thus, the
mutations to knockout NB  expression maybe included,
in addition to other attenuating mutations, into
vaccine strains, considering that no growth defect was
detected with NB  knockout viruses in cell culture. 



Although the replicative abilities of NB knockout
viruses were similar to  15 each other in MDCK cells,
they differed in mice. This difference in replicative
ability among the mutants in mice may originate from
different levels of NA  expression. To knockout NB
expression, the upstream sequence of the NA  protein
was modified. This might have altered NA protein
expression levels,  resulting in varying extents of
attenuation in vivo. 20 Thus far, five viral proteins
have been reported to act as ion channels: M2  protein
of influenza A virus, NB protein of influenza B virus,
Vpu and Vpr of  human immunodeficiency virus type 1
(HIV-1), andKcv of chlorella virus  (Ewart et al.,
1996; Piller et al., 1996; Plugge et al., 2000;
Schubert et al., 1996;  Sugrue et al., 1990; Sugrue et
al., 1991; Sunstrom et al., 1996). The Vpr and 25 Kcv
proteins have been demonstrated to play an important
role in the viral life  cycle. The Vpu gene of HIV-1
can be deleted without completely abrogating  HIV-1
replication in vitro. In the present study, it was
shown that NB protein is  not necessary for viral
growth in cell culture, but appears to be required for
efficient influenza B virus replication in mice. Thus,
NB mutations can be 30 introduced, optionally with
other attenuating mutations, into vaccine strains.  40
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protein gene which does not encode a functional
membrane protein or a  functional portion thereof,
wherein the mutant membrane protein gene comprises  at
least two mutations relative to a corresponding
membrane protein gene which  encodes a functional
membrane protein, one of which mutations is not in a
region of the membrane protein gene corresponding to
the transmembrane  domain. 2. The isolated recombinant
virus of claim 1 wherein the mutant membrane  protein
gene encodes at least one amino acid substitution. 3.
The isolated recombinant virus of claim 2 wherein at
least one mutation  encodes a substitution at the
codon for the initiator methionine. 4. The isolated
recombinant virus of claim 1 wherein one mutation in
the  mutant membrane protein gene is a stop codon for
the codon for the initiator  methionine. 5. The
isolated recombinant virus of claim 1 wherein one
mutation in the  mutant membrane protein gene is a
stop codon in the coding region for the  membrane
protein. 6. The isolated recombinant virus of claim 1
wherein the mutant membrane  protein gene comprises a
deletion of one or more nucleotides. 7. The isolated
recombinant virus of claim 6 wherein the deletion
alters the  reading frame for the membrane protein. S.
The isolated recombinant virus of claim 1 wherein the
mutant membrane  protein gene comprises an insertion
of one or more nucleotides. 47 WO 2004/094466
PCT/US2004/012050  9. The isolated recombinant virus
of claim 8 wherein the insertion alters the  reading
frame for the membrane protein. 10. The isolated
recombinant virus of claim 1 wherein the mutant
membrane  protein gene comprises a deletion of one or
more nucleotides and encodes an  amino acid
substitution. 11. The isolated recombinant virus of
claim 1 wherein the mutant membrane  protein gene
comprises an insertion of one or more nucleotides and
encodes an  amino acid substitution. 12. The isolated
recombinant virus of claim 1 wherein the membrane
protein  



is the M2 protein of influenza A virus. 13. The
isolated recombinant virus of claim 1 wherein the
membrane protein  is the NB protein of influenza B
virus. 14. The isolated recombinant virus of claim 1
wherein the membrane protein  is the CM1 protein of
influenza C virus. 15. The isolated recombinant virus
of claim 1 which further comprises a  heterologous
immunogenic protein of a pathogen or a therapeutic
protein.  16. The isolated recombinant virus of claim
1 which further comprises a  heterologous immunogenic
protein gene of a pathogen or a therapeutic protein
gene. 17. The isolated recombinant virus of claim 1
wherein at least one mutation  does not alter the in
vitro replication of the virus but is associated with
attenuation of the virus in vivo. 48 WO 2004/094466
PCT/US2004/012050  18. A vaccine comprising the
isolated recombinant virus of claim 1. 19. A method of
preparing a recombinant influenza virus comprising a
mutant membrane protein gene which does not encode a
functional membrane  protein or a functional portion
thereof, comprising: (i) contacting a host cell with a
plurality of influenza vectors so as to  yield
recombinant influenza virus, wherein the plurality of
vectors comprises: a)  at least two vectors selected
from a vector comprising a promoter operably  linked
to an influenza virus PA cDNA linked to a
transcription termination  sequence, a vector
comprising a promoter operably linked to an influenza
virus  PB 1 cDNA linked to a transcription termination
sequence, a vector comprising a  promoter operably
linked to an influenza virus PB2 cDNA linked to a
transcription termination sequence, a vector
comprising a promoter operably  linked to an influenza
virus HA cDNA linked to a transcription termination
sequence, a vector comprising promoter operably linked
to an influenza virus NP  cDNA linked to a
transcription termination sequence, a vector
comprising a  promoter operably linked to an influenza
virus cDNA for NB and NA linked to a  transcription
termination sequence, a vector comprising a promoter
operably  linked to an influenza virus M cDNA linked
to a transcription termination  



sequence, a vector comprising a promoter operably
linked to an influenza virus  NS eDNA linked to a
transcription termination sequence, wherein the
sequence  of the cDNA for NB and NA comprises at least
two mutations in the NB  sequence relative to a
corresponding NB gene which encodes a functional
membrane protein, one of which mutations is not in the
transmembrane domain,  the presence of which in the
mutant gene, when the mutant gene is transcribed  and
translated in the host cell, does not yield a
functional membrane protein or a  functional portion
thereof, and optionally yields a functional NA
protein, and b)  at least two vectors selected from a
vector comprising a promoter operably  linked to a DNA
segment encoding influenza virus PA, a vector
comprising a  promoter operably linked to a DNA
segment encoding influenza virus PB1, a  vector
comprising a promoter operably linked to a DNA segment
encoding  influenza virus PB2, a vector comprising a
promoter operably linked to a DNA 49 WO 2004/094466
PCT/US2004/012050  segment encoding influenza virus
NP, a vector comprising a promoter operably  linked to
a DNA segment encoding influenza virus HA, a vector
comprising a  promoter operably linked to a DNA
segment encoding influenza virus NA, a vector
comprising a promoter operably linked to a DNA segment
encoding  influenza virus M, and a vector comprising a
promoter operably linked to a DNA  segment encoding
influenza virus NS2; and (ii) isolating the virus. 20.
A method of preparing a recombinant influenza virus
comprising a  mutant membrane protein gene which does
not encode a functional membrane  protein or a
functional portion thereof, comprising: (i) contacting
a host cell with a plurality of influenza vectors so
as to  yield recombinant influenza virus, wherein the
plurality of vectors comprises: a)  at least two
vectors selected from a vector comprising a promoter
operably  linked to an influenza virus PA cDNA linked
to a transcription termination  sequence, a vector
comprising a promoter operably linked to an influenza
virus  PB 1 cDNA linked to a transcription termination
sequence, a vector comprising a  promoter operably
linked to an influenza virus PB2 cDNA linked to a
transcription termination sequence, a vector
comprising a promoter operably  



linked to an influenza virus HA cDNA linked to a
transcription termination  sequence, a vector
comprising promoter operably linked to an influenza
virus NP  cDNA linked to a transcription termination
sequence, a vector comprising a  promoter operably
linked to an influenza virus NA cDNA linked to a
transcription termination sequence, a vector
comprising a promoter operably  linked to an influenza
virus M1 cDNA linked to a transcription termination
sequence, a vector comprising a promoter operably
linked to an influenza virus  NS cDNA linked to a
transcription termination sequence, a vector
comprising a  promoter operably linked to a mutant M2
cDNA linked to a transcription  termination sequence,
wherein the mutant M2 cDNA comprises at least two
mutations relative to a corresponding M2 gene which
encodes a functional  membrane protein, one of which
mutations is not in the transmembrane domain,  the
presence of which in the mutant gene, when the mutant
gene is transcribed 50 WO 2004/094466
PCT/US2004/012050  and translated in the host cell,
does not yield a functional membrane protein or a
functional portion thereof, and b) at least two
vectors selected from a vector  comprising a promoter
operably linked to a DNA segment encoding influenza
virus PA, vector comprising a promoter operably linked
to a DNA segment  encoding influenza virus PB 1, a
vector comprising a promoter operably linked to  a DNA
segment encoding influenza virus PB2, a vector
comprising a promoter  operably linked to a DNA
segment encoding influenza virus NP, a vector
comprising a promoter operably linked to a DNA segment
encoding influenza  virus HA, a vector comprising a
promoter operably linked to a DNA segment  encoding
influenza virus NA, a vector comprising a promoter
operably linked to  a DNA segment encoding influenza
virus M1, a vector comprising a promoter  operably
linked to a DNA segment encoding influenza virus NS2;
and (ii) isolating the virus. 21. The method of claim
19 or 20 wherein the mutant membrane protein  gene
encodes at least one amino acid substitution. 22. The
method of claim 19 or 20 wherein one mutation in the
mutant  membrane protein gene is a stop codon for the
codon for the initiator methionine.  23. The method of
claim 19 or 20 wherein one mutation in the mutant  



membrane protein gene is a stop codon in the coding
region for the membrane  protein. 24. The method of
claim 19 or 20 wherein the mutant membrane protein
gene comprises a deletion of one or more nucleotides.
25. The method of claim 24 wherein the deletion alters
the reading frame for  the membrane protein. 26. The
method of claim 19 or 20 wherein the mutant membrane
protein  gene comprises an insertion of one or more
nucleotides. 51 WO 2004/094466 PCT/US2004/012050  27.
The method of claim 26 wherein the infection alters
the reading frame for  the membrane protein. 28. The
method of claim 19 or 20 wherein at least one mutation
encodes a  substitution at the initiator methionine.
29. The method of claim 19 or 20 wherein the mutant
membrane protein  gene comprises a deletion of one or
more nucleotides and encodes at least one  amino acid
substitution. 30. The method of claim 19 or 20 wherein
the mutant membrane protein  gene comprises an
insertion of one or more nucleotides and encodes an
amino  acid substitution. 31. A method to immunize a
vertebrate, comprising: contacting the  vertebrate
with an effective amount of the recombinant virus of
any one of  claims 1 to 17. 32. , The method of claim
31 wherein the vertebrate is an avian.  33. The method
of claim 31 wherein the vertebrate is a mammal.  34.
The method of claim 31 wherein the vertebrate is a
human. 35. A composition comprising a plurality of
influenza vectors, comprising:  a) at least two
vectors selected from a vector comprising a promoter
operably  linked to an influenza virus PA cDNA linked
to a transcription termination  sequence, a vector
comprising a promoter operably linked to an influenza
virus  PB 1 cDNA linked to a transcription termination
sequence, a vector comprising a  promoter operably
linked to an influenza virus PB2 cDNA linked to a
transcription termination sequence, a vector
comprising a promoter operably 



52 WO 2004/094466 PCT/US2004/012050  linked to an
influenza virus HA cDNA linked to a transcription
termination  sequence, a vector comprising promoter
operably linked to an influenza virus NP  cDNA linked
to a transcription termination sequence, a vector
comprising a  promoter operably linked to an influenza
virus cDNA for NB and NA linked to a  transcription
termination sequence, a vector comprising a promoter
operably linked to an influenza virus M cDNA linked to
a transcription termination  sequence, and a vector
comprising a promoter operably linked to an influenza
virus NS cDNA linked to a transcription termination
sequence, wherein the  sequence of the cDNA for NB and
NA comprises at least two mutations in the  sequence
for NB relative to a corresponding NB gene which
encodes a functional  membrane protein, one of which
mutations is not in the transmembrane domain,  the
presence of which in the mutant gene, when the mutant
gene is transcribed  and translated in the host cell,
does not yield a functional membrane protein or a
functional portion thereof, and optionally yields a
functional NA protein; and b) at least two vectors
selected from a vector comprising a promoter  operably
linked to a DNA segment encoding influenza virus PA, a
vector  comprising a promoter operably linked to a DNA
segment encoding influenza  virus PB 1, a vector
comprising a promoter operably linked to a DNA segment
encoding influenza virus PB2, a vector comprising a
promoter operably linked to  a DNA segment encoding
influenza virus NP, a vector comprising a promoter
operably linked to a DNA segment encoding influenza
virus HA, a vector  comprising a promoter operably
linked to a DNA segment encoding influenza  virus NA,
a vector comprising a promoter operably linked to a
DNA segment  encoding influenza virus M, a vector
comprising a promoter operably linked to a  DNA
segment encoding influenza virus mutant NB, and a
vector comprising a  promoter operably linked to a DNA
segment encoding influenza virus NS2. 36. A
composition comprising a plurality of influenza
vectors, comprising:  a) at least two vectors selected
from a vector comprising a promoter operably  linked
to an influenza virus PA cDNA linked to a
transcription termination  sequence, a vector
comprising a promoter operably linked to an influenza
virus  PB 1 eDNA linked to a transcription termination
sequence, a vector comprising a 



53 WO 2004/094466 PCT/US2004/012050  promoter operably
linked to an influenza virus PB2 cDNA linked to a
transcription termination sequence, a vector
comprising a promoter operably  linked to an influenza
virus HA cDNA linked to a transcription termination
sequence, a vector comprising promoter operably linked
to an influenza virus NP  cDNA linked to a
transcription termination sequence, a vector
comprising a  promoter operably linked to an influenza
virus NA cDNA linked to a  transcription termination
sequence, a vector comprising a promoter operably
linked to an influenza virus M1 cDNA linked to a
transcription termination  sequence, and a vector
comprising a promoter operably linked to an influenza
virus NS cDNA linked to a transcription termination
sequence, a vector  comprising a promoter operably
linked to a mutant M2 cDNA segment linked to  a
transcription sequence, wherein the mutant M2 cDNA
comprises at least two  mutations relative to a
corresponding M2 gene which encodes a functional
membrane protein, one of which mutations is not in the
transmembrane domain,  the presence of which in the
mutant gene, when the mutant gent is transcribed  and
translated in the host cell, does not yield a
functional membrane protein or a  functional portion
thereof; and b) at least two vectors selected from a
vector comprising a promoter  operably linked to a DNA
segment encoding influenza virus PA, a vector
comprising a promoter operably linked to a DNA segment
encoding influenza  virus PB1, a vector comprising a
promoter operably linked to a DNA segment  encoding
influenza virus PB2, a vector comprising a promoter
operably linked to  a DNA segment encoding influenza
virus NP, a vector comprising a promoter  operably
linked to a DNA segment encoding influenza virus HA, a
vector  comprising a promoter operably linked to a DNA
segment encoding influenza  virus NA, a vector
comprising a promoter operably linked to a DNA segment
encoding influenza virus Ml, and a vector comprising a
promoter operably  linked to a DNA segment encoding
influenza virus NS2. 37. The composition of claim 35
or 36 further comprising a vector  comprising a
promoter operably linked to a DNA fragment of interest
in  antisense orientation. 



54 WO 2004/094466 PCT/US2004/012050  38. The
composition of claim 37 wherein the vector comprises a
DNA fragment which encodes an immunogenic polypeptide
or peptide of a pathogen  or a therapeutic protein.
39. Isolated virus prepared by the method of claim 19
or 20.  40. A host cell contacted with the virus of
claim 1 or 39. 41. An isolated polynucleotide
comprising a nucleic acid segment comprising
sequences encoding at least one of the proteins of
influenza virus B/Lee, or a  portion thereof, or the
complement of the polynucleotide, wherein the isolated
polynucleotide encodes a HA, NA, PB1, PB2, PA, NP, Ml,
NB, or NS, or a  portion thereof, having substantially
the same activity as a corresponding  polypeptide of
one of SEQ ID NOs:1-8. 42. An isolated polynucleotide
comprising a nucleic acid segment comprising
sequences encoding at least one of the proteins of
influenza virus B/Lee, or a  portion thereof, or the
complement of the polynucleotide, wherein the isolated
polynucleotide encodes a HA, NA, PB1, PB2, PA, NP, M1,
NB, or NS, or a  portion thereof, which hybridizes to
one of SEQ ID NOs: 1-8 or the complement  thereof. 43.
The isolated polynucleotide of claim 42 wherein the
isolated  polynucleotide has substantially the same
nucleotide sequence as one of SEQ ID  NOs: 1-8 or the
complement thereof. 44. The isolated polynucleotide of
claim 42 wherein the isolated  polynucleotide encodes
a polypeptide that has substantially the same activity
as  the polypeptide encoded by one of SEQ ID NOs:1-8.
55 




