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.e.a.u -s • WPs2 
CAC ACA CGT C'l'C GTA TT&, GTA Gl,,A ACA AOO TCG TI'T TTA A.AC TAT TCG 
ACA CTA ATT GAT MC CAT cca MT TCT '1'TT GG 
Length: so nt overlap: 26 nt 

E.Plt-3•WPB2 
CAC ACA CGT CTC COO~ me, AAG CAG GTC AJ\T TAT ATJ' CAA TAT GGA 
MG MT MA AGA ACT AAG G 
Length: G7 nt Overlap, 24 nt 

PAlI-S 1W2Bl 
CAC ACA CGT C'1'C GTA TTA G1'A GAA ltCA AGG CAT l"l!t 'ITC A1':G MG GAC 
MG CTA J!i&,T 1'CA C'tA rn: TTG CCG 1'C'l' BAG m'C ,:J!C MT GG 
Length: 89 OVerlap: 26' nt 

RolX-3 1WPB1 
CAC ACA <X1'r ere CGG GAG CQA MG CAG GCA 1\1\C CAT :rm MT MA mqr 
CAA me ac: ST? acr nr c 
Length: 67 nt overlap: 27 nt 

EolX•5 1eA 
CCA ACC CGT ere CTA TTA GTA GAA ACA AGG TAC TTT TM' GOA CAA TAT 
00A TAG. CAA ATA GTA, r..cA TTG CCA CAA CTA TC'1' QUI. me ATG 'J'G'l' QAG 
GU, ®l G 
Length:103 0Verlap1 25 nt 

PpJX-3 IJiPA 
CCA ACC P7l' CTC coo GaG am l\A,G (!AG RJ'A cm A'I'T CA!: ltH' GtA A.GA 
TM' 'tGT: GCG •CA U'G a:rz C 
Length: 67 nt Overlap, 27 Dt 

Pg1X-S IWJIA 
CAC ACA C!GT C'I'C CTA TTA GTA GAA ACA AC'.G G'tG TTT TTC C 
uength: 4 o nt OVerlap: 22 nt 

EQJ X- ;;11 WHA 
CAC ACA CGT CTC CGG GAG CAA AAG CAG 00G AM, AT MA MC M\C C: 
Lengths 46 nt Overlap: 29 nt 
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RECOMBINANT INFLUENZA VECTORS 
WITH A POLII PROMOTER AND 

RIBOZYMES FOR VACCINES AND GENE 
THERAPY 

2 
under control of the T7 RNA polymerase promoter. Infection 
with recombinant vaccinia virus, which provided T7 RNA 
polymerase, resulted in the generation of infectious rabies 
virus. In this T7 polymerase system, the primary transcription 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

5 of the full length cRNA under control of the T7 RNA poly­
merase resulted in a non-capped cRNA transcript. However, 
three guanidine nucleotides, which form the optimal initia­
tion sequence for T7 RNA polymerase, were attached to the 5' 
end. In order to create an authentic 3' end of the cRNA The present application claims the benefit under 35 U.S.C. 

§119(e) of the filing date ofU.S.Application Ser. No. 60/473, 10 

797, filed May 28, 2003, the disclosure of which is incorpo­
rated by reference herein. 

STATEMENT OF GOVERNMENT RIGHTS 

transcript which is essential for a productive infective cycle, 
the hepatitis delta ribozyme (HDVRz) sequence was used for 
exact autocatalytic cleavage at the 3' end of the cRNA tran­
script. 

Since the initial report by Schnell et al. (1994), reverse 

This invention was made with a grant from the Government 
of the United States of America (grant AI-47446 from the 
National Institute of Allergy and Infectious Diseases Public 
Health Service). The Government may have certain rights in 
the invention. 

15 genetics systems using similar techniques led to the genera­
tion of many non-segmented negative strand RNA viruses 
(Conzelmami, 1996; Conzelmann, 1998; Conzelmami et al., 
1996; Marriott et al., 1999; Munoz et al., 2000; Nagai, 1999; 
Neumann et al., 2002; Roberts et al., 1998; Rose, 1996). 

BACKGROUND OF THE INVENTION 

20 Refinements of the original rescue procedure included the 
expression of T7 RNA polymerase from stably transfected 
cell lines (Radecke et al., 1996) or from protein expression 
plasmids (Lawson et al., 1995), or heat shock procedures to 
increase rescue efficiencies (Parks et al., 1999). Based on the Negative-sense RNA viruses are classified into seven fami­

lies (Rhabdoviridae, Paramyxoviridae, Filoviridae, Bor­
naviridae, Orthomyxoviridae, Bunyaviridae, and Arenaviri­
dae) which include common human pathogens, such as 
respiratory syncytial virus, influenza virus, measles virus, and 
Ebola virus, as well as animal viruses with major economic 
impact on the poultry and cattle industries (e.g., Newcastle 30 

disease virus and Rinderpest virus). The first four families are 
characterized by nonsegmented genomes, while the latter 
three have genomes comprised of six-to-eight, three, or two 
negative-sense RNA segments, respectively. The common 
feature of negative-sense RNA viruses is the negative polarity 35 

of their RNA genome; i.e., the viral RNA (vRNA) is comple­
mentary to mRNA and therefore is not infectious by itself. In 
order to initiate viral transcription and replication, the vRNA 
has to be transcribed into a plus-sense mRNA or cRNA, 
respectively, by the viral polymerase complex and the nucle- 40 

oprotein; for influenza A viruses, the viral polymerase com­
plex is comprised of the three polymerase proteins PB2, PB 1, 
and PA. During viral replication, cRNA serves as a template 
for the synthesis of new vRNA molecules. For all negative­
stranded RNA viruses, non-coding regions at both the 5' and 45 

3' termini of the v RNA and cRNA are critical for transcription 
and replication of the viral genome. Unlike cellular or viral 
mRNA transcripts, both cRNA and vRNA are neither capped 

25 T7 polymerase system, Bridgen and Elliott (1996) created 
Bunyamwera virus (family Bunyaviridae) from cloned 
cDNAs and demonstrated the feasibility of artificially gener­
ating a segmented negative-sense RNA virus by the T7 poly-

at the 5' end nor polyadenylated at the very 3' end. 
The basic functions of many viral proteins have been elu- 50 

cidated biochemically and/or in the context of viral infection. 
However, reverse genetics systems have dramatically 
increased our knowledge of negative-stranded segmented and 
non-segmented RNA viruses with respect to their viral repli­
cation and pathogenicity, as well as to the development oflive 55 

attenuated virus vaccines. Reverse genetics, as the term is 
used in molecular virology, is defined as the generation of 
virus possessing a genome derived from cloned cDNAs (for a 
review, see Neumann et al., 2002). 

In order to initiate viral replication of negative-stranded 60 

RNA viruses, vRNA( s) or cRNA( s) must be coexpressed with 
the polymerase complex and the nucleoprotein. Rabies virus 
was the first non-segmented negative-sense RNA virus which 
was generated entirely from cloned cDNA: Schnell et al. 
(1994) generated recombinant rabies virus by cotransfection 65 

of a cDNA construct encoding the full-length cRNA and 
protein expression constructs for the L, P, and N proteins, all 

merase system. 
In 1999, a plasmid-based reverse genetics technique was 

generated based on the cellular RNA polymerase I for the 
generation of segmented influenza A virus entirely from 
cloned cDNAs (Fodor et al., 1999; Neumami and Kawaoka, 
1999). RNA polymerase I, a nucleolar enzyme, synthesizes 
ribosomal RNA which, like influenza virus RNA, does not 
contain 5' cap or 3' poly A structures. The RNA polymerase I 
transcription of a construct containing an influenza viral 
cDNA, flanked by RNA polymerase I promoter and termina­
tor sequences, resulted in influenza v RNA synthesis (Fodor et 
al., 1999; Neumann and Kawaoka, 1999; Neumann and 
Kawaoka, 2001; Pekosz et al., 1999). The system was highly 
efficient, producing more than 108 infectious virus particles 
per ml of supernatant of plasmid-transfected cells 48 hours 
post-transfection. However, the host cell specificity of RNA 
polymerase I restricts the use of the RNA polymerase I sys­
tem. For instance, the promoter sequence of the human RNA 
polymerase I promoter is not recognized by a heterologous 
RNA polymerase I, e.g., murine RNA polymerase I (Grummt 
et al., 1982; Learned et al., 1982). 

Thus, what is needed is an improved method to prepare 
segmented, negative strand RNA viruses, e.g., orthomyxovi­
ruses such as influenza A virus, entirely from cloned cDNAs. 

SUMMARY OF THE INVENTION 

The invention provides at least one of the following iso­
lated and/or purified vectors: 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! cDNA 
linked to a transcription termination sequence, a vector com­
prising 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 a promoter operably linked to an influenza 
virus NP cDNA linked to a transcription termination 



US 7,723,094 B2 
3 

sequence, a vector comprising a promoter operably linked to 
4 

prising 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 

5 vector comprising a 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 termi­
nation sequence, a vector comprising a promoter operably 

an influenza virus NA cDNA linked to a transcription termi­
nation 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 oper­
ably linked to an influenza virus NS cDNA linked to a tran­
scription termination sequence, a vector comprising a pro­
moter operably linked to an influenza virus NA and NB 
cDNA linked to a transcription termination sequence, or a 
vector comprising a promoter operably linked to an influenza 
virus BM2 cDNA linked to a transcription termination 
sequence, wherein the vector comprises a RNA polymerase II 
promoter linked to a first (5') ribozyme sequence linked to the 
viral cDNA which is linked to a second (3') ribozyme 
sequence linked to a transcription termination sequence. 
Ribozymes within the scope of the invention include, but are 
not limited to, tetrahymena ribozymes, RNase P, hammer­
head ribozymes, hairpin ribozymes, hepatitis ribozyme, as 
well as synthetic ribozymes (for exemplary ribozymes see 
Kumar et al. (1995); Pley et al. (1994); Chowriraet al. (1994); 
Kijima et al. (1995); and U.S. Pat. Nos. 5,631,115 and 5,683, 
902). The ribozyme sequences in a vector comprising the 
RNA polymerase II promoter may be the same or different, 
and, when a plurality of vectors comprising a RNA poly­
merase II promoter are employed, each vector may comprise 25 

the same or different ribozyme sequences relative to any other 
vector. Similarly, the RNA polymerase II promoter in one 
vector may be the same or different than the RNA polymerase 

10 linked to an influenza virus M cDNA linked to a transcription 
termination sequence, and a vector comprising a operably 
linked to an influenza virus NS cDNA linked to a transcription 
termination sequence, wherein at least one vector comprises 
a RNA polymerase II promoter 5' to a first ribozyme 

15 sequence, which is 5' to a sequence corresponding to viral 
coding sequences, which is 5' to a second ribozyme sequence, 
which is 5' to a transcription termination sequence; and b) at 
least two vectors selected from a vector encoding influenza 
virus PA, a vector encoding influenza virus PB!, a vector 

20 encoding influenza virus PB2, and a vector encoding influ­
enza virus NP. Optionally, the vectors of b) include one or 
more vectors encoding NP, NS, M, e.g., Ml and M2, HA or 
NA. 

II promoter in a different vector. The cDNA may be in the 
sense or antisense orientation relative to the promoter. Thus, 30 

a vector of the invention may encode an orthomyxovirus 
protein (sense) or vRNA (antisense). Any suitable promoter 

In another embodiment, the composition comprises: a) at 
least two vectors selected from a vector comprising a pro­
moter 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! cDNA 
linked to a transcription termination sequence, a vector com-
prising 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 a promoter operably linked to an influenza 

or transcription termination sequence may be employed to 
express a protein, e.g., a viral protein, a protein of a nonviral 
pathogen, or a therapeutic protein. 35 virus NP cDNA linked to a transcription termination 

sequence, a vector comprising a promoter operably linked to 
an influenza virus NA and NB cDNA linked to a transcription 
termination sequence, a vector comprising a promoter oper-

In one embodiment, one or more vectors for vRNA pro­
duction comprise a RNA polymerase II promoter. In another 
embodiment, one or more, but not all, vectors for vRNA 
production comprise a promoter other than a RNA poly­
merase II promoter, promoters including, but not limited to, a 40 

RNA polymerase I promoter, e.g., a human RNA polymerase 
I promoter, a RNA polymerase III promoter, a T7 promoter, or 
a T3 promoter. If present, the transcription termination 
sequence in the vector for vRNA comprising the RNA poly­
ermase II promoter is preferably a RNA polymerase II tran- 45 

scription termination sequence, which is 3' to the 3' ribozyme 
sequence. Preferred transcription termination sequences for 
the vRNA vectors that do not comprise a RNA polymerase II 
promoter include, but are not limited to, a RNA polymerase I 
transcription termination sequence, a RNA polymerase III 50 

transcription termination sequence, or a ribozyme. Prefer­
ably, the vectors comprise influenza cDNA, e.g., influenza A 
(e.g., any influenza A gene including any of the 15 HA or 9 
NA subtypes), B or C DNA (see Chapters 45 and 46 of Fields 
Virology (Fields et al. (eds.), Lippincott-Raven Pub!., Phila- 55 

delphia, Pa. (1996), which are specifically incorporated by 
reference herein), although it is envisioned that the gene(s) of 
any virus may be employed in the vectors or methods of the 
invention. 

ably linked to an influenza virus M cDNA linked to a tran­
scription termination sequence, a vector comprising a oper­
ably linked to an influenza virus NS cDNA linked to a 
transcription termination sequence, and a vector comprising a 
promoter operably linked to an influenza virus BM2 cDNA 
linked to a transcription sequence, wherein at least one vector 
comprises a RNA polymerase II promoter 5' to a first 
ribozyme sequence, which is 5' to a sequence corresponding 
to viral sequences including viral coding sequences, which is 
5' to a second ribozyme sequence, which is 5' to a transcrip­
tion termination sequence; and b) at least two vectors selected 
from a vector encoding influenza virus PA, a vector encoding 
influenza virus PB!, a vector encoding influenza virus PB2, 
and a vector encoding influenza virus NP. Optionally, the 
vectors of b) include one or more vectors encoding NP, NS, 
M, HA or NA. 

Preferably, the vectors encoding viral proteins further com-
prise a transcription termination sequence. It is preferred that 
a promoter for the vectors comprising influenza virus cDNA 
include a RNA polymerase I promoter, a RNA polymerase II 
promoter, a RNA polymerase III promoter, a T7 promoter, 

The invention provides a composition comprising a plural­
ity of the orthomyxovirus vectors of the invention. In one 
embodiment of the invention, the composition comprises: a) 
at least two vectors selected from a vector comprising a pro­
moter 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! cDNA 
linked to a transcription termination sequence, a vector com-

60 and a T3 promoter, however, at least one vector for vRNA 
comprises a RNA polymerase II promoter. The vector for 
vRNA comprising the RNA polymerase II promoter com­
prises viral coding sequences flanked by ribozyme 
sequences, and optionally a RNA polymerase II transcription 

65 termination sequence which is 3' to the 3' ribozyme sequence. 
In one embodiment, one or more, but not all of the vectors for 
vRNA production include a transcription termination 
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neously, for example, employing a composition of the inven­
tion, in an amount effective to yield infectious influenza virus. 
The invention also includes isolating virus from a cell con­
tacted with the composition. Thus, the invention further pro-

sequence, e.g., a RNA polymerase I transcription termination 
sequence, a RNA polymerase II transcription termination 
sequence, a RNA polymerase III transcription termination 
sequence, or a ribozyme. In one embodiment, at least 2 and 
preferably more, e.g., 3, 4, 5, 6, 7 or 8, vectors for vRNA 
production comprise a RNA polymerase II promoter, a first 
ribozyme sequence, which is 5' to a sequence corresponding 
to viral sequences including viral coding sequences, which is 
5' to a second ribozyme sequence, which is 5' to a transcrip­
tion termination sequence. Each RNA polymerase II pro­
moter in each vRNA vector may be the same or different as 
the RNA polymerase II promoter in any other vRNA vector. 
Similarly, each ribozyme sequence in each vRNA vector may 

5 vides isolated virus, as well as a host cell contacted with the 
composition or virus of the invention. In another embodi­
ment, the invention includes contacting the cell with one or 
more vectors, either vRNA or protein production vectors, 
prior to other vectors, either vRNA or protein production 

10 vectors. 

be the same or different as the ribozyme sequences in any 
other vRNA vector. In one embodiment, the ribozyme 15 

sequences in a single vector are not the same. Preferably, the 
vectors comprise influenza DNA, e.g., influenza A, B or C 
DNA. 

As described hereinbelow, influenza A viruses were pre­
pared entirely from cloned cDNAs. Moreover, the same 
approach may be employed for other viruses to generate 
nonsegmented negative strand RNA viruses (i.e., Paramyx­
oviridae, Rhabdoviridae, and Filoviridae), or other seg­
mented negative strand RNA viruses, e.g., Arenaviridae and 
Bunyaviridae, entirely from cloned cDNA. 

Another embodiment of the invention comprises a compo­
sition of the invention as described above further comprising 
a vector comprising a promoter linked to 5' orthomyxovirus 
sequences optionally including 5' orthomyxovirus coding 
sequences or a portion thereof, linked to a desired nucleic acid 
sequence, e.g., a desired cDNA, linked to 3' orthomyxovirus 
sequences optionally including 3' orthomyxovirus coding 
sequences or a portion thereof, linked to a transcription ter­
mination sequence. Preferably, the desired nucleic acid 
sequence such as a cDNA is in an antisense orientation. The 
introduction of such a composition to a host cell permissive 
for orthomyxovirus replication results in recombinant virus 30 

comprising vRNA corresponding to sequences of the vector 
comprising 5' orthomyxovirus sequences optionally includ­
ing 5' orthomyxovirus coding sequences or a portion thereof 
linked to the cDNA linked to 3' orthomyxovirus sequences 
optionally including 3' orthomyxovirus coding sequences or a 35 

portion thereof. The promoter in such a vector for vRNA 
production may be a RNA polymerase I promoter, a RNA 
polymerase II promoter, a RNA polymerase III promoter, a 

The method of the invention allows easy manipulation of 
influenza viruses, e.g., by the introduction of attenuating 

20 mutations into the viral genome. Further, because influenza 
viruses induce strong humoral and cellular immunity, the 
invention greatly enhances these viruses as vaccine vectors, 
particularly in view of the availability of natural variants of 
the virus, which may be employed sequentially, allowing 

25 repetitive use for gene therapy. 

T7 promoter, and a T3 promoter, and optionally the vector 
comprises a transcription termination sequence such as a 40 

RNA polymerase I transcription termination sequence, or a 
RNA polymerase II transcription termination sequence, a 
RNA polymerase III transcription termination sequence, or a 
ribozyme. In one embodiment, the vector comprising the 
desired cDNA (cDNA of interest) comprises a RNA poly- 45 

merase II promoter linked to a first ribozyme sequence linked 
to the cDNA ofinterest linked to a second ribozyme sequence 
linked to a transcription termination sequence. In another 
embodiment, the vector comprises a RNA polymerase II pro­
moter linked to a first ribozyme sequence linked to 5' orth- 50 

omyxovirus sequences optionally including 5' orthomxyovi­
rus coding sequences or a portion thereoflinked to the cDNA 
of interest linked to 3' orthomyxovirus sequences optionally 
including 3' orthomxyovirus coding sequences or a portion 
thereof linked to a second ribozyme sequence linked to a 55 

transcription termination sequence. In another embodiment, 
the cDNA of interest may be present in a vector for protein 
expression. The cDNA of interest, whether in a vector for 
vRNA or protein production may encode an immunogenic 
epitope, such as an epitope useful in a cancer therapy or 60 

vaccine, or gene therapy. 
A plurality of the vectors of the invention may be physi­

cally linked or each vector may be present on an individual 
plasmid or other, e.g., linear, nucleic acid delivery vehicle. 

The invention also provides a method to prepare influenza 65 

virus. The method comprises contacting a cell with a plurality 
of the vectors of the invention, e.g., sequentially or simulta-

Thus, the invention provides isolated and purified vectors 
or plasmids, which express or encode influenza virus pro­
teins, or express or encode influenza vRNA, both native and 
recombinant vRNA. Thus, a vector or plasmid of the inven­
tion may comprise a gene or open reading frame of interest, 
e.g., a foreign gene encoding an immunogenic peptide or 
protein useful as a vaccine. Preferably, the vector or plasmid 
which expresses influenza vRNA comprises a promoter suit­
able for expression in a particular host cell, e.g., avian or 
mammalian host cells such as canine, feline, equine, bovine, 
ovine, or primate cells including human cells, or preferably, 
for expression in more than one host. Also preferably, one or 
more vectors or plasmids comprising DNA useful to prepare 
influenza vRNA comprise RNA polymerase II transcription 
termination sequences. For vectors or plasmids comprising a 
gene or open reading frame of interest, it is preferred that the 
gene or open reading frame is flanked by 5' and 3' influenza 
virus sequences including 5' and 3 ' non-coding sequences, 
respectively, of influenza virus, and in one embodiment, that 
the gene or open reading frame flanked by 5' and 3' influenza 
virus sequences is operably linked to a RNA polymerase II 
promoter and a RNA polymerase II transcription termination 
sequence. When preparing virus, the vector or plasmid com­
prising the gene or open reading frame may substitute for a 
vector or plasmid for an influenza viral gene or may be in 
addition to vectors or plasmids for all influenza viral genes. 

The methods of producing virus described herein, which 
do not require helper virus infection, are useful in viral 
mutagenesis studies, and in the production of vaccines (e.g., 
for AIDS, influenza, hepatitis B, hepatitis C, rhinovirus, 
filoviruses, malaria, herpes, and foot and mouth disease) and 
gene therapy vectors ( e.g., for cancer, AIDS, adenosine 
deaminase, muscular dystrophy, omithine transcarbamylase 
deficiency and central nervous system tumors). Thus, a virus 
for use in medical therapy ( e.g., for a vaccine or gene therapy) 
is provided. 

The invention also provides a method to immunize an 
individual against a pathogen, e.g., a bacteria, virus, or para­
site, or a malignant tumor. The method comprises adminis­
tering to the individual an amount of at least one isolated virus 
of the invention, optionally in combination with an adjuvant, 
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effective to immunize the individual. The virus comprises 
vRNA comprising a polypeptide encoded by the pathogen or 
a tumor-specific polypeptide. 

Also provided is a method to augment or increase the 
expression of an endogenous protein in a mammal having an 5 

indication or disease characterized by a decreased amount or 
a lack of the endogenous protein. The method comprises 
administering to the mammal an amount of an isolated virus 
of the invention effective to augment or increase the amount 
of the endogenous protein in the mammal. Preferably, the 10 

mammal is a human. 

BRIEF DESCRIPTION OF THE DRAWINGS 

8 
FIGS. 6A and 6B. Primers employed to amplify influenza 

sequences (SEQ ID NOS:1-16). 
FIG. 7. The pPo!I-GFP plasmid for generating influenza 

virus-like (VLP) RNA encoding the GFP protein. This plas­
mid contains the GFP gene ( derived from pEGFP-Nl; Clon­
tech, Palo Alto, Calif.) in anti sense orientation between the 5' 
and 3' noncoding regions of influenza A virus segment 5, 
flanked by the human RNA polymerase I promoter and the 
mouse RNA polymerase I terminator. Individual protein 
expression plasmids and a plasmid containing the RNA poly­
merase I promoter, a cDNA encoding the GFP reporter gene, 
and the RNA polymerase I terminator are transfected into 
293T cells. Intracellular transcription by RNA polymerase I 
yields GFP vRNA of negative polarity, as indicated by 

FIG. 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, a cDNA encoding the vRNA to be rescued, and the 
RNA polymerase I terminator is transfected into cells. Intra­
cellular 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 from the helper virus population. 

15 inverted letters. Supematants containing VLPs are harvested, 
mixed with influenza helper virus and inoculated into MDCK 
cells. 

FIG. 2. Schematic diagram of the generation of RNA poly­
merase I constructs. cDNAs derived from influenza virus 

FIG. 8. The PA, PB!, PB2, and NP proteins of influenza A 
virus encapsidate GFP vRNA produced by RNA polymerase 

20 I, leading to GFP expression. 293T cells were transfected 
with plasmids expressing the PB2, PB!, PA and NP proteins 
(A) or with all plasmids except the one expressing the NP 
protein (B), together with the RNA polymerase I-GFP gene 
plasmid for intracellular synthesis of reporter gene vRNA. 

25 Cells were fixed 48 hours after transfection, and GFP expres­
sion was determined with a fluorescence microscope. 

FIG. 9. Generation of infectious influenza VLPs. 293T 

30 
were amplified by PCR, digested with BsmBI and cloned into 

cells were transfected with nine plasmids, each expressing a 
different viral structural protein (A), or with eight plasmids 
omitting the construct for NP (B), together with the RNA 
polymerase I-GFP gene plasmid. Forty-eight hours after 

the BsmBI sites of the pHH21 vector (E. Hoffmann, Ph.D. 
thesis, Justus, Liebig-University, Giessen, Germany), which 
contains the human RNA polymerase I promoter (P) and the 
mouse RNA polymerase I terminator (T). The thymidine 

35 
nucleotide upstream of the terminator sequence (*T) repre­
sents the 3' end of the influenza viral RNA. Influenza A virus 
sequences are shown in bold face letters. (SEQ ID NOs:26-
37) 

transfection, VLP-containing supernatants were collected, 
mixed with A/WSN/33 helper virus, and inoculated into 
MDCK cells. Cells were fixed at 10 hours after infection, and 
GFP expression was determined with a fluorescence micro­
scope. 

FIG. 10. Schematic of the use of Cre recombinase to 
express influenza NS2 protein in a cell, the genome of which 
is augmented with a recombinant DNA molecule. The 

FIG. 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 
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. 

40 genome of the cell comprises a recombinant DNA molecule 
which comprises a promoter linked to a site specific recom­
bination site (e.g., loxP) linked to a transcription stop 
sequence linked to a second site specific recombination site in 
the same orientation as the first site specific recombination 

45 site linked to the NS2 gene. 

FIG. 4. Detection of the FLAG epitope in cells infected 50 
with a transfectant virus. Antibody staining was used to iden­
tify the NA in MDCK cells infected with either PR8-WSN-
FL 79 (A, D) or A/WSN/33 wild-type virus (B, E), or on 
mock-infected MDCK cells ( C, F). Nine hours after infection, 
cells were fixed with paraformaldehyde, treated with Triton 55 
X-100 and incubated with either anti-FLAG (A-C) or anti­
WSN NA (D-F) monoclonal antibodies. Intensive Golgi 
staining (red) is apparent in positive samples (A, D, and E). 

FIG. 11. Preparation of replication defective influenza 
virus. 

FIG. 12. Vector map ofpCAGGS-2Ribo-1. In vertebrate 
cells, RNA polymerase II drives RNA transcription of the 
double ribozyme cassette, which is under the control of the 
strong chicken ~-actin promoter/CMV enhancer cassette. 
Viral cDNA is cloned downstream of the hanimerhead 
ribozyme site (HamRz) and upstream of the HDV ribozyme 
site (HDVRz). 

FIG. 13. Schematic diagram of the RNA polymerase 
II/double ribozyme system to generate full-length vRNA for 
reverse genetics. The primary mRNA transcript, generated by 
RNA polymerase II, includes a vRNA flanked by two 
ribozyme sites (HamRz and HDVRz). Autocatalytic cleavage FIG. 5. Recovery of PA mutants. The PA gene of each virus 

was amplified by RT-PCR with primers that yield a 1226 bp 
fragment (position 677 to 1903 of the mRNA, lanes 1, 3, 5), 
which was then digested with the restriction enzyme Bsp 1201 

60 by the ribozymes results in a vRNA with authentic 5' and 3' 
ends, which serves as a template in viral transcription and 
replication. 

(at position 846 ofthemRNA, lanes 4, 7) or PvuII (at position 
1284 of the mRNA, lanes 2, 6). The presence ofBsp120I or 
PvuII sites in the PCR products yielded either 169 bp and 
1057 bp or 607 bp and 619 bp fragments, respectively. 
MW=molecular weight markers. 

FIG. 14. Generation of HK3PB2-627E virus from cloned 
cDNAs. PA, PB!, NP, M, NS, NA, and HA vRNAs ofHK3/ 

65 PB2-627E are synthesized by an RNA polymerase I system, 
whereas PB2 vRNA is provided by the RNA polymerase 
II/double ribozyme system. The viral NP and polymerase 
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proteins, expressed by protein expression constructs, repli­
cate and transcribe the v RN As, resulting in the synthesis ofall 
viral proteins and the generation of replicating influenza 
virus. 

10 
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 

FIG. 15. Generation of WSN/HK3PB2-627E virus from 
clonedcDNAs. PA, PB!, NP, M, NS, NA, and HA vRNAsof 
A/WSN/33 are synthesized by an RNA polymerase I system, 
whereas PB2 vRNA ofWSN/HK3PB2-627E is provided by 
the RNA polymerase II/double ribozyme system. The viral 
NP and polymerase proteins, expressed by protein expression 
constructs, replicate and transcribe the vRNAs, resulting in 
the synthesis of all viral proteins and the generation of repli­
cating influenza virus. 

5 neuramimidase (NA) protein plays a crucial role late in infec­
tion 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 

10 interactions, the nature of these interactions is largely 
unknown. 

Although influenza B and C viruses are structurally and 
functionally similar to influenza A virus, there are some dif­
ferences. For example, influenza B virus does not have a M2 FIG. 16. Exemplary hanrmerhead (HH), hairpin (HP) and 

HDV ribozyme sequences (SEQ ID NOS:23-25). Solid 
arrows indicate self-processing sites. 

DETAILED DESCRIPTION OF THE INVENTION 

15 protein with ion channel activity. Similarly, influenza C virus 
does not have a M2 protein with ion channel activity. How­
ever, the CMI protein is likely to have this activity. The 
activity of an ion channel protein may be measured by meth­
ods well-known to the art, see, e.g., Holsinger et al. (1994) 

Definitions 20 and WO 01/79273. 

As used herein, the terms "isolated and/or purified" refer to Thogotovirus 
Thogotoviruses (THOV) represent a new genus in the fam­

ily of Orthomyxoviridae. They are transmitted by ticks and 
have been found in domestic animals, including camels, 
goats, and cattle. Consequently, THOV can replicate in tick 
and vertebrate cells. The THOV genome comprises six seg­
ments of single-stranded, negative-sense RNA. The proteins 
encoded by the three largest segments show significant 
homology to the influenza virus polymerase proteins PB2, 
PB 1, and PA. Segment 5 encodes a protein related to influenza 
virus NP. The THOV glycoprotein, which is encoded by 
segment 4, is not homologous to either influenza virus HA or 
NA, but it shows sequence similarity to the Baculovirus gly-
coprotein. The smallest segment is thought to encode a matrix 
protein and does not resemble any of the influenza virus 
proteins. Like influenza virus, both the 3' and 5' ends of the 
vRNA are required for promoter activity, and this activity is 
located in the terminal 14 and 15 nucleotides of the 3' and 5' 
ends of the vRNA, respectively. 

The mRNA synthesis of THOV is primed by host cell­
derived cap structures. However, in contrast to influenza 
virus, only the cap structures (without additional nucleotides) 
are cleaved from cellular mRNAs (Alba et al., 1996; Leahy et 

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 purified from in 
vitro substances. An isolated virus preparation is generally 25 

obtained by in vitro culture and propagation and is substan­
tially free from other infectious agents. As used herein, "sub­
stantially free" means below the level of detection for a par­
ticular 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 tech­
niques, to introduce changes to the viral genome. 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 35 

may be subsequently chemically altered in vitro, so that its 
sequence is not naturally occurring, or corresponds to natu­
rally 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 40 

is identified as a useful fragment, and which is then chemi­
cally synthesized in essentially pure form. An example of 
such DNA "isolated" from a source 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, 45 al., 1997; Weber et al., 1996). In vitro cleavage assays 

revealed that both the 5' and 3' ends ofvRNA are required for 
endonuclease activity (Leahy et al., 1998), but addition of a 
model cRNA promoter does not stimulate endonuclease 
activity (Leahy et al., 1998), as has been shown for influenza 

so that it can be further manipulated, e.g., amplified, for use in 
the invention, by the methodology of genetic engineering. 

Influenza Virus Replication 
Influenza A viruses possess a genome of eight single­

stranded negative-sense viral RNAs (vRNAs) that encode a 
total often proteins. The influenza virus life cycle begins with 
binding of the hemagglutinin (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 

50 virus (Cianci et al., 1995; Hagen et al., 1994). A 'hook' 
structure has been proposed for THOV (Leahy et al., 1997; 
Weber et al., 1997), which is similar to the corkscrew struc­
ture proposed for influenza virus (Flick et al., 1996). This 
'hook' structure, however, is only found in the THOV vRNA 

55 promoter. The cRNA promoter sequence does not allow the 
formation of base pairs between positions 2 and 9, and 
between 3 and 8 at the 5' end of the cRNA. Alterations at 
positions 3 or 8 to allow base-pairing between these nucle-

a conformational shift in the HA, thereby exposing the N-ter­
minus of the HA2 subunit (the so-called fusion peptide). The 
fusion peptide initiates the fusion of the viral and endosomal 
membrane, and the matrix protein (Ml) and RNP complexes 
are released into the cytoplasm. RNPs consist of the nucle- 60 

oprotein (NP), which encapsidates vRNA, and the viral poly­
merase complex, which is formed by the PA, PB!, and PB2 
proteins. RNPs are transported into the nucleus, where tran­
scription and replication take place. The RNA polymerase 
complex catalyzes three different reactions: synthesis of an 65 

mRNA with a 5' cap and 3' poly A structure, of a full-length 
complementary RNA ( cRNA), and of genomic vRNA using 

otides stimulates endonuclease activity, which is strong sup­
porting evidence of the proposed 'hook' structure (Leahy et 
al., 1998). Moreover, this structure might be crucial for the 
regulation of the THOV life cycle; the vRNA promoter, form­
ing the 'hook' structure, may stimulate PB2 endonuclease 
activity, thereby allowing transcription. The cRNA promoter, 
in contrast, may not form the 'hook' structure and may there­
fore be unable to stimulate endonuclease activity, thus result-
ing in replication. 
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Bunyaviridae 
12 

decreased levels of one or more sialic acids which are recep­
tors for influenza virus. Viruses obtained by the methods can 
be made into a reassortant virus. 

Preferably, the cells are WHO certified, or certifiable, con-

The family Bunyaviridae includes several viruses that 
cause hemorrhagic or encephalitic fevers in humans ( e.g., 
Rift fever valley, Hantaan, La Crosse, and Crimean-Congo 
hemorrhagic fever). The spherical and enveloped virions con­
tain three segments of single-stranded, negative-sense RNA 
(reviewed in Elliott, 1997). The largest segment (L) encodes 
the viral RNA polymerase protein (L protein), whereas the M 
segment encodes the two viral glycoproteins G 1 and G2, and 
a nonstructural protein (NSm). The smallest segment (S) 
encodes the nucleocapsid protein (N) and a second nonstruc­
tural protein (NSs). Virus replication and transcription take 
place in the cytoplasm, and newly assembled virions bud 
through the membranes of the Golgi apparatus. 

5 tinuous cell lines. The requirements for certifying such cell 
lines include characterization with respect to at least one of 
genealogy, growth characteristics, immunological markers, 
virus susceptibility tumorigenicity and storage conditions, as 
well as by testing in animals, eggs, and cell culture. Such 

10 characterization is used to confirm that the cells are free from 

Bridgen & Elliott (1996) have established a reverse genet- 15 

ics system to generate infectious Bunyamwera virus entirely 
from cloned cDNAs. They followed a strategy first described 
by Schnell et al. (1994) for rabies virus: intracellular tran­
scription of a cDNA coding for the positive-sense antige­
nomic RNA (but not for the negative-sense genomic RNA) in 20 

cells expressing the viral polymerase and nucleoprotein. 
Bridgen & Elliott (1996) infected HeLaT4+ cells with vac­
cinia virus expressing T7 polymerase and transfected these 
cells with plasmids expressing proteins encoded by the S, M, 
and L segments. They then transfected these cells with three 25 

plasmids encoding full-length anti-genomic cDNAs flanked 
by the T7 polymerase promoter and the hepatitis delta virus 
ribozyme. To increase the number of bunyavirus particles 
relative to the number of vaccinia virus particles, the authors 
used mosquito cells in which Bunyamwera but not Vaccinia 30 

virus replicates. This protocol can be used not only to geneti­
cally engineer Bunyaviridae, but also generate reassortant 
viruses that cannot easily be obtained by coinfecting cells 
with different Bunyaviridae strains. 

To study bunyavirus promoter elements and the viral pro- 35 

teins that are required for transcription and replication, Dunn 

detectable adventitious agents. In some countries, karyology 
may also be required. In addition, tumorigenicity is prefer­
ably tested in cells that are at the same passage level as those 
used for 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. 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 
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. Gener­
ally, the purification procedures will 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. 

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 
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 HSY or foot and mouth 
disease virus. 

et al. (1995) cloned the CAT gene in the negative-sense ori­
entation between the 5' and 3' nontranslated regions of the 
Bunyamwera S RNA segment. Cells were transfected with 
constructs expressing the proteins encoded by the L and S 40 

segment and were then transfected with in vitro transcribed 
RNA, which resulted in CAT activity. The bunyavirus S seg­
ment encodes two proteins, N and NSs, in overlapping read­
ing frames. To determine whether both of these proteins are 
required for transcription and replication, constructs express- 45 

ing only N or NSs were tested for CAT activity. N protein 
expression, together with L protein, resulted in CAT activity, 
whereas no CAT activity was detected with the NSs expres­
sion construct. Thus, the L and N proteins are sufficient for 
transcription and replication of a bunyavirus-like RNA. 

A complete virion vaccine is concentrated by ultrafiltration 
and then purified by zonal centriftigation or by chromatogra­
phy. It is inactivated before or after purification using forma-

50 !in or beta-propiolactone, for instance. 

As with influenza virus, the terminal sequences ofbunyavi­
rus RNAs are complementary and highly conserved. It has 
therefore been assumed that these sequence elements define 
the bunyaviral promoter and are crucial for promoter activity. 
Deletion of five nucleotides at the 3' end of the viral RNA 
drastically reduces CAT expression (Dunn et al., 1995). In 
contrast, addition of two nucleotides at the 5' end, or of 11 or 
35 nucleotides at the 3' end does not abolish CAT expression 
(Dunn et al., 1995). Therefore, like the influenza virus poly­
merase complex, the bunyavirus polymerase protein can 
apparently start transcription and/or replication internally. 

Cell Lines and Influenza Viruses that can be Used in the 
Present Invention 

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. The subunit 

55 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 animonium deoxycholate (Layer 
& Webster, 1976; Webster et al., 1977); or a nonionic deter-

60 gent such as that commercialized under the name TRITON 
X 100. 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). 

According to the present invention, any cell which supports 65 

efficient replication of influenza virus can be employed in the 
invention, including mutant cells which express reduced or 

A split vaccine comprises virions which have been sub­
jected to treatment with agents that dissolve lipids. A split 
vaccine can be prepared as follows: an aqueous suspension of 
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Other attenuating mutations can be introduced into influ­
enza virus genes by site-directed mutagenesis to rescue infec­
tious viruses bearing these mutant genes. Attenuating muta­
tions can be introduced into non-coding regions of the 

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 
neuramimidase with 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. 

5 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 mutagen-

Inactivated Vaccines. Inactivated influenza virus vaccines 
of the invention are provided by inactivating replicated virus 

10 esis, and such new donor viruses can be used in the reduction 
oflive attenuated reassortants HlNl and H3N2 vaccine can-
didates in a mamier analogous to that described above for the 
A/AA/6/60 ca donor virus. Similarly, other known and suit­
able attenuated donor strains can be reasserted with influenza 
virus of the invention to obtain attenuated vaccines suitable 
for use in the vaccination of mammals (Ewami et 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 sub-

of the invention using known methods, such as, but not lim­
ited to, formalin or ~-propiolactone treatment. Inactivated 
vaccine types that can be used in the invention can include 15 

whole-virus (WV) vaccines or subvirion (SV) (split) vac­
cines. 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 con­
taining the 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 25 

vaccine containing an NA antigen immunologically related to 
the epidemic virus and an unrelated HA appears to be less 
effective than conventional vaccines (Ogra et al., 1977). Inac­
tivated vaccines containing both relevant surface antigens are 
preferred. 

20 stantially 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 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. 

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. 

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 step by transfer 

30 Methods are well-known in the art for determining whether 
such attenuated or inactivated vaccines have maintained simi­
lar antigenicity to that of the clinical isolate or high growth 
strain derived therefrom. Such known methods include the 

of attenuated genes from an attenuated donor virus to a rep- 35 

licated isolate or reasserted virus according to known meth­
ods (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 40 

high growth clinical 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 trans­
ferred to reassortants bearing the surface antigens of the clini- 45 

cal virus isolate. 
Many donor viruses have been evaluated for their ability to 

reproducibly 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 produc- 50 

tion (see, e.g., Edwards, 1994; Murphy, 1993). Additionally, 
live, 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 forreplicationofvirulentvirus), in the presence of 55 

an H2N2 antiserum, which inhibits replication of the viruses 
bearing the surface antigens of the attenuated A/AA/6/60 
(H2N2) ca donor virus. 

A large series of HlNl and H3N2 reassortants have been 
evaluated in humans and found to be satisfactorily: (a) infec- 60 

tious, (b) attenuated for seronegative children and immuno­
logically primed adults, ( c) immunogenic and ( d) genetically 
stable. The immunogenicity of the ca reassortants parallels 
their level of replication. Thus, the acquisition of the six 
transferable genes of the ca donor virus by new wild-type 65 

viruses has reproducibly attenuated these viruses for use in 
vaccinating susceptible adults and children. 

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 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; Kil­
bourne, 1969; Aymard-Henry et al., 1985; Robertson et al., 
1992. 

Pharmaceutical Compositions 
Pharmaceutical compositions of the present invention, 

suitable for inoculation or for parenteral or oral administra­
tion, 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, 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 
µg, preferably 10 to 15 µg, ofhemagglutinin from each of the 
strains entering into their composition. The vaccine forming 
the main constituent of the vaccine composition of the inven­
tion may comprise a virus of type A, B or C, or any combi­
nation 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 H 1 Nl, 
H2N2 and H3N2 subtypes. 

Preparations for parenteral administration include sterile 
aqueous or non-aqueous solutions, suspensions, and/or emul­
sions, which may contain auxiliary agents or excipients 



US 7,723,094 B2 
15 16 

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 

5 symptom or indication of the disease. The therapeutic admin­
istration of the compound( s) serves to attenuate a symptom or 
indication of that disease. 

known in the art. Examples of non-aqueous solvents are pro­
pylene 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 lipo­
some solution containing the liquid dosage form. Suitable 
forms for suspending liposomes include emulsions, suspen­
sions, solutions, syrups, and elixirs containing inert diluents 
commonly used in the art, such as purified water. Besides the 10 

inert diluents, such compositions can also include adjuvants, 
wetting agents, emulsifying and suspending agents, or sweet­
ening, flavoring, or perfuming agents. See, e.g., Berkow et al., 
1992; Goodman et al., 1990; Avery's, 1987; Osol, 1980; and 
Katzung, 1992. 15 

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. For vaccines, 
adjuvants, substances which can augment a specific immune 20 

response, can be used. Normally, the adjuvant and the com­
position are mixed prior to presentation to the immune sys­
tem, 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). 25 

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 inven- 30 

tion, vaccines can be provided for variations in a single strain 
of an influenza virus, using techniques known in the art. 

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. Simi-
larly, for gene therapy, the composition may be provided 
before any symptom of a disorder or disease is manifested or 
after one or more symptoms are detected. 

A composition is said to be "pharmacologically accept­
able" if its administration can be tolerated by a recipient 
patient. Such an agent is said to be administered in a "thera­
peutically effective amount" if the amount administered is 
physiologically significant. A composition of the present 
invention is 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 infection need not be totally prevented or eradi­
cated, ifthere is a statistically significant improvement com­
pared 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 
A composition of the present invention may confer resis­

tance to one or more pathogens, e.g., one or more influenza 
virus strains, by either passive immunization or active immu­
nization. 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 against infection and/or disease. 
For passive immunization, the elicited antisera can be recov­
ered 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 pro­
phylactic or therapeutic levels of the desired gene product by 

A pharmaceutical composition according to the present 
invention may further or additionally comprise at least one 
chemotherapeutic compound, for example, for gene therapy, 35 

immunosuppressants, anti-inflanmiatory agents or immune 
enhancers, and for vaccines, chemotherapeutics including, 
but not limited to, gamma globulin, amantadine, guanidine, 
hydroxybenzimidazole, interferon-a, interferon-~, inter­
feron-y, tumor necrosis factor-alpha, thiosemicarbarzones, 40 

methisazone, rifampin, ribavirin, a pyrimidine analog, a 
purine analog, foscamet, phosphonoacetic acid, acyclovir, 
dideoxynucleosides, a protease inhibitor, or ganciclovir. See, 
e.g., Katzung (1992), and the references cited therein on 
pages 798-800 and 680-681, respectively. 45 active immunization. 

The composition can also contain variable but small quan­
tities of endotoxin-free formaldehyde, and preservatives, 
which have been found safe and not contributing to undesir­
able effects in the organism to which the composition is 
administered. 

Pharmaceutical Purposes 
The administration of the composition ( or the antisera that 

it elicits) may 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 pre­
vent or attenuate any subsequent infection. When provided 
prophylactically, the gene therapy compositions of the inven­
tion, 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 associ­
ated with the disease. 

When provided therapeutically, an attenuated or inacti­
vated viral vaccine is provided upon the detection of a symp­
tom of actual infection. The therapeutic administration of the 

In one embodiment, the vaccine is provided to a mamma­
lian female (at or prior to pregnancy or parturition), under 
conditions of time and amount sufficient to cause the produc­
tion of an immune response which serves to protect both the 

50 female and the fetus or newborn (via passive incorporation of 
the antibodies across the placenta or in the mother's milk). 

The present invention thus includes methods for prevent­
ing or attenuating a disorder or disease, e.g., an infection by at 
least one strain of pathogen. As used herein, a vaccine is said 

55 to prevent or attenuate a disease if its administration results 
either in the total or 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. As used herein, a 
gene therapy composition is said to prevent or attenuate a 

60 disease if its administration results either in the total or 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 
65 composition thereof, of the present invention may be admin­

istered by any means that achieve the intended purposes, 
using a pharmaceutical composition as previously described. 
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For example, administration of such a composition may be 
by various parenteral routes such as subcutaneous, intrave­
nous, intradermal, intramuscular, intraperitoneal, intranasal, 
oral or transdermal routes. Parenteral administration can be 
by bolus injection or by gradual perfusion over time. A pre- 5 

ferred mode of using a pharmaceutical composition of the 
present invention is by intramuscular or subcutaneous appli­
cation. See, e.g., Berkow et al., 1992; Goodman et al., 1990; 
Avery, 1987; and Katzung, 1992. 

A typical regimen for preventing, suppressing, or treating 10 

an influenza virus related pathology, comprises administra­
tion of an effective amount of a 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 15 

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 understood that the effective dosage 
will be dependent upon the age, sex, health, and weight of the 20 

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 individual sub- 25 

ject, 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. 

The dosage of an attenuated virus vaccine for a manmialian 
(e.g., human) or avian adult organism can be from about 30 

103 -10 7 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 µg ofhemagglutinin protein. However, the 
dosage should be a safe and effective amount as determined 
by conventional methods, using existing vaccines as a starting 35 

point. 
The dosage ofimmunoreactive HA in each dose ofrepli­

cated virus vaccine can be standardized to contain a suitable 
amount, e.g., 1-50 µg or any range or value therein, or the 
amount recommended by the U.S. Public Heath Service 40 

(PHS), which is usually 15 µg, per component for older chil­
dren 3 years of age, and 7.5 µg 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; 45 

Kerr et al., 1975). Each 0.5-ml dose of vaccine preferably 
contains approximately 1-50 billion virus particles, and pref­
erably 10 billion particles. 

The invention will be further described by the following 
examples. 

EXAMPLE 1 

50 

18 
cloned cDNAs were amplified by PCR with primers contain­
ing BsmBI sites, digested with BsmBI, and cloned into the 
BsmBI sites of the pHH21 vector which contains the human 
RNA polymerase I promoter and the mouse RNA polymerase 
I terminator, separated by BsmBI sites (FIG. 2). The PB2, 
PB!, 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-PBl, and pSCWPA (all obtained from Dr. 
Debi Nayakatthe University of California Los Angeles), and 
pWH17, pWNP152, pT3WNA15 (Castrucci et al., 1992), 
pGT3WM, and pWNSl, respectively. The PB! gene of influ-
enza A/PR/8/34 virus was amplified by using pcDNA774 
(PB!) (Perez et al., 1998) as a template. See FIG. 6 for the 
sequences of the primers. To ensure that the genes were free 
of unwanted mutations, PCR-derived fragments were 
sequences with an autosequencer (Applied Biosystem Inc., 
CA, USA) according to the protocol recommended by the 
manufacturer. The cDNAs encoding the HA, NP, NA, and Ml 
genes of A/WSN/33 virus were cloned as described (Hud­
dleston et al., 1982) and subcloned into the eukaryotic expres­
sion vectorpCAGGS/MCS ( controlled by the chicken ~-actin 
promoter) (Niwa et al., 1991), resulting in pEWSN-HA, 
pCAGGS-WSN-NP0-14,pCAGGS-WNA15,andpCAGGS­
WSN-Ml-2/1, respectively. The M2 andNS2 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!, and PA proteins under 
control of the cytomegalovirus promoter (Perez et al., 1998). 

Generation of infectious influenza particles. 293T cells 
(1x106

) were transfected with a maximum of 17 plasmids in 
different amounts with use of Trans IT LT-1 (Panvera, Madi­
son, Wis.) according to the manufacturer's instructions. 
Briefly, DNA and transfection reagent were mixed (2 µl Trans 
IT-LT-1 per µg of DNA), incubated at room temperature for 
45 minutes and added to the cells. Six hours later, the DNA-
transfection reagent mixture was replaced by Opti-MEM 
(Gibco/BRL, Gaithersburg, Md.) containing 0.3% bovine 
serum albumin and 0.01 % fetal calf serum. At different times 
after transfection, viruses were harvested from the superna­
tant and titrated on MDCK cells. Since helper virus was not 
required by this procedure, the recovered transfectant 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 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 assay. Nine hours after infection with 
influenza virus, 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 

Materials and Methods 
Cells and viruses. 293 Thuman embryonic kidney cells and 

Madin-Darby canine kidney cells (MDCK) were maintained 

55 Neumann et al. (1997). 

in Dulbecco's modified Eagle medium (DMEM) supple­
mented with 10% fetal calf serum and in modified Eagle's 
medium (MEM) containing 5% newborn calf serum, respec- 60 

tively. All cells were maintained at 37° C. in 5% CO2 . Influ­
enza virusesA/WSN/33 (Hl Nl) andA/PR/8/34 (Hl Nl) were 
propagated in 10-day-old eggs. 

Results 
Generation of infectious virus by plasmid-driven expres­

sion 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 entirely from cDNAs, 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 I. Briefly, the 

65 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 
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availability of the entire complement of structural proteins, 
instead of only those required for viral RNA replication and 
transcription, might improve the efficiency of virus produc­
tion. To this end, 293T cells were transfected with optimal 

5 amounts of viral protein expression plasmids (as judged by 
VLP production; unpublished data): 1 µg of pcDNA762 
(PB2) and pcDNA774(PB1); 0.1 µg ofpcDNA787(PA); 1 µg 
of pEWSN-HA, pCAGGS-WSN-NP0/14, and pCAGGS­
WNA15; 2 µg ofpCAGGS-WSN-Ml-2/1; 0.3 µg ofpCA-

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 
vRNAs. The PB2, PB!, PA and NP proteins, generated by 
cotransfection of protein expression plasmids, should then 
assemble the vRNAs into functional vRNPs that are repli­
cated and transcribed, ultimately forming infectious influ­
enza viruses (FIG. 3). lx106 293Tcells weretransfected with 
protein expression plasmids (1 µg of pc DNA 762(PB2), 1 µg 
ofpcDNA774(PB1), 0.1 µg ofpcDNA787(PA), and 1 µg of 
pCAGGS-WSN-NP0/14) and 1 µg of each of the following 
RNA polymerase I plasmids (pPo!I-WSN-PB2, pPo!I-WSN­
PB 1, pPo!I-WSN-PA, pPo!I-WSN-HA, pPo!I-WSN-NP, 
pPo!I-WSN-NA, pPo!I-WSN-M, and pPo!I-WSN-NS). The 

15 
decision to use a reduced amount of pcDNA787(PA) was 
based on previous observations (Mena et al., 1996), and data 

10 NS2; and 0.03 µg of pEP24c (for M2), together with 1 µg 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! gene, 

on the optimal conditions for generation of virus-like par­
ticles (VLPs) ( data not shown). Twenty-four hours aftertrans­
fection of 293T cells, 7x103 pfu of virus per ml was found in 

20 
the supernatant (Experiment 1, Table 1 ), demonstrating for 
the first time the capacity of reverse genetics to produce 
influenza A virus entirely from plasmids. 

for which pPo!I-PR/8/34-PBl was substituted in an effort to 
generate a reassortant virus, together with plasmids express­
ing only PA, PB!, PB2, and NP (Experiment 3, Table 1) or 
those expressing all the influenza structural proteins (Experi­
ment 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-PBl was 
found when all the influenza viral structural proteins were 
provided (Experiments 3 and 4, Table 1). Negative controls, 
which lacked one of the plasmids for the expression of PA, 

TABLE 1 

Plasmid sets used to produce influenza virus from cloned cDNA * 

Ex eriment 

25 PB 1, PB2, of NP proteins, did not yield any virus (Experi­
ments 5-8, Table 1 ). Thus, depending on the virus generated, 
expression of all influenza A virus structural proteins appre­
ciably improved the efficiency of the reverse genetics method. 

Next, the kinetics of virus production after transfection of 

RNA poly­
merase I 
plasmids for:t 

2 4 7 
30 cells was determined using the set of plasmids used to gen­

erate a virus with the A/PR/8/34-PBl gene. In two of three 
experiments, virus was first detected at 24 hours after trans­
fection. The titer measured at that time, > 103 pfu/ml, had 

PB! 
PR8-PB1 
PB2 
PA 
HA 
NP 
NA 
M 
NS 
Protein ex­
pression plas­
mids for: 

PB! 
PB2 
PA 
NP 
HA 
NA 
Ml 
M2 
NS2 
Virus titer 
(pfu/ml) 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

7 X 103 7 X 103 ) X 103 

+ + + + + 
+ + + + + 
+ + + + + 
+ + + + + 
+ + + + + 
+ + + + + 
+ + + + + 
+ + + + + 

+ + + + 
+ + + + 
+ + + + 
+ + + + 
+ + + + + 
+ + + + + 
+ + + + + 
+ + + + + 
+ + + + + 

3 X 104 0 0 0 0 

*293T cells were transfected with the indicated plasmids. Twenty-four (Ex­
periments 1 and 2) or forty-eight hours (Experiments 3-8) later, the virus 
titer in the supernatant was determined in MDCK cells. 
tunless otherwise indicated, plasmids were constructed with cDNAs repre­
senting the RNAs of A/WSN/33 virus. 

Efficiency of influenza virus production with coexpression 

35 

40 

45 

50 

55 

increased to> 106 pfu/ml by 48 hours aftertransfection (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 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. 

TABLE2 

Kinetics of virus production after plasmid transfection into 293T cells* 

Hours after Virus titers in culture supernatant (pfu/ml) 
plasmid Ex eriment 

transfection 2 2 

6 0 ND ND 
12 0 ND 0 
18 0 ND 0 
24 0 2 X 103 6 X 103 

30 ND 5 X 104 9x 104 

36 6 X 102 >) X 105 7 X 105 

42 ND >) X 106 5 X 106 

48 8 X 104 >) X 106 5 X 107 

*293T cells were transfected with eight RNA polymerase I plasmids encod­
ing A/WSN/33 virus genes with the exception of PB! gene, which is derived 
from A/PR/8/34 virus, and nine protein expression plasmids as described in 

60 the text. At different time points, we titrated virus in the culture supernatant 
in MDCK cells. 

of all viral structural proteins. Although expression of the 
viral NP and polymerase proteins is sufficient fortheplasmid­
driven generation of influenza viruses, it was possible that the 
efficiency could be improved. In previous studies, the expres­
sion of all influenza virus structural proteins (PB2, PB!, PA, 
HA, NP, NA, Ml, M2, and NS2) resulted in VLPs that con- 65 

tained an artificial vRNA encoding a reporter chlorampheni­
col-acetyltransferase gene (Mena et al., 1996). Thus, the 

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 epitope 
(Castrucci et al., 1992) in the NA protein was generated. 293T 
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et al., 1996) require helper-virus infection and therefore 
selection methods that permit a small number oftransfectants 
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), 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 tempera­
ture, 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 selection systems are available, it is 

cells were transfected with an RNA polymerase I plasmid 
(pPo!I-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 recov- 5 

ered virus (PR8-WSN-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 per­
formed. A monoclonal antibody to the FLAG epitope 
detected cells infected with PR8-WSN-FL79, but not those 10 

infected with wild-type virus (FIG. 4). Recovery of the PR8-
WSN-FL 79 virus was as efficient as that for the untagged 
wild-type virus (data not shown). These results indicate that 
the new reverse genetics system allows one to introduce 
mutations into the influenza A virus genome. 15 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 transfec­
tants with mutations in any gene segment or with severe 

Generation of infectious influenza virus containing muta­
tions in the PA gene. To produce viruses possessing mutations 
in the PA gene, two silent mutations were introduced creating 
new recognition sequences for restriction endonucleases 
(Bsp120I at position 846 and PvuII at position 1284 of the 20 

mRNA). Previously, it was not possible to modify this gene 
by reverse genetics, because of the lack of a reliable selection 
system. Transfectantviruses, PA-T846C and PA-A1284 were 
recovered. The recovered transfectant viruses were biologi­
cally cloned by two consecutive limiting dilutions. To verify 25 

that the recovered viruses were indeed transfectants with 

growth defects. This advantage is demonstrated in FIG. 5, 
which the recovery oftransfectant 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 oflong-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 

mutations in the PA gene, cDNA for the PA gene was obtained 
by reverse transcriptase-PCR. As shown in FIG. 5, 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 to 
produce any products ( data not shown), indicating that the PA 
cDNA was indeed originated from vRNA instead of the plas­
mid used to generate the viruses. These results illustrate how 
viruses with mutated genes can be produced and recovered 
without the use of helper viruses. 

30 elicit local IgA and cytotoxic T cell responses. Clinical trials 
of cold-adapted live influenza vaccines now underway sug­
gest that such vaccines are optimally attenuated, so that they 
will not cause influenza symptoms, but will still induce pro­
tective immunity (reviewed in Keitel & Piedra, 1998). How-

Discussion 

35 ever, preliminary results indicate that these live virus vaccines 
will not be significantly more effective than the best inacti­
vated 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 sys-

The reverse genetics systems described herein allows one 40 tern described above. Alternatively, one could start from 
scratch by using reverse genetics to produce a "master" influ­
enza A strain with multiple attenuating mutations in the genes 
that encode internal proteins. The most intriguing application 
of the reverse genetics system described herein may lie in the 

to efficiently produce influenza A viruses entirely from 
cloned cDNAs. Bridgen and Elliott (1996) also used reverse 
genetics to generate a Bunyamwera virus (Bunyaviridae fam­
ily), 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 explanations for the high efficiency of the reverse 
genetics system described hereinabove. Instead of producing 50 

RNPs in vitro (Luytjes et al., 1989), RNPs were generated in 
vivo through intracellular synthesis of vRNAs using RNA 
polymerase I and through plasmid-driven expression of the 
viral polymerase proteins and NP. Also, the use of 293 T cells, 
which are readily transfected with plasmids (Goto et al., 55 

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 60 
the system. These features led to a correspondingly abundant 
number ofvRNA transcripts and adequate amounts of viral 
protein for encapsidation ofvRNA, formation ofRNPs 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 eta!., 1989; Pleschka 

45 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 ofinfluenza 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, but they also afford a wide 
array ofvirion 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. 

Influenza VLPs possessing an artificial vRNA encoding a 
reporter gene have been produced by expressing viral struc­
tural 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 vRNA transcription and replication (i.e., PA, 

65 PB!, 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 pro-
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teins would ensure that infectious viruses will not be pro­
duced after VLP-gene therapy. Since the influenza virus 
genome is not integrated into host chromosome, the VLP 
system would be suitable for gene therapy in situations 
requiring only short-term transduction of cells ( e.g., for can- 5 

cer 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. 

The family Orthomyxoviridae comprises influenza A, B, 
and C viruses, as well as the recently classified Thogotovirus. 10 

The strategy for generating infectious influenza A viruses 
entirely from cloned cDNAs described herein would apply to 
any orthomyxovirus, and perhaps to other segmented nega­
tive-sense RNA viruses as well ( e.g., Bunyaviridae, 
Arenaviridae). The ability to manipulate the viral genome 15 

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. 

24 
positive 293T cells. In addition, various amounts of the PB2 
and PB! protein expression plasmids (ranging from 1.0 to 
0.03 µg) did not affect the GFP expression in 293T cells. 
Hence, in all subsequent experiments, 0.1 µg of pcDNA 787 
(PA), and 1.0 µg ofpcDNA774(PB1), pcDNA762(PB2), and 
pCAGGS-WSN-NP0/14, was used. 

Formation of influenza VLPs from cloned cDNAs. Previ­
ous studies with the vaccinia virus T7 RNA polymerase sys­
tem showed that the formation of influenza VLPs requires 
nine influenza virus proteins: PB2, PB!, PA, HA, NA, NP, 
Ml, M2, and NS2 (Mena et al., 1996). The NS! protein, by 
contrast, is dispensable for particle formation (Mena et al., 
1996). To establish an efficient plasmid-driven system for 
VLP generation, cDNAs were generated that encoded the 
HA, NA, Ml, M2, and NS2 genes. The cDNAs were cloned 
into the eukaryotic expression vector pCAGGS/MCS (con­
trolled by the chicken ~-actin promoter), resulting in 
pEWSN-HA, pCAGGS-WNA15, pCAGGS-WSN-Ml-2/1, 

EXAMPLE2 
20 pEP24c, and pCA-NS2, respectively. Expression of each pro­

tein was confirmed by Western blot analysis. 

To generate VLPs, 106 293 T cells were transfected with 1.0 
µg of each protein expression plasmids (with the exception of 

Expression of the influenza virus proteins PB2, PB!, PA, 
and NP leads to replication and transcription of an artificial 
viral RNA. To generate influenza VLPs, the RNA polymerase 25 

pcDNA787(PA), forwhich0.1 µgwas employed), and with 1 
µg of the reporter gene construct pPo!I-GFP. Culture super­
natants were harvested 48 hours after transfection and mixed 
withA/WSN/33 virus to provide the influenza virus proteins 
required for replication and transcription ofGFP vRNA. The 

I system for the intracellular synthesis of influenza viral 
RNAs in vivo was employed (FIG. 7). In this system, a cDNA 
encoding a reporter gene in anti sense orientation is flanked by 
the 5' and 3' noncoding regions of an influenza viral RNA. 
This cassette is inserted between an RNA polymerase I pro­
moter and terminator. Transfection of such constructs into 
eukaryotic cells leads to transcription of the reporter gene by 
cellular RNA polymerase I, thereby generating influenza 
virus-like RNAs (Neumann et al., 1994). Upon influenza 
virus infection, the artificial vRNAs are replicated and tran- 35 

scribed by the viral polymerase complex, resulting in the 
expression of the reporter gene. 

To determine whether expression of the PB2, PB!, PA, and 
NP proteins leads to expression of the reporter gene encoded 

30 
mixture was then inoculated into MDCK cells. Ten hours 
after incubation, GFP-positive MDCK cells were detected, 
corresponding to 450 particles/ml of supernatant (Table 3). 
Thus, plasmid-driven expression of all influenza viral struc­
tural proteins resulted in the formation of infectious influenza 
VLPs containing GFP vRNA. Moreover, GFP vRNA was 
delivered to MDCK cells. 

Optimal assembly of influenza virus. VLP formation was 

by the RNA polymerase I-derived transcript, plasmids (1 µg 40 

each) expressing the NP protein of A/WSN/33 (HlNl) virus 
under control of the chicken ~-actin promoter (pCAGGS­
WSN-NP0/14), the polymerase proteins of A/PR/8/34 virus 
under control of the cytomegalovirus promoter [pcDNA762 
(PB2), pcDNA774(PB 1), and pcDNA787(PA)], and an RNA 45 

polymerase I reporter gene construct (pPo!I-GFP) were trans­
fected into human embryonic kidney (293T) cells. Forty eight 
hours later, 30%-40% of the cells were expressing GFP (FIG. 

also studied in cells expressing different amounts of the RNA 
polymerase I reporter gene construct, as well as HA, NA, Ml, 
M2, and NS2 plasmid DNAs. In experiments with pPo!I-GFP, 
1.0 µg of the plasmid DNA was highly efficient in generating 
VLPs, whereas the efficiency was significantly reduced for 
2.0 µg or 3.0 µg. Because the NS2 and M2 proteins are 
expressed in low amounts late in infection, it was likely that 
relatively small amounts of the expression plasmids would be 
needed for optimal VLP formation. Reduction of the M2 
expression construct from 1.0 µg to 0.3 µg resulted in a more 
than tenfold increase in the number ofGFP-positive MDCK 
cells (Table 3 ). Further reduction of plasmid to 0.03 µg did not 
increase the number of VLPs. For NS2, lower amounts of 
plasmid tested (0.1 µg) were associated with less efficient 

8). In contrast, GFP expression could not be detected in 
transfected cells lacking the polymerase or NP proteins. 50 

These results indicated that NP and the three influenza viral 
polymerase proteins had formed a functional complex that 
replicated and transcribed the RNA polymerase I-derived 
GFPvRNA. 

Optimal vRNA transcription and replication. To determine 
the amounts of plasmid DNA required for optimal reporter 
GFP expression, we modulated the expression of the poly­
merase proteins and NP. Previous studies had indicated that 
large amounts of PA reduce the extent of reporter gene 
expression in transcription/replication systems (Mena et al., 
1996). Therefore, in a stepwise manner, the expression of PA 
from the plasmid was reduced, identifying 0.1 µg of 
pcDNA787(PA) as the template amount yielding the stron­
gest expression of GFP. With NP, the major structural com­
ponent of RNP complexes, high amounts of protein expres­
sion plasmid may be required. However, higher amounts of 
the plasmid did not appreciably affect the number of GFP-

formation ofVLPs (Table 3). 

The Ml protein is the major structural component of the 
virion. Thus, high levels of Ml expression are likely required 

55 for efficient formation ofVLPs. This prediction was tested in 
experiments comparing VLP formation in cells transfected 
with 1.0 µg or 2.0 µg of Ml plasmid DNA. As shown in Table 
3, higher amounts of plasmid resulted in a more than tenfold 
increase in the number of GFP-positive MDCK cells. Com-

60 parison of two different amounts (1 µg vs. 2 µg) of plasmids 
expressing the HA and NA proteins did not reveal any appre­
ciable differences in VLP formation, leading to selection of 1 
µg of each plasmid (pEWSN-HA, pCAGGS-WNAl 5) for use 
in subsequent experiments. Overall, these studies resulted in 

65 a > 100-fold increase in the efficiency of VLP formation, 
ultimately leading to the production of more than 104 infec­
tious influenza virus particles per ml of supernatant (FIG. 9). 
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TABLE3 

Optimal amounts of plasmid DNA for the formation of 
infectious VLPs. * 

Relative 
Amount (l!g) of 12lasmid DNA ex12ressing: efficiency 

GFP ofVLP 
PB2 PB! PA HA NP NA Ml M2 NS2 vRNA formationt 

1.0 1.0 0.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 0.1 1.0 1.0 1.0 1.0 0.1 1.0 1.0 28 
1.0 1.0 0.1 1.0 1.0 1.0 1.0 0.03 1.0 1.0 17 
1.0 1.0 0.1 1.0 1.0 1.0 1.0 0.1 1.0 1.0 28 
1.0 1.0 0.1 1.0 1.0 1.0 1.0 0.1 0.3 1.0 24 
1.0 1.0 0.1 1.0 1.0 1.0 1.0 0.1 0.1 1.0 11 
1.0 1.0 0.1 1.0 1.0 1.0 1.0 0.1 1.0 1.0 28 
1.0 1.0 0.1 1.0 1.0 1.0 2.0 0.1 1.0 1.0 220 

*293T cells were transfected with expression plasmids for all nine influenza 
virus structural proteins and with the RNA polymerase 1-GFP gene plasmid. 
Forty-eight hours after transfection, VLP-containing supernatants were col­
lected, mixed with A/WSN/33 helper virus, and inoculated into MDCK cells. 
The cells were fixed 10 h after infection and GFP expression was determined 
with a fluorescence microscope. Only the amounts of the Ml, M2, and NS2 
plasmids were varied (bold letter) to determine their optimal amounts for 
GFP expression in MDCK cells. 
tThe relative efficiency ofVLP formation was determined by counting the 
number of GFP-positive cells in five microscopic fields. The sample contain­
ing 1 µg of each plasmid (which yielded 450 infectious VLP/ml of superna­
tant) was chosen as the reference (value of 1). 

5 

10 

15 

26 
adversely affect VLP formation. To the contrary, higher num­
bers of GFP-positive cells were reproducibly found when 
VSV-G, rather than the HA and NA, served as the viral 
glycoprotein. Thus, the VSV G protein can be efficiently 
incorporated into influenza virions and can function as well as 
the HA and NA in virus release and entry. 

An efficient system for generating infectious influenza 
virus particles would be an asset in research with this virus 
and potentially in the production of vaccines and vectors for 
gene therapy. In contrast to the extant vaccinia virus system, 
the VLP production strategy described here is highly effi­
cient, both in the initial transfection of cells and in the yield of 
VLPs (> 104 infectious particles/ml of supernatant). More­
over, it is driven entirely by plasmids expressing influenza 
virus proteins (i.e., in the absence of any other viral proteins), 
which greatly simplifies the interpretation of results. Another 
major advantage is the capability to study the effects oflethal 
mutations in virion formation, packaging ofRNP complexes, 
budding of virus replication, and binding and fusion pro-

20 cesses. In addition, it is likely that the system described here­
inabove would operate equally well with other viruses, e.g., 
paramyxoviruses and rhabdoviruses. 

Influenza virus HA and NA proteins can be functionally 
replaced by the VSV glycoprotein G. Previously, it had been 

25 reported that influenza viruses failed to incorporate VSV G 
protein when provided by recombinant SV 40 virus (Nairn et 
al., 1993). The results described herein suggest that neither 
the HA nor the NA is essential for the formation of VLPs, 
although it cannot be ruled out that these glycoproteins play a 

Authenticity ofVLPs produced entirely from plasmids. To 
verify that VLPs initiate infection in the same manner as 
authentic influenza viruses, VLPs were neutralized with anti­
body to the WSN HA. VPL-containing supematants derived 
from plasmid-transfected 293T cells were incubated with a 
pool of anti-WSN HA monoclonal antibodies or with a mono­
clonal antibody to the G protein of vesicular stomatitis virus 

35 
(VSV) (negative control) for 1 hour at room temperature. 
A/PR/8/34 helper virus, which is not neutralized by the pool 

30 role in interactions with other viral proteins, thus affecting the 
structure ofvirions, as suggested by the elongated shapes of 
viruses expressing tail-less HAs, NAs, or both (Garcia-Sastre 
et al., 1995; Jin et al., 1994; Jin et al., 1997; Mitnaul et al., 
1996). 

The plasmid-based system described hereinabove may be 
particularly useful for therapeutic gene delivery. VLPs can be 
prepared that contain the vRNA encoding the proteins 
required for transcription and replication (i.e., the NP and the 
polymerases), as well as a vRNA encoding the protein of 

of anti-WSN HA monoclonal antibodies, was added to the 
mixture and inoculated into MDCK cells. Only the anti­
WSN-HA-specific monoclonal antibody neutralized the 
VLPs, indicating that the HA medicates the attachment and 
entry ofVLPs into cells. 

Next, the minimal set of proteins required for the formation 
ofVLPs was identified. Other have established that the three 
influenza virus polymerases and the NP are essential for the 
replication and transcription ofvRNA (Honda et al., 1988). 
Therefore, each of these four proteins was included, but HA, 
NA, Ml, M2, or NS2 was consecutively omitted. Exclusion 

40 interest. These particles are infectious and can deliver a des­
ignated gene into target cells, where it would replicate and be 
transcribed. Because these particles do not contain a complete 
complement of viral genes, they can not produce infectious 
progeny viruses. This feature, together with the lack of inte-

45 gration of the viral genome into host chromosomes, would 
ensure the biological safety of gene delivery in human and 
nonhuman subjects. Finally, the availability of 15 HA and 9 
NA subtypes and their variants would allow the repeated 
administration of VLPs, thereby overcoming immunoresis-of any of these plasmids did not affect the replication/tran­

scription of GFP vRNA in transfected 293T cells. Superna­
tants derived from transfected 293 T cells that lacked the HA, 
NA, Ml, or NS2 protein did not promote GFP expression in 
infected MDCK cells, indicating the absence of infectious 
VLPs. Infectious VLPs were detected with omission of M2 
but the number was low (>500 fold reduction compared to the 55 
full set of structural proteins). Thus, all influenza virus struc­
tural proteins are required for the efficient formation of infec­
tious VLPs, in accord with data from studies of the vaccinia­
virus system (Mena et al., 1996). 

50 tance to vector-generated proteins, one of the major obstacles 
faced with repeated use of other viral vectors, such as aden­
oviruses. A further benefit of the plasmid-driven system 
would be realized in situations requiring only short-term 
expression of foreign proteins, as in cancer treatment. 

EXAMPLE3 

By using the Cre-loxP system, one can generate packaging 
cell lines for the production of replication-defective viruses. 

VSV glycoprotein can replace the HA and NA proteins in 
the production of VLPs. The influenza virus HA and NA 
proteins were replaced with the VSV G protein, which func­
tions in receptor binding and fusion. In 293 T cells transfected 
with pPo!I-GFP; optimal amounts of the PB2, PB!, PA, NP, 
Ml, M2, and NS2 expression constructs; and 1 µg of the 
VSV-G construct (PCAGGS-VSV-G), substitution of the 
VSV-G protein for influenza virus glycoproteins did not 

60 For example, a protein expression vector is prepared that 
contains a transcription stop cassette (e.g., pBS302 of Life 
Technologies, Bethesda, Md.; and Sauer eta!., 1993; Lasko et 
al., 1992; Piche! et al., 1993; Bolivar et al., 1977; Stuhl et al., 
1981; Stuhl, 1985; Fiers et al., 1978), flanked by two loxP 

65 sites, and one of the viral genes. Transcription, initiated at the 
promoter sequence, is blocked at the transcription stop sites. 
Thus, the viral gene is not transcribed and translated. A cell 
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GAGTCCGTGAGGACGAAACCCGGAGTCCC GGGTC­
GGAGACGATGCA-3' (SEQ ID NO: 19) and 5'-TCGTCTC­
CGACCCGGGACTCCGGGTTTCGTCCTCACGGACTC-
ATCAGA GTAGAAAG-3' (SEQ ID NO:20) using EcoRI 
and NsiI sites in pCAGGS-MCS. Digestion of the resulting 
Po!II/double ribozyme vector pCAGGS-2Ribo-l (FIG. 12) 
with BbsI and BsmBI yielded a linearized vector for insertion 
of a viral cDNA construct obtained by PCR amplification 
with 5'-CGTCTCCGGTCAGTAGAAACAAGG-3' (SEQ ID 

that is stably transfected with such a vector is infected with an 
influenza virus that lacks the vRNA encoding the gene cloned 
into the loxP system. This virus also contains an additional 
vRNA encoding the Cre protein. This virus is not viable in 
normal cells, because it lacks one of its vRNAs. However, in 5 

the packaging cell line, the Cre protein which is expressed 
from the vRNA results in recombination at the loxP site, 
resulting in the deletion of the transcription stop site. Thus, 
the respective viral gene( s) is now transcribed and expressed, 
allowing the virus to amplify in these cells (FIG. 10). 10 NO:21) and 5'-CGTCTCCACCCAGCAAAAGCAGG-3' 

(SEQ ID NO:22). RNA polymerase II driven expression and 
subsequent autocatalytic cleavage of the two ribozymes at the 
5' and the 3' termini result in an influenza A vRNA molecule 

In addition, packaging cell lines are prepared that express 
the late viral proteins (i.e., HA, NA, Ml, M2, and NS2) 
controlled by the loxP system (FIG. 12). The HA and NA can 
be replaced by other viral receptor-binding and fusion pro­
teins (e.g., Ebola GP, Marburg GP, Bunyaviridae glycopro- 15 

teins GP! and GP2, the G and/or F proteins of rhabdovirus 
and paramyxovirus, thogotovirus glycoprotein, and the gly­
coproteins of positive-strand RNA viruses). Virus-like par­
ticles are generated which contain the vRNAs encoding the 
proteins required for replication/transcription (i.e., the poly- 20 

merase and NP proteins), a vRNA encoding the gene of 
interest, and a vRNA encoding Cre. These vRNAs are pack­
aged into virus-like particles in the packaging cell lines. 

These virus-like particles can be used for vaccine and gene 
therapy purposes because (i) they do not contain the full 25 

complement of viral genes and thus no infectious progeny 
particles can be formed, meeting the stringent safety con­
cerns; (ii) they will likely express the foreign protein at high 
levels; (iii) they do not express the viral glycoproteins (HA, 
NA) that are the major antigens; thus, the host immune 30 

response against the viral proteins should be limited. 

EXAMPLE4 

with authentic 3' and 5' ends (FIG. 13). pCAGGS-2Ribo­
PB2/483-627E expressed the PB2 vRNA ofHK483 contain­
ing a single Lys-to-Glu substitution at amino acid position 
627. 

Generation of Recombinant Virus 
Generation of the recombinant influenza A virus A/WSN/ 

33 and HK3/PB2-627E based exclusively on the RNA poly­
merase I reverse genetics system was described by Neumann 
et al. (1999) and Hatta et al. (2001), respectively. 

To generate HK3/PB2-627E (FIG. 14) or WSN/HK483 
PB2 627E (FIG. 14), 293T cells were transfected with 
pCAGGS-2Ribo-PB2/483-627E (0.1 µg, for the production 
of the PB2 segment) together with plasmids for the produc­
tion of the remaining RNA segments of respective viruses by 
RNA polymerase I (0.1 µg each, pPo!I plasmids). These cells 
were also transfected with protein expression constructs for 
PA, PB!, PB2 and NP ofWSN/33 (1 µg each). Forty-eight 
hours after transfection, aliquots of the 293 T cell supernatants 
were collected and virus was amplified in MDCK cells or 
titrated on MDCK cells by a plaque assay. For further analysis 

A RNA polymerase II/double ribozyme system was estab­
lished that can lead to the generation of influenza virus, e.g., 
influenza A virus, influenza B virus or influenza C virus, in 
any vertebrate cell line, e.g., human 293T cells, murine NA 
cells or hamster BHK-21 cells. An influenza A vRNA was 

35 of the recombinant virus, viral RNA was extracted from viral 
supernatant and PB2 vRNA was analyzed by RT-PCR and 
sequencing reactions. As a negative control, the vRNA 
expression construct for PB2 was omitted from the transfec-

expressed, and an influenza A virus was generated, containing 40 

a segment (PB2) derived from an RNA transcript by RNA 
polymerase II. 

tion mixture, and the use of a RNA polymerase I expression 
construct for PB2 vRNA, instead of pCAGGS-2Ribo-PB2/ 
483-627E, served as a positive control. 

Results 

For the synthesis of full-length influenza A vRNAs with Materials and Methods 

Cells 
293T human embryonic kidney cells, a derivative of the 

293 line constitutively expressing the gene for the simian 
virus 40 T antigen (DuBridge et al., 1989), were maintained in 
DMEM (glucose concentration: 4.5 g/1) supplemented with 
10% FCS, 4 mM L-glutamine, and antibiotics. Madin-Darby 
canine kidney cells (MDCK) were grown in minimum essen­
tial medium with Eagle's salts (MEM) containing 5% new­
born calf serum, 4 mM L-glutamine and antibiotics. 

45 authentic 5' and 3' ends, pCAGGS-2Ribo-l was construct 
(FIG. 12). cDNAs derived from full length viral RNAs were 
then inserted so that they are flanked at the 5' end by a HRz 
and at the 3' end by a HDVRz sequence. The expression of this 
double ribozyme cassette is controlled upstream by the 

50 chicken ~-actin promoter/CMV enhancer cassette. Upon 
transfection of such a construct into cells, the double 
ribozyme cassette, including the viral sequences, is tran­
scribed by cellular RNA polymerase II, and autocatalytic 
ribozyme cleavage at both termini of the transcript results in 

Plasmid Construction 55 the generation of authentic vRNA (FIG. 13). 
The construction of the RNA polymerase II driven vRNA 

expression vector was based on pCAGGS-MCS (Hatta et al., 
2001; Niwa et al., 1991) in which RNA polymerase II medi­
ated transcription is driven by a ~-actin chicken promoter/ 
CMV enhancer cassette. The HDVRz cassette was amplified 60 

from pX8dT (Schnell et al., 1984) using the primers 
5'-GCATGCGAAGACTTGGGTCGGCATG­
GCATCTCCACCTCCT-3' (SEQ ID NO:17) and 5'-AG­
ATCTAGGGAGCTCTCCCTTAGCCATCCGA-3' (SEQ ID 
NO: 18) and cloned into pCAGGS-MCS using Bg!II and SphI 65 

restriction sites. The HamRz cassette was created by an oli­
golinker ligation with 5'-AATTCTTTCTACTCTGAT-

To test the feasibility of this approach the plasmid 
pCAGGS-2Ribo-PB2/483-627E was constructed. This con­
struct encodes PB2 vRNA ofHK3/PB2-627E containing Glu 
at amino acid position 627 between the two ribozyme sites. 
This construct was tested in a reverse genetics approach by 
coexpression of 12 plasmids in 293T cells: PB2 vRNA was 
expressed by pCAGGS-2Ribo-PB2/483-627E, and the 
remaining vRNAs ofHK3/PB2-627E (PA, PB!, NP, M, NS, 
NA, HA) by the RNA polymerase I system; protein expres­
sion plasmids provided PA, PB!, PB2 and NP of A/WSN/33 
(FIG. 14). As a negative control, the vRNA expression con­
struct for PB2 was omitted from the transfection mixture, and 
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as a positive control, pCAGGS-2Ribo-PB2/483-627E was 
replaced by a RNA polymerase I expression construct for 
PB2 vRNA (pPo!I-PB2/483-627E). Forty eight hours after 
transfection, aliquots of 293T cell supematants were incu­
bated with MDCK cells. Within forty eight hours, a cyto- 5 

pathic effect (CPE) was observed for supematants derived 
from 293T cells transfected with pCAGGS-2Ribo-PB2/483-
627E or pPo!I-PB2/483-627E, indicating the generation of 
influenza virus in these cells. No CPE was seen in the absence 
of a PB2 vRNA expressing plasmid. To prove that influenza 10 

virions were indeed generated with a combination of RNA 
polymerase I and RNA polymerase I/double ribozyme con­
structs expressing influenza vRNAs, vRNA was isolated from 
the MDCK cell supernatant and the PB2 RT-PCR product 
sequenced at amino acid position 627. The recombinant virus 15 

indeed contained the PB2 gene encoded by pCAGGS-2Ribo­
PB2/483-627E. 

30 
by reverse genetics. The RNA polymerase II/double 
ribozyme system synthesizes RNA molecules with termini 
identical to the authentic viral RNAs. 

In conclusion, the ability of a RNA polymerase II/double 
ribozyme system to artificially synthesize an authentic influ­
enza A vRNA was shown. This is the first description of the 
generation of a segmented negative-strand RNA virus pos­
sessing an RNA segment derived from a RNA polymerase II 
based reverse genetics system. Since the RNA polymerase 
II/double ribozyme system is not subject to restrictions with 
respect to host cell species, it will likely have a great impact 
on vaccine production, where due to biosafety precautions, 
only a very limited number of cell lines can be used. Chicken 
embryonic fibroblasts are likely to be approved for the pro­
duction of live vaccines; therefore candidate strains in these 
cells are generated by reverse genetics. Because the human 
RNA polymerase I promoter is not functional in chicken 
embryonic fibroblasts (data not shown), a reverse genetics 
system based on RNA polymerase I will not be successful in 

20 this system. The RNA polymerase II/double ribozyme system 
will likely overcome these limitations and provide the basis 
for the broad use of a reverse genetics system for vaccine 
production for influenza and other negative-stranded RNA 

To further prove the functionality of the RNA polymerase 
I/double ribozyme system, 293T cells were transfected with 
pCAGGS-2Ribo-PB2/483-627E for the production of PB2 
vRNA ofHK3/PB2-627E and pPo!I plasmids for the produc­
tion of PA, PB!, NP, M, NS, NA, HA vRNAs of A/WSN/33 
together with plasmids for the protein expression of PA, PB!, 
PB2 and NP of A/WSN/33 (FIG. 15). 5xl03 pfu/ml of virus 
was found in the supernatant of 293T cells 48 hours post 25 

transfection, similar to what was observed in the positive 
control when all vRNAs including PB2 vRNA were 
expressed by pPo!I plasmids. 

viruses. 
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All publications, patents and patent applications are incor­

porated herein by reference. While in the foregoing specifi-
35 cation this invention has been described in relation to certain 

preferred embodiments thereof, and many details have been 
set forth for purposes of illustration, it will be apparent to 
those skilled in the art that the invention is susceptible to 
additional embodiments and that certain of the details 

40 described herein may be varied considerably without depart­
ing from the basic principles of the invention. 

cacacacgtc tcgtattagt agaaacaagg tcgtttttaa actattcgac actaattgat 60 

ggccatccga attcttttgg 80 

<210> SEQ ID NO 2 
<211> LENGTH, 67 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 2 
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-continued 

cacacacgtc tccgggagcg aaagcaggtc aattatattc aatatggaaa gaataaaaga 60 

actaagg 67 

<210> SEQ ID NO 3 
<211> LENGTH, 89 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 3 

cacacacgtc tcgtattagt agaaacaagg cattttttca tgaaggacaa gctaaattca 60 

ctatttttgc cgtctgagct cttcaatgg 89 

<210> SEQ ID NO 4 
<211> LENGTH, 67 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 4 

cacacacgtc tccgggagcg aaagcaggca aaccatttga atggatgtca atccgacttt 60 

acttttc 67 

<210> SEQ ID NO 5 
<211> LENGTH, 103 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 5 

ccaacccgtc tcctattagt agaaacaagg tacttttttg gacagtatgg atagcaaata 60 

gtagcattgc cacaactatc tcaatgcatg tgtgaggaag gag 103 

<210> SEQ ID NO 6 
<211> LENGTH, 67 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 6 

ccaacccgtc tccgggagcg aaagcaggta ctgattcaaa atggaagatt ttgtgcgaca 60 

atgcttc 67 

<210> SEQ ID NO 7 
<211> LENGTH, 40 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 7 

cacacacgtc tcctattagt agaaacaagg gtgtttttcc 

<210> SEQ ID NO 8 
<211> LENGTH, 45 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

40 

34 



US 7,723,094 B2 
35 

-continued 

<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 8 

cacacacgtc tccgggagca aaagcagggg aaaataaaaa caacc 

<210> SEQ ID NO 9 
<211> LENGTH, 47 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 9 

cacacacgtc tcctattagt agaaacaagg gtatttttct ttaattg 

<210> SEQ ID NO 10 
<211> LENGTH, 42 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 10 

cacacacgtc tccgggagca aaagcagggt agataatcac tc 

<210> SEQ ID NO 11 
<211> LENGTH, 46 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 11 

cacacacgtc tcctattagt agaaacaagg agttttttga acaaac 

<210> SEQ ID NO 12 
<211> LENGTH, 48 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 12 

cacacacgtc tccgggagcg aaagcaggag tttaaatgaa tccaaacc 

<210> SEQ ID NO 13 
<211> LENGTH, 47 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 13 

cacacacgtc tcctattagt agaaacaagg tagtttttta ctccagc 

<210> SEQ ID NO 14 
<211> LENGTH, 41 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 14 

cacacacgtc tccgggagca aaagcaggta gatattgaaa g 

36 
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47 

42 

46 

48 

47 
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<210> SEQ ID NO 15 
<211> LENGTH, 53 
<212> TYPE, DNA 

37 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 15 

US 7,723,094 B2 

-continued 

cacacacgtc tcctattagt agaaacaagg gtgtttttta ttattaaata age 

<210> SEQ ID NO 16 
<211> LENGTH, 46 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 16 

cacacacgtc tccgggagca aaagcagggt gacaaagaca taatgg 

<210> SEQ ID NO 17 
<211> LENGTH, 40 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 17 

gcatgcgaag acttgggtcg gcatggcatc tccacctcct 

<210> SEQ ID NO 18 
<211> LENGTH, 31 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 18 

agatctaggg agctctccct tagccatccg a 

<210> SEQ ID NO 19 
<211> LENGTH, 64 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic oligolinker 

<400> SEQUENCE, 19 

53 

46 

40 

31 

aattctttct actctgatga gtccgtgagg acgaaacccg gagtcccggg tcggagacga 60 

tgca 64 

<210> SEQ ID NO 20 
<211> LENGTH, 56 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic oligolinker 

<400> SEQUENCE, 20 

tcgtctccga cccgggactc cgggtttcgt cctcacggac tcatcagagt agaaag 

<210> SEQ ID NO 21 
<211> LENGTH, 24 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

56 

38 
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<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 21 

cgtctccggt cagtagaaac aagg 

<210> SEQ ID NO 22 
<211> LENGTH, 23 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic primer 

<400> SEQUENCE, 22 

cgtctccacc cagcaaaagc agg 

<210> SEQ ID NO 23 
<211> LENGTH, 96 
<212> TYPE, RNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

US 7,723,094 B2 

-continued 

<223> OTHER INFORMATION, A synthetic hammerhead (HH) sequence 

<400> SEQUENCE, 23 

24 

23 

gggcgaaagc ccagaagguc cugaugaggc cgaaaggccg aagaggucaa agcucgaaag 60 

cgagaguagu cgagaugaaa gcaucuccug accuca 96 

<210> SEQ ID NO 24 
<211> LENGTH, 115 
<212> TYPE, RNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic hairpin (HP) sequence 

<400> SEQUENCE, 24 

gggcgaaagc ccagaagguc cugaugaggc cgaaaggccg aaacuccagu ggcaguccug 60 

uugaaaaaca gagaagccaa ccagagaaac acacguugug guauauuacc uggua 115 

<210> SEQ ID NO 25 
<211> LENGTH, 110 
<212> TYPE, RNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic HDV ribozyme sequence 

<400> SEQUENCE, 25 

gggcgaaagc ccagaagguc cugaugaggc cgaaaggccg aaacuccaaa gggucggcau 60 

ggcaucucca ccuccucgcg guccgaccug ggcuacuucg guaggcuaag 110 

<210> SEQ ID NO 26 
<211> LENGTH, 33 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector sequence 

<400> SEQUENCE, 26 

gggttattgg agacggtacc gtctcctccc ccc 

<210> SEQ ID NO 27 
<211> LENGTH, 33 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector sequence 

33 

40 
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<400> SEQUENCE, 27 

ggggggagga gacggtaccg tctccaataa ccc 

<210> SEQ ID NO 28 
<211> LENGTH, 18 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

US 7,723,094 B2 

-continued 

<223> OTHER INFORMATION, A synthetic vector/influenza viral cDNA 
sequence 

<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) ... (18) 
<223> OTHER INFORMATION, n - A,T,C or G 

<400> SEQUENCE, 28 

cgtctcntat tagtagaa 

<210> SEQ ID NO 29 
<211> LENGTH, 17 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector/influenza viral cDNA 

sequence 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) ... (17) 
<223> OTHER INFORMATION, n - A,T,C or G 

<400> SEQUENCE, 29 

ttttgctccc ngagacg 

<210> SEQ ID NO 30 
<211> LENGTH, 17 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector/influenza viral cDNA 

sequence 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) ... (17) 
<223> OTHER INFORMATION, n - A,T,C or G 

<400> SEQUENCE, 30 

cgtctcnggg agcaaaa 

<210> SEQ ID NO 31 
<211> LENGTH, 18 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector/influenza viral cDNA 

sequence 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<222> LOCATION, (1) ... (18) 
<223> OTHER INFORMATION, n - A,T,C or G 

<400> SEQUENCE, 31 

ttctactaat angagacg 

<210> SEQ ID NO 32 
<211> LENGTH, 11 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

42 
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-continued 

<223> OTHER INFORMATION, A synthetic vector/influenza viral 
sequence 

<400> SEQUENCE, 32 

tattagtaga a 

<210> SEQ ID NO 33 
<211> LENGTH, 10 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector/influenza viral 

sequence 

<400> SEQUENCE, 33 

gggagcaaaa 

<210> SEQ ID NO 34 
<211> LENGTH, 15 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector/influenza viral 

sequence 

<400> SEQUENCE, 34 

gggttattag tagaa 

<210> SEQ ID NO 35 
<211> LENGTH, 13 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector/influenza viral 

sequence 

<400> SEQUENCE, 35 

ttttgctccc CCC 

<210> SEQ ID NO 36 
<211> LENGTH, 13 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector/influenza viral 

sequence 

<400> SEQUENCE, 36 

ggggggagca aaa 

<210> SEQ ID NO 37 
<211> LENGTH, 15 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, A synthetic vector/influenza viral 

sequence 

<400> SEQUENCE, 37 

ttctactaat aaccc 

What is claimed is: 
1. A composition comprising a plurality of vectors, com-
~~ ~ 

a) vectors for vRNA production including a vector com­
prising a promoter operably linked to an influenza virus 

44 

cDNA 

11 

cDNA 

10 

cDNA 

15 

cDNA 

13 

cDNA 

13 

cDNA 

15 

PA cDNA linked to a transcription termination 
sequence, a vector comprising a promoter operably 
linked to an influenza virus PBl cDNA linked to a tran­
scription termination sequence, a vector comprising a 
promoter operably linked to an influenza virus PB2 
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cDNA linked to a transcription termination sequence, a 
vector comprising a promoter operably linked to an 
influenza virus HA cDNA linked to a transcription ter-
mination sequence, a vector comprising a promoter 
operably linked to an influenza virus NP cDNA linked to 5 

a transcription termination sequence, a vector compris­
ing 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 M cDNA linked to a transcription termi- 10 

nation sequence, and a vector comprising a promoter 
operably linked to an influenza virus NS cDNA linked to 
a transcription termination sequence, wherein at least 
one vector comprises a RNA polymerase II promoter 5' 
to a first ribozyme sequence which is 5' to the viral 15 

cDNA which is 5' to a second ribozyme sequence which 
is 5' to the transcription termination sequence, wherein 
any vector for vRNA production which does not have a 
RNA polymerase II promoter, has a RNA polymerase I 
promoter; and 20 

b) vectors for mRNA production including a vector com­
prising a promoter operably linked to a DNA segment 
encoding influenza virus PA, a vector comprising a pro­
moter operably linked to a DNA segment encoding 
influenza virus PB 1, a vector comprising a promoter 25 

operably linked to a DNA segment encoding influenza 
virus PB2, or a vector comprising a promoter operably 
linked to a DNA segment encoding influenza virus NP; 
and 

46 
scription termination sequence, and a vector comprising 
a promoter operably linked to an influenza virus NS 
cDNA linked to a transcription termination sequence, 
wherein at least one vector comprises a RNA poly­
merase II promoter 5' to a first ribozyme sequence which 
is 5' to the viral cDNA which is 5' to a second ribozyme 
sequence which is 5' to the transcription termination 
sequence, wherein any vector for vRNA production 
which does not have a RNA polymerase II promoter, has 
a RNA polymerase I promoter; and 

b) vectors for vRNA production including a vector com­
prising a promoter operably linked to a DNA segment 
encoding influenza virus PA, a vector comprising a pro­
moter operably linked to a DNA segment encoding 
influenza virus PB!, a vector comprising a promoter 
operably linked to a DNA segment encoding influenza 
virus PB2, or a vector comprising a promoter operably 
linked to a DNA segment encoding influenza virus NP; 
and 

wherein transcription from the RNA polymerase II pro­
moter of the at least one vector comprising the RNA 
polymerase II promoter 5' to a first ribozyme sequence 
which is 5' to the viral cDNA which is 5' to a second 
ribozyme sequence which is 5' to the transcription ter­
mination sequence, results in a transcript that is a tem­
plate for influenza virus polymerase, and wherein trans-
fection of a vertebrate cell with the plurality of vectors 
yields infectious influenza virus. 

4. The composition of claim 3 wherein the vectors of b) 
wherein transcription from the RNA polymerase II pro­

moter of the at least one vector comprising the RNA 
polymerase II promoter 5' to a first ribozyme sequence 
which is 5' to the viral cDNA which is 5' to a second 
ribozyme sequence which is 5' to the transcription ter­
mination sequence, results in a transcript that is a tem­
plate for influenza virus polymerase, and wherein trans­
fection of a vertebrate cell with the plurality of vectors 
yields infectious influenza virus. 

30 further include 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 influ-

35 enza virus NA and NB, a vector comprising a promoter oper­
ably linked to a DNA segment encoding influenza virus M, or 
a vector comprising a promoter operably linked to a DNA 
segment encoding influenza virus NS2. 

5. The composition of claim 1 or 3 wherein the HA is a type 
40 AHA. 

2. The composition of claim 1 wherein the vectors of b) 
further include 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 influ­
enza virus Ml, a vector comprising a promoter operably 45 

linked to a DNA segment encoding influenza virus M2, or a 
vector comprising a promoter operably linked to a DNA 
segment encoding influenza virus NS2. 

6. The composition of claim 1 or 3 wherein the HA is a type 
BHA. 

7. The composition of claim 1 or 3 wherein a plurality of 
the vectors of a) comprise a RNA polymerase II promoter. 

8. The composition of claim 1 or 3 wherein all of the 
vectors of a) comprise a RNA polymerase II promoter. 

9. The composition of claim 1 or 3 wherein each vector of 
a) is on a separate plasmid. 

3. A composition comprising a plurality of vectors, com­
prising 50 

10. The composition of claim 1 or 3 wherein each vector of 
b) is on a separate plasmid. a) vectors for vRNA production including a vector com­

prising 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! cDNA linked to a tran- 55 

scription 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 ter- 60 

mination sequence, a vector comprising promoter oper­
ably 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 65 

sequence, a vector comprising a promoter operably 
linked to an influenza virus M cDNA linked to a tran-

11. The composition of claim 1 or 3 wherein the RNA 
polymerase I promoter is a human RNA polymerase I pro­
moter. 

12. The composition of claim 1 or 3 wherein the each of the 
vectors ofb) further comprise a RNA transcription termina­
tion sequence. 

13. The composition of claim 1 or 3 wherein the transcrip­
tion termination sequence ofvRNA vectors that do not com­
prise the RNA polymerase II promoter, is a RNA polymerase 
I transcription termination sequence or a ribozyme. 

14. The composition of claim 1 or 3 further comprising a 
vector comprising a promoter linked to 5' influenza virus 
sequences compnsmg 5' influenza virus noncoding 
sequences linked to a cDNA of interest linked to 3' influenza 
virus sequences comprising 3' influenza virus noncoding 
sequences linked to a transcription termination sequence. 
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15. The composition of claim 14 wherein the cDNA of 
interest is in the sense orientation. 

16. The composition of claim 14 wherein the cDNA of 
interest is in the antisense orientation. 

17. The composition of claim 14 wherein the cDNA of 
interest comprises an open reading frame encodes an immu­
nogenic polypeptide or peptide of a pathogen or a therapeutic 
polypeptide or peptide. 

5 

48 
wherein any vector for vRNA production which does not have 
a RNA polymerase II promoter, has a RNA polymerase I 
promoter; and 

wherein transcription from the RNA polymerase II pro­
moter of the at least one vector comprising the RNA 
polymerase II promoter 5' to a first ribozyme sequence 
which is 5' to the viral cDNA which is 5' to a second 
ribozyme sequence which is 5' to the transcription ter­
mination sequence, results in a transcript that is a tem-
plate for influenza virus polymerase. 

25. The method of claim 24 further comprising contacting 
the cell with 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 

18. The composition of claim 1 or 3 further comprising a 10 
vector comprising a RNA polymerase II promoter linked to a 
first ribozyme sequence linked to 5' influenza virus sequences 
comprising 5' influenza virus noncoding sequences linked to 
the cDNA of interest linked to 3' influenza virus sequences 
comprising 3' influenza virus noncoding sequences linked to 15 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 M2, and a vector 
comprising a promoter operably linked to a DNA segment 

a second ribozyme sequence linked to a transcription termi­
nation sequence. 

19. The composition of claim 18 wherein the cDNA of 
interest comprises an open reading frame encodes an immu­
nogenic polypeptide or peptide of a pathogen or a therapeutic 
polypeptide or peptide. 

20 encoding influenza virus NS2. 

20. A method to prepare influenza virus, comprising: con­
tacting a cell with the composition of claim 1 or 3 in an 
amount effective to yield infectious influenza virus. 

26. A method to prepare influenza virus, comprising con­
tacting a vertebrate cell with a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 
PA cDNA linked to a transcription termination sequence, a 

21. The method of claim 20 further comprising isolating 
the virus. 

22. A method to prepare a gene delivery vehicle, compris­
ing: contacting cells with the composition of claim 14 or 18 in 
an amount effective to yield influenza virus, and isolating the 
virus. 

25 vector for vRNA production comprising a promoter operably 
linked to an influenza virus PB! cDNA linked to a transcrip­
tion termination sequence, a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 
PB2 cDNA linked to a transcription termination sequence, a 

23. A cell contacted with the composition of claim 1 or 3. 

30 vector for vRNA production comprising a promoter operably 
linked to an influenza virus HA cDNA linked to a transcrip­
tion termination sequence, a vector for vRNA production 
comprising promoter operably linked to an influenza virus 
NP cDNA linked to a transcription termination sequence, a 

24. A method to prepare influenza virus, comprising con­
tacting a vertebrate cell with a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 
PA cDNA linked to a transcription termination sequence, a 
vector for vRNA production comprising a promoter operably 
linked to an influenza virus PB! cDNA linked to a transcrip­
tion termination sequence, a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 40 

PB2 cDNA linked to a transcription termination sequence, a 
vector for vRNA production comprising a promoter operably 
linked to an influenza virus HA cDNA linked to a transcrip­
tion termination sequence, a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 45 

NP cDNA linked to a transcription termination sequence, a 
vector for vRNA production comprising a promoter operably 
linked to an influenza virus NA cDNA linked to a transcrip­
tion termination sequence, a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 50 

M cDNA linked to a transcription termination sequence, and 

35 vector for vRNA production comprising a promoter operably 
linked to an influenza virus cDNA for NB and NA linked to a 

a vector for vRNA production comprising a promoter oper­
ably linked to an influenza virus NS cDNA linked to a tran­
scription termination sequence, a vector for mRNA produc­
tion comprising a promoter operably linked to a DNA 55 

segment encoding influenza virus PA, a vector for mRNA 
production comprising a promoter operably linked to a DNA 
segment encoding influenza virus PB 1, a vector for mRNA 
production comprising a promoter operably linked to a DNA 
segment encoding influenza virus PB2, and a vector for 60 

mRNA production comprising a promoter operably linked to 
a DNA segment encoding influenza virus NP, so as to yield 
infectious virus, wherein the promoter in at least one vector 
for vRNA production comprising a viral cDNA comprises a 
RNA polymerase II promoter 5' to a first ribozyme sequence 65 

which is 5' to the viral cDNA which is 5' to a second ribozyme 
sequence which is 5' to a transcription termination sequence, 

transcription termination sequence, a vector for vRNA pro­
duction comprising a promoter operably linked to an influ­
enza virus M cDNA linked to a transcription termination 
sequence, a vector for vRNA production comprising a pro­
moter operably linked to an influenza virus NS cDNA linked 
to a transcription termination sequence, a vector for mRNA 
production comprising a promoter operably linked to a DNA 
segment encoding influenza virus PA, a vector for mRNA 
production comprising a promoter operably linked to a DNA 
segment encoding influenza virus PB 1, a vector for mRNA 
production comprising a promoter operably linked to a DNA 
segment encoding influenza virus PB2, a vector for mRNA 
production comprising a promoter operably linked to a DNA 
segment encoding influenza virus NP, wherein at least one 
vector forvRNA production comprises a RNA polymerase II 
promoter 5' to a first ribozyme sequence which is 5' to the viral 
cDNA which is 5' to a second ribozyme sequence which is 5' 
to the transcription termination sequence, wherein any vector 
forvRNA production which does not have a RNA polymerase 
II promoter, has a RNA polymerase I promoter; and 

wherein transcription from the RNA polymerase II pro­
moter of the at least one vector comprising the RNA 
polymerase II promoter 5' to a first ribozyme sequence 
which is 5' to the viral cDNA which is 5' to a second 
ribozyme sequence which is 5' to the transcription ter­
mination sequence, results in a transcript that is a tem­
plate for influenza virus polymerase. 

27. The method of claim 26 further comprising contacting 
the cell with 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 
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encoding influenza virus NA and NB, a vector comprising a 
promoter operably linked to a DNA segment encoding influ­
enza virus M, a vector comprising a promoter operably linked 

50 
influenza virus HA cDNA linked to a transcription ter­
mination sequence, a vector comprising a promoter 
operably linked to an influenza virus NP cDNA linked to 

to a DNA segment encoding influenza virus BM2, and a 
vector comprising a promoter operably linked to a DNA 5 

segment encoding influenza virus NS2. 

a transcription termination sequence, a vector compris­
ing a promoter operably linked to an influenza virus NA 
cDNA linked to a transcription termination sequence, a 

28. The method of claim 24 or 26 further comprising con­
tacting the cell with a vector comprising a promoter linked to 
5' influenza virus sequences comprising 5' influenza virus 
noncoding sequences linked to a cDNA of interest or a frag- 10 

ment thereoflinked to 3' influenza virus sequences compris­
ing 3' influenza virus noncoding sequences linked to a tran­
scription termination sequence. 

vector comprising a promoter operably linked to an 
influenza virus M cDNA linked to a transcription termi­
nation sequence, and a vector comprising a promoter 
operably linked to an influenza virus NS cDNA linked to 
a transcription termination sequence, wherein at least 
one vector comprises a RNA polymerase II promoter 5' 
to a first ribozyme sequence which is 5' to the viral 
cDNA which is 5' to a second ribozyme sequence which 
is 5' to the transcription termination sequence, wherein 
any vector for vRNA production which does not have a 

29. The method of claim 24 or 26 further comprising con­
tacting the cell with a vector comprising a RNA polymerase II 15 

promoter linked to a first ribozyme sequence linked to linked 
to 5' influenza virus sequences comprising 5' influenza virus 
noncoding sequences linked to the cDNA of interest or a 
fragment thereoflinked to 3' influenza virus sequences com­
prising 3' influenza virus noncoding sequences linked to a 20 

second ribozyme sequence linked to a transcription termina­
tion sequence. 

RNA polymerase II promoter, has a RNA polymerase I 
promoter; and 

b) vectors for mRNA production including a vector com­
prising a promoter operably linked to a DNA segment 
encoding influenza virus PA, a vector comprising a pro­
moter operably linked to a DNA segment encoding 
influenza virus PB!, a vector comprising a promoter 
operably linked to a DNA segment encoding influenza 

30. The method of claim 28 wherein the cDNA of interest 
comprises an open reading frame encodes an immunogenic 
polypeptide or peptide of a pathogen or a therapeutic 25 

polypeptide or peptide. 
virus PB2, or a vector comprising a promoter operably 
linked to a DNA segment encoding influenza virus NP; 

31. The method of claim 29 wherein the cDNA of interest 
comprises an open reading frame encodes an immunogenic 
polypeptide or peptide of a pathogen or a therapeutic 
polypeptide or peptide. 

32. The method of claim 24 or 26 wherein the HA is a type 
AHA. 

33. The method of claim 24 or 26 wherein the HA is a type 
BHA. 

30 

and 
wherein the vectors are in present in the cell in an amount 

that yields titers of infectious influenza virus of at least 
5xl03 pfu/mL. 

34. The method of claim 24 or 26 wherein all the vectors of 35 

40. A method to prepare influenza virus, comprising con­
tacting a vertebrate cell with a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 
PA cDNA linked to a transcription termination sequence, a 
vector for vRNA production comprising a promoter operably 
linked to an influenza virus PB! cDNA linked to a transcrip-a) comprise a RNA polymerase II promoter. 

35. The method of claim 24 or 26 further comprising iso­
lating the virus. 

36. The composition of claim 1 wherein the influenza viral 
cDNA sequences in the vector having the RNA polymerase II 
promoter correspond to a single viral genomic segment. 

37. The composition of claim 1 which, when introduced to 
a vertebrate cell, yields influenza virus titers substantially the 
same as those obtained from a vertebrate cell transfected with 
a composition comprising a plurality of vectors for influenza 
virus production comprising vectors for vRNA production 
which comprise a Poll promoter and a Poll terminator 
sequence and vectors for mRNA production for at least PA, 
PB!, PB2 and NP. 

38. The method of claim 20, 24 or 26 wherein the influenza 
virus titers are substantially the same as those obtained from 
a vertebrate cell transfected with a plurality of vectors for 
influenza virus production comprising vectors for vRNA pro­
duction which comprise a Poll promoter and a Poll terminator 
sequence and vectors for mRNA production for at least PA, 
PB!, PB2 and NP. 

39. A vertebrate cell comprising a plurality of vectors, 
comprising 

a) vectors for vRNA production including a vector com­
prising 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! cDNA linked to a tran­
scription 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 

tion termination sequence, a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 
PB2 cDNA linked to a transcription termination sequence, a 

40 vector for vRNA production comprising a promoter operably 
linked to an influenza virus HA cDNA linked to a transcrip­
tion termination sequence, a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 
NP cDNA linked to a transcription termination sequence, a 

45 vector for vRNA production comprising a promoter operably 
linked to an influenza virus NA cDNA linked to a transcrip­
tion termination sequence, a vector for vRNA production 
comprising a promoter operably linked to an influenza virus 
M cDNA linked to a transcription termination sequence, and 

50 a vector for vRNA production comprising a promoter oper­
ably linked to an influenza virus NS cDNA linked to a tran­
scription termination sequence, a vector for mRNA produc­
tion comprising a promoter operably linked to a DNA 
segment encoding influenza virus PA, a vector for mRNA 

55 production comprising a promoter operably linked to a DNA 
segment encoding influenza virus PB 1, a vector for mRNA 
production comprising a promoter operably linked to a DNA 
segment encoding influenza virus PB2, and a vector for 
mRNA production comprising a promoter operably linked to 

60 a DNA segment encoding influenza virus NP, wherein the 
promoter in at least one vector for vRNA production com­
prises a RNA polymerase II promoter 5' to a first ribozyme 
sequence which is 5' to the viral cDNA which is 5' to a second 
ribozyme sequence which is 5' to a transcription termination 

65 sequence, wherein any vector for vRNA production which 
does not have a RNA polymerase II promoter, has a RNA 
polymerase I promoter, 
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so as to yield titers of infectious influenza virus that are 
substantially the same as those obtained from a verte­
brate cell transfected with a plurality of vectors for influ­
enza virus production comprising vectors for v RNA pro­
duction for each of PA, PB!, PB2, HA, NP, NA, Mand s 
NS which comprise a Poll promoter and a Poll termina­
tor sequence and vectors for mRNA production for at 
least PA, PB!, PB2 and NP. 

52 
41. The composition of claim 1 wherein the first and sec­

ond ribozyme sequences are for different ribozymes. 

42. The method of claim 24 wherein the first and second 
ribozyme sequences are for different ribozymes. 

* * * * * 
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