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DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] Several different methods have been proposed to prevent influenza infection, but most of these methods use old
technologies administered via injection. This can be difficult to accomplish in a pandemic where normal health care has been
disrupted. An oral delivery vaccine that can be distributed without qualified medical personnel would have a significant advantage.

[0002] The H1N1 pandemic viruses of 2009 target different cell populations than normal influenza. These viruses infect intestinal
epithelial cells, as well as lung epithelial cells. Patients infected with HIN1 reported diarrhea and stomach iliness along with the
usual influenza symptoms.

[0003] The present invention provides an oral immunization with substantial benefits in protecting against H1N1 infection. A
strong mucosal immune response is generated, including in the intestine, as evidenced by the strong IgA antibody responses
against HA in fecal pellets. The oral HIN1 vaccine is also shown to be protective against HIN1 in a direct challenge in vivo.

[0004] The prior art includes WO2007100908. Example 4 thereof discloses delivery of an adenoviral vector encoding an
influenza A/PR/8/34 HA protein in combination with a poly I:C TLR-3 antagonist. Example 11 thereof discloses an adenoviral
vector with a promoter controlling expression of HA of the influenza strain A/Indo/5/2005 with a downstream sequence encoding a
double stranded RNA TLR-3 agonist. This example also discloses an adenoviral vector with a first promoter controlling expression
of a double stranded RNA TLR-3 agonist, and a second promoter controlling expression of HA of the influenza strain
AlIndo/5/2005.

BRIEF SUMMARY OF THE INVENTION

[0005] The invention provides rapid-response and easily scalable compositions for vaccination against pandemic strains of H1N1
influenza. Upon isolation of the strain, a gene-based viral vaccine according to the invention can be prepared and tested for
safety and efficacy within weeks.

[0006] The invention provides chimeric adenoviral expression vectors for protection against H1N1 influenza, said vector
comprising an expression cassette comprising (a) a first promoter operably linked to a nucleic acid encoding a toll-like receptor-3
(TLR-3) agonist, wherein the TLR-3 agonist is a double stranded RNA (dsRNA); and (b) a second promoter operably linked to a
nucleic acid encoding haemagglutinin polypeptide from A/CA/04/2009 H1N1 influenza. In some embodiments, the dsRNA is
selected from short hairpin RNA (shRNA), viral dsRNA, and siRNA. In some embodiments, the sequence encoding the dsRNA
comprises a sequence having substantial identity to a sequence selected from the group consisting of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6 (SEQ ID NOs:1-6). In some embodiments, the sequence
encoding the dsRNA comprises a sequence selected from the group consisting of SEQ ID NOs: 1-6.

[0007] In some aspects of the disclosure described herein, the polypeptide from HIN1 is a surface antigen of HIN1 or an
antigenic fragment thereof. In some aspects of the disclosure described herein, the H1N1 polypeptide is selected from the group
consisting of HA, NA, MP, and NP, and antigenic fragments thereof. The H1N1 influenza is from the strain A/CA/04/2009.

[0008] In some embodiments, the first promoter and the second promoter are the same. In some embodiments, the first promoter
and second promoter are different. The promoter can be constitutive or inducible, and can be a viral or mammalian gene
promoter, e.g., CMV or SV40.

[0009] In some embodiments described herein, the viral expression vector is substantially identical to SEQ ID NO:7, e.g., with at
least 90,92, 95, 96, 98, or 99% identity to SEQ ID NO:7, or to the expression cassette of SEQ ID NO:7 (nucleotide positions 603 to
4194). In some embodiments described herein, the viral expression vector comprises SEQ ID NO:7 or the expression cassette of
SEQ ID NO:7. In some aspects of the disclosure described herein, the viral expression vector is substantially identical to SEQ ID
NO:7, but encodes a different HIN1 antigenic polypeptide.

[0010] In some embodiments, the invention provides pharmaceutical compositions for protection against HIN1 influenza, said
compositions comprising the chimeric viral vector of the invention and a pharmaceutically acceptable carrier. In some
embodiments, the pharmaceutical composition is formulated for non-parenteral delivery (administration), e.g., oral, mucosal, or
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intranasal delivery. In some embodiments, the pharmaceutical composition is formulated for oral delivery.

[0011] In some embodiments, the invention provides an oral delivery pharmaceutical composition comprising the chimeric viral
vector of the invention and a pharmaceutically acceptable carrier..

[0012] The invention also provides an immunogenically effective amount of a chimeric adenoviral expression vector of the
invention, or a composition of the invention, for use in a method for eliciting an immune response to pandemic H1N1 influenza in a
mammal, wherein the immune response is directed against haemagglutinin polypeptide, and wherein the route of administration is
selected from the group consisting of: oral, intranasal, and mucosal. In some embodiments, the administration is oral. In some
embodiments, the mammal is a human. In some embodiments, the immune response is selected from the group consisting of a
mucosal immune response, a systemic immune response, a humoral immune response, and a cellular immune response. In some
embodiments, the immune response is a mucosal immune response. In some embodiments, the immune response can be
detected in intestinal mucosa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Figure 1A. Systemic antibody titers for anti-influenza HA antibodies are comparable at 8 weeks for oral (p.o.) and intramuscular

(i.m.) vaccination of DX1. Ad-CA/04/09-Adj was administered orally at two different doses (107 IU or 108 IU) or i.m. at 108 |U.
Results from a similar chimeric adenoviral expression vector encoding HA from a non-similar H1N1 are also shown (Ad-PR8-Adj).

Figure 1B. Results from Hemagglutination Inhibition (HAI) at 3, 5, and 8 weeks post-vaccination confirm similar systemic antibody
response to A/CA/04/2009 from oral and i.m. administration.

Figure 1C, 1D, and 1F. Oral administration of DX1 vector vaccine provides superior mucosal antibody response compared to
i.m. injection. Titers of antibodies specific to HA were measured in intestinal (fecal), vaginal, and lung mucosal tissues, at 8, 10,
and 12 weeks post-administration, respectively. Results are shown in panels C, D, and E of Figure 1. Note that oral administration
of DX1 vector provides significantly higher specific IgA titers than high dose i.m. injection. The 10-fold lower oral dose induces an
equal or greater IgA response as well. *indicates P<0.05 calculated using Student's T-Test based on OD450 readings.

Figure 2A and 2B. Low dose oral administration of DX1 vector provides comparable survival and weight maintenance data to
high dose oral and i.m. administration. Figure 2A shows that 100% of DX1 vaccinated mice receiving a lethal HIN1 challenge
survived. Similarly, Figure 2B shows minimal weight loss in all three groups. Untreated mice, or those vaccinated with adjuvant

alone succumbed to the virus soon after challenge. Oral indicates 108 U DX1, IMindicates 108 U DX1, lo dose oral indicates 107
IU DX1, Adj control indicates vector expressing dsRNA only.

Figure 3. Expression of dsRNA adjuvant improves antibody response to the H1IN1 HA antigen. Plasma titers of antibodies specific
for HA were measured following oral administration of DX1 and DX2 (vector lacking dsRNA encoding sequence).

DETAILED DESCRIPTION OF THE INVENTION

l. Introduction

[0014] The present invention provides novel and effective chimeric adeno viral vector vaccines that can be rapidly developed in
response to an H1N1 viral pandemic. Once a pandemic strain is isolated, an antigen can be isolated and used to design a
vaccine according to the present invention. Animal testing, to determine safety and tolerable dose ranges, as well as efficacy of
the vaccine against the particular pandemic strain, can be accomplished on the order of weeks. The chimeric adeno viral vector
vaccines of the invention comprise a sequence encoding antigen (haemagglutinin) as well as a sequence encoding a dsRNA
adjuvant. The vaccine can be administered non-parenterally and at a low dose to elicit an immune response against the H1N1
antigen. The chimeric viral vectors elicit strong and effective immune responses specific for the H1IN1 polypeptide antigen,
particularly when administered via a non-parenteral route (e.g., orally, intranasally, or mucosally).
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[0015] The efficacy of the vector-encoded dsRNA TLR-3 agonist as an adjuvant is also surprising. Use of dsRNA as an adjuvant
for viral vectors is counterintuitive considering that the major proposed utility of the dsRNA mimetic poly I:C is as an antiviral agent
[Nemes, et al., Proc Soc Exp Biol Med. (1969) 132:776; Schafer, et al, Nature. (1970) 226:449; Fenje, et al, Nature (1970)
226:171.].

Il. Definitions

[0016] The term "chimeric" or "recombinant" as used herein with reference, e.g., to a nucleic acid, protein, or vector, indicates
that the nucleic acid, protein or vector, has been modified by the introduction of a heterologous nucleic acid or protein or the
alteration of a native nucleic acid or protein. Thus, for example, chimeric and recombinant vectors include nucleic acid sequences
that are not found within the native (non-chimeric or non-recombinant) form of the vector. A chimeric viral vector (or chimeric viral
expression vector) refers to a viral vector comprising a nucleic acid sequence encoding a heterologous polypeptide.

[0017] An "expression vector" or "expression cassette" is a nucleic acid construct, generated recombinantly or synthetically, with
a series of specified nucleic acid elements that permit transcription of a particular nucleic acid in a host cell. The expression
vector can be part of a plasmid, virus, or nucleic acid fragment. Typically, the expression vector includes a nucleic acid to be
transcribed operably linked to a promoter. An expression vector can include more than one expression units or coding
sequences, which can be contiguous (e.g., under control of the same promoter) or non-contiguous (e.g., under control of
different promoter).

[0018] The terms "promoter" and "expression control sequence" refer to nucleic acid control sequences that direct transcription
of a nucleic acid. As used herein, a promoter includes necessary nucleic acid sequences near the start site of transcription, such
as, in the case of a polymerase Il type promoter, a TATA element. A promoter also optionally includes distal enhancer or

repressor elements, which can be located as much as several thousand base pairs from the start site of transcription. Promoters
include constitutive and inducible promoters. A "constitutive" promoter is a promoter that is active under most environmental and
developmental conditions. An "inducible" promoter is a promoter that is active under environmental or developmental regulation.
The term "operably linked" refers to a functional linkage between a nucleic acid expression control sequence (such as a
promoter, or array of transcription factor binding sites) and a second nucleic acid sequence, wherein the expression control
sequence directs transcription of the nucleic acid corresponding to the second sequence.

[0019] The terms "TLR-3 agonist" or "Toll-like receptor 3 agonist" as used herein refers to a compound that binds and stimulates
the TLR-3. TLR-3 agonists have been identified including double-stranded RNA, virally derived dsRNA, several chemically
synthesized analogs to double-stranded RNA including polyinosine-polycytidylic acid (poly I:C) -polyadenylic-polyuridylic acid
(poly A:U) and poly I:poly C, and antibodies (or cross-linking of antibodies) to TLR-3 that lead to IFN-beta production [ Matsumoto,
M, et al, Biochem Biophys Res Commun 24:1364 (2002), de Bouteiller, et al, J Biol Chem 18:38133-45 (2005)]. TLR-3 agonists
also include dsRNA encoded by and expressed from a vector, e.g., as described herein.

[0020] Double-stranded RNA (dsRNA) is RNA that includes two complementary strands, typically with a complementary stretch of
at least 4, 5, 10, 12, 15, 20 or more ribonucleotides. The complementary stretch of a dsRNA can be between 5-10, 5-20, 5-30,
10-20, 10-100, 20-100, and higher. One of skill will appreciate that the complementary stretch need not be 100% complementary
for the dsRNA to act as an effective TLR-3 agonist or adjuvant. A dsRNA molecule can comprise an intramolecular double-
stranded RNA species (e.g., short hairpin RNA or siRNA) and dsRNA species that comprise at least two separate single-stranded
RNA molecules.

[0021] Polynucleotides can comprise a designated sequence (i.e., an H1N1 viral sequence that encodes a particular polypeptide
or dsRNA or a portion thereof) or a variant of such a sequence that results in an immune response to the desired H1N1 virus or
TLR-3 agonism, respectively. Polynucleotide variants may contain one or more substitutions, additions, deletions and/or
insertions such that the biological activity of the encoded polypeptide is not diminished, relative to a polypeptide comprising the
original sequence. Polynucleotide variants of a given dsRNA can contain one or more substitutions, additions, deletions and/or
insertions such that the TLR-3 agonist activity of the encoded dsRNA is not diminished, relative to a dsRNA that does not contain
the substitutions, additions, deletions and/or insertions. Variants preferably exhibit at least about 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, to a polynucleotide sequence that encodes a native
polypeptide or a portion thereof or to a polynucleotide sequence that encodes a dsRNA with TLR-3 agonist activity.

[0022] The term "subject" or "patient," for the purposes of the present invention, refers to a mammal that can be infected with
H1N1 virus. Mammals include humans, as well as non-human mammals such as rodents (e.g., mice and rats), rabbits, livestock
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animals (e.g., bovine, porcine, and ovine animals) and pets (e.g., dogs and cats), and non-human primates.

[0023] The term "heterologous" when used with reference to portions of a nucleic acid indicates that the nucleic acid comprises
two or more subsequences that are not found in the same relationship to each other in nature. For instance, the nucleic acid is
typically recombinantly produced, having two or more sequences from unrelated genes arranged to make a new functional nucleic
acid, e.g., a promoter from one source and a coding region from another source. Similarly, a heterologous protein indicates that
the protein comprises two or more subsequences that are not found in the same relationship to each other in nature (e.g., a
fusion protein).

[0024] The terms "nucleic acid," "oligonucleotide," "polynucleotide” and like terms are used interchangeably herein to refer to
polymers of deoxyribonucleotides or ribonucleotides in either single- or double-stranded form. The term encompasses nucleic
acids containing known nucleotide analogs or modified backbone residues or linkages, which are synthetic, naturally occurring,
and non-naturally occurring, which have similar binding properties as the reference nucleic acid, and which are metabolized in a
manner similar to the reference nucleotides. Examples of such analogs include, without limitation, phosphorothioates,
phosphoramidates, methyl phosphonates, chiral-methyl phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs).

[0025] Unless otherwise indicated, a particular nucleic acid sequence also encompasses conservatively modified variants thereof
(e.g., degenerate codon substitutions) and complementary sequences, as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions may be achieved by generating sequences in which the third position of one or more selected (or
all) codons is substituted with mixed-base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka
et al., J. Biol. Chem. 260:2605-2608 (1985); Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).

[0026] Antigen- refers to a protein or part of a polypeptide chain that can be recognized by T cell receptors and/or antibodies.
Typically, antigens are derived from bacterial, viral, or fungal proteins, or from abnormal proteins expressed by cancer cells.

[0027] An "immunogenically effective dose or amount" of a composition of the present invention is an amount that elicits or
modulates an immune response specific for the desired antigenic polypeptide. Immune responses include humoral immune
responses and cell-mediated immune responses. An immunogenic composition can be used therapeutically or prophylactically to
treat or prevent HIN1 infection.

[0028] The terms "dose" and "dosage" are used interchangeably herein. A dose refers to the amount of active ingredient given
to an individual at each administration. The dose for the purposes of the present invention can be expressed in a number of
ways, e.g., mg/mL or |U of the viral vector, mg or IU per kg or Ib body weight of the subject, or in terms of the amount of antigenic
polypeptide produced by the viral vector. The dose will vary depending on a number of factors, including frequency of
administration; size and tolerance of the individual; severity of the HIN1 outbreak; risk of infection; and the route of
administration. One of skill can determine how to modify a minimal dose depending on the above factors. The initial dose can be
used as a baseline, and modified based on the reaction of the individual.

[0029] A "dosage form" refers to the particular format of the pharmaceutical, and depends on the route of administration. For
example, a dosage form can be in a tablet or liquid, e.g., for oral delivery, a suppository, e.g., for rectal or vaginal administration,
or a liquid for injection. A "single dosage form" refers both to the format of the pharmaceutical composition and the amount of
active ingredient as discussed above.

[0030] "Protection” or "prevention" of infection refers to reducing the potential that an individual will develop H1N1 infection, e.g.,
detected by observing symptoms, or by detecting viral or antibody titer. The term includes protection from further infection or
worsening infection, e.g., in the case of an individual that is already suffering from an infection, e.g., from a different strain of
H1N1 or a different virus. The potential for an infection can be reduced to such an extent that the individual does not display
symptoms upon exposure to the infectious agent. For example, protecting an individual infection can refer to the ability of a
chimeric viral vector of the present invention to prevent or reduce infection from occurring or recurring.

[0031] "Treating" or "reducing" H1N1 infection refers to reducing the amount of the infective agent (e.g., number of cells or viral
particles) in the individual, reducing the severity of symptoms, and/ or reducing the frequency of symptoms. In some
embodiments, the number of infective agents is reduced by at least 10%, as compared, e.g., to the individual before
administration or to a control individual not undergoing treatment. In some embodiments the number of infective agents is
reduced by at least 25%, 50%, 75%, 80%, or 90%. In some embodiments, the infection is no longer detectable, e.g., by symptoms
or general diagnostic techniques.

[0032] One of skill will appreciate that the terms protecting, preventing, and treatment are not absolute terms, but a general
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improvement of outcome compared to untreated or differently treated controls. For example, the compositions of the invention are
considered protective if a treated individual or population is less likely to develop H1N1 infection than an individual or population
that is not treated according to the invention, but exposed to similar conditions.

[0033] The term "infection" for the purposes of the invention refers to the presence of a potentially pathogenic H1N1 influenza
strain in an individual. Infection does not necessarily imply that an infected individual will experience symptoms from the infective
agent. HIN1 infection typically occurs via mucosal tissues, e.g., epithelial linings of the reproductive tract, gastrointestinal tract,
oral and esophageal surfaces, nasal cavity, and bronchial lining.

[0034] An agent "interferes with" or "protects from" infection when it reduces the ability of a targeted H1N1 strain to colonize the
mucosal surface or penetrate the mucosal barrier, e.g., to infect cells of the individual. For example, an agent interferes with
infection if fewer cells are exposed to or infected by the virus. Reduction can be determined by comparison, e.g., to the individual
before treatment or to a control individual exposed to similar conditions but not undergoing treatment.

[0035] The term ‘isolated" is not an absolute term, but refers to a material that is substantially free of contaminants or
components that accompany the material in its native state.

[0036] "Humoral immune responses" are mediated by cell free components of the blood, i.e., plasma or serum, e.g., antibodies.
Transfer of the serum or plasma from one individual to another transfers humoral immunity.

[0037] "Cell mediated immune responses" are mediated by antigen specific lymphocytes, e.g., cytotoxic T cells (CTLs). Transfer
of the antigen specific lymphocytes from one individual to another transfers immunity.

[0038] A "therapeutic dose" or "therapeutically effective amount" or "effective amount" of a chimeric viral vector or a composition
comprising a chimeric viral vector is an amount of the vector or composition comprising the vector which prevents, alleviates,
abates, or reduces the severity of symptoms of the targeted H1N1 virus.

[0039] Antibody refers to a polypeptide encoded by an immunoglobulin gene or fragments thereof that specifically binds and
recognizes an antigen. The recognized immunoglobulin genes include the kappa, lambda, alpha, gamma, delta, epsilon, and mu
constant region genes, as well as the myriad immunoglobulin variable region genes. Light chains are classified as either kappa or
lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in turn define the immunoglobulin classes, IgG,
lgM, IgA, IgD and IgE, respectively.

[0040] T cells- refer to a particular class of lymphocytes that express a specific receptor (T cell receptor) encoded by a family of
genes. The recognized T cell receptor genes include alpha, beta, delta, and gamma loci, and the T cell receptors typically (but
not universally) recognize a combination of MHC plus a short peptide.

[0041] An adaptive immune response refers to specific recognition of an antigen by T cells (through the T cell receptor (TCR)) or
B cells (through the BCR or antibody/ immunoglobulin).

[0042] Antigen presenting cells (APCs) present immunogenic peptides or fragments thereof to T cells to activate or enhance an
immune response. APCs include dendritic cells, macrophages, B cells, monocytes and other cells that may be engineered to be
efficient APCs. Such cells may, but need not, be genetically modified to increase the capacity for presenting the antigen, to
improve activation and/or maintenance of the T cell response, to have anti-tumor effects per se and/or to be immunologically
compatible with the receiver (i.e., matched HLA haplotype). APCs may be isolated from any of a variety of biological fluids and
organs including bone marrow, peripheral blood, tumor and peritumoral tissues, and may be autologous, allogeneic, syngeneic or
xenogeneic cells. APCs typically utilize a receptor from the major histocompatability (MHC) locus to present short polypeptides to
T cells.

[0043] Adjuvants are known in the art, and refer to non-specific immune response enhancers. Suitable adjuvants include, e.g.,
dsRNA and dsRNA mimetics, cholera toxin, monophosphoryl lipid A (MPL), Freund's Complete Adjuvant, Freund's Incomplete
Adjuvant, Quil A, and Al(OH). Adjuvants can also be those substances that cause APC activation and enhanced presentation of T
cells through secondary signaling molecules like Toll-like receptors. Examples of Toll-like receptors include the receptors that
recognize double-stranded RNA, bacterial flagella, LPS, CpG DNA, and bacterial lipopeptide (reviewed in Abreu et al., J Immunol,
174(8), 4453-4460 (2005)).

[0044] The terms "polypeptide," "peptide” and "protein” refer to a polymer of amino acid residues. The terms apply to amino acid
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polymers in which one or more amino acid residue is an artificial chemical mimetic of a corresponding naturally occurring amino
acid, as well as to naturally occurring amino acid polymers and non-naturally occurring amino acid polymer.

[0045] The term "amino acid" refers to naturally occurring and synthetic amino acids, as well as amino acid analogs and amino
acid mimetics that function in a manner similar to the naturally occurring amino acids. Naturally occurring amino acids are those
encoded by the genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline, y-carboxyglutamate, and
O-phosphoserine. Amino acid analogs refers to compounds that have the same basic chemical structure as a naturally occurring
amino acid, i.e., a carbon that is bound to a hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine,
norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs have modified R groups (e.g., norleucine) or
modified peptide backbones, but retain the same basic chemical structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure that is different from the general chemical structure of an amino
acid, but that functions in a manner similar to a naturally occurring amino acid.

[0046] Amino acids may be referred to herein by either their commonly known three letter symbols or by the one-letter symbols
recommended by the [UPAC-IUB Biochemical

[0047] Nomenclature Commission. Nucleotides, likewise, may be referred to by their commonly accepted single-letter codes.

[0048] "Conservatively modified variants" applies to both amino acid and nucleic acid sequences. With respect to particular
nucleic acid sequences, conservatively modified variants refers to those nucleic acids which encode identical or essentially
identical amino acid sequences, or where the nucleic acid does not encode an amino acid sequence, to essentially identical
sequences. Because of the degeneracy of the genetic code, a large number of functionally identical nucleic acids encode any
given protein. For instance, the codons GCA, GCC, GCG and GCU all encode the amino acid alanine. Thus, at every position
where an alanine is specified by a codon, the codon can be altered to any of the corresponding codons described without altering
the encoded polypeptide. Such nucleic acid variations are "silent variations," which are one species of conservatively modified
variations. Every nucleic acid sequence herein which encodes a polypeptide also describes every possible silent variation of the
nucleic acid. One of skill will recognize that each codon in a nucleic acid (except AUG, which is ordinarily the only codon for
methionine, and TGG, which is ordinarily the only codon for tryptophan) can be modified to yield a functionally identical molecule.
Accordingly, each silent variation of a nucleic acid which encodes a polypeptide is implicit in each described sequence.

[0049] As to amino acid sequences, one of skill will recognize that individual substitutions, deletions or additions to a nucleic acid,
peptide, polypeptide, or protein sequence which alters, adds or deletes a single amino acid or a small percentage of amino acids
in the encoded sequence is a "conservatively modified variant" where the alteration results in the substitution of an amino acid
with a chemically similar amino acid. Conservative substitution tables providing functionally similar amino acids are well known in
the art. Such conservatively modified variants are in addition to and do not exclude polymorphic variants, interspecies homologs,
and alleles of the invention.

[0050] The following eight groups each contain amino acids that are conservative substitutions for one another:

. 1) Alanine (A), Glycine (G);

. 2) Aspartic acid (D), Glutamic acid (E);

. 3) Asparagine (N), Glutamine (Q);

. 4) Arginine |, Lysine (K);

. 5) Isoleucine (), Leucine (L), Methionine (M), Valine (V);
. 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);

. 7) Serine (8), Threonine (T); and

. 8) Cysteine (C), Methionine (M)

O N oA WN -

(see, e.g., Creighton, Proteins (1984)).

[0051] The phrase "selectively (or specifically) hybridizes to" refers to the binding, duplexing, or hybridizing of a polynucleotide
only to a particular nucleotide sequence, i.e., according to Watson-Crick complementarity.

[0052] Nucleic acids that do not hybridize to each other under given conditions are still considered substantially identical if the
polypeptides which they encode are substantially identical. This occurs, for example, when a copy of a nucleic acid is created
using the maximum codon degeneracy permitted by the genetic code. In such cases, the nucleic acids typically hybridize under
moderately stringent hybridization conditions. Exemplary "moderately stringent hybridization conditions" include a hybridization in
a buffer of 40% formamide, 1 M NaCl, 1% SDS at 37°C, and a wash in 1X SSC at 45°C. A positive hybridization is at least twice
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background. Those of ordinary skill will readily recognize that alternative hybridization and wash conditions can be utilized to
provide conditions of similar stringency.

[0053] The phrase "specifically (or selectively) binds" to an antibody or "specifically (or selectively) immunoreactive with," when
referring to a protein or peptide, refers to a binding reaction that is determinative of the presence of the protein in a
heterogeneous population of proteins and other biologics. Thus, under designated immunoassay conditions, the specified
antibodies bind to a particular protein at least two times the background and do not substantially bind in a significant amount to
other proteins present in the sample. Specific binding to an antibody under such conditions may require an antibody that is
selected for its specificity for a particular protein. For example, polyclonal antibodies raised to fusion proteins can be selected to
obtain only those polyclonal antibodies that are specifically immunoreactive with fusion protein and not with individual components
of the fusion proteins. This selection may be achieved by subtracting out antibodies that cross-react with the individual antigens.

[0054] A variety of immunoassay formats may be used to select antibodies specifically immunoreactive with a particular protein.
For example, solid-phase ELISA immunoassays are routinely used to select antibodies specifically immunoreactive with a protein
(see, e.g., Harlow & Lane, Antibodies, A Laboratory Manual (1988 ), for a description of immunoassay formats and conditions that
can be used to determine specific immunoreactivity). Typically a specific or selective reaction will be at least twice background
signal or noise and more typically more than 10 to 100 times background.

[0055] The terms "identical" or percent "identity," in the context of two or more nucleic acids (e.g., a dsRNA or antigen encoding
sequence) or polypeptide sequences, refer to two or more sequences or subsequences that are the same or have a specified
percentage of amino acid residues or nucleotides that are the same (i.e., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more identity over a specified region), when compared and aligned for
maximum correspondence over a comparison window, or designated region as measured using one of the following sequence
comparison algorithms or by manual alignment and visual inspection. Such sequences are then said to be "substantially
identical." This definition also refers to the compliment of a test sequence. Optionally, the identity exists over a region that is at
least about 10 to about 100, about 20 to about 75, about 30 to about 50 amino acids or nucleotides in length.

[0056] For sequence comparison, typically one sequence acts as a reference sequence, to which test sequences are compared.
When using a sequence comparison algorithm, test and reference sequences are entered into a computer, subsequence
coordinates are designated, if necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence comparison algorithm then calculates the
percent sequence identities for the test sequences relative to the reference sequence, based on the program parameters.

[0057] A "comparison window", as used herein, includes reference to a segment of any one of the number of contiguous
positions from about 10 to about 500, about 25 to about 200, 50 to about 150, in which a sequence may be compared to a
reference sequence of the same number of contiguous positions after the two sequences are optimally aligned. Methods of
alignment of sequences for comparison are well-known in the art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the homology alignment
algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for similarity method of Pearson & Lipman, Proc.
Nat'l. Acad. Sci. USA 85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and

TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by manual

alignment and visual inspection (see, e.g., Current Protocols in Molecular Biology (Ausubel et al., eds. 1995 supplement)).

[0058] An example of an algorithm that is suitable for determining percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in Altschul et al., Nuc. Acids Res. 25:3389-3402 (1977) and Altschul et al.,
J. Mol. Biol. 215:403-. 410 (1990), respectively. Software for performing BLAST analyses is publicly available through the National
Center for Biotechnology Information (at the website for NCBI, ncbi.nim.nih.gov). This algorithm involves first identifying high
scoring sequence pairs (HSPs) by identifying short words of length W in the query sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a word of the same length in a database sequence. T is referred to as the
neighborhood word score threshold (Altschul et al., supra). These initial neighborhood word hits act as seeds for initiating
searches to find longer HSPs containing them. The word hits are extended in both directions along each sequence for as far as
the cumulative alignment score can be increased. Cumulative scores are calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues; always > 0) and N (penalty score for mismatching residues; always <
0). For amino acid sequences, a scoring matrix is used to calculate the cumulative score. Extension of the word hits in each
direction are halted when: the cumulative alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring residue alignments; or the end
of either sequence is reached. The BLAST algorithm parameters W, T, and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide sequences) uses as defaults a wordlength (W) of 11, an expectation (E) or 10,
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M=5, N=-4 and a comparison of both strands. For amino acid sequences, the BLASTP program uses as defaults a wordlength of
3, and expectation (E) of 10, and the BLOSUM62 scoring matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 89:10915
(1989)) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands.

lll. Compositions disclosed

[0059] The disclosure provides compositions comprising chimeric viral vectors. In some aspects of the disclosure described
herein, the chimeric viral vectors comprise a first promoter operably linked to a nucleic acid encoding an antigenic H1N1
polypeptide and a second promoter operably linked to a nucleic acid encoding a TLR3 agonist. The first and second promoters
may be the same or different, inducible, constitutive, or tissue-specific. In some aspects of the disclosure described herein, the
first and second promoters are independently selected from: the beta actin promoter and the CMV promoter.

[0060] In some aspects of the disclosure, the chimeric viral vector comprises an adenoviral genome (minus the E1 and E3
genes) and a nucleic acid encoding a dsRNA. The chimeric vector can be administered to a cell that expresses the Ad E1 gene
such that recombinant adenovirus (rAd) is produced by the cell. This rAd can be harvested and is capable of a single round of
infection that will deliver the transgenic composition to another cell within a mammal in order to elicit immune responses to the
antigenic polypeptide.

A. Suitable Viral Vectors

[0061] Any viral expression vector can be used for the present disclosure. Viral vaccines are typically attenuated (e.g.,
replication incompetent). Suitable viral expression vectors described herein can be derived from adenoviruses, modified vaccinia
ankara (MVA; see, e.g., Kumar and Seth (2004) Gene Ther. Mol. Biol. 8:193-200), vaccinia viruses, herpes viruses,
baculoviruses, adeno-associated viruses (AAV), and rubella virus (e.g., as described in Pugachev et al. (2000) J. Virology
74:10811-15). In the invention, the vector is an adenoviral vector, e.g., derived from adenovirus 5, for example, Ad5 with deletions
of the E1/E3 regions and Ad5 with a deletion of the E4 region. Other suitable adenoviral vectors include strains 2, orally tested
strains 4 and 7, enteric adenoviruses 40 and 41, and other strains (e.g. Ad34) that are sufficient for delivering an antigen and
eliciting an adaptive immune response to the transgene antigen [Lubeck et al., Proc Natl Acad Sci U S A, 86(17), 6763-6767
(1989); Shen et al., J Virol, 75(9), 4297-4307 (2001); Bailey et al., Virology, 202(2), 695-706 (1994)]. In some embodiments, the
adenoviral vector is a live, replication incompetent adenoviral vector (such as E1 and E3 deleted rAd5), live and attenuated
adenoviral vector (such as the E1B55K deletion viruses), or a live adenoviral vector with wild-type replication.

[0062] The transcriptional and translational control sequences in expression vectors to be used in transforming vertebrate cells
in vivo may be provided by viral sources. For example, commonly used promoters and enhancers are derived, e.g., from beta
actin, adenovirus, simian virus (SV40), and human cytomegalovirus (CMV). For example, vectors allowing expression of proteins
under the direction of the CMV promoter, SV40 early promoter, SV40 later promoter, metallothionein promoter, murine mammary
tumor virus promoter, Rous sarcoma virus promoter, transducer promoter, or other promoters shown effective for expression in
mammalian cells are suitable. Further viral genomic promoters, control and/or signal sequences can be used, provided such
control sequences are compatible with the host cell chosen.

B. H1N1 Polypeptides

[0063] Nucleic acids encoding suitable heterologous polypeptides described herein may be derived from H1N1 influenza
antigens. H1N1 infects mucosal tissues, such as intestine, thus antigens that give rise to a robust mucosal response are of
particular interest. Antigenic polypeptides described herein include H1N1 viral surface antigens and fragments thereof. Antigenic
polypeptides described herein include, e.g., HA, NA, MP, and NP from H1N1 influenza.

[0064] One of skill in the art will understand how to identify and isolate antigenic polypeptides from a newly isolated or particularly
virulent H1N1 strain, e.g., using comparisons to known influenza sequences.

[0065] A recombinant expression vector described herein can include nucleotide sequences encoding an immunogenic
polypeptide operably linked to suitable transcriptional or translational regulatory elements derived from mammalian or viral genes.
Such regulatory elements include promoters, a sequence encoding suitable mRNA ribosomal binding sites, and sequences which
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control the termination of transcription and translation. An origin of replication, a selectable marker to facilitate recognition of
transformants, and/or an operator sequence to control transcription may additionally be incorporated. In some aspects of the
disclosure described herein, the components of the recombinant expression vector can be divided between more than one virus
such that the gene products are on two different vectors, and the vectors are used for co-transduction to provide all the gene
products in trans. There may be reasons to divide up the gene products such as size limitations for insertions, or toxcity of the
combined gene products to the virus produce cell-lines.

C. TLR-3 Agonists

[0066] TLR-3 agonists are used to enhance the immune response to the H1N1 polypeptide. The TLR-3 agonist can be delivered
simultaneously on the same expression vector encoding an antigen of interest. In some aspects of the disclosure described
herein, the TLR-3 agonist can be delivered separately (i.e., temporally or spatially) from the expression vector encoding an
antigen of interest. For example, the expression vector may be administered via a non-parenteral route (e.g., orally, intranasally,
or mucosally), while the TLR-agonist is delivered by a parenteral route (e.g., intramuscularly, intraperitoneally, or
subcutaneously).

[0067] TLR-3 agonists include, for example, short hairpin RNA, virally derived RNA, short segments of RNA that can form double-
strands, and short interfering RNA (siRNA). In some embodiments of the invention, the TLR-3 agonist is virally derived dsRNA,
such as for example, a dsRNA derived from a Sindbis virus or dsRNA viral intermediates [ Alexopoulou et al, Nature 413:732-8
(2001)].

[0068] In a preferred embodiment of the invention, the TLR-3 agonist is a short hairpin RNA. Short hairpin RNA sequences
typically comprise two complementary sequences joined by a linker sequence. The particular linker sequence is not a critical
aspect of the invention. Any appropriate linker sequence can be used so long as it does not interfere with the hybridization of the
two complementary sequences to form a dsRNA. Similarly, the sequence of the complementary stretches is not necessarily
critical, as long as the strands form a double-stranded molecule. The strands need not be 100% complementary as long as the
double-stranded structure is maintained. The complementary stretch is typically in the range of 10-30 nucleotides, e.g., 4-10, 5-
15, 5-20, 10-25, 20-30, or 10-30 nucleotides, but can be longer, e.g., 20-100 nucleotides in length.

[0069] In some embodiments, the sequence encoding the short hairpin RNA comprises a sequence set forth in any one of SEQ
ID NOs:1-6, a sequence with substantial identity to a sequence set forth in SEQ ID NOs:1-6, or a variant of a sequence set forth in
SEQ ID NOs:1-6. The dsRNAthat is a TLR-3 agonist does not encode a particular polypeptide, but results in production of a pro-
inflammatory cytokine (e.g. IL-6, IL-8, TNF-alpha, IFN-alpha, IFN-beta) when contacted with a responder cell (e.g., a dendritic cell,
a peripheral blood mononuclear cell, or a macrophage) in vitro or in-vivo.

[0070] The nucleic acid encoding the TLR-3 agonist (e.g., an expressed dsRNA) and the chimeric viral vector comprising the
nucleic acid encoding an HIN1 antigen are administered in the same formulation. In other cases described herein, the nucleic
acid encoding the TLR-3 agonist and the chimeric viral vector comprising the nucleic acid encoding the H1N1 antigen are
administered in different formulations, either simultaneously or sequentially.

[0071] In some embodiments, the nucleic acid encoding the TLR-3 agonist and the nucleic acid encoding the H1N1 antigen are
under the control of the same promoter. In other embodiments, the nucleic acid encoding the TLR-3 agonist and the nucleic acid
encoding the HIN1 antigen are under the control of different promoters.

[0072] Several chemically synthesized analogs to double-stranded RNA are commercially available. These include polyinosine-
polycytidylic acid (poly I:C), polyadenylic:polyuridylic acid (poly A:U), and poly l:poly C. Antibodies (or cross-linking of antibodies)
to TLR-3 can also lead to IFN- beta or pro-inflammatory cytokine production [Matsumoto et al, Biochem. Biophys. Res. Commun.
24:1364 (2002), de Bouteiller et al, J Biol. Chem. 18:38133-45 (2005)]. Commercially available siRNA segments of any sequence
can also be obtained through sources such as Invitrogen.

IV. Pharmaceutical Compositions

[0073] Pharmaceutical compositions comprising the vectors described herein can include pharmaceutically acceptable carriers,
which may be biologically active or inactive. Pharmaceutical compositions can generally be used for prophylactic and therapeutic
purposes. In some embodiments, the pharmaceutical composition can be designed to protect against stomach degradation. For
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the oral environment, several such compositions are available including the Eudragit and the TimeClock release systems as well
as other methods specifically designed for adenovirus [Lubeck et al., Proc Natl Acad Sci USA, 86(17), 6763-6767 (1989);
Chourasia and Jain, J Pharm Pharm Sci, 6(1), 33-66 (2003)]. There are also several methods already described for
microencapsulation of DNA and drugs for oral delivery (see, e.g., U.S. Patent Publication No. 2004043952). In some
embodiments, the Eudragit system can be used to deliver the chimeric viral vector to the lower small intestine. However, delivery
to other locations of the small intestine is also advantageous for protection against HIN1.

[0074] The chimeric viral vectors of the invention can be delivered using any delivery systems known in the art. Numerous gene
delivery techniques are well known, such as those described by Rolland (1998) Crit. Rev. Therap. Drug Carrier Systems 15:143-
198, and references cited therein.

[0075] It will be apparent that an immunogenic composition can contain pharmaceutically acceptable salts of the polynucleotides
encoding the H1N1 immunogenic polypeptides. Such salts may be prepared from pharmaceutically acceptable non-toxic bases,
including organic bases (e.g., salts of primary, secondary and tertiary amines and basic amino acids) and inorganic bases (e.g.,
sodium, potassium, lithium, ammonium, calcium and magnesium salts). Some particular examples of salts include phosphate
buffered saline and saline for injection.

[0076] Any suitable carrier known to those of ordinary skill in the art may be employed in the pharmaceutical compositions of this
invention. Suitable carriers include, for example, water, saline, alcohol, a fat, a wax, a buffer, a solid carrier, such as mannitol,
lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose, glucose, sucrose, and magnesium carbonate, or
biodegradable microspheres (e.g., polylactate polyglycolate). Suitable biodegradable microspheres are disclosed, for example, in
US Patent Nos. 4,897,268; 5,075,109; 5,928,647; 5,811,128; 5,820,883. The chimeric viral vector can be encapsulated within the
biodegradable microsphere or associated with the surface of the microsphere.

[0077] Such compositions can comprise buffers (e.g., neutral buffered saline or phosphate buffered saline), carbohydrates (e.g.,
glucose, mannose, sucrose or dextrans), mannitol, proteins, polypeptides or amino acids such as glycine, antioxidants,
bacteriostats, chelating agents such as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide), solutes that render the
formulation isotonic, hypotonic or weakly hypertonic with the blood of a recipient, suspending agents, thickening agents and/or
preservatives. Alternatively, compositions of the present invention can be formulated as a lyophilizate. Compounds can also be
encapsulated within liposomes using well known technology.

[0078] In some embodiments, the compositions can comprise an additional adjuvant. Suitable adjuvants include, for example, the
lipids and non-lipid compounds, cholera toxin (CT), CT subunit B, CT derivative CTK63, E. coli heat labile enterotoxin (LT), LT
derivative LTK63, Al(OH)3, and polyionic organic acids as described in e.g., WO 04/020592, Anderson and Crowle, Infect. Immun.

31(1):413-418 (1981), Roterman et al., J. Physiol. Pharmacol., 44(3):213-32 (1993), Arora and Crowle, J. Reticuloendothel.
24(3):271-86 (1978), and Crowle and May, Infect. Immun. 38(3):932-7 (1982)). Suitable polyionic organic acids include for
example, 6,6'-[3,3'-demithyl[1,1'-biphenyl]-4 ,4'-diyl]bis(azo)bis[4-amino-5-hydroxy-1,3-naphthalene-disulfonic acid] (Evans Blue)
and 3,3'-[1,1'biphenyl]-4,4'-diylbis(azo)bis[4-amino-1-naphthalenesulfonic acid] (Congo Red). It will be appreciated by those of
skill in the art that the polyionic organic acids can be used for gene-based vaccination methods in conjunction with any route of
administration.

[0079] Other suitable adjuvants include topical immunomodulators such as members of the imidazoquinoline family, e.g.,
imiquimod and resiquimod (see, e.g., Hengge et al., Lancet Infect. Dis. 1(3):189-98 (2001).

[0080] Additional suitable adjuvants are commercially available as, for example, additional alum-based adjuvants (e.g.,
Alhydrogel, Rehydragel, aluminum phosphate, Algammulin); oil based adjuvants (Freund's Incomplete Adjuvant and Complete
Adjuvant (Difco Laboratories, Detroit, Mich.), Specol, RIBI, TiterMax, Montanide ISA50 or Seppic MONTANIDE ISA 720); nonionic
block copolymer-based adjuvants, cytokines (e.g., GM-CSF or Flat3-ligand); Merck Adjuvant 65 (Merck and Company, Inc.,
Rahway, N.J.); AS-2 (SmithKline Beecham, Philadelphia, Pa.); salts of calcium, iron or zinc; an insoluble suspension of acylated
tyrosine; acylated sugars; cationically or anionically derivatized polysaccharides; polyphosphazenes; biodegradable
microspheres; monophosphoryl lipid A and Quil A. Cytokines, such as GM-CSF or interleukin-2, -7, or -12, are also suitable
adjuvants. Hemocyanins (e.g., keyhole limpet hemocyanin) and hemoerythrins can also be used. Polysaccharide adjuvants such
as, for example, chitin, chitosan, and deacetylated chitin are also suitable as adjuvants. Other suitable adjuvants include muramyl
dipeptide (MDP, N acetylmuramyl L alanyl D isoglutamine) bacterial peptidoglycans and their derivatives ( e.g., threonyl-MDP, and
MTPPE). BCG and BCG cell wall skeleton (CWS) can also be used as adjuvants, with or without trehalose dimycolate. Trehalose
dimycolate can also be used (see, e.g., U.S. Pat. No. 4,579,945). Detoxified endotoxins are also useful as adjuvants alone or in
combination with other adjuvants (see, e.g., U.S. Pat. Nos. 4,866,034; 4,435,386; 4,505,899; 4,436,727; 4,436,728; 4,505,900;
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and 4,520,019. The saponins QS21, QS17, QS7 are also useful as adjuvants (see, e.g., U.S. Pat. No. 5,057,540; EP 0362 279;
WO 96/33739; and WO 96/11711). Other suitable adjuvants include Montanide ISA 720 (Seppic, France), SAF (Chiron, Calif.,
United States), ISCOMS (CSL), MF-59 (Chiron), the SBAS series of adjuvants (e.g., SBAS-2, SBAS-4 or SBAS-6 or variants
thereof, available from SmithKline Beecham, Rixensart, Belgium), Detox (Corixa, Hamilton, Mont.), and RC-529 (Corixa, Hamilton,
Mont.).

[0081] Superantigens are also contemplated for use as adjuvants. Superantigens include Staphylococcus exoproteins, such as
the q, B, y and A enterotoxins from S. aureus and S. epidermidis, and the a, 8, y and A E. coli exotoxins. Common Staphylococcus
enterotoxins are known as staphylococcal enterotoxin A (SEA) and staphylococcal enterotoxin B (SEB), with enterotoxins through
E (SEE) being described (Rott et al., 1992). Streptococcus pyogenes B (SEB), Clostridium perfringens enterotoxin (Bowness et
al., 1992), cytoplasmic membrane-associated protein (CAP) from S. pyogenes (Sato ef al., 1994) and toxic shock syndrome toxin
1 (TSST 1) from S. aureus (Schwab et al., 1993) are further useful superantigens.

[0082] Within the pharmaceutical compositions provided herein, the adjuvant composition can be designed to induce, e.g., an
immune response predominantly of the Th1 or Th2 type. High levels of Th1-type cytokines (e.g., IFN-gamma, TNF-alpha, IL-2 and
IL-12) tend to favor the induction of cell mediated immune responses to an administered antigen. In contrast, high levels of Th2-
type cytokines (e.g., IL-4, IL-5, IL-6 and IL-10) tend to favor the induction of humoral immune responses. Oral delivery of a
composition comprising an immunogenic H1N1 polypeptide can induce an immune response that includes Thl- and Th2-type
responses.

[0083] The compositions described herein may be administered as part of a sustained release formulation (i.e., a formulation
such as a capsule or sponge that effects a slow release of compound following administration). Such formulations may generally
be prepared using well known technology (see, e.g., Coombes et al. (1996) Vaccine 14:1429-1438). Sustained-release
formulations may contain a polypeptide, polynucleotide or antibody dispersed in a carrier matrix and/or contained within a
reservoir surrounded by a rate controlling membrane.

[0084] Carriers for use within such formulations are biocompatible, and may also be biodegradable; preferably the formulation
provides a relatively constant level of active component release. Such carriers include microparticles of poly(lactide-co-glycolide),
as well as polyacrylate, latex, starch, cellulose and dextran. Other delayed-release carriers include supramolecular biovectors,
which comprise a non-liquid hydrophilic core (e.g., a cross-linked polysaccharide or oligosaccharide) and, optionally, an external
layer comprising an amphiphilic compound (see, e.g., WO 94/20078; WO 94/23701; and WO 96/06638). The amount of active
compound contained within a sustained release formulation depends upon the site of implantation, the rate and expected duration
of release and the nature of the condition to be treated or prevented.

[0085] The pharmaceutical composition can be presented in unit-dose or multi-dose containers, such as sealed ampoules or
vials. Such containers are preferably hermetically sealed to preserve sterility of the formulation until use. In general, formulations
can be stored as suspensions, solutions or emulsions in oily or aqueous vehicles. Alternatively, a pharmaceutical composition
may be stored in a freeze-dried condition requiring only the addition of a sterile liquid carrier immediately prior to use.

V. Therapeutic Uses of the Invention

[0086] The invention provides vaccines to reduce the likelihood or severity of HIN1 infection. As used herein, a "subject" or a
"patient" refers to any warm-blooded animal, such as, for example, a rodent, a feline, a canine, or a primate, e.g., human.

[0087] The immunogenic compositions may be used to treat at any stage, e.g., to prevent infection with a different strain of H1N1
in an individual that has already experienced infection with an H1N1 strain. Within such methods, pharmaceutical compositions
are typically administered to a patient. The patient may or may not yet be infected or exposed. Accordingly, the above
pharmaceutical compositions may be used to prevent the development of infection or symptoms. Infection or exposure can be
diagnosed according to methods known in the art, e.g., by measuring viral titer or viral-specific antibody in a sample from the
patient.

[0088] Immunotherapy is typically active immunotherapy, in which treatment relies on the in vivo stimulation of the endogenous
host immune system to react against virus or virally infected cells.

[0089] Frequency of administration of the prophylactic or therapeutic compositions described herein, as well as dosage, will vary
from individual to individual, and may be readily established using standard techniques. For example, between 1 and 10 doses
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can be administered over a set period of time (e.g., 1 or 2 weeks, or 1, 2, or 3 months) or over the course of a pandemic
outbreak. In some embodiments, 3 doses are administered, at intervals of 1 month. In some embodiments, 2-3 doses are
administered every 2-3 months. Booster vaccinations can be given periodically thereafter, e.g., for the duration of the pandemic,
or if there is a risk of reemergence of the targeted strain or a similar strain.

[0090] One of skill in medicine will appreciate that dosage and frequency of administration will vary for individual patients. A
suitable dose is an amount of the composition that, when administered as described above, is capable of promoting an anti-viral
immune response that is at least 10-50% above the basal (i.e., untreated) level. Such response can be monitored by measuring
the specific antibodies in a patient or by vaccine-dependent generation of cytolytic T cells capable of killing virally infected cells in
vitro. Such vaccines should also be capable of causing an immune response that leads to an improved clinical outcome in
vaccinated patients as compared to non-vaccinated patients.

[0091] In general, an appropriate dosage and treatment regimen provides the active compound(s) in an amount sufficient to
provide therapeutic and/or prophylactic benefit. Such a response can be monitored by establishing an improved clinical outcome
(e.g., reduced severity of symptoms such as weight loss, no or low detectable viral titer, greater chance of survival) in treated
patients as compared to non-treated patients. Such immune responses can generally be evaluated using standard proliferation,
cytotoxicity or cytokine assays described above. Immune responses can be determined using samples obtained from a patient
before and after treatment, or compared to an averaged response of a population, e.g., of similar individuals.

[0092] Detection of immunocomplexes formed between immunogenic polypeptides and antibodies in body fluid can be used to
monitor the effectiveness of therapy. Samples of body fluid taken from an individual prior to and subsequent to vaccination can be
analyzed for the immunocomplexes by the methodologies described above. A substantial change in the number of
immunocomplexes in the second sample (post-vaccination) relative to the first sample (pre-vaccination) can reflect successful
vaccination.

A. Administration of the Compositions of the Invention

[0093] A composition comprising the chimeric viral vector described herein can be administered by any non-parenteral route
(e.g., orally, intranasally, or mucosally via, for example, the vagina, lungs, salivary glands, nasal cavities, small intestine, colon,
rectum, tonsils, or Peyer's patches). The composition can be administered alone or with an additional adjuvant as described
above.

B. Detection of an Immune Response to Antigens of Interest

[0094] An immune response to the H1N1 antigenic polypeptide can be detected using any means know in the art including, for

example detecting specific activation of CD4* or CD8" T cells or by detecting the presence of antibodies that specifically bind to
the polypeptide.

[0095] Specific activation of CD4* or CD8* T cells associated with a mucosal, humoral, or cell-mediated immune response may
be detected in a variety of ways. Methods for detecting specific T cell activation include, but are not limited to, detecting the
proliferation of T cells, the production of cytokines (e.g., lymphokines), or the generation of cytolytic activity (i.e., generation of

cytotoxic T cells specific for the immunogenic polypeptide). For CD4* T cells, activation can be determined by detecting

proliferation. For CD8™ T cells, activation can be detected by the generation of cytolytic activity using S1¢r release assays (see,
e.g., Brossart and Bevan, Blood 90(4): 1594-1599 (1997) and Lenz et al., J. Exp. Med. 192(8):1135-1142 (2000)).

[0096] Detection of the proliferation of T cells may be accomplished by a variety of known techniques. For example, T cell
proliferation can be detected by measuring the rate of DNA synthesis. T cells which have been stimulated to proliferate exhibit an
increased rate of DNA synthesis. A typical way to measure the rate of DNA synthesis is, for example, by pulse-labeling cultures of
T cells with tritiated thymidine, a nucleoside precursor which is incorporated into newly synthesized DNA. The amount of fritiated
thymidine incorporated can be determined using a liquid scintillation spectrophotometer. Other ways to detect T cell proliferation
include measuring increases in interleukin-2 (IL-2) production, Ca2+ flux, or dye uptake, such as 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium. Alternatively, synthesis of lymphokines (e.g., interferon-gamma) can be measured or the relative number of T
cells that can respond to the immunogenic polypeptide may be quantified.
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[0097] Antibody immune responses (humoral immune responses or B cell responses), including mucosal antibody responses can
be detected using immunoassays known in the art [Tucker et al., Mol Therapy, 8, 392-399 (2003 ); Tucker et al., Vaccine, 22,
2500-2504 (2004)]. Suitable immunoassays include the double monoclonal antibody sandwich immunoassay technique of David
et al. (U.S. Pat. No. 4,376,110); monoclonal-polyclonal antibody sandwich assays (Wide et al., in Kirkham and Hunter, eds.,
Radioimmunoassay Methods, E. and S. Livingstone, Edinburgh (1970)); the "western blot" method of Gordon et al. (U.S. Pat. No.
4,452 ,901); immunoprecipitation of labeled ligand (Brown et al. (1980) J. Biol. Chem. 255:4980-4983); enzyme-linked
immunosorbent assays (ELISA) as described, for example, by Raines et al. (1982) J. Biol. Chem. 257:5154-5160;
immunocytochemical techniques, including the use of fluorochromes (Brooks et al. (1980) Clin. Exp. Immunol. 39:477); and
neutralization of activity (Bowen-Pope et al. (1984) Proc. Natl. Acad. Sci. USA 81:2396-2400). In addition to the immunoassays
described above, a number of other immunoassays are available, including those described in U.S. Pat. Nos. 3,817,827,
3,850,752; 3,901,654; 3,935,074, 3,984,533; 3,996,345; 4,034,074; and 4,098,876.

[0098] The examples are provided to illustrate the invention but not to limit its scope. Other variants of the invention will be
readily apparent to one of ordinary skill in the art and are encompassed by the appended claims.

V1. Examples

Example 1: Construction of a chimeric adenoviral vector (DX1) encoding a dsRNA adjuvant and an H1N1 HA
polypeptide

[0099] The coding sequence for HA from influenza strain A/CA/04/09 (synthesized by Blue Heron) was cloned into a Kpnl
restriction site of a shuttle vector (pShuttleCMV, Qbiogene). The start codon for the HA sequence is immediately downstream of a
CMV promoter with a small intron. AbGH poly A sequence immediately follows the HA gene. The pShuttle vector also includes a
sequence encoding a dsRNA hairpin adjuvant (luc1, SEQ ID NO:1), so that both antigen and adjuvant are both encoded on the
same vector but with separate CMV promoters. This shuttle vector is called pCMV-HA-CMV-1uc1.

[0100] Homologous recombination of pCMV-HA-CMV-1uc1 with the adenoviral backbone, pAd (Qbiogene), was performed in
order to generate a plasmid construct capable of producing a recombinant Adenoviral vector (E1/E3 deleted) that expressed the
HA transgene and the sequence coding for the dsRNA hairpin luc1. This vector is called pAd-DX1, and shown in SEQ ID NO:7.
Recombinant Ad was generated by transfecting a linerized pAd-DX1 expression construct into HEK293 cells. This viral vector is
called DX1. Viral titers (infectious units (IU/ ml) were measured by a hexon immunostaining assay which is similar to the
QuickTiterTM Immunoassay described by Cell Biolabs Inc. (San Diego, CA)

Example 2: Oral DX1 is superior to injected rAd5 for inducing an antigen specific immune responses in mucosal
tissues

[0101] Generating a high antibody titer to an orally-administered, gene-based antigen delivery poses a challenge. We sought to
determine whether the DX1 vector could induce substantial systemic and mucosal antibody titers. As explained above, DX1
expresses HA under control of the CMV promoter in an E1/E3 deleted adenovirus type 5 vector. Balb/c female mice were

administered DX1 vector by oral gavage on weeks 0 and 5 with 1.0x107 U or 1.0x108 1U DX1 (labeled Ad-CA04/09-Adj in Figure

1) or by intramuscular (i.m.) immunization of 1.0x108 U of DX1 (N=6 for each group). Control groups were vaccinated with a
similar Ad vector expressing an H1IN1 HA antigen from influenza lab strain A/PR/8/34 (labeled Ad-PR8/34-Adj in Figure 1).
A/PR/8/34 is not considered highly similar to the A/ICA/04/09 H1N1 strain. The percent amino acide identity of the HA protein is on
the order of 75-85%. The control Ad vector was also administered either orally (labeled p.o.) or by i.m. injection. Untreated mice
provided an additional control.

[0102] To determine systemic antibody response, we measured antibody titers in plasma post-vaccination. Antibody titers to
AICA/4/09 HA were measured in the plasma 2, 3, 5 and 8 weeks after the initial virus administration by anti-HA IgG ELISA (Figure
1A). Oral and i.m. immunizations with DX1 produced comparable systemic anti-HA IgG immunity by 8 weeks post vaccination.

[0103] Hemagglutinination inhibition (HAI) antibody titers were also measured in plasma at 3, 5, and 8 weeks post-vaccinataion

(Figure 1B). Significant HAI titers were elicitated in both oral (p.o.) groups. By 8 weeks, the high oral dose showed essentially
equivalent HAI titer as that elicited by muscle injection. The PR/8/34 HA vector did not induce HAI titers above the background of
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the assay, as the ELISA relied on antibody binding to the HA antigen from A/CA/4/09.

[0104] Mucosal IgA antibody titers to HA were measured in fecal samples at week 8 post-administration (Figure 1C), vaginal
lavages at week 10 post-administration (Figure 1D), and lung lavages at week 12 post-administration (Figure 1E). These results
demonstrate that oral delivery of DX1 vector performed significantly better than i.m. delivery in eliciting antibody responses to the
protein HA in both local (intestine) and distal (vagina & lungs) mucosal tissues. In particular, the average antibody titer to HA was
17-fold better in intestinal tissues (fecal IgA) after oral immunizations than after i.m. vaccination (Figure 1C).

[0105] Surprisingly, a 10-fold lower dose of orally administered DX1 induced an equivalent or better specific IgA response than
i.m. delivery of DX1 in lung washes, vaginal washes, and fecal pellets (Figures 1C, 1D, 1E). In addition, oral administration of the
poorly cross-reactive PR/8/34 vector resulted in a specific IgA response similar to that of the i.m. administered DX1. The specific
IgA results indicate that the oral use of DX1 provides superior protection against H1N1 influenza, a mucosally invading pathogen.
Thus, use of the present adenoviral vaccine approach can allow for lower effective vaccine doses. In addition, vaccination with a
mismatched antigen can still impart some specific immune protection. These are important considerations during a pandemic,
when vaccine supply is critical and the availability of a completely matched vaccine strain may not be possible.

Example 3: Demonstration that oral delivery of DX1 can protect animals against influenza challenge

[0106] Mice were immunized with the groups listed in Table 1 on weeks 0 and 4. Oral immunization was performed by oral

gavage with either 1x1 08 or 1x107 IU of DX1 (Groups A and C). In order to control for delivery, an i.m. immunization with DX1 was
also performed (Group B). To control for possible downstream effects of the adjuvant, we used an adjuvant control vector that
expresses the dsRNA adjuvant, but not the antigen. Untreated mice were used as a negative control. The number of animals in
each challenge group was 6.

[0107] The animals were challenged with a pandemic H1N1 virus (A/CA/07/2009) on week 9 (day 64), using a dose of 8.6x10°
TCIDsp. The A/ICA/07/2009 is considered very similar to A/CA/04/09, and the HA proteins share greater than 95% amino acid
identity. Animals were measured for weight loss over 14 days post challenge as weight loss is an indicator of the health of the
animals.

[0108] The results show that DX1-immunized animals were completely protected against death and substantial weight loss
(Figures 2A and 2B). P< 0.03 by Fisher's Exact Test when comparing DX1 groups to either untreated or adjuvant control groups
for survival. The adjuvant control and untreated mice all lost significant amounts of weight and the majority died as a result of the
challenge. Particularly significant are the data showing that a low oral dose of DX1 can still protect 100% of animals, with
equivalent weight protection as i.m. immunized animals.

Table 1
Group Figure 2 Label Description N
A Oral 2X Oral immunization with 1e8 IU DX1 6
B M 2X IM immunization with 1e8 IU DX1 6
C lo dose Oral 2X Oral immunization with le7 1U DX1 6
D Adj control 2X Oral immunization 1e8 IU with an adjuvant control vector 6
E untreated untreated 6

Example 4: Demonstration that oral delivery of DX1 is superior to rAd5 for eliciting antibody responses to H1N1
influenza

[0109] A second rAd vector was constructed that expresses the HA from A/CA/04/09, this time without the expressed dsRNA

adjuvant. This vector was called DX2. Balb/c mice were dosed by oral gavage on weeks 0 and 4 with 1.0x107 U DX1 or DX2
(called rAd5 (no adjuvant) in Figure 3). N=6 for this experiment. Antibody titers to A/CA/4/09 HA were measured in the plasma 3
and 7 weeks after administration by anti-HA IgG ELISA (Figure 3). Results show that DX1 induced a superior antibody titer to DX2
demonstrating that the adjuvant improves immune responses to HA following oral delivery.

SEQUENCE LISTING
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[0110]
<110> Tucker, Sean N. Scallan, Ciaran Vaxart, Inc.

<120> Immunization Strategy to Prevent H1N1
Infection

<130> 026163-001310PC

<140> WO Not yet assigned
<141> Not yet assigned

<150> US 61/243,070
<151>2009-09-16

<160>7
<170> FastSEQ for Windows Version 4.0

<210> 1

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic dsRNA encoding sequence

<400> 1
gaaacgatat gggctgaata cttaagtatt cagcccatat cgtttc

<210>2

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic dsRNA encoding sequence

<400> 2
gatggtgctt caagctagta cttaagtact agcttgaagce accatc

<210>3

<211>48

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic dsRNA encoding sequence

<400>3
gatggtgctt caagctagta cggatcegta ctagcttgaa geaccate

<210>4

<211>48

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic dsRNA encoding sequence

<400> 4

46

46

48
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gaaacgatat gggctgaata cggatccgta ttcageccat ategtttc

<210>5

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic dsRNA encoding sequence

<400>5
cctaataatt atcaaaatgt ggatccacat tttgataatt attagg

<210>6

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic dsRNA encoding sequence

<400>6
cctaataatt atcaaaatgt aattacattt tgataattat tagg

<210>7

<211> 34383

<212> DNA

<213> Artificial Sequence

<220>

<223> synthetic recombinant chimeric E1/E3 deleted adenovirus type 5 vector pAd-DX1

<221> modified_base
<222> (34373)...(34377)
<223>n=g,a,cort

<400>7

48

46

taaggatcce atcatcaata atatacctta ttttggattg aageccaatat gataatgagg
gggtggagtt tgtgacgtgg cgeggggegt gggaacgggy cgggtgacgt agtagtgtgg
cggaagtgtg atgttgeaag tgtggeggaa cacatgtaag cgacggatgt ggeaaaagtg

acgtttttgg tgtgcgecgg tgtacacagg aagtgacaat tttegeg ttttaggcgg
atgttgtagt aaatttggge gtaaccgagt aagatttgge cattttegeg ggaaaactga
ataagaggaa gtgaaatcetg aataattttg tgttactcat agegegtaat actgetagag
atctggegaa agggggatgt getgcaagge gattaagttg ggtaacgeca gggttitece
agtcacgacg ttgtaaaacg acggecagtg aattgtaata cgactcacta tagggegaat
tgggtactgg ccacagaget tggeccattg catacgttgt atccatatca taatatgtac
atttatattg gctcatgtcee aacattaceg ccatgttgace attgattatt gactagttat
taatagtaat caattacggg gtcattagtt catagecccat atatggagtt ccgegttaca

taacttacgg taaatggcece gectggetga ccg acy a

c attgacgtca

ataatgacgt atgttcecat agtaacgececa atagggactt tccattgacg tcaatgggtg
gagtatttac ggtaaactge qeacttggca gtacatcaag tgtatcatat gecaagtacyg
ccccetattg acgtcaatga cggtaaatgg ccegectgge attatgeccca gtacatgace
ttatgggact ttectacttg geagtacate tacgtattag teategetat taccatggtg
atgcggtttt ggcagtacat caatgggegt ggatageggt ttgactcacg gggatttcca
agtctccace ccattgacgt caatgggagt ttgttttgge accaaaatca acgggacttt
ccaaaatgte gtaacaacte cgcecccattg acgecaaatgg gecggtaggeg tgtacggtgg
gaggtctata taagcagage tegtttagtg aaccgtcaga tegectggag acgecateca
cgetgttttg acctecatag aagacaccgg gaccgatcca gectgactot agectagete
tgaagttggt ggtgaggecce tgggecagatt ggtatcaagg ttacaagaca ggtttaagga
gaccaataga aactgggcat gtggag g aga tet tgggtttetg ataggeactg
actctctetg cctattggte tattttcecea cecttagget getggtetga gectaggaga
tetetecgagg tocgacggtat cgatgggtac cgccaccatg aaggctatac ttgtegtact
gctctacacg ttegetactg ctaacgecga caccctcetge attggatace atgccaataa
ctect gat actgtgg cggtgctgga aaaaaacgtg acagtaacac actcagtgaa
ccttctegaa gacaagecaca atggeaaact gtgcaagetg cggggegttg ctectetgea
cctgggeaaa tgtaacatag ceggetggat tettggeaat ccagagtgeg aatctttgag

16

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
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caccgcaage
cacaggagac
cgaacgettt
ggtaacagece
cgtgaagaag
ggaggttcetyg
gtatcagaac
gccagagate
gacactegte
tagatacgea
cgttcacgac
cttecagaat
getgeggtty
ggcaateget
ccaccatcag
catcgatgag
ageegtgggg
ggatgatgga
tgaaagaacc
ccaactgaag
cgataacaca
ggaagccaag
ccagatactg
ggecatatee
eggeggecge
tgtgecttat
ggaaggtgee
gagtaggtgt

qqga 1t

agctggagtt
tttatcgact
gagatettece
gegtgeccac
ggtaacagcet
gtectgtogy
getgacacat
gecatcagge
gaacctgggg
ttegetatgg
tgtaatacca
atccatecca
geecactggte
gggtttateg

acattgtgga
acgaggaact
caaaaacatc
atgeagggge
acccaazact
gtatacacca
acgttttegt
ctaaggteceg
ataagattac
agegcaatge
cttgccagac
tcacaatagg
tgeggaatat
agggeggetg

aaccecegtce
gagagagcag
cteetggeca
taaatcattt
ttctaagtct
teectetace
aggetctage
cgaccaggag
ctttgaggco
cggtagtgge
cectaaagga
aaagtgcect
accgagcate
gaccgggatg

aag
attacgaata
aaggagttca
tttttggata
ctggattacc
aataacgceta
tgcatggagt
ttgaatagag
gecatttatt
ttetggatgt
cetattetat
agttgccage
actcecactg
cattetatte

tg
g

aaccaaagcet
cgttacataa
gacgtcaata
atgggtggag
aagtacgcce
catgacectta
catggtgatg
atttccaagt
ggacttteca
acggtgggag
tgggaaacga
aaaatatctt
ctaagettet
taccacattt
gaaacataaa
caaataaagce
ttgtggtttyg
ggaaagaata

tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacyg
tgggactttc
cggttttgge
ctecacccea
aaatgtegta
gtctatataa
tatgggetga
tattttcatt
agataagata
gtagaggttt
atgaatgcaa
aatagcatca
tccaaactea
tataaggtgg

actc

ggteeggeta
aagtaaattc
accatetgga
tttggactta
acgatagtaa
aagaaatcgg
ctgttaaaaa
aggagatcga
ccacagttge
getetaacgg
agtgtcacct
catectgttgt
tcetttecta
tagggggotygyg
ctggggatge
ttacggggte

tg agac
cgtgatcgag
aaageggatt
caacgecgag
cgtgaagaac
caacggttge
tgggacttace
tggagtcaag
gtecatecetg
gagcctecag
aaatgctaga
ttgccectee
ataaaatgag
ggtggggeag
gqtgagetet
attagttcat

teegataacg
ctcagetceg
aaccacgata
tataagaacc
tatataaacg
agtgcagace
agatatteca
ggccgaatga
actggtaatc
atcataatet
gcaatcaata
aaatacgtga
cagtctegag
gtegacggtt
ctecaagtcta
aagatgaata
gaaaacctga
ctgctegtte
ctttacgaga
tttgaattct
gactatceta
ctcegagagea
gtgctegttg
tgtegaatet
gctogetgat
cecgtgectt
gaaattgcat
gacageaagg
atggettetg
agcccatata

gaacttgcta
tgtcttcoctt
gtaacaaggg
tcatctggct
ataagggcaa
agcaatcatt
agaaattcaa
actattactg
tggttgttee
ctgacaccee
ccteattgee
aaagcaccaa
gactcttegg
ggtacggata
cccagaacge
cacagtttac
ataaaaaagt
tgetggagaa
aagttaggag
accacaagtg
aatactcega
cgegeattta
tgagettggg
gcateggtac
cagectecgac
ccttgaccct
cgeattgtet
gggaggattg
aggcggaaag
tggagttceyg

tt

tteccatagt
aaactgecca
tcaatgacgg
ctacttggeca
agtacatcaa
ttgacgtcaa
acaactcage
geagagetgg
atacggatee
acatctgtgt
teoegateeac
tacttgettt
ttgttgttgt
caaatttcac
tcaatgtatc
gggtettatg

tgggcgtggt
tgttttgcag
tcatatttga
agcattgatg
tctggaacge
cgegggattg
tecatecgece
gaacttaatg
gecttoctece
tggatecaage
gaccageggt
ctotggatgt
agagcttcat
tggtgcctaa
gtgtttacaa
gactgtattt
agaaccacca

taagggtggy
cagecgeege

gtttgatgg
aaagaatata
cgecatgage

gtcgeeccegt
cgttggagac
tgactgactt
gegatgacaa
tegttictcea
eteceaatge
aagtgtettg
cteggtegtt
teagatacat
getgeggggt
aaatgtettt
agceggttaag
ttaggttgge
goacagtgta

g9
cctgeccgea
tgcagcctce
tgcttteoetg
gttgacgget
geagetgttg
ggtttaaaac
ctgtetttat
gagggtcctg
gggcataage
ggtgttgtag
cagtagcaag
ctgggatggg
tatgttccca
teeggtgeac

tggctg g
aacgccaata
cttggcagta
taaatggccee
gtacatctac
tgggcgtgga
tgggagtttg

gggactttec
catcaagtgt

g
attgacgtca
atcatatgce

g ggcatt
gtattagtca
tageggtttg
ttttggcace

atg gta
tegetattac
actcacgggyg
aaaatcaacg

cececattgacg
tttagtgaac
gtattcagee
gttggttttt
cggatctaga
aaaaaacote
taacttgttt
aaataaagca
ttaacgegga
tagttttgta
agcattgtga
taaggtgggy
accaactegt
gecggggtge
aactctacta
gecgeegett
agecccogettyg
cttttggeac

caaatgggcg
cgteagatee
catategttt
tgtgtggegg
taactgatea
ccacacctee
attgcagctt
ttttttteac
tctgggegtg
totgttttge
gettgtegac
gtcttatgta
ttgatggaag
gtcagaatgt
ccttgaccta
cagcegetge
caagcagtgc
aattggatte

gtaggegtgt
gctagagate
ctctagaaat
cecgetegage
taatcagoca
ccctgaacet
ataatggtta
tgcattctag
gttaagggtg
ageagaecgee
tcegaagaatce
gttttgtate
cattgtgage
gatgggctee
cgagacegtg
agecacagee
agcttecegt
tttgaccegy

gatctgeg

ataaataaaa
ttaggggttt
tgtatttttt
cegtetetgg
atgatccagt
ctgattgeca
tgcatacgtg
gcecatatcee
ttgggaaatt

gcaggtttc
aaccagactc
tgegegegeg
ccaggacgty
ggtggaggta
cgtagcagga
ggggeaggac
gggatatgag
tecggggatt
tgtcatgtag

tg gaag
tgtttggatt
gtaggecegg
gtaaaggtga
gcaccactge
gcgetgggeg
cttggtgtaa
atgcatettg
catgttgtge
cttagaagga

17

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3489
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
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aatgcgtgga
ataatgatgg
acgtcatagt
agggtgccag
atttgecattt
aagaaaacgg
tgegacttac
ttaagagage
ctgactcgea
agttettgea
tt gttt

agaacttgga
caatgggcee
tgtgttecag
actgeggtat
cccacgettt

gacgececttig
acgggaeggeg
gatgagateg
aatggttcca
gagttcagat

tt gagat
cgeageeggt
tgcagetgec
tgtttteecect
aggaagcaaa

tetegateca
gteggtgete
gegtagtetg
tgaggetggt
agcatttgac

gcatatctee
gtee

c
gggecagtaa
gteatceetyg
gaccaaatcc
gtttttcaac

g ttecaggegg

tegtttegeg

atca

ggtcacggtyg
cetgetggty
catggtgtca

g gga

ggaggegecy
t ttee

cgecatteceac
getttttgat
aaaggetgte
ggtecteote
cgaaggagge
gggtgtgaag
aggccacgtg
ccteactete
gaaaageggg
tattoacctg
caatcttttt
tggcgatgga
ttagctgecac
cgggcaccag
ctacctetee
atggeggtag
cgggcageag
gcocatgegeg
ggtgggtgag
gtattccaag
atagttegtyg
cteggaagac

gagccaggtyg
gcgtttctta
cgtgtecceg
gtatagaaac
taagtgggag
acacatgtey
accgggtgtt
tteegeateqg
catgacttet
gecegeggtg
gttgtcaage
gegeagggtt
gtattcgege
gtgcacgcge
gegtaggege
ggggtctage
gegegegteg
ggcggcaage
cgeggaggeg
atatgtaggg
cgagggagceg
tatctgectg

aaggggtgeg
ctgaageget

tgacctccaa
gectgggega
tcataggeca

gattttccat
agatatttet
tttttacaaa

geattegtec
gggatcacta
gcgegggegyg
accat

g
ggggggatca
agetgggaag
atcacaccta
agcagggagy
gecagaagge
ggtttgagac
tececacaget
agttggggcyg
tgtcttteca
cteegggetg
geeggtette

gggegtagtt
tatctacctyg

aa t

cggggegatg

ety

ttaccgggtg
ccacttegtt
gctegecgee
cgtecgeegt
cggtcacetyg
getttegetg
egggegeagg
cgegetggee
geectgegey

caactggtag
aagcatgtce
cagcgatage
aggcatgett
ctctacggea
tacggeagta
gtcctegtea
agggtgcget
teggecaggt

tagt g

cacgagggge
ggggagtagg
agetetggee
cctctagttit
tatacagact
teggaccact
gggtageggt
cectettegy
cctgaagggy
ctgbctgega
gcgctaagat
atgectttga
ttggtggcaa
tggtttttgt
gcaacgecace
caaccgcggt
tegttggtee
tgogtetegt
aagtagtcta
gegegetegt
tacatgcege
tagecatctte
aggaggtegg
aagatggcat

gacgttgaa
cgegeagett
tttecttgat
caaactcttc
aagagcctag
gtagegegta
tgaccatgac
agagcaaaaa
tgaagagtat
coteggaacg
tgtggcccac
taagttccte
ctgcaagaty
gcaggtggte
agtagaaggt

getggegtet

gttg g

ta

grtgad
e

gatgtcata

gcoggtcttte
catgtagaac
tgcetgegeg
tttgaggtac
gtecgtgege
ctttecegeg
gttgttaatt
aatgtaaagt
gtaggtgage
agggttggaa
gegaaaggte
aagegggtet

t

cact

;ctqcttc;c
goteggtygeg
agtggctatt
ttttgtaaaa
tgacctgacg
ttggetggtyg
ttacggtgga
gt

aaaggeccce
aggatgegag
gatgtggtga
acgtgegcag

ggegatyg
ttatcctgte
cagtactctt
tggttgacgg
gecttecgga
tggtatttga
tttttggaac
cgaggcataa

cct
agtgcagact

cat

gtggcecttyg
tttgagggeg

g agct
tagagettgg

geagyg g
aa

gacggtet

gttcggggte
ceatgagecg
£ ©

gtgtccacge
gtectegag

ctgagacaaa
cgttgtccac
catcaaggaa
ggctataaaa
gggecagetg
tgtcagtttc
gggtggecge
acgaccegta
cgegategge
gecattceggg
tgtgcagggt

ggctcgegte
tagggggtee
ggtgattggt
g9gggtaggg
ttaggagtgay
caaaaacgag
atcecatctgg
gagggegttg
gegetectty
aaagacggtyg
gacaaggtca

ttt
teggtgacga
ggtgtteege
caggccagca
actcgeteoca
ttgtaggtgt
gegegttogt
tacteectet
gaggatttga
tcagaaaaga
gacagcaact
gecgegatgt
gtgegetegt
acgctggtgg

agea g
ceggggggte
tettgeatee
atgggttgag
aaatgtegta

geeg tg
tgegtecacyg
ttgcaagtct
tgggggacce
aacgtagagg

gaccgaggtt
gtgagttgga
ccgegteacg
cctgeaagte
cctttttttt
ggatcggaaa
cotggtagge
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ggtcceggea
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tgtecetitgga
ctceggacce
gtgctgegeg
gegectetge
atcaattteg
gtcttgatag
tecggectege
ggegttgagg
ggegegeatg
tegcaggege
cataacccag
ggcctegtag
ctectectee
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tgatgcatet
geegggagag
cgtaggttgce
gtgaagacga
gtgtegttga
gegatcteag
teccacggtgg
cctecctegt
accacctgeg
tgaaagaggt
egtegeaacy
aagtccacgg
agaagacgga
tettottett
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ttctggegge
gacaaagcge
gttetegegy
ggggetgeca
tactecegeeg
aaaggcgtet
geggeggteg
cttgagacgg
caggeggteq
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atctatcget

‘tgtgacceeg
taatatggec
gtggtatgeg
ctggtgacee
tacgtagteg
ctggeggtag
aaggcegatga
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tecgatcatet
gggcegeagtt
tgeggeaggy
ccgagggace
aaccagtcac
gggttgttte
cggatggteg
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ctttctaccg
gceggeggegg
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ttgcaagtece
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cgagattgag
agttgagggt
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cgaagttgaa
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cggagtttgyg
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geteggtgta
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ggttaggcty
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gggggtttge
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gggttcgage
aacccaggtg
ggeggetget
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agtegeggga
cteecccgtca
ttgettttee
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tgtacctgga
cgeggtteca
teaggegege
ctteegtggt
cccgtatceg
tgcgacgteca
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gcattaagtyg
ccaceggtte
tgcaagacce
cagatgcatce

geggegacga
acggegeatg
gecegteatg
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gctgectgatg
catgtcetty
ttgacategy
tteteettee
cegtaggtgy
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agactggaag
geagttggeo
cctgagacge
etggtatcce
eggggcetecyg
catccaggtyg
gatgttgege
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ctggtggata
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ttttggecac
gctcgetcee
gagtctegga
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cggtgetgeg
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ctggcaacgt
gegagtacta

ggta
ccacgtgegt
ectttgtaage
tatagtgecag
geecgaggge
gegeagettyg
caagttttac
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tgeggegaac
aacagggacg
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gegggegdgeg
catggaccge
ggccaaccegg
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atcatgtege
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tgactgegeg
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caatcctgac
ggtggteceg
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gggcagcectg
gttgeacagt
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ectetgggac
gcaacagcge
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ggecgaaaac
gegegtgget

acggacgact
gcgtteegge
gegegegeaa
agggcecatee
cgttacaaca

ggegecaggt
agcagccgea
acecccacgea
ggeccgacga
geggeaacgt

tggtggggg

tgggetecat
gacaggagga
aaagtgaggt
agaccgtaaa
ccacaggcga
tgctaatage
tgetgacact
agattacaag
taaactacct
aggaggageg
gggtaacgec
cctcaaaceyg
accccgagta

tgtgegegag
ggttgcacta
ctacaccaac
gtaccagtct
cetgagecag
cegegegace
geccttcacy
gtaccgegag
tgtcageege
gcetgaccaac
cattttgege
cagegtggeg
gecegtttate
tttcaccaat

gecgtgygceyg

aacgecttec
tttgtgageg
gggccagact
gettteaaaa
gtgtcetaget
gacagtggca
geecataggte
gegetgggge
cggcggceaga
tacgtgeage
¢tggacatga
aaccgectaa
geccatcttga

gegtgageg
tgagtacaca
cactgegget
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acagegtgtt
aggegygceget
cggccocgeq
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tctgagttgg
gatgtggeat
aacaatgact
cactggggeg
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gceggecgaag
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agcacctteca
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gaccaggecg
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gtecagegag
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cegteactgg
ttttgetgee
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aacagggcgg
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ctgetetcac
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aactacttag
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aagcgcgagt
ctggaagatg
eggecaatca
actaccagta
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gccgataaaa
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aatgetgttg
tccattggty
ccagatgtta
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accgecgttyg
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ctgggggtge
tgtcatgtat
ccaagatgge
acgectegga
tcagcctgaa
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cgtactttga
ctgectacaa
ctactgetct
agcaagetga
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catttcaace
cagctgggag
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aaagtcaagt
acttgactee
atatttctta
ctatgcccaa
acaacagcac
tagatttgea
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gaattattga
gtgtgattaa
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tcagggtege
cgtgecgeace
ttgtatgtat
agagatgcte
ttacaagece
tgacgacgag
tecgacgcgta
ctecaceege
gcaggecaac
gttgccgetg
getgeeegeg
ggcacecace
aatgacegtg
gcegggactg
tgecacegee
tgecgeggtg
ccegtggaty
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tecaggegac
aggggcaacy
cgccecceege
ccageggegg
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gtggaactge
aaacgtgttt
acctacaage
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gacgagggca
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gtgcagetga
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taagcttgat
agaggggegt
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ceccgeegac
tectageege
cagtggcaac
gegecgacga
cgeegecaga
atgatgeege
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ctgeggttea
ctagctgtgg
gtgctggaca
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actcacgtat
ataggtgtceg
ataggagaat
aagactacee
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ttgtacagtg
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ggtgttetgy
acagagettt
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cgecggagat
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tgcacgctac
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gogtgtatga
gggagtttge
acccaacace
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cgaagctatg
ctatggecce
aaagaaaaaqg
cgegeccagyg
caccaccgta
tgaggtgtac
ctacggaaag
tagectaaag
gegeggecta
gegacagega
ggtccgegtg
tcagataccc
aacgtecceg
gtccaagace
gegeeegege
acatcettce
agcaactace
cgtgetggee
gccaacagcg
tatggeccte
taggagggge
gcggegegeg
cgecgeggeg
ctgattaaaa
gcttggtcct
gacacggetce
gtggegectt
agaactatgg
aagagcaaaa

tgg ggc

geggggtygy
-3

ggcgaaaage
ccctegtacg
gctacocggag
acccageaga
gegtecctge
tggcazagea
tgettotgaa
ggagetgetg
agtggtctta
tgeagtttge
cggtggegee
tecetgtgga
gtgataaccg
ggggecctac
cpecaaatoo
aggacgatga
ttgggcagge
aaggtcaaac
ctcagtggta
caatgaaace
ttcttgtaaa
ctactgagge
aagatgtaga
gtaactcacg
ttagggacaa
egggecaage
cataccaget
aggetgttga
aacttccaaa
taaaacctaa

cegtagagg

gtecgegace
aggaggcact
tgcotgggcca
aacctgtget
gecgegeege
cactgaacag
tagetaaegt
ageegecgeg
catgcacate
ccgagecace
tacgcacgac
cegtgaggat
tgtgctggac
ttttaagecce
ttgegaatgg
caacgaagac
gecttattcet
acctaaatat
cgaaactgaa
atgttacggt
gcaacaaaat
gacegeagge
tatagaaacec
agaactaatg
ttttattggt
ategeagttg
tttgettgat
cagctatgat
ttactgettt
aacaggtcag

21

17400
17460
17520
17580
17640
17700
17760
17820
17880
17940
18000
18060
18120
18180
18240
18300
18360
18420
18480
18540
18600
18660
18720
18780
18840
18900
18960
19020
19080
19140
19200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860
19920
19980
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120

‘21180

21240
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gaaaatggat
aataattttg
aacatagege
gataacccaa
tgctacatta
aaccaccace
gtgcecttce
ccgggeteat
tcectaggaa
tacgeccacet
aacgacacca
atacecgeca

gggaaaaaga
ccatggaaat
tgtatttgee
acacctacga
accttggage
gcaatgetgg
acatccaggt
acacctacga
atgacctaag
tettecccat
acgaccagte
acgetaacaa

gg cctt gcg

geggetg
gacccttatt
cacaccttta
cgectgetta
gttgeccagt
attggctace
agaaacttcc
caggtgggea
atgcgegaag
gttgacagea
teccagtaact
aactcegece
ctttatgttt
atcgaaaceyg
aagcaacate
tcaaagatct
ttgtttetee
gegtacactg
cctttggett
tgegeegtay
aaagegtaca
cctttgccaa
gggtacccaa
aacagctcta
ttaggagege
cttteaataa
ttgccgtetg
gcagggacac
gcggeagete
ggtegggege

gat

acacctacte
agaaggtggc
cccccaacga
gtaacatgae
agggcttcta
agcccatgag
tectacacea
gacaggecta
ttacccagaa
ttatgtccat
acgcgctaga
tgtttgaagt
tgtacctgeg
aacaacagcet
tggttatggy
acacaagete
gatggccttt
ttetgaccag
cgceattget

tgctacagaa
caatctaaat
¢gacaagcta
¢tacatgaac
acgetggtee
cctgegetac
geeteagaag
gtggaactte
ggttgacgga
ggcecacaac
ctttaacgac
egtgeecata
ccttaagact
tggctctata
cattaccttt
gtttgaaatt
caaagactgg
tatcccagag
cegtcaggty
acacaacaac
ccectgetaac
aaagtttett
gggcgeacte
catgactttt
ctttgacgtg
cacgcccttc
gecegecatgg
ccatattttt

ttttcagata
gccaacctgt
aagtacagte
aagcgagtgg
cttgactata
cgctcaatgt
ttctttgeca
aggaaggatg
gccageatta
acegecteca
tatctctceg
tecatcacot
aaggaaacce
ccctacctag
gactcttetg
aagegetcag
ttectggtac
agctacaagg
gtggatgata
tctggatttg
tteccctate
tgcgategea
acagacctgg
gaggtggatc
gteegtgtge
teggecggea
gctccagtga
tgggeaccta

gl‘ﬂ" geg:
gcectggaace
cgactcaage

tettececeg

g99g
ctggecacaa
ctcecatgete
cagettectg
cacttetttt
aggcaaatge
cgcegtttaa
gttgcegatac
ggtgaagttt
cgatatettg

cgetettgte
tcaactttgg
accgtagtgg
taaaagcctt
cgeaagactt
cgteggtgtt
tgctagactg
cgtgeteett
cgeageggtg
caaacgactg
tggtgaaggt
ccagagette
ggtacttgtc
gcacactcag
cctettgegt
gettacctee
gegecacate
cgggettggy
aggtcgatgg
cgtectagga

gttg

t

actcceatgg
aacagtecee
gagegecact
tgtcacttga
ttttatttgt
aaatcaaagg
tggtgtttag
tcactecaca
aagtcgcagt

tggaacacta

tagetgectt
catcaaaagg
gatctgetta
gocggaaaac
ggagatctge
cteccttcage
atttatcata

tccgegteca
cccaaaaagg
tgaccgtgee

tag tac
cgecactcaaa
aggtttacca
accgetgtat
gtggactatt
atcacaaccc
aggtacagcc
cgaecctactt
aaaacatgta
acactctegg
ggttetgecg
tgetecactt
ggetgegeac
tggggectece
tcagegeegyg
ggteeteege
gegegtgece
cggtetggge

tgattggceg
a

gag
gacaggeage

tte

gegegetgee
atgetteccgt

caggtacgec
cagctgcaac
cacttggtca
catcagegeg
cgggtteate
ccgecatacca
tttgecatge
ttctetttet
agaagggege
ccgegggety
ctecgatacge

gcgacgggg

cgegeteggg

ggggacyg

ggtggttteg

gegeag g
tgcaggaatc
cegeggtget
ggcagtagtt

+

g9
cgtttteget
gtagacactt
tgggetegtg
gccccatcat
cctegtteag
tgaagttege

aaaatgaaat
ggagaaattt
cttocaacgt
tggctcecegg
tggacaacgt
tgctgggcaa
ttaaaaacct
ttaacatggt
agtttgatag
cgettgagge
cegcecaacat
ceccgecaactyg
catcactggg
atggaacctt
teagetggee
ttgacgggga
aaatgctage
accgeatgta
ctaaatacaa
ttggctacet
cgettatagg
ccetttggeg

gccaaaacct
ccat

aagagttgga
cctgtactec
aaaaatttet
gttagtggac
caacccattt
tggtcgetat
ccttetectyg
tetgecagage
catttgcett
catgettaga
gctctaccet
ggoggettte
ategggetac
ttacctecaac
tggecaatgac
gggttacaac
taactacaac
ctecttettt
ggactaccaa
tgcccecace
caagaccgea
catcccatte
tctetacgec
tt

ggacyg

ggacyg
acgccacaac
gcaggaactg
tgacaagcge
ggecggtege
aacatgctac
gtttgagtac
aacgetggaa
ctgetgeaty
caccatgaac
caccctgcgt
cecgeageeac
aaaataatgt
gtgattattt
cgcatcgeta
aaactcagge
catcaccaac
gcectgegeg
gtggtgeacg
gttgeteagyg
aggetttgag
gttaggatac
gectteagag
gtegtgeaag
gttcttcacqg
cegtcacatce
aagctcegect
atgettgtag
cgtcacaaag
ceaggtettyg
ctttagateq

gegeag
acegtaattt
cgegecactyg
ttgattagca
teoetegotgt
ttetttttet
ggtgtgegeg
cgecteateac
acgtecteca
cgctgetect

ccatg
cacttteege
ggtcgtctte
ccggtgggtt
ccacgattac
tattgggege
gceaccagege
gettttttgyg
tggttggggg
cttcccgact

[~3 4 g

ttegetggge
attcageege
getgaaacee
ctetggtgat
aatggccaaa
gtcttgtgat
gggegecegg
acgtegegee
ggccatttee

geggegte
ataaagaagce
aaagccattg
tttecagget
gagactggag
ctetttgage
gagtcactec
aagtccacce
tttetecacy
cttattaccg
cgcaaccagyg
agtgegeaga
actagagaca
accaceacce
tgegecactg
acaaccatcee
gegtttagea
cgegagttge
ctggecagea
gegaacggag
ttgcactege
agegectgea
aagaacatge
cagcaccttg
atettggeet
atttcaatca
tegatetecag
gtcacctetg
gtecttgttge
catacggccg
ttatccacgt
gacacgateg
tettectett
cgeactgtge
accatttgta
ggegggeget
tecgeegeeg
gagtcttect
ggaggeggcyg
geacegegte
ttctectata
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21300
21360
21420
21480
21540
21600
21660
21720
21780
21840
21900
21960
22020
22080
22140
22200
22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
223920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760
23820
23880
23940
24000
24060
24120
24180
24240
24300
24360
24420
24480
24540
24600
24660
24720
24780
24840
24900
24960
25020
25080
25140
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ggcagaaaaa
tegecaccac
ceecgettga
acgaggaccqg
acgaggaaca
acgtgetgtt
geagegatgt

gatcatggag
agectecace
ggaggaggaa
cteagtacea
agtcgggegg
gaagecatctg
gecectegee

tecagtcgaga

gat
g

agaaggacag

ac

gtgattateg

ta

agcaggacce

ggg&ac;aaa
cagegecagt
atageggaty

aaaagcaaga
ggcatggega
gcgcecattat
teageettge
t

cctaacegee
caccttecce
aggttttgta
cecaggacaac
ctacctagat
ctgegacgeyg
ctacgaacge

cectctgagt
gtecgaggcac
agecgaagacg
gcagaggcaa
gtgggagacg
ttgcaagagc
cacctattot

ac aa

gecgegt
acttctacee
aetgcaagat
tgeggeaggg
agggtettgg
atgaaagteca
taaaacgcag
teatgageac
caaatttgea
getggetteca
cagtgetegt
agcgcaagct
gcaagatcete
acegeettgy
tecgegacty
- agcagtgett
aggacctatg
teccegaacg
tgttgeagaa
gtgcacttee
geccactgeta
acgtgagegg
getecetggt
tgcagggtee
tgtggacgtc
ggttctacga
agggccacat
gaaagggacyg
cgecgecgea
aagaagetge
gaggaggttt
gaagctteeg
tcgecggege
gcgecgeegg
geeggtaagt
cgctcatgge
atctectteg
ctgecattact

cgtatttgee
accectatee
cgetgtcata

gtgccagagg
tgeegtgeca
cctgatateg

ctét;ga;t;
categaggte
agtcatgagt

agaacaaaca

ttggtggaac
acccactttg
gagctgatceg

-]

tgettgccac
accgeageeg
cctegetcaa
caaacgetet

ctatcacate
ageggacaag
cgaagtgcea

tttttecaaa
cagetggect
aaaatctttg

aa

gca
g

£
cctaccegge
tgegeegtge
ta gt

aacgegegag
taccgtggag
agaggaaaca
caacgtggag
gcaaaacgty
cgtttactta
ggaggagtge
gacggectte
cetgettaaa
ctttaggaac
tagcgacttt
cettectgoag
tgacggteta
ttgcaatteg
ctcgectgac
ggcttacett
agaccaatece
tottggecaa
gggggtttac
gccctatecag
agetgecgee
tggacgagga
aggtcegaaga
cccagaaatc
cactgocegt
ccaagcagee
gcgggcacaa
cccgecgett
accgtcatet

gcageg

gaaat a

cgtategace
gageagggge
cagetgectg
tetcottecagt
ttaagegcga
cgecattaty
acttgegget
ccacatgata

cgcgagetta
caagaacaag
tatcacaaaa
aaatactgeg
aaactacgte
agcaaggaaa
ggagctgece
tecegggtea

gg: att
ggtgtaccag
agttcagatg
geccgggcag
gtcggtgage
ccgtecttea
gegetetgga
taaceectte
ggtaaaggac
cctgaaacace

ac
gaaagtcecyg
actaacteag
ggtataacte
tectegettyg
tteacgecte
ggeattggaa
c

te ct
g

coty

t (=1- 3

cttgagtgea
ttgcactaca
ctetgeaacc
ctteatteea
tttectatget
aacctcaagg
aacgageget
accctgeaac
tttatcctag
gtgcccatta
ctagccaact
ctggagtgte
cagctgetta
gaaaagtccg
cgcaaatttg
cgecegecaa
ttgcaageca
ttggacccce
cagcagecge
gecacecacyg
ggaggaggac
ggtgtcagac
ggcaacceggt
tegeegacee
geegeegtta
gaacgecata
tettctctac
ctacagecca
agcaaaggeg
cagcaggagg
gaaacaggat
agetgaaaat
gegaagatea
cgctgactct

tgcageggtt
cctttegaca
tggtcteocta
cgcetcaaggy
acacctggea
agctgcagaa
cegtyggecge
agggtetgee
agegeteagg
agtaccgega
accttgocta
actgtegetg
acgaaagtca
cggetecgag
tacctgagga
atgeggaget
tcaacaaage
agtecggega
gggeccttyge
gacgaggagyg
atgatggaag
gaaacaccgt
t gcatgy

caacgcgeg

acttaaccta
geagecectg
tggcgacgag
acgcaaacta
ctttgetgac
gggctacgta
ccttggaatt
cgaggegege
gacggecatyg
actgetaaag
gcacctggeg
agacttcacc
aatettgeec
atgcectecg
ccactctgac
caacctatge
aattateggt
gttgaaactc
ctaccacgee
tacegectge
cagccaagag
ggagctcaac
ttcccaggat
aatactggga
actgggagag
cacccteggt
cta tc

aaccgtagat

gggacaccac

gttgcttg;t
catcacggeg

tgcaagactg
tggecettecec

ctagecgtac
ceeccecaagy
gagagggatg
cagctagege
atgatggeceg
ceggagatge
cgccaggoct
ttgcacgaaa
cgegactacyg
ggegtttgge
caaaacttga
gacatcattt
agtcaaageca
gecacetget
ccgetttggg
ataatggaag
accccgeace
acctttgage
acteegggge
cacgagatta
gteattacece
tttctgetac
ccaateceee
ggcacceaaa
cagtcaggea
cctagacgag
cgcattccce
cgctectcag
tggaaccagqg
ccaaggetace
tagggggcaac
ccgtaacate

tactg g
accggatage
aggagegetg
ttttcccact
aaaaaacagg
getteggage
taaggactag

aagactctga
cgtctggege
ctgtatgeta
tctetgegat
acgetggaag
tttegegeee

atct g
tteccacgee
aagactacte
acggaatceq
ctcgtaataa
cteccaccae
gggegeaget

caat

g cceg
ctacatgtgg
aacccgaata
cgeccaccga
ccttaatcoece
tgtggtactt
tgegggegge

gtetecgtee
gtcaggeaat
ctctgecaatt

ta

tcggeggacg
ctggtocact

gc:;cgactg
gtegecgeca

gcga
ggacgggaca
cectaactetg
tattgaggag
tccggatcaa
aatgttaagt
caagtgettt

agttaccage
aactacatga
aaccgaatte
cgtagttgge

geggeage
caaagcccaa
ccaacgaace
tatttcaaca
cceteacceg
acgaggagge
tttetcaaat
ctgtegteag
cacazatggg
gcgegggace
tcttggaaca
cegetgeecet

tttegtecaca
ggtattcage
tttcagateg
cagacctagt
tttgtgecat
tttattecta
ggagaggeag
gecegegact

gggtgeggte
tcaacgacga
geggegecgyg
cetetgagae
cggtctactt

actttyacge.

agcaactgeg
ceggtgagtt

23

25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
26040
26100
26160
26220
26280
26340
26400
26460
26520
26580
26640
26700
26760
26820
26880
26940
27000
27060
27120
27180
27240
27300
27360
27420
27480
27540
27600
27660
27720
27780
27840
27900
27960
28020
23080
28140
28200
28260
28320
28380
28440
28500
28560
28620
28680
28740
28800
28860
28920
28980
29040
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ttgctacttt
cgeccaggga
tgagegggac
acatcaagat
aaaaaaaata
tcagcagcac
actttcteca
ctatetteat
tgtatececata
tateccecaa
ctetagttac
aggecggeaa
agtcazacat
tggetgecge
cgctaacegt
aaggaaagct
ctatcactge
agcceattta
cagacgacct
cettgcaaac
atgtagcagg
atccgtttga
actcagoaca
acaattccaa
cagecatage
caaatccect
ttectaaact
aaaataatga
atgcagagaa
ctacagttte
gtgctcatct
acccagaata
ctgttggatt
gtaacattgt
ttacactaaa
ttteatggga
ctttttcata
tttcaattge
agettataca
coteacteece
atatcatggg
amacgctcat
tecagetget
gaagtccacg
tgcagcageg
gcagtggtet
gecacageage
atattgttca
gaacccacgt
acgctggaca
ataaacetet
tgeecgeegg
gactagtaac
acgtgcatac
acaacceatt
acgttgtgca
gegegggttt
aacegagate
cctgaagcaa
agatcgotct
ggcttegggt
agaataagcce

+

gaattgececg
gagettgecc
aggggaccct
cetctagtta
ataaagcatc
ctecttgeee
caatectaaat
gttgttgcag
tgacacggaa
tgggtttcaa
ctccaatgge
cecttacctec
aaacctggaa
cgcacctcta
geacgactee
agecactgeaa’
cteaccecect
tacacaaaat
aaacactttg
taaagttact
aggactaagg
tgcteaaaac
caacttggat
aaagcttgag
cattaatgeca
caaaacaaaa
aggaactgge
taagctaact
agatgctaaa
agttttgget
tattataaga
ttggaacttt
tatgectaac
cagtcaagtt
cggtacacag
ctggtetgge
cattgeccaa
agaaaatttc
gatcaccgta
aacacacaga
taacagacat
cagtgatatt
gagecaecagg
cctacatggg
cgcgaataaa
cctecagegat
gcaccctgat
aaatcccaca
ggccatcata
taaacattac
gattaaacat
etatacactg
catggatcat
acttectcag
cctgaateag
ttgtcaaagt
ctgtotcaaa
gtgttggteg
aaccaggtge
gtgtagtagt
tctatgtaaa
acacceagee

cca

;;tgaagatc
aagaacagat

tcacgtccaa
cagcacette
gcaaatceeg
tcagcctcaa
attcaaaage
ctgaacataa
gacaaaagaa
ccegatgtaa
caggceaaagce
aggtaagete
gtttetgeat
tacaacagga
gtaaaaaaac
agtcataatg
gaccgaaata
taggaggtat
gectaggeaa
ctaacagtca
caccagctea
ctaaaaaatg
tacgcccaga
ccacgttacg
cgecctaaaa
cecccteatt
aat

REFERENCES CITED IN THE DESCRIPTION

tattaagtga
aatggeattt

gtggacgtaa
aaccatgecc
aatattaagt
gcagcgaatce
ggaacattaa
tegtgeaggt
cccacactga
gctttgttge
ctegegeaaa
cggaaccacce
aaacacaaaa
aaaacaacec
tggtcacegt
taagactcgg
geccggggga
aacaaaatta

aat

aggatcatat cgagggeccg
gtagcctgat tecgggagttt
gtgttotcac tgtgatttige
taactagagt acccggggat
acttacttaa aatcagttag
tectcccage tetggtatty
ggaatgtcag tttectectg
atgaagcgecg caagaccgte
acecggtecte caactgtgec
gagagtecee ctggggtact
atgcttgcge tcaaaatggg
caaaatgtaa ccactgtgag
atatctgecac cccteacagt
atggtcgegg gcaacacact
aaacttagea ttgcecaccea

gcgcacggeg
acccagegec
aactgtecta
cttattccct
caaatttetg
cagettacte
tteetgteca
tgaagatacc
ttttettact
ctetttgege
caacggcecte
eccacetete
tacctcagaa
caccatgcaa
aggaccccte

acatcaggee ccct

ctaactactg ccactggtag
ggaaaactag gactaaagta
accgtagecaa ctggtccagg
ggagecttgg gttttgatte
attgattctc aaaacagacg
caactaaate taagactagg
attaactaca acaaaggect
gttaacctaa gcactgccaa
ggagatgggc ttgaatttgg
attggecatg gectagaatt
cttagttttg acagcacagg
ttgtggacca caccagetee
ctcactttgg tettaacaaa
gttaaaggea gtttggetee
tttgacgaaa atggagtgct
agaaatggag atcttactga
ctatecagett atccaaaate
tacttaaacg gagacaaaac
gaaacaggag acacaactecc
cacaactaca ttaatgaaat
gaataaagaa tcgtttgtgt
aagtcatttt tcattcagta
ccttaatcaa actcacagaa
gtacacagte ctttctcece
attecttaggt gttatattec
aataaactcc cecgggeaget
ctgetgteca acttgeggtt
ggtagagtca taatcgtgea
ctgectgecge cgeegetecy
gattcgecace geccgeagea
ctceacttaaa tcageacagt
gtgcaaggeg ctgtatccaa
ccacaagege aggtagatta
ctattttgge atgttgtaat
ggcgecatee accaccatce
cagggaacceg ggactggaac
catgctcgtec atgatatcaa
gattacaage tccteccgeg
egtaaatece acactgeagq
gttacattcg ggcagcagcg
aggaggtaga cgatccctac
tagtgtcatg ccaaatggaa
gggcgtgaca aacagatctg
tgtagtatat ccactectcete
ctecttecatyg cgecegetgee
aacctacaca ttegttctge
tagtttttttt tttattccaa
acgcegeteec ctecggtgge
gtaagatgtt gceacaatgge

aggctaaace
aaataattet
ccggecattg
atgattgcaa
caaaaatace
ctgcacggac
ttatgacacg
atgggeggeg
aaagaaagca
acagaaaaagq
taaaataaca
ttataageat
gattaaaaag
taaacacatc
atacataccc
ataggagaga

gccttaccag
atcagtcaca
acgtaacggt
aacgaaagcc
taacttccca
cctacgtcac
atcatattgg

tcccgeteca
taaaaaagaa
gtgtaaaaaa
taaagtccac
aaaaaaccea
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Patentkrav

1. Kimeer, adenoviral ekspressionsvektor til beskyttelse mod pandemisk H1N1-
influenza, hvilken vektor omfatter en ekspressionskassette omfattende:

(a) en farste promoter, der er operativt forbundet med en nukleinsyre, der ko-
der for en toll-like receptor-3- (TLR-3) agonist, hvor TLR-3-agonisten er et dob-
beltstrenget RNA (dsRNA); og

(b) en anden promoter, der er operativt forbundet med en nukleinsyre, der
koder for haamagglutininpolypeptid fra A/CA/04/2009 H1N1-influenza.

2. Kimeer, adenoviral ekspressionsvektor ifglge krav 1, hvor nukleinsyren, der

koder for TLR-3-agonisten, omfatter et kort harnéle-RNA.

3. Kimeaer, adenoviral ekspressionsvektor ifglge krav 1, hvor nukleinsyren, der
koder for TLR-3-agonisten, omfatter en sekvens, der er udvalgt fra gruppen besta-
ende af SEQ ID NO: 1-6.

4. Kimeer, adenoviral ekspressionsvektor ifglge et hvilket som helst af de forega-

ende krav, hvor den fgrste promoter og den anden promoter er ens.

5. Kimeer, adenoviral ekspressionsvektor ifalge krav 4, hvor den farste promoter

og den anden promoter begge er en CMV-promoter.

6. Farmaceutisk sammenseetning omfattende den kimaere, adenovirale ekspres-
sionsvektor ifalge et hvilket som helst af de foregadende krav og en farmaceutisk
acceptabel baerer, hvor den farmaceutiske sammenseaetning er formuleret til oral,

mukosal eller intranasal administration.

7. Farmaceutisk sammensaetning til oral indgivelse, hvilken sammensaetning
omfatter den kimeere, adenovirale ekspressionsvektor ifalge et hvilket som helst af

kravene 1-5 og en farmaceutisk acceptabel beerer.
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8. Immunogent effektiv maengde af en kimeer, adenoviral ekspressionsvektor
ifglge et hvilket som helst af kravene 1-5, eller sammensaetning ifglge krav 6 eller
7, til anvendelse i en fremgangsméde til fremkaldelse af et immunrespons pa
pandemisk H1N1-influenza hos et pattedyr, hvor immunresponset er rettet mod
5 heemagglutininpolypeptidet, og hvor administrationsvejen er udvalgt fra gruppen

bestaende af: oral, intranasal og mukosal.

9. Ekspressionsvektor eller sammenseetning til anvendelse i fremgangsméaden
ifolge krav 8, hvor administrationsvejen er oral.

10
10. Ekspressionsvektor eller sammenseetning til anvendelse i fremgangsmaden

ifolge krav 8 eller 9, hvor immunresponset er et mukosalt immunrespons.

11. Ekspressionsvektor eller sammenseetning til anvendelse i fremgangsmaden

15 ifglge et hvilket som helst af kravene 8-10, hvor pattedyret er et menneske.
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Figure 1C
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Figure 1E
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Figure 2A
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Figure 3
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