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NEW INFLUENZA VIRUS IMMUNIZING EPITOPE

FIELD OF INVENTION

[0001] The present invention relates to the production of virus-like particles. More
specifically, the present invention is directed to the production of virus-like particles
comprising influenza antigens, most particularly modified influenza antigens that have

broad cross-reactivity with other influenza strains.

BACKGROUND OF THE INVENTION

[0002] Influenza is the leading cause of death in humans due to a respiratory virus.
Common symptoms include fever, sore throat, shortness of breath, and muscle soreness,
among others. During flu season, influenza viruses infect 10-20% of the population

worldwide, leading to 250-500,000 deaths annually

[0003] Influenza viruses are enveloped viruses that bud from the plasma membrane of
infected mammalian cells. They are classified into types A, B, or C, based on the
nucleoproteins and matrix protein antigens present. Influenza type A viruses may be
further divided into subtypes according to the combination of hemagglutinin (HA) and
neuraminidase (NA) surface glycoproteins presented. HA governs the ability of the virus
to bind to and penetrate the host cell. NA removes terminal sialic acid residues from
glycan chains on host cell and viral surface proteins, which prevents viral aggregation and
facilitates virus mobility. Currently, 16 HA (HI-H16) and 9 NA (N1-N9) subtypes are
recognized. Each type A influenza virus presents one type of HA and one type of NA
glycoprotein. Generally, each subtype exhibits species specificity; for example, all HA
and NA subtypes are known to infect birds, while only subtypes H1, H2, H3, HS, H7, H9,
H10, N1, N2, N3 and N7 have been shown to infect humans (Horimoto 2006; Suzuki
2005). Influenza viruses comprising H5, H7 and H9 are considered the most highly

pathogenic forms of influenza A viruses, and are most likely to cause future pandemics.

[0004] Influenza pandemics are usually caused by highly transmissible and virulent

influenza viruses, and can lead to elevated levels of illness and death globally. The
-1-

DOCSQUE: 77263441



10

15

20

25

30

WO 2010/006452 PCT/CA2009/001040

emergence of new influenza A subtypes resulted in 4 major pandemics in the 20th
century. The Spanish flu, caused by an HIN1 virus, in 1918-1919 led to the deaths of
over 50 million people worldwide between 1917 and 1920. Presently, the risk of the
emergence of a new subtype, or of the transmission to humans of a subtype endemic in
animals, is always present. Of particular concern is a highly virulent form of avian
influenza (also called “bird flu”), outbreaks of which have been reported in several
countries around the world. In many cases, this bird flu can result in mortality rates
approaching 100% within 48 hours. The spread of the avian influenza virus (H5N1), first
identified in Hong Kong in 1997, to other Asian countries and Europe has been

postulated to be linked to the migratory patterns of wild birds.

[0005] The current method of combating influenza in humans is by annual vaccination.
The vaccine is usually a combination of several strains that are predicted to be the
dominant strains for the coming “flu-season”. The prediction is coordinated by the World
Health Organization. Generally, the number of vaccine doses produced each year is not
sufficient to vaccinate the world’s population. For example, Canada and the United-
States obtain enough vaccines doses to immunize about one third of their population,
while only 17% of the population of the European Union can be vaccinated. It is evident
that current worldwide production of influenza vaccine would be insufficient in the face
of a worldwide flu pandemic. Even if the necessary annual production could somehow be
met in a given year, the dominant strains change from year to year, thus stockpiling at
low-need times in the year is not practical. Economical, large scale production of an

effective influenza vaccine is of significant interest to government and private industry

alike.

[0006] Currently, the most important source viral stocks for use in vaccines are
produced in fertilized eggs. The virus particles are harvested, and for an inactivated viral
vaccine, disrupted by detergent to inactivate it. Live attenuated vaccines are made of
influenza viruses that were adapted for growth at low temperature which means that at
normal body temperature, the vaccine is attenuated. Such a vaccine is licensed in USA
for use in individuals from 5 to 49 years of age. Inactivated whole virus vaccines are

rendered harmless by inactivation with chemical agents and they have been produced in
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embryonic eggs or mammalian cell culture. All these types of vaccine show some
specific advantages and disadvantages. One advantage of vaccines derived from whole
viruses is the type of immunity induced by such vaccines. In general, split vaccines
induce a strong antibody response while vaccines made of whole viruses induce both an
antibody (humoral) and cellular response. Even though a functional antibody response is
a criterion for licensure that correlates with protection induced by a vaccine, there is
increasing evidence that a T-cell response is also important in influenza immunity — this

may also provide better protection in the elderly.

[0007] In order to induce a cellular immune response, vaccines made of whole viruses
were developed. Due to the high pathogenicity of the influenza strain (e.g. HSN1), these
vaccines are produced in BL3+ facility. For highly pathogenic influenza strains such as
H5N1, some manufacturers have modified the hemagglutinin gene sequence in order to
reduce the pathogenicity of the influenza strain and to make it avirulent and more easily
produced in embryonic eggs or mammalian cell culture. Others also use reassortant
influenza strains in which the genetic sequences for the hemagglutinin and neuraminidase
proteins are cloned in a high-yielding low pathogenic influenza donor strain (A/PR/8/34;
Quan E-S et al, 2007). While these methods may produce useful vaccines, they do not
provide a solution to the need for high-volume, low cost and fast production of vaccines
in the scale necessary to meet the global need in a normal year, and would almost

certainly be insufficient in the face of a pandemic.

[0008] Using this reverse genetic technology, one might also need to mutate the genetic
sequence of the HA protein to make it avirulent. For highly pathogenic influenza strains,
the production of whole virus vaccines either requires confinement procedures or the
resulting vaccines do not exactly match the genetic sequence of the circulating virus. In
the case of live-attenuated vaccines, there is still a risk that the administered vaccine can

recombine with an influenza virus from the host, leading to a new influenza virus.

[0009] While this method maintains the antigenic epitope and post-translational
modifications, there are a number of drawbacks including the risk of contamination due

to the use of whole virus and variable yields depending on virus strain. Sub-optimal
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levels of protection may result from genetic heterogeneity in the virus due to its
introduction into eggs. Other disadvantages include extensive planning for obtaining
eggs, contamination risks due to chemicals used in purification, and long production
times. Also, persons hypersensitive to egg proteins may not be eligible candidates for

receiving the vaccine.

[0010] In the case of a pandemic, split vaccine production is slowed by the need to adapt
the strain for growth in eggs and the variable production yields achieved. Although this
technology has been used for years for the production of seasonal vaccines, it can hardly
respond in a reasonable timeframe to a pandemic since worldwide manufacturing

capacity is limited.

[0011] The recent outbreak in Mexico of Influenza type A HIN1 also highlights the
urgent medical need to develop rapid methodology for vaccine production of newly

emerging strains.

[0012] To avoid the use of eggs, influenza viruses have also been produced in
mammalian cell culture, for example in MDCK or PERC.6 cells, or the like. Another
approach is reverse genetics, in which viruses are produced by cell transformation with
viral genes. These methods, however, also require the use of whole virus as well as

elaborate methods and specific culture environments.

[0013] Several recombinant products have been developed as recombinant influenza
vaccine candidates. These approaches have focused on the expression, production, and
purification of influenza type A HA and NA proteins, including expression of these
proteins using baculovirus-infected insect cells (Crawford et al, 1999; Johansson, 1999),

viral vectors, and DNA vaccine constructs (Olsen et al., 1997).

[0014] Specifics of an influenza virus infection are well known. Briefly, the infectious
cycle is initiated by the attachment of the virion surface HA protein to a sialic acid-
containing cellular receptor {glycoproteins and glycolipids). The NA protein mediates
processing of the sialic acid receptor, and virus penetration into the cell depends on HA-
dependent receptor-mediated endocytosis. In the acidic confines of internalized

endosomes containing an influenza virion, the HA protein undergoes conformational
-4
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changes that lead to fusion of viral and cell membranes and virus uncoating and M2-
mediated release of M1 proteins from nucleocapsid-associated ribonucleoproteins
(RNPs), which migrate into the cell nucleus for viral RNA synthesis. Antibodies to HA
proteins prevent virus infection by neutralizing virus infectivity, whereas antibodies to

NA proteins mediate their effect on the early steps of viral replication.

[0015] Crawford et al. (1999) disclose expression of influenza HA in baculovirus-
infected insect cells. The expressed proteins are described as being capable of preventing
lethal influenza disease caused by avian H5 and H7 influenza subtypes. Johansson et al.
{1999) teach that baculovirus-expressed influenza HA and NA proteins induce immune
responses in animal superior to those induced by a conventional vaccine.
Immunogenicity and efficacy of baculovirus-expressed hemagglutinin of equine influenza
virus was compared to a homologous DNA vaccine candidate (Olsen et al., 1997).
Collectively, these data demonstrate that a high degree of protection against influenza
virus challenge can be induced with recombinant HA or NA proteins, using various

experimental approaches and in different anirnal models.

[0016] Since previous research has shown that the surface influenza glycoproteins, HA
and NA, are the primary targets for eliciting protective immunity against influenza virus
and that M1 provides a conserved target for cellular immunity to influenza, a new vaccine
candidate may include these viral antigens as a protein macromolecular particle, such as
virus-like particles (VLPs). As vaccine products, VLPs offer the advantage of being more
immunogenic than subunit or recombinant antigens and are able to stimulate both
humoral and cellular immune response (Grgacic and Anderson, 2006). Further, the
particle with these influenza antigens may display conformational epitopes that elicit

neutralizing antibodies to multiple strains of influenza viruses.

[0017] Production of a non-infectious influenza virus strain for vaccine purposes is one
way to avoid inadvertent infection. Altematively, virus-like particles (VLPs) as
substitutes for the cultured virus have been investigated. VLPs mimic the structure of the
viral capsid, but lack a genome, and thus cannot replicate or provide a means for a

secondary infection.
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[0018] Several studies have demonstrated that recombinant influenza proteins self-
assemble into VLPs in cell culture using mammalian expression plasmids or baculovirus
vectors (Gomez-Puertas ef al., 1999; Neumann ef al., 2000; Latham and Galarza, 2001).
Gomez-Puertas et al. (1999) discloses that efficient formation of influenza VLP depends
on the expression levels of several viral proteins. Neumann ez al. (2000) established a
mammalian expression plasmid- based system for generating infectious influenza virus-
like particles entirely from cloned cDNAs. Latham and Galarza (2001) reported the
formation of influenza VLPs in insect cells infected with recombinant baculovirus co-
expressing HA, NA, M1, and M2 genes. These studies demonstrated that influenza

virion proteins may self-assemble upon co-expression in eukaryotic cells.

[0019] Gomez-Puertas ez al.(2000) teach that, in addition to the hemagglutinin (HA), the
matrix protein (M1) of the influenza virus is essential for VLP budding from insect cells.
However, Chen ef al. (2007) teach that M1 might not be required for VLP formation, and
observed that efficient release of M1 and VLPs required the presence of HA and sialidase
activity provided by NA. The NA cleaves the sialic acids of the glycoproteins at the
surface of the cells producing the VLPs, and releasing the VLPs in the medium.

[0020] Quan et al (2007) teach that a VLP vaccine produced in a baculovirus expression
system (insect cell) induces a protective immunity against some strains of influenza virus
(A/PR8/34 (HIN1)). The VLPs studied by Quan were observed to bud from the plasma
membrane, and were considered to be of the correct size and morphology, similar to those

obtained in a mammalian system (MDCK cells),

[0021] Enveloped viruses may obtain their lipid envelope when ‘budding’ out of the
infected cell and obtain the membrane from the plasma membrane, or from that of an
internal organelle. Influenza virus particles and VLPs bud from the plasma membrane of
the host cell. In mammalian or baculovirus cell systems, for example, influenza buds

from the plasma membrane (Quan et al 2007),

[0022] Only a few enveloped viruses are known to infect plants (for example, members
of the Topoviruses and Rhabdoviruses). Of the known plant enveloped viruses, they are

characterized by budding from internal membranes of the host cell, and not from the
-6 -
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plasma membrane. Although a small number of recombinant VLPs have been produced
in plant hosts, none were derived from the plasma membrane. Current influenza VLP
production technologies rely on the co-expression of multiple viral proteins, and this
dependence represents a drawback of these technologies since in case ofa pandemic and
of yearly epidemics, response time is crucial for vaccination. A simpler VLP production

system, relying on the expression of only one viral protein is desirable to accelerate the

development of vaccine.

[0023] The production of influenza HA VLP in plant based system has been described in
WO 2009/009876 that essentially showed that the influenza HA is able to self-assemble

in plant host cells and bud from plasma membranes in virus-like particles.

[0024] In order to protect the world population from influenza and to stave off future
pandemics, vaccine manufacturers will need to develop effective, rapid methods
producing vaccine doses. The current use of fertilized eggs to produce vaccines is
insufficient and involves a lengthy process. HA proteins used are specific for each strain
and do not cross-react with other strains to provide broader spectrum vaccines thus

necessitating constant production or short reaction time once a new strain is identified.

[0025] Certain modifications and/or mutations may be brought to the HA native protein
used for producing VLP, such modifications bringing about a hemagglutinin protein that
has broader spectrum to induce antibody neutralizing to more than one, or several strains

of flu, even after only a single administration.

SUMMARY OF THE INVENTION

[0026] It is an aspect of the invention to provide an improved influenza vaccine.

{0027] 1t is a further aspect of the invention to provide novel influenza virus-like

particles.

[0028] 1t is a further aspect of the invention to provide an hemagglutinin protein which

has been modified to provide a broader spectrum antibody reaction.
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[0029] The present invention contemplates a polypeptide having an amino acid residue
sequence substantially identical to that of a viral envelope N-linked glycoprotein but that
is partially or totally free of N-linked carbohydrates (i.e. has one or more glycosylation
site that is abolished when compared to an original native HA sequence), as well as

methods of producing and utilizing the polypeptide.

[0030] It is a further aspect of the invention to provide a HA protein wherein one or more
of the N-linked glycosylation sites from HA1 domain has been
modified/deleted/mutated/removed/abolished to produce influenza VLPs for the

preparation of a broad spectrum influenza vaccine.

{0031] Particularly, the HA1 domain comprises amino acids located at positions 1 to 331
as numbered in accordance with strain A/Vietnam/1194/04; SEQ ID NO,34).. More
particularly, the HA! domain comprises the globular head portion and the F'2 domain of
the protein, corresponding to amino acids between positions 39 to 331 of the protein as
numbered in accordance with strain A/Vietnam/1194/04; SEQ ID NO.34). Particularly,
the glycosylation site that is abolished is originally present on the globular head portion of
the protein, particularly corresponding to amino acids located between positions 39 to 273
of SEQ ID No.34. More particularly, the abolished glycosylation site is originally located
in the F'2 domain of the protein, particularly corresponding to amino acids located

between positions 274-331 of SEQ ID NO.34.

[0032] The present invention provides for amino acid substitutions in the hemagglutinin
(NA) molecule of influenza A that can alter the antigenicity and immunogenicity of the
HA. These substitutions may alter antigenic sites by altering receptor specificity and/or
antibody-antigen binding. In variety of embodiments, the increased antigenicity resulting
from the substitution may be useful for the production of vaccines with broader cross-
reactivity for influenza. Particularly, the amino acid substitution results in molecules with
the immunogenicity characteristics of the amino acid substitution of non-asparagine
residue of the HA protein at the location corresponding to the receptor binding-site and

particularly corresponding to location 154 and/or 165 and/or 286 (wherein numbering is
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in accordance with strain A/Vietnam/1194/04; SEQ ID NO.34). In particular

embodiments, the amino acid substitution removes/deletes/abolishes a glycosylation site,

[0033] The influenza virus increased antigenicity HA molecule may include one or more
non-glycosylated amino acid corresponding to positions 154 and/or 165 and/or 286 in H5
HA, where removal of any one of these glycosylation sites results in an increase reactivity
with antisera derived from an animal exposed to an influenza virus with a wildtype HA

molecule,

[0034] In order to destroy a glycosylation site, the triad signal N-X-S/T (where N is a
Asn, X can be any amino acid except Pro, and S/T can be both Ser or Thr) may be
modified by protein engineering. The first approach used can be to replace the Asn by
another amino acid. The second approach is to replace the S/T amino acid at position n+2
relative to the asparagine to be glycosylated, by any other amino acid residue. An
appropriate amino acid used to replace the asparagine, serine or threonine is alanine, but
other amino acid can also be used. For example, Asn can be replaced by Leu, Ile, Val,
Thr, Ser or Ala. Also, Ser or Thr can be replaced by Ala, Val, Ile or Leu.

[0035] Particularly, the influenza virus increased antigenicity HA molecule may include a

non-asparagine amino acid at positions 154 and/or 165 and/or 286 in H5 HA,

[0036] The influenza virus increased antigenicity HA molecule may include HA protein
wherein head portion is devoid of N-linked glycosylation sites i.e. all three glycosylation

sites have been abolished.

[0037] The influenza virus increased antigenicity HA molecule may include one or more
than one glycosylation site that is removed, selected from the group consisting of: N-154,

N-165 and N-286 (wherein the numbering is in accordance with strain
A/Vietnam/1194/04).

[0038] The present invention provides a modified hemagglutinin (HA) from different

influenza strains.

[0039] The present invention also provides a method of producing influenza virus like

particles (VLPs) in a non-sialylating host organism comprising:

-9.
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a) introducing a nucleic acid encoding an influenza hemagglutinin (HA) antigen as

defined above, operatively linked to a regulatory region active in a non-sialylating host

organism or a portion thereof, and

b) incubating the host or a portion thereof under conditions that permit the expression of

the mucleic acid, thereby producing the VLPs.

[0040] The present invention includes the above method wherein, in the step of
introducing (step a), the nucleic acid may be either transiently expressed in the host, or
stably expressed in the host. Furthermore, the VILPs may be purified using, for example,

size exclusion chromatography.

[0041] Additionally the present invention relates to a non-sialylating host organism used
for the production of virus like particle (VLP) comprising an influenza virus HA protein.
Particularly, suitable host capable of producing a VLP, is for example, a plant or a portion
thereof, a plant cell, an insect or a portion thereof, or an insect cell, or a yeast or portion

thereof or a yeast cell.

[0042] According to the present invention there is provided a nucleic acid comprising a
nucleotide sequence encoding a modified influenza HA as defined above operatively
linked to a regulatory region active in a non-sialylating host organism. The antigen may
be an influenza hemagglutinin (HA) devoid of one or more the N-linked glycosylation
sites from the head portion of the molecule (antigenic sites that are normally present in

the native sequence).

[0043] The present invention also provides a virus like particle (VLP) comprising an
influenza virus HA protein as defined herein and one or more than one host lipid. If the
host is insect, then the virus like particle (VLP) may comprise an influenza virus HA
protein and one or more than one insect lipid, or if the host is a yeast, then the virus like
particle (VLP) may comprise an influenza virus HA protein and one or more than one
yeast lipid, if the host is a plant, then the virus like particle (VLP) may comprise an

influenza virus HA protein and one or more than one plant lipid.

- 10 -
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{0044] The invention further provides VLPs that are produced in a plant thereby
containing one or more than one lipid of plant origin (generally referred to as “plant
lipids”).

[0045] The invention further provides VLPs produced in insect cells comprising lipids

from the plasma membrane of insect cells {generally referred to as “insect lipids™).

[0046] The invention further provides VLPs produced in yeast comprising lipids from the

plasma membrane of yeast cells (generally referred to as “yeast lipids™).

[0047] Also included in the present invention is a composition comprising an effective
dose of a VLP comprising an influenza virus HA protein, one or more than one lipid
derived from a non-sialylating host production cell, in admixture with a pharmaceutically
acceptable carrier. The pharmaceutically acceptable carrier may be suitable for oral,
intradermal, infranasal, intramuscular, intraperitoneal, intravenous, or subcutaneous

administration.

[0048] Further included in the present invention is a vaccine composition comprising an
immumologically effective dose of a VLP as defined herein in admixture with a
pharmaceutically acceptable carrier with or without the presence of an adjuvant. The
vaccine may be administered orally, intradermally, intranasally, intramuscularly,
intraperitoneally, intravenously, or subcutaneously. Particularly, the vaccine is

administered without the use of an adjuvant.

[0049] The present invention also provides for a method of inducing immunity to an
influenza virus infection in a subject, the method comprising administering to the subject
the virus like particles comprising an influenza virus HA protein, one or more than one
host lipid, and a pharmaceutically acceptable carrier. The virus-like particle may be
administered to a subject orally, intradermally, intranasally, intramuscularly,

intraperitoneally, intravenously, or subcutaneously,

[0050] The present invention pertains to a method for inducing immunity to influenza
virus infection in a subject comprising administering to the subject an effective dose of a

vaccine comprising one or more than one VLP as defined herein.

-11 -
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[0051] The subject being treated by the methods as defined above may be selected from
the group comprising humans, primates, horses, pigs, birds (avian), water fowl, migratory
birds, quail, duck, geese, poultry, chicken, camel, canine, dogs, feline, cats, tiger, leopard,
civet, mink, stone marten, ferrets, house pets, livestock, mice, rats, seal, whales and the
like. Particularly, the subject may be a human patient or birds in general (including water
fowl, migratory birds, poultry such as quail, duck, geese, turkey, chicken), particularly

migratory birds or poultry for human consamption (quail, duck, geese, turkey, chicken).

[0052] The present invention also provides for a container such as a syringe as well as
kits comprising such a container, all of which comprising the vaccine composition as

defined herein.

[0053] This summary of the invention does not necessarily describe all aspects of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

BRIEF DESCRIPTION OF THE DRAWINGS
[0054] These and other features of the invention will become more apparent from the

following description in which reference is made to the appended drawings wherein:

Figure 1A represents the localisation of glycosylation sites on the influenza virus HA H5
AfIndonesia/5/05. The amino acids identity, position, and location are indicated by
analogy on the structure of the A/Vietnam/1194/04; SEQ ID NO. 34 (PDB file: 2IBX).
The triple mutant has been made by the destruction of the glycosylation sites N154,
N165, and N286 located on the globular head. The study from Bright et a/. (2003) has
been used to locate the potential antigenic sites. Glycosylation type has been determined
based on what is written in the literature about HAs H1, H3 and H7 (Abe Y. et al.
(2004); Vigerust DI et al. (2007); and Kuroda et al. (1990);

Figure 1B is an illustration of the subdomains of the HA monomer: The F’1 (1-38 as
numbered according to A/Vietnam/1194/04; SEQ 1D NO.34), F’2 (274-331) and F

subdomains are represented. The receptor binding site and esterase sub-domains that

-12 -
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together form the globular head (39-273). The fusion peptide is represented as a white
box. The TmD and cytotail cannot be seen on any HA structures since only the soluble

bromelain products of HAs have been crystallized and structure elucidated;

Figure 2 represents the structures of a monomer of HA from different A subtypes. The
lipid bilayer, with its aliphatic counterpart and its polar head is presented as well.

Structures taken from Ha et al (Ha Y, Stevens DJ, Skehel JJ, Wiley DC (2002) HS avian;

Figure 3 shows a sequence of an alfalfa plastocyanin-based expression cassette used for
the expression of H1 in accordance with an embodiment of the present invention (SEQ ID
NO:8). Protein disulfide isomerase (PDI) signal peptide is underlined, Bglll (AGATCT)
and Sacl (GAGCTC) restriction sites used for cloning are shown in bold;

Figure 4 shows a representation of plasmid 660 assembled for the expression of wild-

type HA subtype H5 from A/Indonesia/5/05;

Figure 5 shows a representation of plasmid 680 assembled for the expression of

unglycosylated mutated HA subtype H5 from A/Indonesia/5/05;

Figure 6 shows antibody titers against Whole Inactivated Viruses (WIV) after first and
second dose. The reactivity of sera from rats immunized with either the wt VLP or the
triple mutant VLP (non-glycosylated) was assessed after the first (14 days) or the second

immunization (35 days). Inmunoreactivity was assessed against several HSN1 viruses;

Figure 7 represents hemagglutination-inhibition (HI) antibody titers after first and second
dose. HI titers from rats immunized with the wt or the triple mutant VLP (non-
glycosylated) were assessed 14 days after the first (Day 14) or the second (Day 35)

immunization. Immunoreactivity was assessed against several HSN1 viruses and one
HI1N1 virus;

Figure 8 represents the sequence listing for an Influenza HAQ;
Figure 9 represents the sequence listing for an Influenza HA protein subtype H2;
Figure 10 represents the sequence listing for an Influenza HA protein subtype H3;

Figure 11 represents the sequence listing for an Influenza HA protein subtype H4;

-13 -
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Figure 12 represents the sequence listing for an Influenza HA protein subtype HS;
Figure 13 represents the sequence listing for an Influenza HA protein subtype H6;
Figure 14 represents the sequence listing for an Influenza HA protein subtype H7,
Figure 15 represents the sequence listing for an Influenza HA protein subtype HS;
Figure 16 represents the sequence listing for an Influenza HA protein subtype H9;
Figure 17 represents the sequence listing for an Influenza HA protein subtype H10;
Figure 18 represents the sequence listing for an Influenza HA protein subtype H11;
Figure 19 represents the sequence listing for an Influenza HA protein subtype H12;
Figure 20 represents the sequence listing for an Influenza HA protein subtype H13;
Figure 21 represents the sequence listing for an Influenza HA protein subtype H14;
Figure 22 represents the sequence listing for an Influenza HA protein subtype H15;
Figure 23 represents the sequence listing for an Influenza HA protein subtype H16;

Figure 24 represents the sequence listing for the 660 pCAMBIA expression vector

containing the complete wild type H5 sequence;
Figure 25 A-J represent the sequence listings of primers used for PCR amplification;

Figure 26 represents the sequence listing for the fragment produced, containing the
complete HS coding region including the native signal peptide flanked by a HindIII site
immediately upstream of the initial ATG, and a Sacl site immediately downstream of the

stop (TAA) codon;

Figure 27 represents the sequence listing for the fragment produced, containing the
complete H5 coding region modified to remove all three glycosylation sites, including the
native signal peptide flanked by a HindIII site immediately upstream of the initial ATG,

and a Sacl site immediately downstream of the stop (TAA) codon;

Figure 28 A-D represent the sequence listings for primers for PCR amplification.

-14 -
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Figure 29 represent amino acid sequence of mature HS from strain A/Vietnam/1 194/04;

and

Figure 30A-B represent the nucleic acid and amino acid sequences respectively of mature
HA from strain B / Florida/4/2006.

DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS
[0055] The present invention relates to the production of virus-like particles (VLP).
More particularly, the present invention is directed to the production of virus-like

particles comprising influenza antigens.

[0056] The following description is of a particular embodiment.

1- HA protein

[0057] As used herein, a "protein” refers generally to a string of amino acids connected
by a peptide bond, which may be folded into secondary, tertiary or quaternary structure to
achieve a particular morphology. Alternatively, the terms polypeptide, peptide or peptide

fragments may be used in a similar context.

[0058] The term “hemagglutinin domain” refers to a peptide comprising either the HAQ
precursor polypeptide, or the HA1 and HA2 domains, The hemagglutinin domain does
not include the signal peptide, transmembrane domain, or the cytoplasmic tail found in

the naturally occurring protein.

[0059] With reference to influenza virus, the term “hemagglutinin” or “HA™ as used
herein refers to a glycoprotein found on the outside of influenza viral particles. HA is a
homotrimeric membrane type I glycoprotein, generally comprising a signal peptide, an
HA1 domain, and an HA2 domain comprising a membrane-spanning anchor site at the C-
terminus and a small cytoplasmic tail (Figure 1B). Nucleotide sequences encoding HA
are well known and are available — see, for example, the BioDefence Public Health base
(Influenza Virus; see URL: biohealthbase.org) or National Center for Biotechnology
Information (see URL: ncbi.nim.nih.gov), both of which are incorporated herein by

reference,

-15-

DOCSQUE: 7726341



10

15

20

25

30

WO 2010/006452 PCT/CA2009/001040

Structural information on the influenza HAs

[0060] The HA monomer can be subdivided in 2 distinct functional domains, the globular
head domain and the stem domain. The correspondence of these domains between the
primary sequence and the structure of HA is illustrated at Figures 1B and 2. The stem
domain is involved in infectivity and pathogenicity of the virus via the extraordinary
conformational change it can perform at acidic pH. It is further described as 4
subdomains, the fusion peptide (hydrophobic stretch of 26 amino acids responsible for
fusion with the host membrane in the low-pH conformational state); the stem domain
itself (that can accommodate 2 extremely different conformations), the transmembrane
domain (TmD) (determine the affinity of HA for lipid rafts) the cytoplasmic tail {Ctail) (is
involved in secretion of HA). The globular head is divided in 2 subdomains, the receptor
binding (RB) domain and the vestigial esterase domain (E). The esterase subdomain is
rather buried from the surface of the protein and therefore the majority of antibodies
raised against HA binds to the receptor binding domain (represented by the uppermost

part of the head in Figure 2).

[0061] The term “homotrimer” or “homotrimeric” indicates that an cligomer is formed by
three HA protein molecules. HA protein is synthesized as a 75 kDa monomeric precursor
protein (HAO), which assembles at the surface into an elongated trimeric protein. For
highly pathogenic avian strains, the precursor protein is cleaved intracellularly at a
conserved activation cleavage site (also referred to as fusion peptide) into 2 polypeptide
chains, HA1 (328 amino acids) and HA2 (221 amino acids; comprising the
transmembrane region), linked by a disulfide bond before trimerization occurs, Although
this step is central for virus infectivity, it is not essential for the trimerization of the
protein. For mammalian and apathogenic avian influenza virus strains, the precursor HAQ
is cleaved extracellularly by proteases secreted by cells of the respiratory tract of the host,
or by co-infecting bacteria or mycoplasma. Insertion of HA within the endoplasmic
reticulum (ER) membrane of the host cell, signal peptide cleavage and protein
glycosylation are co-translational events. Correct refolding of HA requires glycosylation
of the protein and formation of 6 intra-chain disulfide bonds. The HA trimer assembles

within the cis- and trans-Golgi complex, the transmembrane domain playing a role in the
- 16 -
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trimerization process. The crystal structures of bromelain-treated HA proteins, which
lack the transmembrane domain, have shown a highly conserved structure amongst
influenza strains. It has also been established that HA. undergoes major conformational
changes during the infection process, which requires the precursor HAO to be cleaved into
the 2 polypeptide chains HA1 and HA2. The HA protein may be processed (i.e., comprise

HAT and HA2 domains), or may be unprocessed (i.e. comprise the HA0 domain}.

[0062] The present invention pertains to the use of an HA protein comprising the
transmembrane domain and includes HA1 and HA2 domains, for example the HA protein

may be HAO, or processed HA comprising HAI and HA2.

[0063] The HA of the present invention may be obtained from any subtype. For
example, the HA may be of subtype H1, H2, H3, H4, HS, H6, H7, H8, H9, H10, H1 I,
H12, H13, H14, H15, or H16.

[0064] The present invention includes VLP’s comprising HA having modified N-glycans.
The recombinant HA of the present invention may also comprise an amino acid sequence
based on the sequence any hemagglutinin known in the art- see, for example, the
BioDefence Public Health base (Influenza Virus; see URL: biohealthbase.org) or
National Center for Biotechnology Information (see URL: ncbi.nlm.nih.gov) wherein the
native N-linked glycosylation sites have been removed/mutated/deleted/modified to

remove the sugar residues that mask the peptidic antigenic sites.

[0065] Furthermore, the HA may be based on the sequence of a hemagglutinin that is

isolated from one or more emerging or newly-identified influenza viruses.

[0066] Furthermore, VLPs may be produced that comprise a combination of HA
subtypes. For example, VLPs may comprise one or more than one HA from the subtype
H1, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, H16, 0r a
combination thereof. Selection of the combination of HAs may be determined by the
intended use of the vaccine prepared from the VLP. For example, a vaccine for use in
inoculating birds may comprise any combination of HA subtypes, while VLPs useful for
inoculating humans may comprise subtypes from one or more than one of subtypes H1,

H2, H3 or H5. However, other HA subtype combinations may be prepared depending
17 -
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upon the use of the VLP. In order to produce VLPs comprising combinations of HA

subtypes, the desired HA subtype may be co-expressed within the same cell, for example

a plant cell.

[0067] Particularly, VLPs produced as described herein do not comprise neuraminidase

(NA). However, NA may be co-expressed with HA should VLPs comprising HA and NA

be desired.

2- Flu subtypes

[0068] The invention includes all types of human influenza virus, including for example,
but not limited to the very prevalent A sub-types, and the less common B type, and C

type, and to HAs obtained from other influenza subtypes.

[0069] The present invention also includes VLPs that comprise HAs obtained from one
or more than one influenza subtype. For example, VLPs may comprise one or more than
one HA from the subtype H1 (encoded by SEQ ID NO:1), H2 (encoded by SEQ ID
NO:2), H3 (encoded by SEQ ID NO:3), H4 (encoded by SEQ ID NO:4), HS (encoded by
SEQ ID NO:5), H6 (encoded by SEQ ID NO:6), H7 (encoded by SEQ ID NO:7), H8
(encoded by SEQ ID NO:8), HS (encoded by SEQ ID NO:9), H10 (encoded by SEQ ID
NO:10), H11 (encoded by SEQ ID NO:11), H12 (encoded by SEQ ID NO:12), H13
(encoded by SEQ ID NO:13), H14 (encoded by SEQ ID NO:14), H15 (encoded by SEQ
ID NO:15), H16 (encoded by SEQ ID NO:16), or a combination thereof. One or more
that one HA from the one or more than one influenza subtypes may be co-expressed
within a plant or insect cell to ensure that the synthesis of the one or more than one HA
results in the formation of VLPs comprising a combination of HAs obtained from one or
more than one influenza subtype. Selection of the combination of HAs may be
determined by the intended use of the vaccine prepared from the VLP. For example a
vaccine for use in inoculating humans may comprise any combination of HA subtypes,
particularly, one or more than one of subtypes H1, H2, H3, H5, H7, H9, H10, N1, N2, N3
and N7. Particularly, H1, H2, H3, HS.

-18 -
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[0070] However, other HA subtype combinations may be prepared depending upon the

use of the inoculum.

3- Method of production

[0071] Furthermore, the present invention provides a method of producing virus like
particles (VLPs) in a host. Therefore, the invention provides for VLPs, and a method for
producing viral VLPs in a host expression system, from the expression of a single
envelope protein, The method involves introducing a nucleic acid encoding an antigen
operatively linked to a regulatory region active in the host or a portion thereof, and
incubating the host or a portion of the host under conditions that permit the expression of

the nucleic acid, thereby producing the VLPs.

[0072] The regulatory elements of the present invention may also be combined with
coding region of interest for expression within a range of host organisms that are
amenable to transformation, or transient expression, such as particularly plant, insect or

yeast.

[0073] Particularly, such organism are plants, both monocots and dicots, for example but
not limited to corn, cereal plants, wheat, barley, oat, Nicotiana spp, Brassica spp,

soybean, bean, pea, alfalfa, potato, tomato, ginseng, and Arabidopsis.

[0074] Methods for stable transformation, and regeneration of these organisms are
established in the art and known to one of skill in the art. The methods of obtaining

transformed and regenerated plants are also well known in the art.

[0075] By “transformation” it is meant the stable interspecific transfer of genetic
information (nucleotide sequence) that is manifested genotypically, phenotypically or
both. The interspecific transfer of genetic information from a chimeric construct to a host
may be heritable and the transfer of genetic information considered stable, or the transfer

may be transient and the transfer of genetic information is not inheritable.

[0076] Transient expression methods may be used to express the constructs of the present

invention (see Liu and Lomonassoff, 2002, Journal of Virological Methods, 105:343-348;
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which is incorporated herein by reference). Alternatively, a vacuum-based transient
expression method, as described by Kapila ez al. 1997 (incorporated herein by reference)
may be used. These methods may include, for example, but are not limited to, a method
of Agro-inoculation or Agro-infiltration, however, other transient methods may also be
used as noted above. With either Agro-inoculation or Agro-infiltration, a mixture of
Agrobacteria comprising the desired nucleic acid enter the intercellular spaces of a tissue,
for example the leaves, aerial portion of the plant (including stem, leaves and flower),
other portion of the plant (stem, root, flower), or the whole plant. After crossing the
epidermis, the Agrobacterium infect and transfer t-DNA copies into the cells. The t-DNA
is episomally transcribed and the mRNA translated, leading to the production of the
protein of interest in infected cells, however, the passage of t-DNA inside the nucleus is

transient.

4- Host organism
[0077] The VLPs of the present invention may be produced in a host cell that is

characterized by lacking the ability to sialylate proteins, for example lacking sialidase,
such as a plant cell, an insect cell, fungi, and other organisms including sponge,
coelenterara, annelida, arthoropoda, mellusca, nemathelminthea, trochelmintes,
plathelminthes, chaetognatha, tentaculate, chlamydia, spirochetes, gram-positive bacteria,
cyanobacteria, archaebacteria, as identified in glycoforum (see, for example, the URL:

glycoforum.gr.jp/science/word/evolution/ES-A03E.html).

[0078] The VLPs produced as described herein do not typically comprise neuraminidase
(NA). However, NA may be co-expressed with HA should VLPs comprising HA and NA

be desired.

[0079] Particularly, the VLPs of the present invention may be produced in plant cells, a

whole plant or portions thereof such as leaf, seeds, or any other plant matter.

[0080] By the term "plant matter", it is meant any material derived from a plant. Plant
matter may comprise an entire plant, tissue, cells, or any fraction thereof. Further, plant

matter may comprise intracellular plant components, extracellular plant components,
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liquid or solid extracts of plants, or a combination thereof. Further, plant matter may
comprise plants, plant cells, tissue, a liquid extract, or a combination thereof, from plant
leaves, stems, flowers, fruit, roots or a combination therecf. Plant matter may comprise a
plant or portion thereof which has not been subjected to any processing steps. However,
it is also contemplated that the plant material may be subjected to minimal processing
steps as defined below, or more rigorous processing, including partial or substantial
protein purification using techniques commonly known within the art including, but not

limited to chromatography, electrophoresis and the like.

[0081] By the term "minimal processing" it is meant plant matter, for example, a plant or
portion thereof comprising a protein of interest which is partially purified to yield a plant
extract, homogenate, fraction of plant homogenate or the like (i.e. minimally processed).
Partial purification may comprise, but is not limited to disrupting plant cellular structures
thereby creating a composition comprising soluble plant components, and insoluble plant
components which may be separated for cxample, but not limited to, by centrifugation,
filtration or a combination thereof. In this regard, proteins secreted within the
extracellular space of leaf or other tissues could be readily obtained using vacuum or
centrifugal extraction, or tissues could be extracted under pressure by passage through
rollers or grinding or the like to squeeze or liberate the protein free from within the
extracellular space. Minimal processing could also involve preparation of crude extracts
of soluble proteins, since these preparations would have negligible contamination from
secondary plant products, Further, minimal processing may involve aqueous extraction of
soluble protein from leaves, followed by precipitation with any suitable salt. Other
methods may include large scale maceration and juice extraction in order to permit the

direct use of the extract.

[0082] The plant matter, in the form of plant material or tissue may be orally delivered to
a subject. The plant matter may be administered as part of a dietary supplement, along
with other foods, or encapsulated. The plant matter or tissue may also be concentrated to
improve or increase palatability, or provided along with other materials, ingredients, or

pharmaceutical excipients, as required.
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[0083] Also considered part of this invention are transgenic plants, plant cells or seeds
containing the chimeric gene construct of the present invention. Methods of regenerating
whole plants from plant cells are also known in the art. In general, transformed plant
cells are cultured in an appropriate medium, which may contain selective agents such as
antibiotics, where selectable markers are used to facilitate identification of transformed
plant cells. Once callus forms, shoot formation can be encouraged by employing the
appropriate plant hormones in accordance with known methods and the shoots transferred
to rooting medium for regeneration of plants. The plants may then be used to establish
repetitive generations, either from seeds or using vegetative propagation techniques.

Transgenic plants can also be generated without using tissue cultures.

[0084] Also considered part of this invention are transgenic plants, trees, yeast, bacteria,
fungi, insect and animal cells containing the chimeric gene construct comprising a nucleic
acid encoding recombinant HAQ for VLP production, in accordance with the present

invention.

[0085] Tt is contemplated that a plant comprising the protein of interest, or expressing the
VLP comprising the protein of interest may be administered to a subject or target
organism, in a variety of ways depending upon the need and the situation. For example,
the protein of interest obtained from the plant may be extracted prior to its use in either a
crude, partially purified, or purified form. If the protein is to be purified, then it may be
produced in either edible or non-edible plants, Furthermore, if the protein is orally
administered, the plant tissue may be harvested and directly feed to the subject, or the
harvested tissue may be dried prior to feeding, or an animal may be permitted to graze on
the plant with no prior harvest taking place. It is also considered within the scope of this
invention for the harvested plant tissues to be provided as a food supplement within
animal feed. If the plant tissue is being feed to an animal with little or not further

processing it is preferred that the plant tissue being administered is edible.

[0086] Post-transcriptional gene silencing (PTGS) may be involved in limiting
expression of transgenes in plants, and co-expression of a suppressor of silencing from

the pofato virus Y (HcPro) may be used to counteract the specific degradation of
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transgene mRNAs (Brigneti ef al., 1998). Alternate suppressors of silencing are well
known in the art and may be used as described herein (Chiba et al., 2006, Virology 346:7-
14; which is incorporated herein by reference), for example but not limited to, TEV -
p1/HC-Pro (Tobacco etch virus-pl/HC-Pro), BYV -p21, p19 of Tomato bushy stunt virus
(TBSV pl9), capsid protein of Tomato crinkle virus (TCV -CP), 2b of Cucumber mosaic
virus; CMV-2b), p25 of Potato virus X (PVX-p25), p11 of Potato virus M (PVM-p11),
p11 of Potato virus S (PVS-p11), p16 of Blueberry scorch virus, (BScV —p16), p23 of
Citrus tristexa virus (CTV-p23), p24 of Grapevine leafroll-associated virus-2, (GLRaV-2
p24), p10 of Grapevine virus A, (GVA-p10), p14 of Grapevine virus B (GVB-pl4), p10
of Heracleum latent virus (HLV-p10), or p16 of Garlic common latent virus (GCLV-p16).
Therefore, a suppressor of silencing, for example, but not limited to, HcPro, TEV -
p1/HC-Pro, BYV-p21, TBSV p19, TCV-CP, CMV-2b, PVX-p25, PVM-pl1, PVS-pl1,
BScV-pl6, CTV-p23, GLRaV-2 p24, GBV-p14, HLV-p10, GCLV-p16 or GVA-p10,
may be co-expressed along with the nucleic acid sequence encoding the protein of interest

to further ensure high levels of protein production within a plant.

[0087] VLPs of enveloped viruses generally acquire their envelope from the membrane
they bud through. Plant plasma membranes have a phytosterol complement that may
have immunostimulatory effects. To investigate this possibility, plant-made HS VLPs
were administered to animals in the presence of an adjuvant, and the HAI

(hemagglutination inhibition antibody response) determined (Figure 7).

[0088] The production of VLPs in plants presents several advantages over the production
of these particles in insect cell culture. Plant lipids can stimulate specific immune cells
and enhance the immune response induced. Plant membranes are made of lipids,
phosphatidylcholine (PC) and phosphatidylethanolamine (PE), and also contain
glycosphingolipids that are unique to plants and some bacteria and protozoa.
Sphingolipids are unusual in that they are not esters of glycerol like PC or PE but rather
consist of a long chain amino alcohol that forms an amide linkage to a fatty acid chain
containing more than 18 carbons. PC and PE as well as glycosphingolipids can bind to
CD1 molecules expressed by mammalian immune cells such as antigen-presenting cells

(APCs) like dentritic cells and macrophages and other cells including B and T
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lymphocytes in the thymus and liver (Tsuji M,. 2006). Furthermore, in addition to the
potential adjuvant effect of the presence of plant lipids, the ability of plant N-glycans to
facilitate the capture of glycoprotein antigens by antigen presenting cells (Saint-Jore-

Dupas, 2007), may be advantageous of the production of VLPs in plants,

[0089] Without wishing to be bound by theory, it is anticipated that plant-made VLPs
will induce a stronger immune reaction than VLPs made in other
production/manufacturing systems and that the immune reaction induced by these plant-
made VLPs will be stronger when compared to the immune reaction induced by live or

attenuated whole virus vaccines.

[0090] Contrary to vaccines made of whole viruses, VLPs provide the advantage as they
are non-infectious, thus restrictive biological containment is not as significant an issue as
it would be working with a whole, infectious virus, and is not required for production.
Plant-made VLPs provide a further advantage again by allowing the expression system to
be grown in a greenhouse or field, thus being significantly more economical and suitable

for scale-up.

[0091] Additionally, plants do not comprise the enzymes involved in synthesizing and
adding sialic acid residues to proteins. VLPs may be produced in the absence of
neuraminidase (NA), and there is no need to co-express NA, or to treat the producing

cells or extract with sialidase (nevuraminidase), to ensure VLP production in plants.

[0092] Particularly, the VLPs produced in accordance with the present invention do not
comprise M1 protein which is known to bind RNA. RNA is a contaminant of the VLP
preparation and is undesired when obtaining regulatory approval for the VLP product for

use as a human vaccine.

5- nucleic acids

[0093] The present invention provides a nucleic acid comprising a nucleotide sequence
encoding an influenza virus hemagglutinin (HA) antigen, operatively linked to a

regulatory region active in a non-sialylating host organism.
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[0094] The present invention describes, but is not limited to, the cloning of a nucleic acid
encoding HA, for example but not limited to, 2 human influenza A virus HA into a host
expression vector, and the production of influenza VLPs from the host, suitable for
vaccine production. The VLPs may also be used to produce reagents comprised of
recombinant influenza structural proteins that self-assemble into functional and
immunogenic homotypic macromolecular protein structures, including subviral influenza

particles and influenza VLP, in transformed hosts cells, for example plant cells or insect

cells.

[0095] The present invention also includes nucleotide sequences H1 (encoded by SEQ ID
NO:1}, H2 (encoded by SEQ ID NO:2), H3 (encoded by SEQ ID NO:3), H4 (encoded by
SEQ ID NO:4)}, HS (encoded by SEQ ID NO:5), H6 (encoded by SEQ ID NO:6), H7
(encoded by SEQ ID NO:7), H8 (encoded by SEQ ID NO:R), H9 (encoded by SEQ ID
NOQ:9), H10 (encoded by SEQ ID NO:10), H11 (encoded by SEQ ID NO:11), H12
{encoded by SEQ ID NO:12), H13 (encoded by SEQ ID NO:13), H14 (encoded by SEQ
ID NG:14), H15 (encoded by SEQ ID NO:15), and H16 (encoded by SEQ ID NO:16).

[0096] Particularly, the present invention includes nucleotide sequences SEQ ID NO:1;
SEQ ID NO:5; SEQ ID NO:7 encoding HA from H1, H5 or H7 respectively; a nucleotide
sequence SEQ ID NO:1; SEQ ID NO:5; SEQ ID NO:7, that hybridizes under stringent
hybridisation conditions to a nucleic acid that encodes the HA from H1, H5 or H7,
respectively; or a nucleotide sequence SEQ ID NO:1; SEQ ID NO:5; SEQ ID NO:7, that
hybridizes under stringent hybridization conditions to a complement of a nucleic acid
encoding the HA from H1, H5 or H7 respectively; wherein the nucleotide sequence
encodes a hemagglutinin protein that when expressed forms a VLP, and that the VLP
induces the production of an antibody. For example, expression of the nucleotide
sequence within a host cell forms a VLP, and the VLP may be used to produce an
antibody that is capable of binding HA, including mature HA, HAOQ, HA1, or HA2. The

VLP, when administered to a subject, induces an immune response.

[0097] Hybridization under stringent hybridization conditions are known in the art (see

for example Current Protocols in Molecular Biology, Ausubel et al., eds. 1995 and
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supplements; Maniatis ef al., in Molecular Cloning (A Laboratory Manual), Cold Spring
Harbor Laboratory, 1982; Sambrook and Russell, in Molecular Cloning: A Laboratory
Manual, 3rd edition 2001; each of which is incorporated herein by reference). An
example of one such stringent hybridization conditions may be about 16-20 hours
hybridization in 4 X SSC at 65°C, followed by washing in 0.1 X SSC at 65°C for an hour,
or 2 washes in 0.1 X S8C at 65°C each for 20 or 30 minutes. Alternatively, an exemplary
stringent hybridization condition could be overnight (16-20 hours) in 50% formamide, 4
X SSC at 42°C, followed by washing in 0.1 X SSC at 65°C for an hour, or 2 washes in 0.1
X S8C at 65°C each for 20 or 30 minutes, or overnight (16-20 hours), or hybridization in
Church aqueous phosphate buffer (7% SDS; 0.5M NaPO4 buffer pH 7.2; 10 mM EDTA)
at 65°C, with 2 washes either at 50°C in 0.1 X SSC, 0.1% SDS for 20 or 30 minutes each,
or 2 washes at 65°C in 2 X S8C, 0.1% SDS for 20 or 30 minutes each.

[0098] Additionally, the present invention includes nucleotide sequences that are
characterized as having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99,
100% or any amount therebetween, sequence identity, or sequence similarity, with the
nucleotide sequence encoding HA from H1 (SEQ ID NO:1), H5 (SEQ ID NO:5) or H7
(SEQ ID NO:7), wherein the nucleotide sequence encodes a hemagglutinin protein that
when expressed forms a VLP, and that the VLP induces the production of an antibody.
For example, expression of the nucleotide sequence within a plant cell forms a VLP, and
the VLP may be used to produce an antibody that is capable of binding HA, including
mature HA, HAQ, HA1, or HAZ2. The VLP, when administered to a subject, induces an

immune response.

[0099] Sequence identity or sequence similarity may be determined using a nucleotide
sequence comparison program, such as that provided within DNASIS (for example,
using, but not limited to, the following parameters: GAP penalty 5, #of top diagonals 5,
fixed GAP penalty 10, k-tuple 2, floating gap 10, and window size 5). However, other
methods of alignment of sequences for comparison are well-known in the art for example
the algorithms of Smith & Waterman (1981, Adv. Appl. Math. 2:482), Needleman &
Wunsch (J. Mol. Biol. 48:443, 1970), Pearson & Lipman (1988, Proc. Nat'l. Acad. Sci.
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USA 85:2444), and by computerized implementations of these algorithms (e.g. GAP,
BESTFIT, FASTA, and BLAST)., or by manual alignment and visual inspection.

[00100] Therefore, the present invention further includes a suitable vector comprising
the chimeric construct suitable for use with either stable or transient expression systemns.
The genetic information may be also provided within one or more than one construct,
For example, a nucleotide sequence encoding a protein of interest may be introduced in
one construct, and a second nucleotide sequence encoding a protein that modifies
glycosylation of the protein of interest may be introduced using a separate construct,
These nucleotide sequences may then be co-expressed within a host. However, a
construct comprising a nucleotide sequence encoding both the protein of interest and the
protein that modifies glycosylation profile of the protein of interest may also be used. In
this case the nucleotide sequence would comprise a first sequence comprising a first
nucleic acid sequence encoding the protein of interest operatively linked to a promoter or
regulatory region, and a second sequence comprising a second nucleic acid sequence
encoding the protein that modifies the glycosylation profile of the protein of interest, the

second sequence operatively linked to a promoter or regulatory region.

[00101] By “co-expressed” it is meant that two, or more than two, nucleotide sequences
are expressed at about the same time within the host, and within the same tissue of the
host. However, the nucleotide sequences need not be expressed at exactly the same time.
Rather, the two or more nucleotide sequences are expressed in a manner such that the
encoded products have a chance to interact. For example, the protein that modifies
glycosylation of the protein of interest may be expressed either before or during the
period when the protein of interest is expressed so that modification of the glycosylation
of the protein of interest takes place. The two or more than two nucleotide sequences can
be co-expressed using a transient expression system, where the two or more sequences are
introduced within the host at about the same time under conditions that both sequences
are expressed. Altematively, a platform host comprising one of the nucleotide sequences,
for example the sequence encoding the protein that modifies the glycosylation profile of
the protein of interest, may be transformed, either transiently or in a stable manner, with

an additional sequence encoding the protein of interest. In this case, the sequence

27

DOCSQUE: 772634\



10

15

20

25

30

WO 2010/006452 PCT/CAZ2009/001040

encoding the protein that modifies the glycosylation profile of the protein of interest may
be expressed within a desired tissue, during a desired stage of development, or its
expression may be induced using an inducible promoter, and the additional sequence
encoding the protein of interest may be expressed under similar conditions and in the

same tissue, to ensure that the nucleotide sequences are co-expressed.

[00102] The constructs of the present invention can be introduced into plant cells using
Ti plasmids, Ri plasmids, plant virus vectors, direct DNA transformation, micro-
injection, electroporation, etc. For reviews of such techniques see for example
Weissbach and Weissbach, Methods for Plant Molecular Biology, Academy Press, New
York VII, pp. 421-463 (1988); Geierson and Corey, Plant Molecular Biology, 2d Ed.
(1988); and Miki and lyer, Fundamentals of Gene Transfer in Plants. In Plant
Metabolism, 2d Ed. DT. Dennis, DH Turpin, DD Lefebvre, DB Layzell (eds), Addison
Wesly, Langmans Ltd. London, pp. 561-579 (1997). Other methods include direct DNA
uptake, the use of liposomes, electroporation, for example using protoplasts, micro-
injection, microprojectiles or whiskers, and vacuum infiltration. See, for example,
Bilang, er al. (Gene 100: 247-250 (1991), Scheid et al. (Mol. Gen. Genet. 228: 104-112,
1991), Guerche et al. (Plant Science 52: 111-116, 1987), Neuhause ef al. (Theor. Appl
Genet. 75: 30-36, 1987), Klein et al., Nature 327: 70-73 (1987); Howell et al. (Science
208: 1265, 1980), Horsch et al. (Science 227: 1229-1231, 1985), DeBlock ef al., Plant
Physiology 91: 694-701, 1989), Methods for Plant Molecular Biology (Weissbach and
Weissbach, eds., Academic Press Inc., 1988), Methods in Plant Molecular Biology
{Schuler and Zielinski, eds., Academic Press Inc., 1989), Liu and Lomonossoff (J. Virol
Meth, 105:343-348, 2002,), U.S. Pat. Nos. 4,945,050; 5,036,006; and 5,100,792, U.S.
patent application Ser. Nos. 08/438,666, filed May 10, 1995, and 07/951,715, filed Sep.
25, 1992, (all of which are hereby incorporated by reference).

37 L

[00103] By “regulatory region” “regulatory element” or “promoter’ it is meant a portion
of nucleic acid typically, but not always, upstream of the protein coding region of a gene,
which may be comprised of either DNA or RNA, or both DNA and RNA. When a
regulatory region is active, and in operative association, or operatively linked, with a gene

of interest, this may result in expression of the gene of interest. A regulatory element

-28 -

DOCSQUE: 772634\



10

15

25

30

WO 2014/006452 PCT/CA2009/001040

may be capable of mediating organ specificity, or controlling developmental or temporal
gene activation. A “regulatory region” includes promoter elements, core promoter
elements exhibiting a basal promoter activity, elements that are inducible in response to
an external stimulus, elements that mediate promoter activity such as negative regulatory
elements or transcriptional enhancers. “Regulatory region”, as used herein, also includes
elements that are active following transcription, for example, regulatory elements that
modulate gene expression such as translational and transcriptional enhancers,
translational and transcriptional repressors, upstream activating sequences, and mRNA
instability determinants. Several of these latter elements may be located proximal to the

coding region.

[00104] In the context of this disclosure, the term "regulatory element” or “regulatory
region” typically refers to a sequence of DNA, usually, but not always, upstream (5%} to
the coding sequence of a structural gene, which controls the expression of the coding
region by providing the recognition for RNA polymerase and/or other factors required for
transcription to start at a particular site. However, it is to be understood that other
nucleotide sequences, located within introns, or 3' of the sequence may also contribute to
the regulation of expression of a coding region of interest. An example of a regulatory
element that provides for the recognition for RNA polymerase or other transcriptional
factors to ensure initiation at a particular site is a promoter element. Most, but not all,
eukaryotic promoter elements contain a TATA box, a conserved nucleic acid sequence
comprised of adenosine and thymidine nucleotide base pairs usually situated
approximately 25 base pairs upstream of a transcriptional start site. A promoter element
comprises a basal promoter element, responsible for the initiation of transcription, as well

as other regulatory elements (as listed above) that modify gene expression.

[00105] There are several types of regulatory regions, including those that are
developmentally regulated, inducible or constitutive. A regulatory region that is
developmentally regulated, or controls the differential expression of a gene under its
control, is activated within certain organs or tissues of an organ at specific times during
the development of that organ or tissue. However, some regulatory regions that are

developmentally regulated may preferentially be active within certain organs or tissues at
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specific developmental stages, they may also be active in a developmentally regulated
manner, or at a basal level in other organs or tissues within the plant as well. Examples
of tissue-specific regulatory regions, for example see-specific a regulatory region, include
the napin promoter, and the cruciferin promoter (Rask ez al., 1998, J. Plant Physiol. 152:
595-599; Bilodeau et al., 1994, Plant Cell 14: 125-130). An example of a leaf-specific
promoter includes the plastocyanin promoter (Figure 3; US 7,125,978, which is

incorporated herein by reference).

[00106] An inducible regulatory region is one that is capable of directly or indirectly
activating transcription of one or more DNA sequences or genes in response to an
inducer. In the absence of an inducer the DNA sequences or genes will not be
transcribed. Typically the protein factor that binds specifically to an inducible regulatory
region to activate transcription may be present in an inactive form, which is then directly
or indirectly converted to the active form by the inducer. However, the protein factor
may also be absent. The inducer can be a chemical agent such as a protein, metabolite,
growth regulator, herbicide or phenolic compound or a physiological stress imposed
directly by heat, cold, salt, or toxic elements or indirectly through the action of a pathogen
or disease agent such as a virus. A plant cell containing an inducible regulatory region
may be exposed to an inducer by externally applying the inducer to the cell or plant such
as by spraying, watering, heating or similar methods. Inducible regulatory elements may
be derived from either plant or non-plant genes (e.g. Gatz, C. and Lenk, LR.P., 1998,
Trends Plant Sci. 3, 352-358; which is incorporated by reference). Examples, of potential
inducible promoters include, but not limited to, tetracycline-inducible promoter (Gatz,
C.,1997, Ann. Rev. Plant Physiol. Plant Mol. Biol. 48, 89-108; which is incorporated by
reference), steroid inducible promoter (Aoyama, T. and Chua, N.H.,1997, PlantJ. 2, 397-
404; which is incorporated by reference) and ethanol-inducible promoter (Salter, M.G., et
al, 1998, Plant Journal 16, 127-132; Caddick, M.X., et al,1998, Nature Biotech. 16, 177-
180, which are incorporated by reference) cytokinin inducible IB6 and CKI1 genes
(Brandstatter, [. and Kieber, 1.1.,1998, Plant Celi 10, 1009-1019; Kakimoto, T., 1996,

Science 274, 982-985; which are incorporated by reference) and the auxin inducible
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clement, DRS (Ulmasov, T., ef al,, 1997, Plant Cell 9, 1963-1971; which is incorporated

by reference).

[00107] A constitutive regulatory region directs the expression of a gene throughout the
various parts of 4 plant and continuously throughout plant development. Examples of
known constitutive regulatory elements include promoters associated with the CaMV 358
transcript. (Odell et al., 1985, Nature, 313: 810-812), the rice actin 1 (Zhang et al, 1991,
Plant Cell, 3: 1155-1165), actin 2 (An et al., 1996, Plant J., 10: 107-121), or tms 2 (U.S.
5,428,147, which is incorporated herein by reference), and triosephosphate isomerase 1
(Xu et. al., 1994, Plant Physiol. 106: 459-467) genes, the maize ubiquitin 1 gene (Comnejo
et al, 1993, Plant Mol. Biol. 29: 637-646), the Arabidopsis ubiquitin 1 and 6 genes
(Holtorf et al, 1995, Plant Mol. Biol. 29: 637-646), and the tobacco translational initiation
factor 4A gene (Mandel et al, 1995 Plant Mol. Biol. 29: 995-1004). The term
"constitutive” as used herein does not necessarily indicate that a gene under control of the
constitutive regulatory region is expressed at the same level in all cell types, but that the
gene is expressed in a wide range of cell types even though variation in abundance is

often observed.

[00108] By "operatively linked" it is meant that the particular sequences, for example a
regulatory element and a coding region of interest, interact either directly or indirectly to
carry out an intended function, such as mediation or modulation of gene expreésion. The
interaction of operatively linked sequences may, for example, be mediated by proteins

that interact with the operatively linked sequences.

[00109] The one or more than one nucleotide sequence of the present invention may be
expressed in any suitable plant host that is transformed by the nucleotide sequence, or
constructs, or vectors of the present invention. Examples of suitable hosts include, but are
not limited to, agricultural crops including alfalfa, canola, Brassica spp., maize, Nicotiana
spp., alfalfa, potato, ginseng, pea, oat, rice, soybean, wheat, barley, sunflower, cotton and
the like.

[00110] The one or more chimeric genetic constructs of the present invention can further

comprise a 3’ untranslated region. A 3’ untranslated region refers to that portion of a
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gene comprising a DNA segment that contains a polyadenylation signal and any other
regulatory signals capable of effecting mRNA processing or gene expression. The
polyadenylation signal is usually characterized by effecting the addition of polyadenylic
acid tracks to the 3’ end of the mRNA precursor. Polyadenylation signals are commonly
recognized by the presence of homology to the canonical form 5> AATAAA-3’ although
variations are not uncommon. One or more of the chimeric genetic constructs of the
present invention can also include further enhancers, either translation or transcription
enhancers, as may be required. These enhancer regions are well known to persons skilled
in the art, and can include the ATG initiation codon and adjacent sequences. The
initiation codon must be in phase with the reading frame of the coding sequence to ensure

translation of the entire sequence.

[00111] Non-limiting examples of suitable 3’ regions are the 3’ transcribed non-
translated regions containing a polyadenylation signal of Agrobacterium tumor inducing
(T1) plasmid genes, such as the nopaline synthase (Nos gene) and plant genes such as the
soybean storage protein genes, the small subunit of the ribulose-1, 5-bisphosphate
carboxylase (ssRUBISCO; US 4,962,028; which is incorporated herein by reference)
gene, the promoter used in regulating plastocyanin expression (Pwee and Gray 1993;
which is incorporated herein by reference). An example of a plastocyanin promoter is

described in US 7,125,978 (which is incorporated herein by reference)

[00112] As described herein, promoters comprising enhancer sequences with
demonstrated efficiency in leaf expression, have been found to be effective in transient
expression. Without wishing to be bound by theory, attachment of upstream regulatory
elements of a photosynthetic gene by attachment to the nuclear matrix may mediate
strong expression. For example up to -784 from the translation start site of the pea

plastocyanin gene may be used mediate strong reporter gene expression.

[00113] The use of a regulatory region from a photosynthetic gene, for example but not
limited to a plastocyanin regulatory region (US 7,125,978; which is incorporated herein
by reference), or a regulatory region obtained from Ribulose 1,5-bisphosphate
carboxylase/oxygenase (RuBisCO; US 4,962,028; which is incorporated herein by
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reference), chlorophyll a/b binding protein (CAB; Leutwiler et a; 1986; which is
incorporated herein by reference), ST-LS1 (associated with the oxygen-evolving complex
of photosystem II, Stockhaus et al.1989; which is incorporated herein by reference) may

be used in accordance with the present invention.

[00114] To aid in identification of transformed plant cells, the constructs of this
invention may be further manipulated to include plant selectable markers. Useful
selectabie markers inciude enzymes that provide for resistance to chemicals such as an
antibiotic for example, gentamycin, hygromycin, kanamycin, or herbicides such as
phosphinothrycin, glyphosate, chlorosulfuron, and the like. Similarly, enzymes providing
for production of a compound identifiable by colour change such as GUS

{(beta-glucuronidase), or luminescence, such as luciferase or GFP, may be used.

[00115] The resulting cDNA copies of these genes may be cloned in a suitable
expression vector as required by the host expression system. Examples of appropriate
expression vectors for plants are described below, alternatively, baculovirus expression
vector, for example, pFastBacl (InVitrogen), resulting in pFastBacl-based plasmids, using
known methods, and information provided by the manufacturer’s instructions nay be

used.

[00116] The present invention is further directed to a gene construct comprising a
nucleic acid encoding HA, as described above, operatively linked to a regulatory element
that is operative in a plant. Examples of regulatory elements operative in a plant cell and
that may be used in accordance with the present invention include but are not limited to a
plastocyanin regulatory region (US 7,125,978; which is incorporated herein by reference),
or a regulatory region obtained from Ribulose 1,5-bisphosphate carboxylase/oxygenase
(RuBisCO; US 4,962,028; which is incorporated herein by reference), chlorophyll a/b
binding protein (CAB; Leutwiler et al; 1986; which is incorporated herein by reference),
ST-LS1 (associated with the oxygen-evolving complex of photosystem II, Stockhaus er
al.1989; which is incorporated herein by reference). If the construct is expressed in an
insect cell, examples of regulatory elements operative in an insect cell include but are not

limited to the polyhedron promoter, the gp64 promoter and the like.
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[00117] The present invention further provides the cloning of a nucleic acid encoding an
HA, for example but not limited to, human influenza A/Indonesia/5/05 virus HA (H5N1)
into a plant, yeast or insect expression vector (e.g. baculovirus expression vector) and
production of influenza vaccine candidates or reagents comprised of recombinant
influenza structural proteins that self-assemble into functional and immunogenic
homotypic macromolecular protein structures, including subviral influenza particles and

influenza VLP, in transformed plant cells or transformed insect cells.

[00118] The nucleic acid encoding the HA, for example but not limited to, a human
influenza A/New Caledonia/20/99 (HIN1) virus HA, or the human influenza
A/Indonesia/5/05 virus HA gene may be expressed, for example, using a Baculovirus
Expression System in an appropriate cell line, for example, Spodoptera frugiperda cells

(e.g. S£9 cell line; ATCC PTA-4047). Other insect cell lines may also be used.

[00119] The nucleic acid encoding the HA may, alternately, be expressed in a plant cell,
or in a plant. The nucleic acid encoding HA may be synthesized by reverse transcription
and polymerase chain reaction (PCR) using HA RNA. As an example, the RNA may be
isolated from human influenza A/New Caledonia/20/99 (H1N1) virus or human influenza
A/Indonesia/5/05 (H5N1) virus, or from cells infected with an influenza virus. For
reverse transcription and PCR, oligonucleotide primers specific for HA RNA, for
example but not limited to, human influenza A/New Caledonia/20/99 (HIN1) virus HA
genes or human influenza A/Indonesia/5/05 (H5N1) virus HAO genes can be used.
Additionally, the nucleic acid encoding HA may be chemically synthesized using

methods as would known to one of skill in the art.

6- Proteins

[00120] The present invention also includes one or more than one HA protein encoded
by nucleotide sequences SEQ ID NO:1; SEQ ID NO:3; SEQ ID NO:7 {encoding HA
from H1, HS or H7, respectively), a nucleotide sequence SEQ ID NO:1; SEQ ID NO:5;
SEQ ID NO:7, that hybridizes under stringent hybridisation conditions to a nucleic acid
that encodes the HA from H1, H5 or H7, respectively, or a nucleotide sequence SEQ ID
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NO:1; SEQ ID NO:5; SEQ ID NO:7, that hybridizes under stringent hybridisation
conditions to a compliment of a nucleic acid encoding the HA from H1, H5 or H7,
respectively, wherein the nucleotide sequence encodes a hemagglutinin protein that when

expressed forms a VLP, and that the VLP induces the production of an antibody.

[00121] Similarly, the present invention includes HAs associated with the following
subtypes H1 (encoded by SEQ ID NO:1), H2 (encoded by SEQ 1D NO:2), H3 (encoded
by SEQ ID NO:3), H4 (encoded by SEQ ID NO:4), H5 {(encoded by SEQ ID NO:5), H6
{encoded by SEQ ID NO:6), H7 (encoded by SEQ ID NO:7), H8 (encoded by SEQ ID
NO:8), H9 (encoded by SEQ ID NO:9), H10 (encoded by SEQ ID NO:10), H11 (encoded
by SEQ ID NO:11), H12 (encoded by SEQ ID NO:12), H13 (encoded by SEQ ID
NO:13), H14 (encoded by SEQ ID NO:14), H15 (encoded by SEQ ID NO:15), H16
(encoded by SEQ ID NO:16); and nucleotide sequences that are characterized as having
from about 60 to 100% or any amount thercbetween sequence identity, particularly from
about 70 to 100% of homology or any amount therebetween, 80 to 100% or any amount
there between, 90-100% or any amount therebetween, or 95-100% or any amount
therebetween, sequence identity with H1 (SEQ ID NO:1), H2 (SEQ ID NO:2), H3 (SEQ
ID NO:3), H4 (SEQ ID NO:4), H5 (SEQ ID NO:5), H6 (SEQ ID NO:6), H7 (SEQ ID
NO:7), H8 (SEQ ID NO:8), H9 (SEQ ID NO:9), H10 (SEQ ID NC:10), H11 (SEQID
NO:11), H12Z (SEQ ID NO:12), H13 (SEQ ID NO:13), H14 (SEQ ID NO:14), H15 (SEQ
1D NO:15), H16 (SEQ ID NO:16), wherein the nucleotide sequence encodes a
hemagglutinin protein that when expressed forms a VLP, and that the VLP induces the
production of an antibody. For example, expression of the nucleotide sequence within a
plant cell forms a VLP, and the VLP may be used to produce an antibody that is capable
of binding HA, including mature HA, HAO, HA1, or HA2. The VLP, when administered

to a subject, induces an immune response.

7-VLP
[00122] Therefore, the present invention is directed to a VLP comprising one or more

than one HA type or subtype.
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[00123] The term “virus like pasticle” (VLP), or "virus-like particles" or "VLPs" refers
to structures that self-assemble and comprise structural proteins such as influenza HA
protein. VLPs are generally morphologically and antigenically similar to virions
produced in an infection, but lack genetic information sufficient to replicate and thus are
non-infectious. In some examples, VLPs may comprise a single protein species, or more
than one protein species. For VLPs comprising more than one protein species, the
protein species may be from the same species of virus, or may comprise a protein from a
different species, genus, subfamily or family of virus (as designated by the ICTV
nomenclature). In other examples, one or more of the protein species comprising a VLP
may be modified from the naturally occurring sequence. VLPs may be produced in
suitable host cells including plant and insect host cells, Following extraction from the
host cell and upon isolation and further purification under suitable conditions, VLPs may

be purified as intact structures.

[00124] The invention also includes, but is not limited to, influenza derived VLPs that
obtain a lipid envelope from the plasma membrane of the cell in which the VLP proteins
are expressed. For example, if the VLP is expressed in a plant-based system, the VLP

may obtain a lipid envelope from the plasma membrane of the cell.

[00125] Generally, the term “lipid” refers to a fat-soluble (lipophilic), naturally-
occurring molecules. The term is also used more specifically to refer to fatty-acids and
their derivatives (including tri-, di-, and monoglycerides and phospholipids), as well as
other fat-soluble sterol-containing metabolites or sterols. Phospholipids are a major
component of all biological membranes, along with glycolipids, sterols and proteins.
Examples of phospholipids include phosphatidylethanolamine, phosphatidylcholine,
phosphatidylinositol, phosphatidylserine, and the like. Examples of sterols include
zoosterols (e.g., cholesterol) and phytosterols. Over 200 phytosterols have been
identified in various plant species, the most common being campesterol, stigmasterol,
ergosterol, brassicasterol, delta-7-stigmasterol, delta-7-avenasterol, daunosterol,
sitosterol, 24-methylcholesterol, cholesterol or beta-sitosterol. As one of skill in the art
would understand, the lipid composition of the plasma membrane of a cell may vary with

the culture or growth conditions of the cell or organism from which the cell is obtained.
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[00126] Cell membranes generally comprise lipid bilayers, as well as proteins for
various functions. Localized concentrations of particular lipids may be found in the lipid
bilayer, referred to as ‘lipid rafts’. Without wishing to be bound by theory, lipid rafis may
have significant roles in endo and exocytosis, entry or egress of viruses or other infectious
agents, inter-cell signal transduction, interaction with other structural components of the

cell or organism, such as intracellular and extracellular matrices.

[00127] The VLPs produced from influenza derived proteins, in accordance with the
present invention do not comprise M1 protein. The M1 protein is known to bind RNA
(Wakefield and Brownlee, 1989) which is a contaminant of the VLP preparation. The
presence of RNA is undesired when obtaining regulatory approval for the VLP product,
therefore a VLP preparation lacking RNA may be advantageous.

[00128] A VLP produced in a plant according to some aspects of the invention may be
complexed with plant-derived lipids. The VLP may comprise an HAQ, HAT or HAZ
peptide or combinations thereof, The plant-derived lipids may be in the form of a lipid
bilayer, and may further comprise an envelope surrounding the VLP. The plant derived
lipids may comprise lipid components of the plasma membrane of the plant where the
VLP is produced, including, and one or more than one plant derived lipid, for example
but not limited to phosphatidyicholine (PC), phosphatidylethanolamine (PE),
glycosphingolipids, phytosterols or a combination thereof. A plant-derived lipid may

alternately be referred to as a “plant lipid’.

[00129] In plants, influenza VLPs bud from the plasma membrane, therefore the lipid
composition of the VLPs reflects their origin. The VLPs produced according to the
present invention comprise HA, complexed with plant derived lipids. Plant lipids can
stimulate specific immune cells and enhance the immune response induced. Plant
membranes are made of lipids, phosphatidylcholine (PC) and phosphatidylethanolamine
(PE), and also contain glycosphingolipids, saponins, and phytosterols. Additionally, lipid
rafts are also found in plant plasma membranes - these microdomains are enriched in

sphingolipids and sterols. In plants, a variety of phytosterols are known to occur,
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including stigmasterol, sitosterol, 24-methylcholesterol and cholesterol (Mongrand et al.,
2004).

[00130] PC and PE as well as glycosphingolipids can bind to CD1 molecules expressed
by mammalian immune cells such as antigen-presenting cells (APCs) like dendritic cells
and macrophages and other cells including B and T lymphocytes in the thymus and liver
(Tsuji M,. 2006). CDI molecules are structurally similar to major histocompatibility
complex (MHC) molecules of class I and their role is to present glycolipid antigens to
NKT cells (Natural Killer T cells). Upon activation, NKT cells activate innate immune
cells such as NK cells and dendritic cells and also activate adaptive immune cells like the

antibody-producing B cells and T-cells.

[00131] A variety of phytosterols may be found in a plasma membrane — the specific
complement may vary depending on the species, growth conditions, nutrient resources or
pathogen state, to name a few factors. Generally, beta-sitosterol is the most abundant

phytosterol.

[00132] The phytosterols present in an influenza VLP complexed with a lipid bilayer,
such as an plasma-membrane derived envelope may provide for an advantageous vaccine
composition. Without wishing to be bound by theory, plant-made VLPs complexed with
a lipid bilayer, such as a plasma-membrane derived envelope, may induce a stronger
immune reaction than VLPs made in other expression systems, and may be similar to the

immune reaction induced by live or attenuated whole virus vaccines.

[00133] Therefore, in some embodiments, the invention provides for a VLP complexed
with a plani-derived lipid bilayer. In some embodiments the plant-derived lipid bilayer

may comprise the envelope of the VLP.

8- Composition

[00134] Therefore, the present invention provides a composition comprising an effective
dose of a VLP comprising an influenza virus HA protein, one or more than one plant
lipid, and a pharmaceutically acceptable carrier. The influenza virus HA protein may be

H5 Indonesia. Also provided is a method of inducing immunity to an influenza virus
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infection in a subject. The method comprising administering the virus like particle
comprising an influenza virus HA protein, one or more than one plant lipid, and a
phammaceutically acceptable carrier. The virus like particle may be administered to a
subject orally, intradermally, intranasally, intramuscularly, intraperitoneally,

intravenously, or subcutaneously.

0- Method of treatment

[00135] The present invention provides for a method of inducing immunity or
“provoking an immune response” to an influenza virus infection in a subject, the method

comprising administering the composition as defined herein.

[00136] An “immune response” generally refers to a response of the adaptive immune
systern. The adaptive immune system generally comprises a humoral response, and a
cell-mediated response. The humoral response is the aspect of immunity that is mediated
by secreted antibodies, produced in the cells of the B lymphocyte lineage (B cell).
Secreted antibodies bind to antigens on the surfaces of invading microbes (such as viruses
or bacteria), which flags them for destruction. Humoral immunity is used generally to
refer to antibody production and the processes that accompany it, as well as the effector
functions of antibodies, including Th2 cell activation and cytokine production, memory

cell generation, opsonin promotion of phagocytosis, pathogen elimination and the like.

[00137] A cell-mediated response is an immune response that does not involve
antibodies but rather involves the activation of macrophages, natural killer cells (NK),
antigen-specific cytotoxic T-lymphocytes, and the release of various cytokines in
response to an antigen. Cell-mediated immunity is used generally to refer to some Th cell
activation, Tc cell activation and T-cell mediated responses. Cell mediated immunity is

of particular importance in responding to viral infections.

[00138] The recombinant HA VLPs of the present invention can be used in conjunction
with existing influenza vaccines, to supplement the vaccines, render them more
efficacious, and to reduce the administration dosages necessary. As would be known to a

person of skill in the art, the vaccine may be directed against one or more than one
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influenza virus. Examples of suitable vaccines include, but are not limited to those
commercially available from Sanofi-Pasteur, [D Biomedical, Merial, Sinovac, Chiron,
Roche, MedImmune, GlaxoSmithKline, Novartis, Sanofi-Aventis, Serono, Shire

Pharmaceuticals and the like.

[00139] If desired, the VLPs of the present invention may be admixed with a suitable
adjuvant as would be known to one of skill in the art. Furthermore, the VLP may be used
in a vaccine composition comprising an effective dose of the VLP for the treatment of a
target organism, as defined above. Furthermore, the VLP produced according to the
present invention may be combined with VLPs obtained using different influenza

proteins, for example, neuraminidase (NA).

[00140] Therefore, the present invention provides a method for inducing immunity to
influenza virus infection in an animal or target organism comprising administering an
effective dose of a vaccine comprising one or more than one VLP. The vaccine may be
administered orally, intradermally, intranasally, intramuscularly, intraperitoneally,

intravenously, or subcutaneously.

[00141] As shown in Figures 6 and 7 in vitro assays showing cross-reactivity of
antibodies raised against the mutated A/Indonesia/5/05 HS VLPs and other influenza
strains such as A/Vietnam/1203/04; A/Anhui/1/05 and AfTurkey/582/06 (all H5N1
strains), whereas it showed less hemagglutination reactivity against the only HIN1 tested
(Figure 7).

[00142] Significantly, the antibodies produced after a single dose of mutated HSN1
(unglycosylated H5 protein) induced a greater response against all H5 strains tested after
14 days than antibodies produced against the wild-type HS, indicating that this

unglycosylated immunogen may provide more rapid response that the wild-type one.

[00143] These data, therefore, demonstrate that plant-made influenza VLPs comprising
the mutated H5 hemagglutinin viral protein devoid of N-linked carbohydrates induce an
immune response specific for pathogenic influenza strains, and that this response is cross-

reactive and may be rapid after one single dose.
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10- Subject

[00144] Examples of a subject or target organism that the VLPs of the present invention
may be administered to include, but are not limited to, humans, primates, birds, water
fowl, migratory birds, quail, duck, geese, poultry, turkey, chicken, swine, sheep, equine,
horse, camel, canine, dogs, feline, cats, tiger, leopard, civet, mink, stone marten, ferrets,
house pets, livestock, rabbits, mice, rats, guinea pigs or other rodents, seal, whale and the
like. Such target organisms are exemplary, and are not to be considered limiting to the

applications and uses of the present invention.

[00145] The present invention also pertains to influenza viruses which infect other
mammals or host animals, for example humans, primates, horses, pigs, birds, avian water
fowl, migratory birds, quail, duck, geese, poultry, turkey, chicken, camel, canine, dogs,
feline, cats, tiger, leopard, civet, mink, stone marten, ferrets, house pets, livestock, mice,

rats, seal, whale and the like,

[00146] Particularly, the subject being treated by the method as defined above may be
selected from the group comprising humans, primates, horses, pigs, birds (avian) water
fowl, migratory birds, quail, duck, geese, chicken, dogs, cats, ferrets, livestock and the
like. Particularly, the subject may be a human patient or birds in general (including water
fowl, migratory birds, poultry such as quail, duck, geese, turkey, chicken), particularly
migratory birds or poultry for human consumption (quail, duck, geese, turkey, chicken).

More particularly, the subject is human.

11- Containers, syringes, and kits etc..

[00147] The present invention also provides for a container comprising the composition
as defined herein. Particularly, the container contains single unit dose or in multiple
dosage form with a preservative agent. More particularly, the container is a syringe

“ready-for-use” pre-filled with the composition or the vaccine as defined herein.

[00148] More particularly, the invention also provides for a kit comprising a container
comprising the vaccine or composition as defined herein, and instructions on how to

use/administer said composition/vaccine.
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[00149] The invention will now be described in detail by way of reference only to the

following non-limiting examples.

Example 1

Material and methods

1. Mutation of wild-type H5 from A/Indonesia/53/05 (SEQ ID NO.17) to obtain mutated

unglycosylated HS.

[00150] The triple mutant has been made by removing the glycosylation sites N154,
N165, and N286 located on the globular head of wild type HAs, more specifically by
replacing the Thr or Ser enclosed in the glycosylation sequence pattern N-X-T/S by an
Ala residue. Therefore, the triple mutant contained the following three amino acid
replacements: T156A, T167A and S288A (numbered according to the starting SEQ ID
NO.17). The three amino acid replacement were performed by PCR-based ligation
method presented in Darveau et al. (1995) using the wild type HA expression vector (660
construct, Figure 4) as the template.

[00151] Briefly, three PCR amplification were performed in parallel on 660 pPCAMBIA

expression vector as the template with 3 different pairs of primers:

1) Plato-443c (SEQ ID NO: 18) and HAS-T156A.r (SEQ ID NO:19);

2) HAS-T167A.¢ (SEQ ID NO:20) and HA5-S288A.1 (SEQ ID NO: 21); and
3) HA5-S288A ¢ (SEQ ID N(:22) and HA(Ind)-SacLr (SEQ ID NO: 23).

[00152] The amplification products obtained from the three reactions were mixed
together and the mixture served as template for a fourth reaction (assembling reaction)
using Plato-443¢ (SEQ ID NO: 18) and HA(Ind)-Sac.r (SEQ ID NO: 23) as primers. The
resulting fragment was digested with BamHI (located in the plastocyanin promoter) and
Sacl (at the 3’end of the fragment) and cloned into pPCAMBIAPIasto previously digested
with the same enzymes. The resulting plasmid, named 680, is presented in Figure 5
(SEQ ID NO.29).
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2. Assembly of expression cassettes

[00153] All manipulations were carried out using the general molecular biology
protocols of Sambrook and Russell (2001; which is incorporated herein by reference).
The first cloning step consisted in assembling a receptor plasmid containing upstream and
downstream regulatory elements of the alfalfa plastocyanin gene. The plastocyanin
promoter and 5’UTR sequences were amplified from alfalfa genomic DNA using
oligonucleotide primers Xmal-pPlas.c (SEQ ID NO: 24) and Sacl-ATG-pPlas.r (SEQID
NOQ: 25). The resulting amplification product was digested with Xmal and Sacl and
ligated into pPCAMBIA2300 (Cambia, Canberra, Australia), previously digested with the
same enzymes, to create pPCAMBIApromo Plasto. Similarly, the 3’UTR sequences and
terminator of the plastocyanin gene was amplified from alfalfa genomic DNA using the
following primers: Sacl-PlasTer.c (SEQ ID NO: 26) and EcoRI-PlasTer.r (SEQ ID NO:
27), and the product was digested with Sacl and EcoRI before being inserted into the
same sites of pPCAMBIApromoPlasto to create pPCAMBIAPlasto.

3, Assembly of HS expression cassette

[00154] A fragment encoding hemagglutinin from influenza strain A/Indonesia/5/05
(H5N1; Acc. No. LANL ISDN125873) was synthesized by Epoch Biolabs (Sugar Land,
TX, USA). The fragment produced, containing the complete HS coding region (SEQ ID
NO.17) including the native signal peptide flanked by a HindIll site immediately
upstream of the initial ATG, and a Sacl site immediately downstream of the stop (TAA)
codon, is presented in SEQ ID NO: 28 (and SEQ ID NO.29 in the case of the mutant HS).
The HS coding region was cloned into a plastocyanin-based expression cassette by the
PCR-based ligation method presented in Darveau et al. (1995). Briefly, a first PCR
amplification was obtained using primers Plato-443c (SEQ ID NO: 30) and SpHA(Ind)-
Plasto.r (SEQ ID NO:31) and pCAMBIA promoPlasto as template. In parailel, a second
amplification was performed with primers Plasto-SpHA(Ind).c (SEQ ID NO: 6) and
HA(Ind)-Sac.r (SEQ ID NO:32) with H5 coding fragment as template. The amplification

obtained from both reactions were mixed together and the mixture served as template for
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a third reaction (assembling reaction) using Plato-443c (SEQ ID NO: 4) and HA(Ind)-
Sac.r (SEQ ID NO: 33) as primers. The resulting fragment was digested with BamHI (in
the plastocyanin promoter) and Sacl (at the 3’end of the fragment) and cloned into
pCAMBIAPlasto previously digested with the same enzymes. The resulting plasmid,
named 660, is presented in Figure 5 whereas the plasmid resulting from the “mutated”
HS5 protein was named 680.

[00155] An HcPro construct (35HcPro) was prepared as described in Hamilton ef al.
(2002). All clones were sequenced to confirm the integrity of the constructs. The
plasmids were used to transform Agrobacterium tumefaciens (AGL1; ATCC, Manassas,
VA 20108, USA) by electroporation (Mattanovich ez al., 1989). The iﬁtegrity of all A.

tumefaciens strains werg confirmed by restriction mapping.

4, Preparation of plant biomass, inoculum, agroinfiltration, and harvesting

[00156] Nicotiana benthamiana plants were grown from seeds in flats filled with a
comnmercial peat moss substrate. The plants were allowed to grow in the greenhouse
under a 16/8 photoperiod and a temperature regime of 25°C day/20°C night. Three weeks
after seeding, individual plantlets were picked out, transplanted in pots and left to grow in
the greenhouse for three additional weeks under the same environmental conditions. Prior
to transformation, apical and axillary buds were removed at vartous times as indicated
below, either by pinching the buds from the plant, or by chemically treating the plant
[00157] Agrobacteria transfected with plasmids 660 or 680 were grown in a YEB
medium supplemented with 10 mM 2-[N-morpholino]jethanesulfonic acid (MES), 20 pM
acetosyringone, 50 ug/ml kanamycin and 25 pg/ml of carbenicillin pH5.6 until they
reached an OD600 between 0.6 and 1.6. Agrobacterium suspensions were centrifuged
before use and resuspended in infiltration medium (10 mM MgCl2 and 10 mM MES pH
5.6). Syringe-infiltration was performed as described by Liu and Lomonossoff (2002,
Journal of Virological Methods, 105:343-348). For vacoum-infiltration, A. tumefaciens
suspensions were centrifuged, resuspended in the infiltration medium and stored
overnight at 4°C. On the day of infiltration, culture batches were diluted in 2.5 culture

volumes and allowed to warm before use. Whole plants of Nicotiana benthamiana were
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placed upside down in the bacterial suspension in an air-tight stainless steel tank under a
vacuum of 20-40 Torr for 2-min. Following syringe or vacuum infiltration, plants were

returned to the greenhouse for a 4-5 day incubation period until harvest.

5. Leaf sampling and total protein extraction

[00158] Following incubation, the aerial part of plants was harvested, frozen at -80°C,
crushed into pieces. Total soluble proteins were extracted by homogenizing (Polytron)
each sample of frozen-crushed plant material in 3 volumes of cold 50 mM Tris pH 7.4,
0.15 M NaCl, and 1 mM phenylmethanesulfonyl fluoride. After homogenization, the
slurries were centrifuged at 20,000 g for 20 min at 4°C and these clarified crude extracts
(supernatant) kept for analyses. The total protein content of clarified crude extracts was
determined by the Bradford assay (Bio-Rad, Hercules, CA) using bovine serum albumin

as the reference standard.

6. Protein Analysis and Immunoblotting

[00159] Protein concentrations were determined by the BCA protein assay (Pierce
Biochemicals, Rockport IL). Proteins were separated by SDS-PAGE under reducing
conditions and stained with Coomassie Blue. Stained gels were scanned and
densitometry analysis performed using ImageJ] Software (NIH).

[00160] Proteins from elution fraction from SEC were precipitated with acetone (Bollag
et al,, 1996), resuspended in 1/5 volume in equilibration/elution buffer and separated by
SDS-PAGE under reducing conditions and electrotransferred onto polyvinylene
difluoride (PVDF) membranes (Roche Diagnostics Corporation, Indianapolis, IN) for
immunodetection. Prior to immunoblotting, the membranes were blocked with 5% skim
milk and (.1% Tween-20 in Tris-buffered saline (TBS-T) for 16-18h at 4°C.

[00161] Immunoblotting was performed by incubation with the following antibodies: for
the detection of H1, a mouse anti-influenza A monoclonal antibody (Fitzgerald Industries
International, Concord, MA, USA, Cat. No. 10-I50) (2 pg/ml in 2% skim milk in TBS-
Tween 20 0.1%), and for the detection of HS, a rabbit anti-H5 (Vietnam) antibody
(Immune Technology, Woodside, NY, USA, Cat No. IT-003-005V) diluted 1/4000 in 2%
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skim milk in TBS-Tween 20 0.1%. A peroxidase-conjugated goat anti-mouse IgG (H+L)
antibody (Jackson Immunoresearch Laboratories, West Grove, PA, USA, Cat. No. 115-
035-146) (diluted 1/12 000 in 2% skim milk in TBS-Tween 20 0.1%) was used as
secondary antibody. Immunoreactive complexes were detected by chemiluminescence
using luminol as the substrate (Roche Diagnostics Corporation). Horseradish peroxidase—
enzyme conjugation of human IgG antibody was carried out by using the EZ-Link Plus®
Activated Peroxidase conjugation kit (Pierce, Rockford, IL).

[00162] Hemagglutination assay for HS was based on a method described by Nayak. and
Reichl (2004). Briefly, serial double dilutions of the test samples (100 pL) were made in
V-bottomed 96-well microtiter plates containing 100 pL PBS, leaving 100 uL of diluted
sample per well. One hundred microliters of a (1.25% horse red blood cells suspension
(Bio Link Inc., Syracuse, NY) were added to each well, and plates were incubated for 2h
at room temperature. The reciprocal of the highest dilution showing complete
hemagglutination was recorded as HA activity, In parallel, a recombinant HA standard
(A/Vietnam/1203/2004 H5N1) (Protein Science Corporation, Meriden, CT) was diluted

in PBS and run as a control on each plate.

7. H5 VLP purification

[00163] Frozen 660- or 680-infiltrated leaves of N. benthamiana were homogenized in
1.5 volumes of 50 mM Tris pH 8, NaCl 50 mM and 0.04% sodium meta-bisulfite using a
cominercial blender. The resulting extract was supplemented with 1 mM PMSF and
adjusted to pH 6 with 1 M acetic acid before being heated at 42°C for 5 min.
Diatomaceocus earth (DE) was added to the heat-treated extract to adsorb the
contaminants precipitated by the pH shift and heat treatment, and the slurry was filtered
through a Whatman paper filter. The resulting clarified extract was centrifuged at 10,000
x g for 10 minutes at RT to remove residual DE, passed through 0.8/0.2 pm Acropack 20
filters and loaded onto a fetuin-agarose affinity column (Sigma-Aldrich, St-Louis, MO,
USA). Following a wash step in 400 mM NaCl, 25 mM Tris pH 6, bound proteins were
eluted with 1.5 M NaCl, 50 mM MES pH 6. Eluted VLP were supplemented with Tween-
80 to a final concentration of 0.0005% (v/v). VLP were concentrated on a 100 kDa
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MWCO Amicon membrane, centrifuged at 10,000 x g for 30 minutes at 40C and
resuspended in PBS pH 7.4 with 0.01% Tween-80 and 0.01% thimerosal. Suspended

VLPs were filter-sterilized before use.

8. Animal studies

[00164] Studies on the immune response to influenza VLP administration were
performed with 6-8 week old female Wistar rats (Charles River Laboratories). Thirteen
rats were randomly divided into three groups ranging from three for the control group to
five animals for both the plant-made VLP H5 wild type vaccine (660) and the mutant
(680) vaccine groups. Eight groups were used for intramuscular immunization and six
groups were used to test intranasal route of administration. All groups were immunized
in a two-dose regiment, the boost immunization being done 14 days following the first
immunization.

[00165] For intramuscular administration in hind legs, unanaesthetized rats were
immunized with either the plant-made VLP H5 vaccine (15 pg), the plant-made VLP H5
mutant form of the vaccine or PBS.

[00166] All antigen preparations were mixed with Alhydrogel to a final concentration of
1% (alum; Accurate Chemical and Scientific Corporation, Wesbury, NY, US}ina 1:1

volume ratio prior to immunizations.

Blood collection and spleen collection

[00167] Jugular vein blood collection was performed fourteen days after the first
immunization and fourteen days after second immunization on anaesthetized animal.
Serum was collected by centrifuging at 8000 g for 10 min.

[00168] Three weeks after second immunisation, rats were anaesthetized with CO2 gas
and immediately upon termination, cardiac puncture was used to collect blood.

[00169] Spleen collection was performed on rats Collected spleens were placed in RPMI
supplemented with gentamycin and mashed in a 50 ml conical tube with plunger from a
10 ml syringe. Mashed spleens were rinsed 2 times and centrifuged at 2000 rpm for 5 min

and resuspended in ACK lysing buffer for 5 min at room temperature. The splenocytes
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were washed in PBS-gentamycin, resuspended in 5% RPMI and counted. Splenocytes

were used for proliferation assay.

Antibody titers:

AlVietnam/1203/2004 (H5N1); A/Ankui/1/05 (H5N1); A/turkey/Turkey/1/05 (H5NI);
A/New Caledonia/20/99 (HIN2

[00170] Anti-influenza antibody titers of sera were measured at 14 days after the first
immunization as well as 21 days after the second immunisation (at sacrifice). The titers
were determined by enzyme-linked immunosorbent assay (ELISA) using the inactivated
virus A/Indonesia/5/05 as the coating antigen. The end-point (titers were expressed as the
reciprocal value of the highest dilution that reached an OD value of at least 0.1 higher
than that of negative control samples.

[00171] For antibody class determination (IgG1, IgG2a, IgG2b, 1gG3, IgM), the titers
were evaluated on final bleeding by ELISA as previously described.

Hemagglutination inhibition (HI) titers

[00172} Hemagglutination inhibition (HI) titers of sera were measured at days 14 and 35
after the second immunisation as previously described (WHO 2002; Kendal 1982).
Inactivated virus preparations from strains A/Indonesia/5/05; A/Anhui/1/05 (H5N1);
A/turkey/Turkey/1/05 (HSN1) or A/Vietnam/1203/2004 were used to test rat serum
samples for HI activity. Sera were pre-treated with receptor-destroying enzyme II (RDE
I} (Denka Seiken Co., Tokyo, Japan) prepared from Vibrio cholerac (Kendal 1982). HI
assays were performed with 0.5% horse red blood cells. HI antibody titres were defined

as the reciprocal of the highest dilution causing complete inhibition of agglutination.

Results

[00173] The reactivity of the sera from rats immunized with either the wt VLP or the
mutant VLP was assessed 14 days after the first (Day 14) or the second immunization
(Day 35). All rats were immunized with 15 pg of the antigen formulated with alum.

Immunoreactivity was assessed against HSN1 viruses of clade 1 (A/Vietnam/1203/04),
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clade 2.1 (A/Indonesia/5/05), clade 2.2 (A/turkey/Turkey/1/05) and clade 2.3
(A/Anhui/1/05). After the first dose, the mutant VLP induced a higher antibody reaction
than the wt for all HSN1 strains tested (Figure 6). The immunoreactivity against the
avian strain A/turkey/Turkey/1/05 was statistically significant (p<0.05) after the first
dose. Immunoreactivity was also assessed against HIN1 viruses (A/New
Caledonia/20/99) showing immunoreactivity after boost injection. GMT: geometric
mean titer. Values are the GMT (In) of reciprocal end-point titers of five rats per group.
Bars represent mean deviation. * p< (.05 compared to the wt VLP

[00174] HI titers from rats immunized with the wt or the mutant VLP were assessed 14
days after the first (Day 14) or the second (Day 35) immunization. HI antibody responses
were measured using inactivated whole H5N1 viruses. After the first immunization, the
mutant VLP induces a higher HI antibody response than the wt VLP against all H5N1
viruses tested (Figure 7). Statistical significance was reached for A/Indonesia/5/05 and
A/turkey/Turkey/1/05 influenza strains. GMT: geometric mean titer. Values are the
GMT (In) of reciprocal end-point titers of five rats per group. Bars represent mean
deviation. * p<0.05 and compared to wt VLP.

[00175] These data strongly suggest that the “mutated” unglycosylated H5 protein
represents a very interesting alternative to the native HS protein for the production of
VLPs as broad-spectrum and fast-active flu vaccine.

[00176] All citations are hereby incorporated by reference.

[00177] The present invention has been described with regard to one or more particular
embodiments. However, it will be apparent to persons skilled in the art that a number of
variations and modifications can be made without departing from the scope of the

invention as defined in the claims.
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Claims

1. An influenza virus hemagglutinin (HA) molecule having a HA1 domain, wherein
said HA1 domain is totally or partially free of N-linked glycosylation.

2. The influenza virus hemagglutinin (HA) molecule as defined in claim 1, wherein
one or more of N-linked glycosylation sites from HA1 domain is abolished, whereby the
glycosylation site that is abolished is originally present on an immunogenic globular head
portion of the protein.

3. The influenza virus hemagglutinin {HA) molecule as defined in claim 2, wherein
said abolished glycosylation site is within or near a receptor binding subdomain of said
immunogenic globular head or within or near an F'2 subdomain of the HA1 domain.

4. The HA molecule as defined in claim 3, wherein said glycosylation site is
consisting of a glycosylation recognition triad N-X-S/T wherein N is asparagine, X is any
amino acid except proline, S is serine and T is threonine.

5. The HA muolecule as defined in claim 4, wherein one or more asparagine residue
comprised in a glycosylation recognition triad N-X-S/T is substituted for a non-
asparagine amino acid.

6. The HA molecule according to claim 5, wherein said asparagine residue is
substituted for an amino acid selected from the group consisting of: Leu, Ile, Val, Thr, Ser
and Ala.

7. The HA molecule according to claim 6, wherein said asparagine residue is
substituted for an alanine.

8. The HA molecule as defined in claim 4 or 5 wherein one or more serine or
threonine residue comprised in a glycosylation recognition triad N-X-S/T is substituted
for a non-serine and non-threonine amino acid.

9. The HA molecule as defined in claim 8, wherein one or more serine or threonine
residue comprised in a glycosylation recognition triad N-X-S/T is substituted for an
amine acid selected from the group consisting of: Ala, Val, Ile and Leu.

10.  The HA molecule according to claim 9, wherein said serine or threonine residue is

substituted for an alanine.
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11.  The HA molecule according to any one of claims 1 to 10, wherein said
glycosylation site is at a position corresponding to any triad located between amino acids
39 to 331 wherein numbering is in accordance with strain A/Vietnam/1194/04, whereby
said abolished N-glycosylation site makes the HA molecule more antigenic with respect

to antibodies specific for a native HA molecule.

12.  The HA molecule according to any one of claims 11, wherein said glycosylation
site is at a position selected from the group consisting of* 154, 165 and 286.

13.  The HA molecule according to claim 12, having one glycosylation site abolished.
14.  The HA molecule according to claim 12, having two glycosylation sites abolished.
15. The HA molecule according to claim 12, having three glycosylation sites
abolished.

16.  The influenza hemagglutinin (HA) according to any one of claims 1 to 15,
wherein said influenza is of type A and type B.

17.  The influenza hemagglutinin (HA) according to claim 16, wherein said influenza
is of type B.

18.  The influenza hemagglutinin (HA) according to claim 16, wherein said HA is
from one or more than one A subtype selected from the group consisting of: H1, H2, H3,
H4, HS, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15 and H16.

19.  The influenza hemagglutinin (HA) according to claim 18, wherein said HA
subtype is one or more than one of subtype selected from the group consisting of: H1, H2,
H3, HS, H7, H9, and H10.

20.  The influenza hemagglutinin (HA) according to claim 19, wherein said HA
subtype is one or more than one of subtype selected from the group consisting of: H1, H3,
HS5 and H7.

21, The influenza hemagglutinin (HA) of claim 16, wherein the influenza
hemagglutinin is of type B or of type A subtype H3.

22. A nucleic acid comprising a nucleotide sequence encoding an influenza HA

molecule according to anyone of claims 1 to 21.
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23. A nucleic acid as defined according to SEQ ID NO. 17, wherein one or more
residue encoding amino acids selected from the group consisting of: 154, 165 and 286 is
encoding a non-asparagine.

24, The nucleic acid as defined in claim 23, wherein said one or more residue
encoding amino acids selected from the group consisting of: 154, 165, and 286 is
encoding alanine.

25. A nucleic acid as defined according to SEQ ID NO. 17, wherein one or more
residue encoding amino acids selected from the group consisting of: 154+2, 165+2 and
286+2 is encoding a non-serine and non-threonine.

26.  The nucleic acid as defined in claim 25, wherein said one or more residue
encoding amino acids selected from the group consisting of: 154+2, 165+2, and 286+2 is
encoding alanine.

27. A nucleic acid having 90% identity to the nucleic acid as defined in claim 23, 24,
25 or 26.

28. A nucleic acid as defined according to SEQ ID NO, 29,

29. A nucleic acid having 90% identity to SEQ ID NO. 29.

30.  An expression cassette comprising a nucleic acid according to any one of claims
22 to 29, operatively linked to a regulatory region active in a non-sialylating host
organism.

31.  The expression cassette according to claim 30, wherein said regulatory region is
selected from the group consisting of : plastocyanin regulatory region; napin promoter,
the cruciferin promoter, or a regulatory region obtained from Ribulose 1,5-bisphosphate
carboxylase/oxygenase (RuBisCO), chlorophyll a/b binding protein, ST-LS, polyhedron
promoter, and the gp64 promoter,

32.  The expression cassette according to claim 31, wherein said plastocyanin
regulatory region is from alfalfa (Medicago sativa).

33. A method of producing influenza virus like particles (VLPs) in a non-sialylating

host organism, said method comprising:
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a} introducing a nucleic acid according to any one of claims 22 to 29, operatively
linked to a regulatory region active in a non-sialylating host organism or a portion
thereof, and
b) incubating the host or a portion therefore under conditions that permit the
expression of the nucleic acid, thereby producing the VLPs.
34.  The method according to claim 33, wherein, in the step of introducing (step a), the
nucleic acid may be either transiently expressed in the host, or stably expressed in the
host.
35.  Themethod according to claim 33 or 34, wherein said non-sialylating host
organism is selected from the group consisting of: plant, insect and yeast.
36.  The method according to claim 35, wherein said plant is selected from the group
consisting of: a plant cell, a whole plant and a portion thereof.
37.  Thenucleic acid according to claim 36, wherein said plant cell is from N.
benthiamina,
38.  Themethod of claim 33 further comprising a step of : c) harvesting the host and
purifying the VLPs.
39.  Avirus like particle (VLP) comprising an influenza hemagglutinin molecule
having a HA1 domain, wherein one or more of the N-linked glycosylation site from said
HA1 subdomain has been abolished.
40. The VLP according to claim 39, wherein said VLP is immunogenic.
41. A virus like particle (VLP) encoded by the nucleic acid according to any one of
claims 22 to 29.
42. A virus like particle (VLP) comprising an influenza virus HA protein according to
any one of claims 1 to 21, and one or more than one host lipid.
43.  The virus-like particle according to claim 41 or 42, wherein said host lipid is a
plant lipid.
44. A virus like particle (VLP) according to claims 41, 42 or 43, comprising an
influenza virus HA bearing plant-specific N-glycans, or modified N-glycans.

45.  The virus like particle (VLP) of claim 44 wherein the influenza HA protein is H5

Indonesia.
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46.  Use of the VLP according to any one of claims 39 to 45 for the manufacture of a
vaccine for the prevention or treatment of a viral infection in a subject,

47. Use according to claim 46, wherein said subject is selected from the group
consisting of: human or birds.

48.  Use of the VLP according to any one of claims 39 to 45 for the prevention or
treatment of an influenza viral infection in a subject.

49.  Use according to claim 48, wherein said subject is selected from the group
consisting of: human or birds.

50. A composition comprising an effective dose of a VLP according to any one of
claims 39 to 45, in admixture with a pharmaceutically acceptable carrier.

51.  The composition according to claim 50, wherein said pharmaceutically acceptable
carrier is suitable for oral, intradermal, intranasal, intramuscular, intraperitoneal,
intravenous, or subcutaneous administration,

52. A composition for immunizing an individual at risk of contracting an influenza
viral disease, said composition comprising: a VLP according to any one of claims 39 to
45 in admixture with a pharmaceutically acceptable carrier,

53.  The composition according to claim 52 wherein said composition is in liquid,
suspension, solid or powder form.

54.  The composition according to claim 53 wherein said composition is suitable for
oral, intradermal, intranasal, inframuscularly, intraperitoneal, intravenous, or
subcutaneous administration.

55. A vaccine composition comprising an immumologically effective does of a VLP
according to any one of claims 39 to 45, in admixture with a pharmaceutically acceptable
carrier with or without the presence of an adjuvant.

56.  The vaccine according to claim 55, wherein said pharmaceutically acceptable
carrier is suitable o be administered orally, intradermally, intranasally, intramuscularly,
intraperitoneally, intravenously, or subcutaneously.

57.  The vaccine according to claim 56, devoid of said adjuvant,

58. A viral vaccine comprising: a VLP according to any one of claims 39 to 45 in

admixture in a physiologically acceptable excipient or adjuvant.
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59.  The vaccine according to claim 58, being a human or avian vaccine.

60.  The vaccine according to claim 59, being suitable for prophylaxis prior to
appearance of symptoms; or for treatment of infection after appearance of symptoms

61. A method of inducing immunity to an influenza virus infection in a subject, the
method comprising administering the virus like particle comprising an influenza virus
HA protein according to any one of claim 1 to 21, or encoded by the nucleic acid
according to any one of claims 22 to 29, one or more than one host lipid, and a
pharmaceutically acceptable carrier.

62.  The method according to claim 61, wherein said virus-like particle is administered
to a subject orally, intradermally, intranasally, intramuscularly, intraperitoneally,
intravenously, or subcutaneously.

63. A method for inducing immunity to influenza virus infection in a subject
comprising administering an effective dose of a composition according to claim 50, or a
vaccine according to claim 535.

64. A method of inducing immunity to an influenza virus infection in a subject,
comprising administering the virus-like particle according to any one of claims 39 to 45.
65.  The method of claim 64, wherein the virus like particle is administered to a
subject orally, intradermally, intranasally, intramuscularly, intraperitoneally,
intravenously, or subcutaneously.

66.  The method according to any one of claims 61 to 65, wherein said subject selected
from the group comprising humans, primates, horses, pigs, birds (avian) water fowl,
migratory birds, quail, duck, geese, poultry, chicken, camel, canine, dogs, feline, cats,
tiger, leopard, civet, mink, stone marten, ferrets, house pets, livestock, mice, rats, seal,
whales and the like.

67.  The method according to claim 66, wherein the subject is selected from the group
consisting of: human and birds.

68.  The method according to claim 67, wherein the subject is human.

69. A container comprising the vaccine according to claim 55.

70.  The container according to claim 69, said container containing a single unit dose,

71.  The container according to claim 69, said container being a in multiple dosage
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72.  The container according to claim 69, 70 or 71, said container being a syringe.
73. A syninge pre-filled with the vaccine according to claim 55,

74. A kit comprising a container according to any one of claims 69 to 73, and
instructions on how to use/administer said vaccine.

75. A plant cell transformed with a nucleic acid according to any one of claims 22 to
29.

76.  The plant cell according to claim 75, being transiently or stably transformed.

77. A portion of a plant transformed with a nucleic acid according to any one of
claims 22 to 29.

78.  The portion of a plant according to claim 77, being transiently or stably
transformed.

79. A plant transformed with a nucleic acid according to any one of claims 22 to 29.
80.  The plant according to claim 79 being transiently or stably transformed.

81.  An Agrobacterium cell transfected with an expression cassette according to claim
30, 31 or 32.
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<1l10>

MEDICAGO INC.
Couture,

Manon

1/32

SEQUENCE LISTING

Vezina, Louis-Philippe

Landry,

<120>

<130>

=150>
=181l>

<160> 36

<170>

«210> 1
<21l
<212
<213>

DHA
<400> 1

agatcttege
acacagtact
acaatggaaa
ttgcoggatyg
cctacattgt
actatgagga
tccocccaaaga
ataatgggaa
acccaaacct
gtgttecatca
atgtctcetgt
ccagzagtaag
atacaataat
gtagaggctt
agtgtcaaac

tcacaatagyg

1558

05014149-21PCT

Us 61/081,811
2008-07-18

Influenza A virus,

tgacacaata
tgagaagaat
actatgtcta
gatcttagga
agaaacacca
actgagggag
aagctcatgg
aagcagttet
gagcaagtoc
cccgectaac
agtgtctteca
agatcaggaa
atttgaggca
tggatcagga
accteoaggga

agagtgtcea

Nathalie

PatentIn version 3.5

tgtataggct
gtgacagtga
ctaaaaggaa
aacccagaal
aatcctgaga
caattgagtt
cccaaccaca
tacagaaatt
tatgtaaaca
atagggaacc
cattatagca
ggaagaatca
aatggaaatc
atcatcacet
gctataaaca

aagtatgtea

subtype H1

accatgccaa
cacactetgt
tagecececact
gcgaattact
atggaacatg
cagtatette
cogtaacegyg
tgctatgget
acaaagagaa
aaagggcact
gaagattcac
actactactg
taatagcgec
caaatgcacc
gecagtcttcc

ggagtgcaaa

NEW INFLUENZA VIRUS IMMUNIZING EPITOPE

caactcaace
Caacctactt
acaattgggt
gatttccaag
ttacccaggy
atttgagaga
agtatcagea
gacggggaag
agaagtectt
ctatcataca
cececagaaata
gactctogcty
atggtatget
aatggatgaa
Lttccagaat

attaaggatg

gacactgttyg
gaggacagtc
aattgcagcg
gaatcatggt
tatttegeeg
ttecgaaatat
tcatgctcecc
aatggtttgt
gtactataogg
gaaaatgett
gooaaaagac
gaaccetgogy
tttgcactga
tgtgatgega
gtacacccag

gttacaggac

PCT/CAZ009/001040

60
i20
180
2490
300
350
420
480
540
600
660
720
780
840
200

960



taaggaacat
aaggggggtyg
gatctggcta
aggtcaattc
acaaattgga
tttggacata
atgactccaa
aagaaatagg
gtgtgaaaaa
agaaaattga
<210> 2

<211>

<212>
<213>

DNA
<400> 2

agcaaaagca
aattcttectyg
ttccacagaa
cattecttgag
attaagggat
aactgtgcca
cccaggcagt
tgagaaagta
acaggcttge
gaaagggtcg
gctgatcatt
gaatgtygggg
aatagcaaca

cttagatata

1773

cccatecatt
gactggaatyg
tgcetgcagat
tgtaattgag
aagaaggatg
taatgcagaa
tgtgaagaat
aaacgggtgt
tggtacctat

tggagtgaaa

Influenza A virus,

ggggttatac
ttcacagcaqg
aaggttgaca
aagactcaca
tgeagcattg
gaatggtcat
ttcaatgatt
aagattctge
gcagactatg
aattatccaa
tgggggatac
acctatgtgt
agacctaaag

tgggacacaa

caatccagag
gtagatgggt
caaaaaagta
aaaatgaaca
gaaaacttaa
ttgttggtte
ctgtatgaga
tttgagttct
gactatccaa

ttggaatcaa

catagacaac
tgagagggga
caatcctaga
atgggaagtt
ccggatggcet
acataataga
atgaagaatt
ccagaaatga
gtggtccogte
ttgocaaaag
atcaccccaa
cagtaggaac
tgaatggaca

taaattttga

2732

gtttgtttgg
ggtatggtta
cacaaaatgc
ctcaattcac
ataaaaaagt
tactggaaaa
aagtaaaaag
atcacaagty
aatattccga

tgggagtata

subtype H2

caaaggcaad
ccaaatatge
gagaaatgtc
atgcaaacta
ccttgggaat
aaaagaaaat
gaagcatett
atggacacag
attctteoegy
atcttacaac
tgatgaaagt
atcaacactg
aggaggcaga

gagtactggce

agccattgcce
tecatcatcag
cattaacggyg
agectgtggge
tgatgatggg
tgaaaggact
ccaattaaayg
taacaatgaa
agaatcaaag

ctaagagcte

acaatggcca
attggatacc
actgtgactc
aatggaatcce
ccagaatgtg
ccaaggaacg
atcagcagcyg
catacaacaa
aacatggtct
aatacaagtg
gaacaaagayg
aacaaaagat
atggaattet

aatctaattg

ggtttecattyg
aatgagcaayg
attacaaaca
aaagagttca
tttctagaca
ttggatttcc
aataatgcca
tgcatggaga
ttaaacaggg

aggoct

tcatttatct
attccaacaa
acgctgagga
ctececacttga
atatacttct
gecttgtgeta
tgacacattt
ctggaggttc
ggttgacaaa
gagaacaaat
cattgtatca
catccccaga
cgtggactat

caccagaata

PCT/CAZ009/001040

10290
1080
1140
1200
1260
1320
1380
1440
1500

1556

60
120
180
240
300
360
420
480
540
600
660
720
780

840



tggtttcaaa
aaactgegag
caatatecac
cttagcaaca
agctggtttt
cagcaatgac
tggaatcacc
tggaaaagaa
cggatttcta
gacacttgac
gagagacaat
tgaatgeatg
taaactaaac
ccttgeceatc
ttctatatgg
cattttgtaa
<210> 3

«21l>

<212>
<213>

DNA
<4Q0> 3

caaaaacttc
ccaaacggaa
gagetggtac
ggagaaaact
aataagaaat
gatgtgecgg
aacaatgaaa

aggagatcta

1086

atatccaaac
accaagtgcc
ccactgaceca
ggactaagaa
atagagggtg
cagggatctyg
aacaaggtaa
ttcagtaact
gatgtgtgga
tttcatgatt
gcaaaagaac
aacagtgtga
aggactgaaa
tatgctacag
atgtgctcea

ttaaaaacac

Influenza A virus,

ccggaaatga
cgatagtgaa
agagttectc
gcacactaat
gggacctttt
attatgecte
gcttegattg

ataaaagttt

gaggtagttc
aaactcettt
ttggtgagtyg
acgtccctea
gatggcaagyg
ggtatgcagc
attctgtgat
tggagagaag
catacaatgce
ctaatgtcaa
tagggaatgy
agaatgggac
tcaaaggggt
tagcaggttce
acgggtetet

cettgtttct

caacageacyg
aacaatcacg
aacaggtgga
agatgctcta
tgttgaacgc
cettaggtea
gactggagtc

ctttagtaga

3/32

agggatcatg
gggagcaata
coccaaatat
gattgagtca
aatggttgat
agacaaagaa
cgaaaagatg
actggagaac
cgagcteceta
gaatctatat
atgttttgaa
atatgattat
taaattgagc
cctgtcactg
gcaatgcaga

act

subtype H3

gcaacgctgt
aatgaccaaa
atatgegaca
ttgggagacc
agcaaagccet
ctagttgecet
acteagaatg

ttgaattggt

aaaacagaag
aatacaacat
gtaaaatcgg
aggggattgt

ggttggtatg
tccactcaaa
aacacccaat
ttgaataaaa
gttctaatgg
gataaagtca
ttttatcaca
tccaagtatyg
aatatgggyyg
gcaatcatga

atctgcatat

geocttgggea
ttgaagttac
gtectcatca
ctcagtgtga
acagcaactg
catccggcac
gaacaagcete

tgacceactt

gaaaacttga
taccctttea
aaagattagt
ttggggcaat
ggtatcatca
aggcaattga
teggagetgt
agatggagga
aaaatgagag
gaatgcaact
aatgtgatga
aagaggagte
tttatcaaat
tagctgggat

gatcatcagt

ccatgcagta
taatgctact
gatccttgat
tggcttccaa
ttacccttat
actggagttt
tgcttgoaaa

aaaatacaaa

'

PCT/CA22009/001040

200

260
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1773

60
120
180
240
300
360
420

480



taccecageat
ggggttcace
agaatcacag
cccagggtaa
gacatacttt
cgaagtggga
tgcatcactc
acatatgggg
cgaaatgtac

aatggttggg

acagga

<210> 4
<211>
<212>
213>

DNA
<400> 4

atgctatcaa
gggaatccooeg
ctgactgatg
coeggagttgt
ggtgoectigy
gaacgacaca
cggagtatcc
acagtcaaac
aacagattga
aaggttaaca
gacacagaac
accagtcaaa

ggcaggatta

1048

tgaacgtgac
acccgggtac
tekctaccaa
gggatgtctce
tgattaacag
aaagctcaat
caaatggaayg
cctgtececcag
cagagaaaca

agggaatggt

Influenza A virus,

tcacgattet
tgatatgcct
accaagtaga
gtcctagccce
ggagtccagyg
ctgctgtgga
tagcaaacaa
aaaatgggaa
actggctgac
acggggacta
agaccaactt
caagtgtggt

gcttctattg

tatgccaaac
ggacagtgac
aagaagecaa
cagccgaata
cacagggaat
aatgagatca
cattoccaat
atatgttaag
aactagaggc

ggacggttgyg

gtttetgete
gggacatcat
agttgtcact
tttaagatta
ctgtgatcac
cacttgttat
tgggaaattt
atcecggagea
caaatctgat
tgcaagactt
gtataagaac
accaaacatt

gacaattgtg

4/32

aatgaaaaat
caaatcagecc
caaactgtaa
agcatctatt
ctaattgcte
gatgcaccca
gacaaaccat
caaaacactc
atatttggeg

tacggtttca

subtype H4

atagcagagg
gecgtatoca
gcccaagaat
gtagatggac
ttgaatggtg
ccatttgatg
gagttcattyg
tgcaaaagag
gggaatgcat
tacatatggg
aaccctggga
ggcagtagac

gagccaggag

ttgacaaatt
tatatgctca
tccegaatat
ggacaatagt
cteggggtta
ttggcaaatg
ttcaaaatgt
tgaaattgge
caatcgcggg

ggcatcaaaa

gttcotctca
atgggacaat
tagtggaatc
aaacttgtga
cagaatggga
tgeceoggatta
ctgaggaatt
caaatgtgaa
acccacttca
gagttcatca
gagtaactgt
catgggtaag

acctcatagt

gtacatttgg
agcatcagga
cggatctaga
aaaaccggga
cttcaaaata
caattccgaa
aaacaggatc
aacagggatg
tttcatagaa

ttctgagggc

gaattacaca
ggtgaaaacc
geaacatcta
catcgtcaat
rgtctteata
ccagagecta
ccaatggaac
tgacttttte
aaacctgaca
tececttecaact
ttcocaccaaa
aggccaaagce

ctteaacace

PCT/CA2009/001040

540
600
G660
720
780
840
g00
960
1020
1080

1086

60
120
180
240
300
360
420
480
540
600
660
720

780



atagggaatt
attctgaata
tcaateteta
aagtatgtea
gcaaccagag
<210> 5

<211>

«21l2>
«213>

DNA
400> 5

atggagaaaa
attggttacce
actgttacac
gatggagtga
cctatgtgty
ccagecaatg
ttgagcagaa
catgaagcect
agaaatgtgg
aataatacca
gcagagcaga
ctasaccaga
agaatggagt
ggaaatttca
atgaaaagtg
ataaactcta
tatgtgaaat
agaagaagaa

caaggaatgg

1707

taattgctce
ctgeaattcc
caaccaaace
aacagggatc

geectgtttgg

Influenza A virus,

tagtgettct
atgcaaacaa
atgececaaga
agcctctaat
acgaattceat
acctctgtta
taaaccactt
catcaggggt
tatggcttat
accaagaaga
caaagctcta
gattggtcec
tettetggac
ttgetcecaga
aattggaata
gtatgocatt
caaacagatt
aaaagagagg

tagatggttg

gagaggtcat
cataggatct
ctttcagaac
cttgaaacta

tgcaattg

tcttgcaata
ctcgacagag
catactggaa
tttgagagat
caatgtgecg
cocagygggat
tgagaaaatt
gagcgeagca
caaaaagaac
tettttggta
tcaaaaccea
aaaaatagct
aattttaaag
atatgcatac
tggtaactgc
ccacaacata
agtccttgcy
actatttgga

gtatgggtac

5/32

tacaagetta
tgtgttagta
atctcaagaa

gctacaggaa

subtype HS

gtcagtettg
caggttgaca
aagacacaca
tgtagtgtag
gaatggtctt
ttcaacgact
cagatcatee
tgtccatacc
agtgcatacc
ctgtggggga
accacctata
actagatccea
ccgaatgatg
aaaattgtca
aacaccaagt
caccctctea
actggactca
gctatageag

caccatagea

acagtcaaaa
aatgtcacac
tatecaattgg

tgaggaatat

ttaaaagtga
caataatgga
acgggaaact
ctggatggct
acatagtgga
atgaagaact
ccaaaagttc
atgggaagec
caacaataaa
Etcaccatce
tttcegttgg
aagtaaacgg
ccataaattt
agaaagggga
gtcaaactcc
caatcgggga
gaaataccce

gttttataga

atgagcaggg

gaagagcaca
agataggggt
ggactgtccc

cccetgagaaa

teagatttge
aaagaacgtt
ctgegatcta
cctecggaaac
gaaggccagt
gaaacaccta
ttggtccaat
ctocttitte
gaggagctac
taatgatgeg
aacatcaaca
gcaaagtgga
cgagagtaat
cteoagcaatt
aatggggycy
atgccoccaaa
tcaaagagat
gggaggatgg

gagtggatac

PCT/CAZ008/001040

840
800
960
1020

1048

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
10680

1140



gcoctgcagaca
atcattgaca
aggaggatag
aatgctgaac
gtcaagaacc
aatggttgtt
gggacgtaty
ggagtaaaat
agttcectag
tecgttacaat
<210> 6

«211>
«212>

«213>

<400> 6
atgattgcaa

attgggtate
accgtcacac
ttgaacaagg
ccccaatgeg
gcccaaaatg
atcggatcag
gtagacacca
agaaacctcc
tacagcaaca
accaatgagce
agcatgaatt
ggtcgaattg

aatggaaatc

1050
DNA
Influenza A virus,

aagaatccac
aaatgaacac
aaaatttaaa
ttctggttct
tttacaacaa
tcgagttcta
actaccegcea
tggaatcaat
cactggcaat

gragaatttyg

tecattgtaat
atgccaacaa
actcagttga
cccetctoga
atctgttget
ggatatgcta
gagaaagggt
geagtggggt
tatggataat
ctggaaacca
aaaatactcet
ttgccaagag
attattactg

taatecgctceao

tcaaaaggca
tcagtttgag
caagaagatqg
catggaaaat
ggtcegacta
tcacaaatgt
gtattcagaa
gggaacttac
catggtaget

catttaa

agcgatactg
ttecaacaaca
attgctggag
cetaaaggga
tggtgaccaa
ccoaggagcet
agagagattt
aacaaaagct
aaagaccaag
goecaatecte
gtatggetet
coeagaaatt
gtctgtttta

ttggtatgeca

6/32

atagatggag
geegttggaa
gaagacggat
gagagaacte
cagcttaggyg
gataatgaat
gaagcaagac
caaatactgt

ggtctatctt

subtype H6

gcageagecy
caggtggata
aatcagaagg
tgcaccatag
agctggteat
ttgaatgagg
gagatgtttc
tgteccttata
tcagcagegt
tatttetggy
ggcgateggt
gcggcaagac
aaaccaggag

tacaaatttg

tcaccaataa
gggaatttaa
tcectagatgt
tagactttea
ataatgcaaa
gratggaaag
taaacagaga
caatttattc

tatggatgtg

gaaagtcaga
cgatacttga
aagaaagatt
agggttggat
atatagtgga
tagaagaact
ccaaaadgcac
atagtggttc
atccagtaat
gtgtgcacca
atgttaggat
ccgetgtgaa
aaaccttgaa

tcaacacaaa

ggtcaacteg
taacttagaa
ctggacttat
tgattcaaat
ggagctgggt
tgtaaaaaac
ggaaataagt
aacagtggcg

ctccaatggyg

czagatctge
gaagaatgta
ctgcaagatce
cttggggaat
aagacctact
gaaagcattt
atgggcaggg
atoctttctac
taagggaact
teccteetgac
gggaactgag
tggccaaaga
tgtggaatct

taataaggga

PCT/CAZ2009/001040

1200
1260
1320
1380
1440
1500
1560
1620
1680

1707

60
120
180
240
300
360
420
480
540
600
660
120
780

840



geeogtettea
ggagtcctaa
cccaagtatyg
attgaaacca
<210> 7

<211l> 1629
<212> DNA

<213>

<400> 7
gacaaaatat

gagaggggga
atatgtatte
ataggacctc
agagaaggaa
atccttegag
agaaccaatyg
aagtggttge
aatcccagaa
gagcagacca
cagcaatcat
atcgatttte
gcattcatag
gatgttccte
agttcectge
aaacagacaa
agaggccttt
ggatggtatg
agcacccaat

aatcageagt

agtcaaattt
ggaccaataa
tgaaaagtga

gagggctttt

Influenza A virus,

gtcttgggcea
ttgaagtagt
aagggaaaag
ccraatgtga
ccgatgtgtyg
ggtcaggagg
gagcgacaag
tgtegaatte
acaaaccagc
aactctatgg
tcaccccaag
actggctact
ccoctgacaqg
tggattetag
cattcecaaaa
gocotocttit
ttggagcaat
gtttecagaca
ctgcaataga

ttgagetgat

7/32

accaatcgag aattgcgatg ccacatgeca gactattgea

aacatttcag aatgtgagece ctetgtggat aggagaatgce

aagtctaagg cttgctactg gactaagaaa tgttccacag

cggagctatc

ccatgetgtyg
gaacgccaca
gccaacagat
tcaattecetg
ctatcceggt
aattgataag
tgectygcaaa
agacaatgcg
tctgataatt
aagtggaaac
tcecgggagea
ccttgateee
ggcaagttte
ttgtggaggg
catcaaccct
ggctacagga
tgetggatte
tcaaaatgea
tcagatcaca

agacaatgag

subtype H7

gcaaatggaa
gagacggtgg
ctgggacaat
gagttttact
aaattcacaa
gagtcaatgg
agatcaggtt
gcattcecte
tggggagttc
aagttgataa
cdgccacaag
aatgacacag
tttagaggag
gattgctttc
agaactgtgg
atgagaaatg
atagagaatg
caaggggaag
ggcaaattga

ttcaatgaga

caaaagtgaa
aaactgcgaa
gtggacttct
ctgatttgat
atgaagaatc
gtttcaccta
cttcttteta
aaatgacaaa
atcactctay
cagtaggaaqg
tgaatggaca
tgaccttcac
aatcactagg
acagtggggg
ggagatgccc
ttccagagaa
gatgggaggg
gaactgcagc
atcgtcetgat

tagaacaaca

cacattaaca
tatcaagaaa
aggaacccta
aattgagcga
actgaggcag
tagtggaata
tgcagagatyg
gtcgtataga
ateggttage
ctcaaaatac
atcagggaga
tttcaatggg
agtccagagt
tacgatagte
tceggtatgte
tccaaagecce
tcteategat
tgactacaaa
tgacaaaaca

aataggaaat

PCTE/CAZ009/001040

900
9860
1020

1050

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140

1200



gteattaatt
gtggcaatgg
gagegtgtea
atattecata
actcaataca
agtggataca
gccgttgtaa
tgtatataa
«210> 8
<211> 1698
<212> DNA

«<213>

<400> 8
atggaaaaat

attgggtace
ccagtcaccc
gatttaggtg
cccaagtgtg
gcaccagaag
ttctecagty
actagatetg
agcatcaatt
gttaataatg
aaagagcaga
ataaacagaa
aggatggatt
ggaaatttaa
attcaaaatg

gcaatcaata

ggacacgaga
aaaatcagca
gaaaacaact
agtgtgatga
gaacagagtc
aagacataat

tgggattggt

Influenza A virus,

tcatcgeaat
aatcaaacaa
aaacaatgga
cccecattgga
acatccatct
ggatgtgtta
ctgcatctta
gaacgagtaa
ggttgaccaa
aagatggaga
caacactata
gettteaacce
actattagygyg
tegecacetga
aggatatacc

gcagcaaacc

cgcaatgact
tacaatagat
aagggagaat
tcagtgeatg
attgcagaat
cttatggttt

tttcatttge

agcaaccttyg
ctecacagac
gotegtggaa
actgcgagac
gaaggatcaa
ccctggatet
caagagaata
ageatgcaat
aaaggaacca
catcatttte
taaaaatgca
aaatattggt
cattetgaaa
atttggctat
catcgggaac

ctttcagaat

8/32

gaggtatggt
cttgcggact
gctgaagaag
gagagcataa
agaatacaga

agcttegggy

ataaagaatyg

subtype HS8

gocgagcacaa
acagtgaaca
acagagaaac
tgecaagattyg
ggttggtcat
gtggaaaatc
agactatttg
gecatcaacag
gacacttatg
ttatggggga
aacactttga
ccecagaccat
agaggggaga
ctgctcaaag
tgtaacacaa

gcaagtaggc

cgtataatge
cagaaatgaa
atggaactgyg
ggaacaacac
tagacccagt
catcatgttt

gaaacatgeg

atgcatacga
ctectecataga
atccegetta
aggcagtaat
acatagtgga
tagaagaact
actattccag
gtagocaate
acttcaatga
tecatcatee
gtagtgttac
tagtaagagg
ctctgaagat
gtgaaagota
aatgtcaaac

attacatggg

tgagetgttg
caaactttat
atgttttgag
ttatgaccat
gaaattgagt
tcttetteta

gtgcaccatt

taggatatgc
acagaatgta
ttgtaacact
ctatgggaac
gaggeccage
gaggtttgtc
gtggaatgtg
cttectatagg
aggagcettat
gccggacaca
tactaacact
acagcaaggg
caggaccaac
cggcagaata
atatgoggga

agaatgtccc

PCT/CR2009/001040

1260
1320
1380
1440
1500
1560
1620

1629

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800

960



aaatatgtga
gaacccagag
attgatgggt
cagaaatcaa
aagatgaaca
aacatgataa
ctcettgtyge
ctttttgatg
tttgacatac
gatcataagg
ctagaagaga
tgettggeaa
tgecatgttct
<210> 9

<211> 1363
<212> DNA
«213>

<400> &
atggaaacaqg

atctgeateg
aatgttcctyg
gcaacaaatc
ggtaacectt
tcatcagcetg
acacttttta
aatgtgactt
tggctgacte
ggaaagagca

aatttgtaca

agaaggcaag
gactgtttgyg
ggtatggatt
cacaagaagc
gggagtttga
acgataaaat
tcttagagaa
aagtgaaaag
ttecacaaatg
aatatgaaga
acaccactta
tectgattge

gtatttga

Influenza A virus,

tatcactaat
gocaceagte
tgacacatge
tgggacatce
cttgtgactt
taaatggaac
gttccgetag
acactggaac
aaaaaagcyyg
ttettttegt

caagaaccga

cttgecgactt
agccattgct
teatcacage
catcgataag
agttgtgaat
agatgaccaa
ccagaaaacyg
gagactgtca
cgacaatgag
ggaggctaaa
caaaattott

tggaggttta

gactatacta
aacaaactecc
caaagaattyg
cetaatbctta
getgttggga
gtgttaccct
ttectaccga
aagcaaagca
gtcttaccocet

gtggggcata

cacaacaaca

8/32

gecagttggge
ggtttcattg
aattcagagyg
atcaccaata
catgagttct
attgaagatc
ctagacgaac
gccaatgeaa
tgtatggaaa
ctagaaagga
agcatttaca

atcctgggea

subtype H9

ctagtagcaa
acagaaactyg
ctecacacag
gacacgtgca
ggaagagaat
gggaatgtag
agaatccaaa
tgtteagatt
gttcaagacq
catcacccac

ageagtgacaa

ttaggaatac
aaggaggaty
gaacaggaat
aagtcaacaa
ctgaagttga
tttgggctta
atgattccaa
tagatgetgg
ctataaagaa
gcaagataaa
gtacagtggc

tgcaaaatgyg

cageaagcaa
tggacacget
agcacaatgg
ctattgaagg
ggtcctacat
agaacctaga
tettcccaga
cattctacag
ctcaatacac
ccactgaagce

cagaagactt

gecttetagtt
gtctggaatg
ggcagetgac
tatagttgac
aaaaagaata
caatgcagag
tgtcaaaaac
gaacggttgc
cggaacttac
tggagtaaaa
ggccagtett

atcttgtaga

tgeagacaaa
aacagaaacc
aatgctgtgt
actgatctat
cgtcegaaagg
ggaactcagg
cacaatectgg
gagtatgaga
aaataatatyg
tgcacagaca

aaataggatc

PCT/CA2009/001040

1020
1080
1140
1200
1260
1320
138¢
1440
1560
1560
1620
1680

1698

60
120
180
240
i00
360
420
480
540
600

660



ttcaaaccga
tattggtegg
getccatggt
ttaaaaagta
ttgcegtteoc
aaaagtctea
tteggagecca
ggtttcecage
aaggcaattg
tatgaaataa
aagattgatg
gaaaaccaga
<210>
<211>

<212>
<213>

10
1727
DNA

<400> 10

agcaaaagca
gaaaggtett
gacccttaca
tttgaataaa
aggaatgttyg
cattgagecga
attgaggcag
tgggtettecce
tttctatgea
aacaaacace
coettecage

tgagagttct

tggtagggce

tactaaaacc
atggacacat
gtaattgogt
acaatatcag
aactggcagt
tagctggatt
attcaaatga
atagaataac
ttgatcatga
accaaataca

aaacactcga

Influenza A virus,

ggggtcacaa
gacagaatct
aatgaacaag
ttgtgtatga
ataggaacac
gagaatgcca
aaaataatgg
atcacctcag
gagctcaaat
tatcggaata
acacaggaaa

acatatcaga

aaggceccctt
aggccagaca
tcttteggga
agtgcaatgt
taaatatgca
agggttgagy
catagaagga
tcaaggggtt
aaccaaggtg
attcagtgag
agacatatgg

tgagcatgac

tgtacaaagt
gectaggaca
aggaagtgac
aaggaagaaq
c¢tgtttgtga
ttgcccactg
aaagtggagg
ctgggaccac
ggctagtgtc
cggacacage
agaatgactt

acaactttgt

10/32

gtecaatggtce
ctgcgagtaa
gggagccatg
cagactgaaa
tttggaaact
aacgtgcetg
ggttggecag

ggtattgegy
aataatatag
gttgaaacta
gcatataatyg

gcaaatgtga

subtype H10

agtagtaata
ccatgecggtt
caatgctact
ctacaaggac
tcegeacttg
ttatccaggg
aatcagcaag
taaggcatgce
aaagacaaag
agaacatcte
atacggaact

tccagttgtt

tgcagggaag
gatccaatgg
gaagaatcet
aaggeggett
gtcccaaata
ctagatcaag
gactagtcgce
cagataggga
tegacaaaat
ggctcaacat
cagagttgect

aga

attgegetec
agccaatggaa
gagacggtag
ttgggcaatt
accgggacct
gcaaccataa
atgagcactg
atgagaaatyg
ggacaaaatt
ataatatggg

cagtcactat

ggggcaagac

aattaattat
gaatctaatt
gaagactgat
aaacagtaca
tgttagagtt
tagaggacta
tggttggtat
ttcaactcaa
gaacaaacaa
gatcaataat

agtactactt

ttggagcagt
ccattgtgaa
agagcacaaa
gtcaccecggt
gggacactct
atgaagaagc
gcttecactta
gaggagatag
tecectecagac
gaattcatca
ctatatcagt

ctcaggtcaa

PCT/CR2009/001040

720
780
840
soC
960
10620
1480
1140
1200
1260
1320

1363

60
120
is¢
240
300
360
420
480
540
600
660

720



tggacaaagh
ctictecagac
tttgggaate
agggggttcet
atgeccccaaa
agaagtggtg
ggaaggaatg
agctgetgat
gttgattgag
gcatcaaatt
caacgcagag
gatgetaaat
aaagggatgt
caatacttat
cccagtgaaa
atgctttgtt

catgcgatge

<210> 11
<211>
<212>

<213>

DNB,
<400> 11

atggagaaaa
atcgggtatt
acggtcacta
aatggaaaac
cctatgtgtyg
ccaacaaatg

tteagtggag

1698

gggcgaattg
aatggaggte
caatcagaag
ataaatacaa
tacgtaaatc
cagggaaggyg
gtagacggct
tacaagagta
aagaccaaca
ggtaacgtca
ctattagtgg
ctgtatgaaa
tttgagatat
gaccatteac
ctttettegy
cttctageeyg

acaatctgta

Influenza A virus,

cactgectatt
taagcaacaa
gctcagbgga
aaccaataag
atgaactaat
gaatctgtta

ttttagaatt

actttcactyg
taatagcacce
cgttgataga
agctececttt
agaggagttt
gtetgittgg
ggtatggttt
ctcaagcage
ctgagtttga
ttaattggac
vaatggagaa
gggtaagaaa
atcatacttg
aatacagaga
ggtacaaaga
ttgttatggg

tttagttaaa

tgcagctatt
ctegacagac
actggttgag
ccttggagat
tggaaagact
cccaggaact

taacaaattc

11/32

gacactagta
aagtcegagtt
caacagttgt
tcaaaatctg
actgettgea
tgcaatagca
cagacaccaa
tattgaccaa
gtcaatagaa
caaagattca
tcagecacaca
gcaactcaga
tgatgattcg
ggaggctett
catcatactt
tettgtttte

aacaccttgt

subtype Hil

ttectitgty
aaagttgaca
acagaacaca
tgttcatttg
tcatggtett
ttagagagty

gaagtattca

cagecgggtyg
agcaaattaa
gaatccaaat
tcacccagaa
acagggatga
gggttcatag
aatgoccagg
atcacaggga
tetgaattca
ataaccgaca
attgacatgg
cagaatgcag
tgcatggaga
ctgaatagac
tggtttagct
ttetgectga

ttctact

tgaaagcaga
caataattga
ctggatcatt
ctggatggat
acattgtgga
aagaagaact

catcaaatgg

acaacataac
ctggaaggga
gettttggag
cagtaggtca
ggaatgtgece
aaaacggatg
gcacagygcca
aactgaacag
gtgagactga
tttggactta
ctgattcaga
aagaagacgg
gtataaggaa
tgaacatcaa
tcggggaatc

aaaatggaaa

tgagatctgt
gaacaatgtce
ctgtkcaate
attaggaaac
azaacccaat
aagactgaaa

atggggtget

PCT/CA2009/001040

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

1727

60
120
180
240
3¢0
360

420



gtaaattcag
cgaaacatgyg
aacaacacca
acagaacatc
tacaacagaa
cggatgacat
ggggegttec
ttcaggageg
attaatacga
tatgtgaatg
tegagaggcet
aatggatggt
gagtcaactc
atgaatacaa
caattatcaa
ctegttttac
catgagaaag
accttttacc
cataaagaat
gattctagtg
gtattggcag
tgtaccattt
<210>
<211>

<212>
«213>

12
1695
DHA

<400> 12

gagtaggagt
tatggetgat
aagggagaga
aagatctgta
gattecactee
tctactggaa
tagctcctag
aactgaacat
acaaaagctt
tcaaatcectt
tgtttggage
atgggttcoca
aaaaggcaat
actttgagtc
aacacgtaga
ttgaaaatga
tcagaagaat
ataagtgtga
tcgaggagga
ggaatgtgta
cactcatcat

geatttag

Influenza A virus,

aaccgetgea
acaccaatea
tgtactgatt
taaaaaggac
agaaatcaac
gatagtcaaa
atatgctttt
tgaatcatgc
ceacaatgtt
aaagcttgca
aatagctgga
acacagggac
agaccagata
tgtgcaacac
tgattctgtg
gaagacactg
gctaaaggac
caataaatge
atcaaaaatc

taaaatactg

ggggttcatg

12/32

tgcaaatteg
ggaacatatc
gtttggggaa
agctcctatyg
actaggcecca
ccaggagaat
gagattgtct
tctaccaaat
cacagaaaca
acaggaccta
ttcatagaag
gaagaaggaa
acatccaagg
gaattcagtg
gttgacatct
gacctccatyg
aatgccaaag
attgaacgag
aatcgecagg
tcaatttaca

ttttgggcat

subtype H12

ggggttctaa
ctgtaataaa
ttecatcatce
tagcagtggyg
gagtcaatgyg
caataacatt
ctgttggaaa
gtcaaacaga
ctatcgggoa
gaaatgtccc
ggggatggec
caggeattge
taaataacat
aaatagagga
ggtcatataa
actcaaatgt
atgaggggaa
ttagaaacgyg
agattgaagg
gctgcattge

gcagtaatgg

ttcttteottt
gagaaccttt
tgctacactg
tteagagace
acaggccgga
cgaatctaat
tgggaaactyg
aataggagga
ttgccecaag
agcaatagca
tggactgatc
agcagacaag
cgttgacagg
aagaataaat
tgecacagcett
caggaacctc
cggatgctte
aacatatgat
ggtgaaacta
aagcagtcett

atcatgtaga

atggaaaaat tcatcatttit gagtactgte ttggcagcaa getitgcata tgacaaaatt

tgcattggat accaaacaaa caactcgact gaaacggtaa acacactaag tgaacaaaac

|

PCT/CA2009/003040

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
14490
1500
1560
1620
1680

1698

60

120



gttceggtga
acggaactag
aatccraaat
aaagagatgg
ctgttttctt
gtcacataca
aggagcatga
aagaacacca
gatgaacaag
atcaatagga
agaatggatt
ggtaatctta
ctecaagaata
atgaacacaa
tacataccat
gatcgggdgge
getggttggt
gacagcacec
atgaataaac
atgattaatt
cttgtecetat
catgatcggyg
gagattttac
cacaaagagt
gaggagaatt
ctactgctca

actttctgta

cgecaggtygga
gatcaccact
gtgatcttta
aaggagtttyg
ccatcaaaaa
ctgggaccag
gatggttgac
gagattcaga
taaaattata
gettcaagec
actactgggce
ttgcacctga
atttgececat
gcaaaccttt
cagggagttt
tetttggage
acggatttca
aaagggcaat
aatttgaagt
ccaaaattga
tggaaaatca
tcagaagagt
ataaatgtga
atgaggaaga
ctacatataa
tgattattyg

tttaa

agaacttgta
agtgcttgat
tttgaatggce
ctatccaggg
atatgaaaga
caaggeccetge
cttaaaatca
cattgtattc
caaaaatect
taatataggg
tgttettaaa
atatggtcac
gggacagtgt
ccagaacact
aaaattggca
aattgcaggt
gcatcaaaat
agacaatatg
ggtgaateat
tgatcagata
gaagacatta
cctgagggaa
caacaattgt
aagcaaaatc
aattctgage

gggtttcatt

13/32

catogtggga
gactgttcat
agggaatggt
tcaattgaaa
atgaagatgt
aataatacat
ggacaattte
acctgggoca
gatactctct
ccaagaccac
cctggacaaa
ttaatcacag
gtgactgaat
agtaagcact
atagggctcea
ttcatagaag
gcggagggda
caaaacaaac
gagttttcag
actgacatat
gatgagcaty
aatgcaattg
atggacacga
gaacgacaga
atctacagca

ttegggtgte

ttgatcegat
tagagggtet
catacatagt
accaggaaga
ttgattteac
caaaccaagg
cagtccaaac
ttcaccaccc
cttcagtcac
tegtgagagyg
cagtcaaaat
ggaaatcaca
gtcaattgaa
atattgggaa
ggaatgtccc
geggatggeco
caggcatage
tcaacaatgt
aagtggaaag
gggcatacaa
acgctaatgt
acacaggaga
ttagaaacgg
aagtcaatgg
gtgttgccte

aaaatggaaa

cctgtgtgga
aatcectagge
agagaggoce
gctaagatct
caaatggaat
ctecattctat
agatgagtac
accaacatet
caccgtagaa
acaacaaggg
acaaaccaat
tggcaggata
cgagggtgta
atgccccaaa
acaagttcaa
agggctagtg
tgocagacaga
catcgacaaa
cagaataaac
tgetgaattg
aaggaatcta
cggctgettt
gacatacaat
tgtgaaactt
aagcttagtt

tgttegttgt

PCT/CA2005/001040

180
240
300
360
420
480
540
&00
660
720
780
840
SO0
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680

1685



<210>
<21li>
<212>»
«213>

13
1701
DNA

<400> 13

atggctetaa
atatgogtgg
ggggtcccag
tetctaaaty
ggaaacccag
ccogoggeoce
cacttgttea
ggggaagtac
tatcgaaatt
tacaacaata
gtggatgaga
cettggagey
agctggatga
aatggtggat
attttccaga
gggataaaca
aaatacataa
tcgaatagag
atcaatggtt
aaagaatcaa
aaaatgaatg
aacatgcttg
cttecttgtat

ttacatgagc

Influenza A virusg,

atgtcattge
ggtatctgag
tcaccagete
gagtcagtece
cctgcaccag
ctecatggget
gtggaatcag
ttgacggtac
tagtttggtt
caacgggaayg
caaagactct
agaaatataa
aaatttattg
ttttagceee
gtogcatcag
caaacagaac
agtctggecca
gattgttcgg
ggtacggttt
cacagaaagc
ggaactatga
cagacagaat
tgctggaaaa

aagtacgaag

aactttgaca
caccaatteca
cattgatctg
agtgeattty
caactttggg
ttgcetacccet
gtcattcagt
aacatctgct
tataaagaag
ggatgtttta
gtatgtcaat
actagaaacqg
gtetttgata
aagatatggg
aatgtctagg
gttcecaaaac
actcaagcta
agcaattgca
tcagcatcaa
tatagaccayg
ttcaattagy
agatgatgec
tgataaaact

agaattgaag

14/32

subtype H13

cttataagtg
tcagaaaggy
attgagacaa
ggagattgca
atcagagagt
ggagaattaa
agaacggaat
tgcagagata
aatactagat
gttttatggg
agtgatceat
ggagtccgac
catccagggg
tacataattg
tgcaacacca
atcgataaga
gccactggac
gggttcatag
aatgaacagqg
ataacaacca
ggtgaattca
gtgacggaca
ttagatatgc

gacaatgcaa

tatgtgtaca
togacacget
accacacagg
getttgaagg
ggtcatacct
acaacaatgg
tgateccace
acacgggaac
atccagttat
gaatacatca
acacactggt
ctggctataa
agatgattac
aagaatatgg
agtgccagac
atgctecttgg
tcagaaatgt
aaggaggctg
gaacaggaat
aaataaataa
atcaagttga
tttggtcata
atgatgctaa

ttgacgaagg

tgcagacaga
ccttgaaaat
aacatactgt
atggattgta
gattgaggac
tgaactcaga
taccteoctgg
caacagctte
cagtaagacc
cccagtgtet
ttccaccaag
tggacagagg
tttcgagagt
aaaaggaagyg
ttcggttaga
tgactgtcce
goccagctata
gecaggttta
agetgoeagac
cattattgat
gaagcgtata
caatgccaaa
tgtaaagaat

aaatggctgt

PCT/CA2008/001040

60
120
180
240
300
380
420
480
540
600
660
720
780
840
S00
2960

1020
1080
1140
1200
1260
1320
1380

1440



tttgaactec
gaccacactg
ctcaaatcaqg
gttgtactag
cgattcaatg
<210>
<211>

<212>
<213

14

DNA
<400> 14

agcaaaagca
cttattectea
cagtggaaaa
ctaaagaatt
tcgacgggcea
tgeaggacac
cattcgacgt
agttcatcge
gtttgagggyg
atggaaacta
atctotgggg
caacagggag
gaagtagacc
acccaggygga
acaaaataag
gcacaagcce
tatcaaggat
caactggaat

gattcattga

1749

ttcataaatg
agtatgcaga
aagacaacgt
taggactcat

tttgtatata

Influenza A virus,

ggggaaaatyg
gatcacaaat
cggcacatet
agttgagacg
agactgccac
cacttgggat
cecagattac
cgaacaatte
cggtogeaac
tggacctatt
agtgcatcac
agtaacagta
gagggtaagg
ctocatcatt
caaatctact
ttgcttaact
tgctatagga
gcgcaacatc

aaatggttgg

caatgactee
qgagtcaaag
ttacaaagca
actctettte

a

attgcactca
gggacaacag
gttaaaacac
aaccacactg
ctecatcaatg
gtctteattyg
cagagtctea
acctggaatg
agctteottet
aacgtcacta
ceatcaagey
tectacecget
aaktcagagcyg
ttcaacagta
aagagcacag
gataaaggtt
aactgccega
cctggcaaac

caaggectga

15/32

tgecatggaaa
ttaaagaggc
ttatcaatat

atcatgtggg

subtype Hi4

tattggttge
gaaaccccat
taacagacaa
atgaactgtg
gtgcattggy
aaaggccecac
gaagcatcct
gtgtcaaagt
ccegactaaa
aagaaaatac
ataatgagca
cggaccaaat
gcaggataag
ttgggaattt
tgottaaaag
cgatccaaag
aatatgtaaa
aggcaaaggyg

ttgatgggtg

ctataagaaa
aagaaatcga
acagttgcat

ccbgtagtag

actggctectg
tatatgecttg
tcacgtagaa
dccaageced
gagteccagge
tgcagtagac
agcaagcagt
tgacggatca
ctggctaacc
gggctecttat
aacggatctc
cagtattgtt
catctactgy
gattgecacca
tgacaaaagy
tgacaaacct
gcaagggtecce
cttatttggy

gtatggatte

tggaacgtat
tgggatcaaa
tgcaagtagt

tgggaattgce

agceccacactyg
gggcatcatg
gttgtgtecag
ttgaagcttg
tgtgacegtt
acatgttatc
gggagtttag
agcagtgett
aaagcaacaa
gtcaggctct
tacaaggtgg
cccaatatag
accctagtaa
agaggccact
attgggtcat
tttcagaatg
ctgatgttag
geaattgetg

aggcaccaaa

PCT/CA2009/001040

1500
1560
1620
1680

1701

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020
1080

1140



atgctgaagy
taaatggcaa
aggaattcga
agattgattt
tagatgtcac
agaatgcaga
gtatagaaag
acaatcgaat
ggatttettt
gggcttgtca
tttetactco

<210>
<211>

<212>
<213>

15

DN2&
<400> 15

agcaaaagca
tcgatggtga
gteaacacac
acaggaataa
atactgggaa
ctgataatag
gaagcactga
agatattcag
ttectactcag
aatcagacat
tcaagttcct
ggaagctcaa

ggtcaggecyg

1762

aacaggaact
gctgaacaga
acaggtggaa
gtggtcatac
agactccgaa
agatcaaggce
cattagaaac
caaaataaat
ctecatgtea

aaacgggaat

Influenza A virus,

ggggatacaa
gatctgacaa
taactgagaa
ataaagtgtyg
ctatcattygg
aaagaagaaa
gacaaataat
gaataaaaac
aaatgaaatg
acaggaacaa
tggatgagca
aataccaaca

ggaggatcga

gctgcagacc
ttgatagaga
ggaagaatac
aatgctgaat
atgaacaagc
aacggttgtt
ggaacttatg
cctgteoactt
tgetttgtet

atccgatgec

aatgaacact
gatttgtctc
aggagtggaa
cacaaaaggyg
goctocacaa
ttecaagtgac
cagagaatet
agacggggca
gcttttateo
cagaaaagaa
aaataagcta
atcgttttea

ctttcattyy

16/32

tgaagtcaac
agacaaatga
aagaccttga
tgctagtagce
tttttgaaag
tecgagatatt
accacaacat
tgacgatggg
togtggeact

aaatctgtat

subtype H15

caaatcatcg
gggcaccatg
gtggtcaatg
aagaaagcgg
tgtgactecte
atctgttace
ggtggaattyg
accagtgcgt
agcaaggcta
ccagcectaa
tatggagctg
ccaagtocag

atgctattagg

tcaggcagec
aaaatatcac
gaagtacgtt
actagagaat
agtaagaagg
ccatcagtgt
ctacagggat
gtacaaggac
gattctggga

ataaagaaaa

teattotagt
ccgtageaaa
ccacggagac
tggacttggg
atcttaaatt
cagggaaatt
acaaagagcc
gtaagagaac
accaggtgtt
ttgtttggag
ggaacaagct

gggacaggcc

acccagyggga

attgatcaga
caaatagaaa
gaggacacta
cagcacacaa
caattaagayg
gacaacaatt
gaagccatca
ataatcctgt
tttgttetat

aacaccettg

ccteggacty
tgggacaaaa
agtggagatt
atecttgtgga
caaagctgat
cactaatgag
aatgggattt
agtgtoctet
cccacaactg
agtacatcat
gataacagta
caaagtgaat

tacagtcact

PCT/CA2009/001040

1200
1260
1320
1380
1440
is00
1560
1620
15680
1740

1749

60
120
180
240
300
360
420
480
540
600
660
720

780



tttacctteca
ccatcgggag
gaatcatgtyg
caaaacatceyg
cecgetggect
gcaattgcag
aggcatcaaa
attgaccaga
ctcatagaca
agggactect
cagcatacaa
cagctaaggg
gacgatcaat
gaagccttac
gtgatactat
cttattttea
gaaaaacacc
<210>
<211>

<212>
«213>

i6

DNA
«400> 16

agcaaaagca
atcgtattgt
aacgcecacag
gatctegttyg
catcttggtyg
atcaacatca

ttcccaggag

1760

atggtgecatt
ttgagtacaa
aaggggaatyg
atagttgggce
taggaatgaa
gattcatcga
atgcacaggy
taacagggaa
atgagttcac
tgactgagat
ttgaccttge
agaatgccga
gtatggagag
agaataggat
ggtttagett
tgtgtgtgaa

cttgttteta

Influenza A virus,

ggggatattyg
taagtaggta
acacagtaga
aaacaaacca
actgcagett
gagagtggte

agttagataa

catageoocoa
tgggaagtca
cttctacagt
tgtcggaagg
aaatgtacca
gaatygatgg
gcagggaaca
acttaataga
tgaagtggag
ctggteatac
agattctgaa
ggaggatgga
catacgaaat
aatgatcaat
cggggcatca
aaacgggaat

ct

tcaaaacaac
ttoegaaagea
cacactgaca
cacaggaaca
tgagggatgy
gtatctaatt

taatggagaa

17/32

gatagagcca
ctgggaatac
ggagggacaa
tgceecagat
gagaaaatac
gaaggactca
gctgotgact
ttaattgaaa
cagcagatag
aatgctgaac
atgaacaaac
actggatgtt
aatacttaca
ccggtaaage
tgtgtaatge

ckgecggtgea

subtype H1s

agaatggtga
gacaaaatat
gagaacggag
tactgctcac
atcgtaggaa
gaggacccea

ttacgacatc

cecttteteeyg
agagtgatgc
taaacagccc
atgtaaagca
atactagggyg
ttgatggatg
acaagagtac
aaaccaacac
gcaatgtaat
ttctagtage
tctatgagag
ttgagatttt
atcacactga
ttagtggtgg
ttetagccat

ctatectgtat

tcaaagtget
gcataggata
ttccagtgac
tgaatggaat
acccttectg
atgeceooccaa

tcttcagegg

ctetaatgcec
acaaattgat
tttgocattt
atcaagccty
actgtteggt
gtatggattt
teaggetgea
acagtttgaa
aaactggaca
aatggaaaat
agtgagaaga
ccacecgatgt
atatcgacag
gtacaaagat
tgctatgggt

ataattatit

ctactttete
tctaagcaac
cagetecagtt
cagcccaatt
tgecaccaac
caaactetge

agtgaactct

PCT/CA2009/001040

840

a00C

260
102¢
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
17490

1762

60
120
180
240
300
360

420



tttagcagaa
gettettgee
aataaaaatg
gttctagtac
gcaagcaaaa
gaaattggca
atgegecctyg
ggatacatca
aaatgcaaca
aacatagaga
cttgcaactg
gcaggcttca
cagaatgaac
gaaataacaa
agaggggaat
gcagtaactg
acattggact
aaaagtaatg
tecatgeatgg
caactgaaaa
gtactgtcecga
ttcataatgt
aaaataccct
<210>
<211>
<212>

<213>
gsequence

17
la56
DNA

<400> 17

cagaattaat
gcgataatgg
gaaaatacce
tctggggeat
acccctacac
ccagaatagyg
gagagaggat
ttgagaagta
caaagtgtca
gaaatgectet
ggctgagaaa
tagaaggagy
aggggactgg
caaaaattaa
tcaatcaagt
acatatggtc
tacacgacgce
ctattgatga
aaactattag
ggcaggaaat
tttatagctyg
gggcatgcag

tgtttctact

aagtcccaac
ggcaagcagt
tgtcataaag
tcaccateeg
attagtatca
tgatggacag
aatgtttgaa
cggtacagga
aacatcatta
tggagattge
tgtcececatcec
gtggcctggg
cattgctgca
caatataata
agaaaagagqg
gtacaatgct
aaatgtceagg
aggagatggt
aaatgggacc
tgagggaata
cattgcaagc

caatggaaat

18/32

aaatggggag

ttttacagaa
ggggattaca
gatacagaaa
acaaaggaat
agaagttgga
agcaacggygg
cgaattttcee
ggtgggataa
ccaaagtaca
gttggtgaaa
ctaattaatg
gacaaagcect
gagaagatga
atcaacatge
aaacttettg
aacttacacg
tgcttecaate
tacaatcatg
aaattgaagt
agtattgtgce

tgceggttta

acattctgga
atttggtectg
ataacacaac
caacagcecat
ggagcaaaaq
tgaaactata
geettatage
aaagtggagt
acaccaacaa
taaagtctgg
gaggttitgtt
gatggtatgyg
ccactcagaa
acggaaacta
tegetgateg
tactgcttga
atcaggtcaa
ttettcacaa
aagattacag
ctgaagacaa
tggtaggtct

atgtttgtat

tggagktcacc
gatagtgaag
aggcagagat
aaacttgtac
atatgaacta
ttggcaccte
gcccagatac
gagaatggce
aactttccaa
acagcetgaag
tggtgeaatt
tttccagcecat
agcgatagat
tgattcaata
agttgatgat
aaatgggaga
gagaatattyg
atgtaatgac
ggaagaatca
tgtgtataaa
catacttgcg

atagtcggaa

gatcagattt gcattggtta ccatgcaaac aattcaacag agcaggttga cacaatcatg

FCT/CA2009/001040

480
540
600
660
720
780
840
800
960
1020
1080
1140
i200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1760

PCAMBIA expression vector 660 containing the complete wild type H5

60



gaaaagaacyg
ctetgegate
ctocteggga
gagaaggcca
ctygaaacacc
tcttggiceg
coctectttt
aagaaaagct
cctaatgatg
gggacatcaa
gggcaaagtg
ttcgagagta
gactcagcaa
ccaatggggyg
gaatgecocca
cctcaaagag
gagggaggat
gggagtgggt
aaggtcaact
aataacttag
gtotggactt
catgactcaa
aaggagetyy
agtataagaa
gaggaaataa
tcaacagtgg

tgctccaatg

ttactgttac
tagatggagt
acccaatgtg
atccaaccaa
tattgagcag
atcatgaagc
ttagaaatgt
acaataatac
cggcagagca
cactaaacca
gaaggatgga
atggaaattt
ttatgaaaag
cgataaacte
aatatgtgaa
agagcagaag
ggcagggaat
acgetgeoaga
caatcattga
aaaggagaat
ataatgeccga
atgttaagaa
gtaacggttg
acggaacgta
gtggggtaasa
cgagtteccct

gatcgttaca

acatgccocaa
gaagccteta
tgacgaatte
tgacctctgt
aataaaccat
ctcatcagga
ggtatggctt
caaccaagag
gacaaggcta
gagattggta
gttcttctgg
cattgctcca
tgaattggaa
tagtatgcca
atcaaacaga
aaaaaagaga
ggtagatggt
caaagaatcc
caaaatgaac
agagaattta
acttctggtt
cectetacgac
tttecgagttc
caactateoyg
attggaatca
agcactggca

atgcagaatt

19/32

gacatactgg
attttaagag
atcaatgtac
tacccaggga
tttgagaaaa
gttagectcag
atcaaaaaga
gatcttttgg
tatcaaaacc
ccaaaaatag
acaattttaa
gaatatgcat
tatggtaact
ttccacaaca
ttagtecttg
ggactatttyg
tggtatgggt
actcaaaagg
actcagtttyg
aacaagaaga
ctcatggaaa
aaggtccgac
tatcacaaat
cagtattcag
ataggaactt
atcatgatgg

tgcatt

aaaagacaca
attgtagtgt
cggaatggtc
gtttcaacga
ttcaaatcat
catgtceata
acagtacata
tactatggoy
caaccaccta
ctactagate
aacctaatga
acaaaattgt
gcaacaccaa
tacaccctct
caacagggct
gagctatage
accaccatag
caatagatgg
aggccgttgg
tggaagacgg
atgagagaac
tacagcttag
gtgataatga
aagaagcaag
accaaatact

ctggtctatc

caacgggaag
agctggatgg
ttacatagtyg
ctatgaagaa
cegcaaaagt
cctgggaagt
ceoaacaata
aattcaccat
tatttccatt
caaagtaaac
tgcaatcaac
caagaaagygyg
gtgtcaaact
caccatcggg
cagaaatagc
aggttttata
caatgagcag
agtcaccaat
aagggaattt
gtttctagat
tctagacttt
ggataatgca
atgtatggaa
attaaaaaga
gtecaatttat

tttatggatg

PCT/CA2009/001040

iz20
180
240
300
360
420
480
540
600
660
720
780
840
s00
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1656



20/32

<210> 18

<211l> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 18
gtattagtaa ttagaatttg gtgtc

<210> 192
<211> 50
<212> DNA

<213> Artificial Sequence

«<220>
<223» PCR primer

<400> 18
ttgtagettt tctttattgt tgggtatgca ctgttcttit tgataagcoca

<210> 20

<211l> 50

<212> DNA

«213> Artificial Sequence

<220
<223> PCR primer

<400> 20
acccaacaat aaagaaaagc tacaataatg ccaaccaaga ggatcttttg

<210> 21

<211l> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> PCR primer

<400> 21
gtgagagggt gtatgttgtg gaatggcata gcagagttta tegecccecat

«<210> 22

<211> 50

<21l2> DNA

<212> Artificial Segquence

<220>

PCT/CA2009/001040

25

50

50

50



223>

<400>

atgggggega taaactctge tatgecatte cacaacatac accctctcac

210>
<211l>
<212>
<213>

<220
<223>

<400

21/32

PCR primex

22

23

38

DNA

Artificial Sequence

PCR primer

23

actttgaget cttaaatgea aattctgeat tgtaacga

<210>
<211>
<212>
<213

<220>
<223>

<400>

24

32

DNA

Artificial Sequence

PCR primer

24

agttcccecgg gectggtatat ttatatgttg tco

<210>
<211>
212>
213>

<220>
223>

<400>

25

46

DNA

Artificial Sequence

PCR primer

25

aatagagcte cattttctet caagatgatt aattaattaa ttagtc

<210>
<211>
<212>
<213>

<220>
<223>

<4005

26

46

DNA

Artificial Sequence

PCR primer

26

aatagagete gttaaaatge ttottogteot cctatttata atatgyg

<210>

27

PCT/CA2002/001040

50

i8

32

46

46



<21l> 48
<212> DNA
«<213>
<220>
<223> PCR
<400> 27

primer

Artificial Sequence

22/32

ttacgaatte tecttectaa ttggtgtact atcatttate aaagggaa

210>
<21l>
<212>»
<213

28
1719
DNA

<400> 28

aagcttatgg
atttgcattyg
aacgttactyg
gatctagatg
gggaacccaa
gccaatccaa
cacctattga
tccgatecatg
Etttttagaa
agctacaata
gatgcggcag
tcaacactaa
agtggaagga
agtaatggaa
gcaattatga
ggggcgataa
cccaaatatg
agagagagca

ggatggcagg

agaaaatagt
gttaccatgc
ttacacatge
gagtgaagcc
tgtgtgacga
ccaatgacct
gcagaataaa
aagectcecate
atgtggtatg
ataccaacca
agcagacaag
accagagatt
tggagttett
atttcattgce
aaagtgaatt
actctagtat
tgaaatcaaa
gaagaaaaaa

gaatggtaga

gettettett
aaacaattca
ccaagacata
tctaatttta
attcatcaat
ctgttaccea
ccattttgag
aggagttago
gcettatcaaa
agaggatctt
getatatcaa
ggtaccaaaa
ctggacaatt
tccagaatat
ggaatatggt
gecattccac
cagattagtc
gagaggacta

tggttggtat

gcaatagtca
acagagcagg
ctggaaaaga
agagattgta
gtaccggaat
gggagtttca
aaaattcaaa
tcagcatgtce
aagaacagta
ttggtactgt
aaccecaaccoa
atagctacta
ttaaaaccta
gcatacaaaa
aactgcaaca
aacatacacc
cttgcaacag
tttggagcta

gagtaccace

gtcttgttaa
ttgacacaat
cacacaacgg
gtgtagctgyg
ggtcttacat
acgactatga
tcatceoccaa
catacctggy
catacccaac
ggggaattca
cctatattte
gatccecaaagt
atgatgcaat
ttgtcaagaa
ccaagtgtca
ctctecacecat
ggctcagaaa
tageaggttt

atagcaatga

Influenza A virus, subtype HS5 from Indonesia/5/05 (HSN1)

aagtgatcag
catggaaaag
gaagctcotge
atggctectc
agtggagaag
agaactgaaa
aagttcttgg
aagtccctee
aataaagaaa
ccatcctaat
cattgggaca
aaacgggcaa
caacttegag
aggggacteca
aactccaatg
cggggaatge
tagceccteaa
tatagaggga

gecaggggagt

PCT/CAZ009/001040

4B

60
120
180
240
300
360
420
480
540
600
660
720
780
840
S00
860

1020
1080

1146



gggtacgctg
aactcaatca
ttagaaagga
acttataatg
tcaaatgtta
ctgggtaacyg
agaaacggaa
ataagtgggg
gtggcgagtt
aatggatcgt
<210
<21ll>
<212>

<213
{Triple Mut

29
1656
DNA

<400=> 29
gatcagattt

gaaaagaacg
ctetgogatc
ctectcggga
gagaaggcca
ctgaaacacc
tcttggtecg
cecctoctttt
aagaaaagct
cctaatgatg
gggacatcaa
gggcaaagty
ttcgagagta

gactcagcaa

cagacaaaga
ttgacaaaat
gaatagagaa
ccgaacttet
agaacctcta
gttgtttega
cgtacaacta
taaaattgga
ccctageact

tacaatgcag

ant}

gcattggtta
ttactgttac
tagatggagt
acccaatgty
atccaaccaa
tattgagcag
atcatgaagc
ttagaaatgt
acaataatgc
cggcagagca
cactaaacca
gaaggatgga
atggaaattt

ttatgaaaag

atccactceaa
gaacactcag
tttaaacaag
ggttctecatg
cgacaaggtc
gttctatcac
tecgecagtat
atcaatagga
ggcaatcatg

aatttgcatt

ccatgeaaac
acatgcccaa
gaagcctcta
tgacgaattc
tgacctetgt
aataaaccat
ctcatcagga
ggtatggctt
caaccaagag
gacaaggcta
gagattggta
gttettetgg
cattgecteoca

tgaattggaa

23/32

aaggcaatag
tttgaggecyg
aagatggaag
gaaaatgaga
cgactacage
aaatgtgata
tcagaagaag
acttaccaaa
atggctggte

taagagcte

aattcaacag
gacatactgg
attttaagag
atcaatgtac
tacccaggga
tttgagaaaa
gttagctcag
atcaaaaaga
gatctbttay
tatcaaaacc
ccaaaaataq
acaattttaa
gaatatgcat

tatggtaact

atggagtcac
ttggaaggga
acgggtttct
gaactctaga
ttagggataa
atgaatgtat
caagattaaa
tactgtcaat

tatctttatg

agcaggttga
aaaagacaca
attgtagtgt
cggaatggtce
gtttcaacga
ttcaaatcat
catgtccata
acagtgcata
tactgtgggg
caaccaccta
ctactagatc
aacctaatga
acaaaattgt

goaacaccaa

caataaggtc
atttaataac
agatgtctgg
¢cttteatgac
tgcaaaggag
ggaaagtata
aagagaggaa
ttattcaaca

gatgtgctce

cacaatcatg
caacgggaag
agctggatag
ttacatagty
ctatgaagaa
ccccaaaagt
cctgggaagt
cccaacaata
aattecaccat
tatttccatt
caaagtaaac
tgcaatcaac
caagaaaggy

gtgtcaaact

PCT/CA20092/001040

1260
1260
1320
1380
1440
1500
1560
1620
les0

1719

pCAMBIA expression vector 680 containing the complete HS5 sequence

60

120

180

240

300

360

420
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540
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660
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780

840



ccaatgggyy
gaatgeccea
cctcaaagag
gagggaggat
gggagtgggt
aaggtcaact
aataacttag
gtctggactt
catgactcaa
aaggagctgg
agtataagaa
gaggaaataa
tcaacagtgy
tgctecaatyg
<210>
<211>

<212>
<213>

30
25
DNA

«220>
<223> PCR

<400> 30

cgataaactc
aatatgtgaa
agagcagaag
ggcagggaal
acgctgcaga
caatcattga
aaaggagaat
ataatgoecga
atgttaagaa
gtaacggttg
acggaacgta
gtggggtasza
cgagttccet

gatcgttaca

primer

tgetatgeoca
atcaaacaga
aaaaaagaga
ggtagatggt
cazagaatcce
caaaatgaac
agagaattta
actteotggtt
cctetacgac
tttegagtte
caactatceg
attggaatca
agcactggea

atgcagaatt

Artificial Seguence

gtattagtaa ttagaatttg gtgte

<210> 31
<211l> 44
<212> DNA
<213>
«220>
223> PCR
<400> 31

primer

Artificial Sequence

24/32

ttccacaaca
ttagtcecttg
ggactatttyg
tggtatgggt
actcaaaagg
actcagtttyg
aacaagaaga
ctcatggaaa
aaggtccgac
tatcacaaat
cagtattcag
ataggaactt
atcatgatgg

tgecatt

tacaccctet
caacagggct
gagctatage
accaccatag
caatagatgy
aggecgttgyg
tggaagacgg
atgagagaac
tacagecttag
gtgataatga
aagaagcaag
accaaatact

ctggtectatce

gcaagaagaa gcactatttt ctecatttte tetcaagatg atta

<210> 32

caccateggyg
cagaaatagc
aggttttata
caatgagcag
agtcaccaat
aagggaattt
gtttctagat
tctagacttt
ggataatgca
atgtatggaa
attaaaaaga
gtcaatttat

tttatggatg

PCT/CA2009/001040

300

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1656

25

44



«21ll> 45

<212> DNA

«213> Artificial Seguence
<220

<223> PCR primer

<400> 32

25/32

ttaatcatct tgagagaaaa tggagaaaat agtgcttett ctege

«<210=>
<2il>
<212 >
<213>

<220>
«<223>

<400>
actttgaget cttaaatgca aattctgecat tgtaacga

<210>
<211l
<212
«2]13>

<400>

a3
38
DNA

Artificial Sequence

PCR primer

33

34
552
PRT

HA f£rom Influenza, HS from A/Vietnam/1194/04

34

Asp Gln Ile

1

Asp

Leu

Pro

Pro

65

Glu

Asp

Thr

Glu

Leu

50

Met

Lys

Tyxr

Ile

Lys

35

Ile

Cys

Bla

Glu

Cys

Met

20

Thr

Leu

Asp

Asn

Glu

Ile

Glu

His

Arg

Giu

Pro

85

Leu

Gly Tyr His

Liys

Asn

Asp

Fhe

70

Val

Lys

Asn

Gly

Cys

55

Ile

Asn

His

Val

Lys

40

Sex

Asgn

Asp

Leu

Ala

Thrx

25

Leu

Val

Val

Leu

Leu

Asn

10

Val

Cys

Ala

Pro

Cys

90

Sexr

Asn

Thr

Asp

Gly

Glu

75

Tyr

Arg

Ser

His

Leu

Trp

60

Trp

Pro

Ile

Thr

Ala

AsSp

45

Leu

Ser

Gly

Asn

Glu

Gln

30

Gly

Leu

Tyr

Asp

His

Gln

15

Asp

val

Gly

Ile

Phe

95

Phe

Val

Tle

Lys

Asn

Val

80

Asn

Glu

PCT/CA2009/001040

45

3B



Lys

Leu

Arg

145

Lys

Gly

Asn

Leu

Arg

225

Phe

Val

Asn

Mat

Tyr
305

Tle

Gly

130

Asgn

Arg

Ile

Pro

val

210

Met

Glu

Lys

Cys

Pro

280

Val

Gln

115

val

vVal

Serx

His

Thr

195

Pro

Glu

Sexr

Lys

Asn

275

Phe

Lys

100

Ile

Sex

val

Tyr

+

His

180

Thr

Arg

Phe

Asn

Gly

260

Thr

His

Ser

Tle

Sexr

Trp

Asn

168

Pro

Ile

Phe

Gly

245

Asp

Lys

Asn

Asn

Pro

Ala

Leu

150

Asn

Asn

Ile

Ala

Trp

230

Asn

Ser

Cys

Ile

Arg
319

Lys

Cys

135

Ile

Thr

Asp

Ser

Thr

218

Thr

Phe

Thr

Gln

His

295

Leu

Ser

120

Pro

Lys

Asn

Ala

vVal

200

Arg

Ile

Ile

Ile

Thr

280

Pro

Val

105

Ser

Tyr

Lys

Gln

Ala

185

Gly

Ser

Leu

Ala

Met

265

Pro

Leu

Leu

26/32

Txp

Gin

Asn

Glu

170

Glu

Thr

Lys

Lys

Pro

250

Lys

Met

Thr

Ala

Ser

Gly

sSer

155

Asp

Gln

Ser

val

Pro

235

Giu

Ser

Gly

Tle

Thr
315

Sex

Lys

140

Thr

Leu

Thr

Thr

Asn

220

Asn

Tyr

Glu

Ala

Gly

300

Gly

His
125

Sexr

Tyx

Leu

Lys

Leu

205

Gly

Asp

Ala

Leu

Ile

285

Glu

Leu

110

Glu

Ser

Pro

Val

Leu

1890

Asn

Gln

Ala

Tyr

Glu

270

Asn

Cys

Arg

Ala

Phe

Thr

Leu

175

Ty

Gln

Ser

Tle

Lys

255

Tyx

Ser

Pro

Asn

Ser

Phe

Ile

160

Trp

Gln

Arg

Gly

Asn

240

Ile

Gly

Ser

Lys

Sex
320

PCT/CAZ009/001040



Pro

Ala

Gly

Glu

Tle

385

Asn

Gly

Glu

Tyr

Asn

465

Ser

Arg

Ile

Leu

Gln

Gly

Tyr

Ser

370

Ile

Asn

FPhe

Asn

Asp

450

Gly

val

Leu

Tyr

Ala
530

Arg

Phe

His

355

Thr

Asp

Leu

Leu

Glu

435

Lys

Cys

Arg

Lys

Gln

515

Ile

Glu

Ile

340

His

Gin

Lys

Glu

Asp

420

Arg

Val

Phe

Asn

Arg

500

Tle

Met

Arg

325

Glu

Ser

Lys

Met

Arg

405

Val

Thr

Arg

Glu

Gly

485

Glu

Leu

vVal

Arg

Gly

Asn

Ala

Asn

380

Arg

Trp

Leu

Leu

Phe

470

Thr

Glu

Ser

Ala

Arg

Gly

Glu

Ile

375

Thr

Ile

Thr

Asp

Gln
455

Tyxr

Tyr

Ile

Ile

Gly
535

Lys

Trp

Gln

360

Asp

Gln

Glu

Tyr

Phe

440

Leu

His

Asp

Sexr

Tyr
520

Leu

Lys

Gln

345

Gly

Gly

Phe

Asn

Asn

425

His

Arg

Lys

Tyr

Gly

505

Ser

Ser

27/32

Arg

330

Gly

Ser

Val

Glu

Leu

410

Ala

Asp

Asp

Cys

Pro

430

Val

Thy

Leu

Gly

Met

Gly

Thr

ala

3595

Asn

Glu

Ser

Asn

Asp

475

Gln

Lys

Val

TEp

Leu

vVal

Tyr

Asn

380

Val

Lys

Leu

Asn

Ala

460

Asn

Tyr

Leu

Ala

Met
540

Phe

Asp

Ala

365

Lys

Gly

Lys

Leu

Val

445

Lys

Glu

Ser

Glu

Ser

525

Cys

Gly

Gly

350

Ala

Val

Arg

Met

Val

430

Lys

Glu

Cys

Glu

Ser

510

Ser

Ser

Ala

3356

Trp

Asp

Asn

Glu

Glu

415

Leu

Agn

Leu

Met

Glu

495

Ile

Leu

Asn

Ile

Tyr

Lys

Ser

Phe

400

Asp

Met

Leu

Gly

Glu

480

Ala

Gly

Ala

Gly

PCT/CA2005/001040



Ser Leu Gln Cys Arg Ile Cys Ile
550

548

<210>
<21l>
<212>
<213>

35

DNA
<400> 35

atgaaggcaa
ggaataacat
gtgactggtg
ggaacaagga
gctttgggea
gaagtcaaac
caactacceca
gatgcggaaa
gctaceagta
aaaaatgcaa
caaatcactg
gactcaaatc
cagattggca
gttgttgatt
gttttgttge
ttgcetttaa
aagccettact
acacctttga
aggggtttet
ggetggeacyg
agtacgcaag

gtaaagaatc

1752

HA from Influenza,

taattgtact
cttcaaacte
tgataccact
ccagagggaa
gaccaatgtyg
ctgttacatc
atcttetcag
aggeaceagyg
agageggatt
cgaacccoact
tttgggggtt
ctocaaaagtt
gectteccaga
acatgatgca
ctcaaaaggt
ttggtgaagce
acacaggaga
agetegecaa
teggagcetat
gatacacatc
aagctataaa

ttcaaagact

strain

actcatggta
acctcatgtg
aacaacaaca
actatgccca
tgtggggace
cgggtgcttt
aggatatgaa
aggaccctac
tttecgeoaaca
aacagtagaa
ccattcagat
caccteatcet
tcaaacagaa
aaaacctggy
gtggtgcgey
agattgeett
acatgcaaaa
tggaaccaaa
tgectggtttce
teacggagcea
caagataaca

aagtggtgee

28/32

B/Florida/4/2006

gtaacatcca
gtcaaaacag
ccaacaaaat
gactgtetea
acaccttegyg
cetataatge
aatatcaggce
agacttggaa
atggcttggg
gtaccataca
aacaaaaccce
gctaatggag
gacggaggac
aaaacaggaa
agtggcagga
catgaaaaat
gccataggaa
tatagacctc
ctagaaggag
catggagtgg
aaaaatetea

atggatgaac

atgcagatcg
ccactcaagg
cttattttge
actgcacaga
cgaaggette
acgacagaac
tatcaacceca
cctecaggatc
ctgteccaaa
tttgtacaga
aaatgaagaa
taaccacaca
taccacaaag
caattgtcta
gcaaagtaat
acggtggatt
attgcccaat
ctgcaaaact
gatgggaagg
cagtggcggce
attctttgag

tecacaacga

aatctgeact
ggaggtcaat
aaatctcaaa
tctggatgtg
aatactccac
aaaaatcagyg
adacgtcatc
ttgecctaac
ggacaacaac
aggggaagac
cctectatgga
ctatgtttcect
cggcaggatt
ccaaagaggt
aaaagggtcco
aaacaaaagc
atgggtgaaa
attaaaggaa
aatgattgca
ggaccttaay
tgagctagaa

aatactcgag

|

PCT/CA2009/001040

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
260

1020
1080
1140
1200
1260

1320



29/32
ctggatgaga aagtggatga tctceagagek gacactataa gotegcaaat agaacttgea
gtcttgettt cecaacgaagyg aataataaac agtgaagatg ageatctatt ggcacttgag
agaaaactaa agaaaatbgcet gggtcectct gectgtagaga taggaaatgyg atgcttcogaa
accaaacaca agtgcaacca gacctgctta gacaggatag ctgctggcecac ctttaatgea
ggagaatttt ctetececac ttttgattca ctgaacatta ctgetgcate tttaaatgat
gatggattgg ataaccatac tatactgcte tattacteaa ctgetgette tagtttgget
gtaacattga tgctagectat ttttattgtt tatatggtct ccagagacaa cgtttcatge
tocatetgte ta
<210> 36
<211»> 569
<212> PRT
<213> Mature HA from Influenza, strain B/Florida/4/2006
<400> 36
Asp Arg TIle Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His val val
1 5 10 15
Lys Thr Ala Thr Gln Gly Glu Val Asn Val Thr Gly Val Ile Pro Leu
20 25 30
Thxr Thr Thr Pro Thr Lys Ser Tyr Phe Ala Asn Leu Lys Gly Thr Arg
35 40 45
Thr Arg Gly Lys Leu Cys Pro Asp Cys Leu Asn Cys Thr Asp Leu Asp
50 55 60
Val Ala Leu Gly Arg Pro Met Cys Val Gly Thr Thr Pro Ser Ala Lys
65 70 75 80
Ala Ser Ile Leu His Glu Val Lys Pro Val Thr Ser Gly Cys Phe Pro
85 S0 95
Ile Met His Asp Arg Thr Lys Ile Arg Gln Leu Pro Asn Leu Leu Arg
100 105 110
Gly Tyr Glu Asn Ile Arg Leu Ser Thr Gln Asn Val Ile Asp Ala Glu
115 120 125

PCT/CR2008/001040

1380
1440
1500
1560
le20
1680
1740

1752



Lys

Asn

145

Pro

Pro

His

Pro

Sexr

225

Gln

Thr

Trp

Ile

Ser

305

Pro

Arg

Ala
130

Ala

Lys

Ser

Gln

210

Gln

Ser

Gly

Cys

Gly

290

Lys

Ile

Pro

Pro

Thr

Asp

Ile

Rsp

195

Lys

Ile

Gly

Thr

Ala

275

Glu

Pro

Trp

Pro

Gly

Ser

Asn

Cys

180

Asn

Phe

Gly

Arg

Ile

260

Sexr

Ala

Tyr

val

Ala
340

Gly

Lys

Asn

165

Thx

Lys

Thr

Ser

Ile

245

Val

Gly

aAsp

Tyr

Lys

325

Lys

Pro

Ser

150

Lys

Glu

Thr

Ser

Fhe

230

Vval

Tyr

Arg

Cys

Thr

310

Thr

Leu

Tyx

135

Gly

Asn

Gly

Gln

Ser

215

Pro

val

Gln

Ser

Leu

295

Gly

Pro

Leu

Arg

Phe

Ala

Glu

Met

200

Ala

Asp

Asp

Aarg

Lys

280

His

Glu

Leu

Lys

Leu

Phe

Thr

Asp

185

Lys

Asn

Gln

Tyr

Gly

265

Val

Glu

Lys

Glu
345

30/32

Gly

Ala

Asn

170

Gln

Asn

Gly

Thr

Met

250

Val

Ile

Lys

Ala

Leu

330

Arg

Thr

Thr

155

Pro

Ile

Leu

val

Glu

235

Met

Leu

Lys

Tyr

Lys

315

Ala

Gly

sSexr

140

Met

Leu

Thx

Tyx

Thxr

220

Asp

Gln

Leu

Gly

Gly

300

Ala

Asn

Phe

Gly

Ala

Thr

Val

Gly

205

Thr

Gly

Lys

Pro

Ser

285

Gly

Ile

Gly

Phe

Ser

Trp

Val

Trp

120

Asp

His

Gly

Pro

Gln

270

Leu

Leu

aly

Thr

Gly
350

Cys

Ala

Glu

175

Gly

Ser

Leu

Gly

255

Lys

Pro

Asn

Asn

Lys

135

Ala

Pro

val

1640

Val

Phe

Asn

val

Pro

240

Lys

val

Leu

Liys

Cys

320

TYE

Ile

PCT/CA2009/001040



Ala

Gly

Lys

385

Leu

RAsp

Leu

Ser

Glu

465

Asgn

Arg

Phe

Asp

Ala

545

Asp

Gly

Tyr

370

Ser

Ser

Glu

Arg

Asn

450

Arg

Gly

Ile

Asp

Asn

530

Val

Asn

Phe

355

Thrx

Thx

Glua

Leu

Ala

435

Glu

Lys

Cys

Ala

Ser

515

His

Thr

Val

Leu

Ser

Gln

Leu

Hisg

420

Asp

Gly

Leu

Phe

Ala

500

Leu

Thr

Leu

Ser

Glu

His

Glu

Glu

405

Asn

Thr

Ile

Lys

Glu

488

Gly

Asn

Ile

Met

Cys

Gly

Gly

Ala

390

Val

Glu

Ile

Tle

Lys

470

Thr

Thr

Ile

Leu

Leu

550

Ser

Gly

Ala

375

Ile

Lys

Ile

Ser

Asn

455

Met

Lys

Phe

Thr

Leu

535

Ala

Tle

Trp

360

His

Asn

Asn

Leu

Sex

440

Ser

Leu

His

Asn

Rla
520

Tyr

Ile

Cys

Glu

Gly

Lys

Leu

Glu

425

Gln

Glu

Gly

Lys

Ala

505

Ala

Phe

Leu

31/32

Gly

Val

Ile

Gln

410

Leu

Tle

Asp

Pro

Cys

480

Gly

Ser

Ser

Ile

Met

Ala

Thr

395

Arg

Asp

Glu

Glu

Ser

475

Asn

Glu

Leu

Thr

Val
555

Ile

val

380

Lys

Leu

Glu

Leu

His

480

Ala

Gln

Fhe

Asn

Ala

540

Tyr

Ala

365

Ala

Asn

Ser

Lys

Ala

4458

Leu

Val

Thr

Ser

Asp

525

Ala

Met

Gly

Ala

Leu

Gly

val

430

Val

Leun

Glu

Cys

Leu

510

Asp

Ser

Val

Trp

Asp

Asn

Ala

415

Asp

Leu

Ala

Ile

Leu

485

Pro

Gly

Ser

Ser

His

Leu

Ser

400

Met

Asp

Leu

Leu

Gly

480

Asp

Thxr

Leu

Leu

Arg
560

PCT/CAZ009/001040
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32/32

565



