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HEADLESS HEMAGGLUTIN INFLUENZA
VACCINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of U.S. Provisional
Application No. 62/567,936, filed Oct. 4, 2017, which is
hereby incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with Government Sup-
port under Grant No. A1101047 awarded by the National
Institutes of Health. The Government has certain rights in
the invention.

SEQUENCE LISTING

[0003] This application contains a sequence listing filed in
electronic form as an ASCII.txt file entitled “220702-2450
Sequence Listing ST25” created on Oct. 4, 2018. The
content of the sequence listing is incorporated herein in its
entirety.

BACKGROUND

[0004] Seasonal influenza epidemics cause an estimated
250,000 deaths worldwide each year. The global burden of
human influenza infection is huge. It was estimated that in
2008 seasonal influenza viruses cause 90 million new infec-
tions worldwide in children below 5 years of age and were
responsible for up to 20% of all pediatric acute lower
respiratory infections. The adaptive immune response that is
built up in the human population due to influenza infection
creates immune selection pressure on the circulating viruses.
Mutant viruses acquire ability to escape from prevailing
herd immunity by antigenic drift and shift, which necessi-
tates the yearly update of composition of human influenza
vaccines to match the newly circulating viruses. However,
the protection efficacy of updated vaccines does not always
live up to expectation, for instance the outbreak of pandemic
Mexican flu HIN1 in 2009 caused 200,000 deaths during the
first 12 months of its circulation. Low vaccine effectiveness
was also observed recently during 2012-2013 and 2014-
2015 epidemic. In addition, the threat from fatal zoonotic
influenza viruses like HSN1 and H7N9 adds further neces-
sity for the development of universal influenza vaccines with
broad and long-term protection.

SUMMARY

[0005] Disclosed herein are influenza vaccines capable of
providing broad cross-protection. Conserved epitopes from
influenza virus are promising targets to develop universal
vaccines. Notably, the membrane proximal stalk domain of
hemagglutinin (HA) is more conserved than the highly
variable head domain. Disclosed herein are vaccine compo-
sitions and methods based on a truncated influenza HA
protein lacking a head domain. For example, disclosed
herein is a polypeptide comprising a truncated influenza HA
protein lacking at least a portion of the HA head domain,
also referred to herein as a head-removed HA (hrHA). Also
disclosed is a nanoparticle coated with a hrHA polypeptide.
Also disclosed is a virus like particle (VLP) expressing on
its surface a hrHA polypeptide.
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[0006] Also disclosed is a nanoparticle formed by desol-
vating the fusion protein with a desolvating agent and/or
crosslinking a fusion protein with a crosslinking agent,
wherein the to fusion protein comprises a series of 2 to 8
influenza virus matrix protein 2 extracellular (M2e) domains
linked to a multimerization domain. This nanoparticle can in
some embodiments be coated with an antigen, such as the
disclosed hrHA polypeptide.

[0007] Also disclosed are pharmaceutical compositions
comprising a polypeptide or nanoparticle disclosed herein
and an adjuvant.

[0008] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features, objects, and advan-
tages of the invention will be apparent from the description
and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0009] FIGS. 1A to 1C show schematic and sequence
designs of recombinant 4M2e-GCN4 (SEQ ID NO:38) and
structural designs of original the H1 and and H3 HA proteins
as well as the head-removed H1 and head-removed H3 that
have been engineered using the originals as a starting
structure.

[0010] FIGS. 2A and 2B show western blot characteriza-
tion of example crosslinked tetramer and monomer recom-
binant 4M2e-GCN4, head-removed H1 and head-removed
H3. FIGS. 2C and 2D display sandwich ELISA data that
indicate that the H3 and H1 hrHA proteins maintain well-
preserved tertiary structural conformations compared to
full-length HA proteins.

[0011] FIGS. 3A to 3E demonstrate the fabrication and
characterization of PNP. FIG. 3A schematically illustrates
the PNP formation process by ethanol desolvation with or
without DTSSP crosslinking. FIG. 3B illustrates the effect of
differing doses of DTSSP crosslinker on PNP size by zeta-
sizer with FIG. 3C showing a peak size of 141 nm in the
absence of DTSSP altogether. FIG. 3D shows well-main-
tained primary structure of the fusion protein even after PNP
formation and the ability to completely denature the PNP
back into monomers. FIG. 3E shows the particulate and
nearly-spherical spatial displacement of the PNP by scan-
ning electron microscopy (SEM).

[0012] FIGS. 4A to 4C show design of head-removed HA
coated PNPs, Uni4C1 and Uni4C3. FIG. 4A schematically
illustrates the fabrication process while FIGS. 4B and 4C
show hydrophobic and amine-reactive groups present in the
hrHA proteins.

[0013] FIGS. 5A to 5D show fabrication and character-
ization of example head-removed HA coated PNPs, Uni4C1
and Uni4C3. Uni3C1 has a peak size of 181 nm (FIG. 5A)
while Uni4C3 has a peak size of 211 nm (FIG. 5B). FIG. 5C
demonstrates that the hrHA proteins successfully coated the
core PNP while FIG. 5D demonstrated PNP spatial charac-
teristics by SEM.

[0014] FIGS. 6A to 6G show humoral immune responses
of mice immunized with PNPs as measured by serum
antibody endpoint titers against the delineated target anti-
gens. FIG. 6E summarizes these data in a five-axis radar
chart.

[0015] FIG. 7 shows immune protection conferred against
lethal homologous and heterologous influenza virus chal-
lenge as demonstrated by maintenance of body weight and
survival after challenge.
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[0016] FIG. 8 shows results of histological analysis of
lung sections after viral challenge in either vaccinated or
mock-vaccinated mice.

[0017] FIG. 9 shows the results of HAI assays of sera from
the various immunization regimens either before or after
challenge, using numerous influenza virus strains for the
inhibition assays.

[0018] FIG. 10 shows virus titers in the lung 5 days after
after 1xmLD50 viral challenge.

[0019] FIG. 11A shows sequence alignment of hrH3 with
A/Aichi/2/1968 H3. FIG. 11B shows sequence alignment of
hrH1 with A/Puerto Rico/8/1934 H1.

[0020] FIG. 12 shows protein structures for three different
strategies of HA head-removal.

[0021] FIG. 13 shows Western blot analysis of expressed
hrH3 that were constructed by different strategies. One lane
of the gel was used for each strategy, as follows: (Lane 1),
strategy 1 (Strl) combines with 4 Glycine linker (4G),
Str1-4G; (Lane 2), Str2-4G; (Lane 3), Str3-4G; (Lane 4),
Str1-3G; (Lane 5), Str2-3G; (Lane 6), Str3-3G; (Lane 7),
Str1-5G; (Lane 8), Str2-5G; (Lane 9), Str3-5G; (Lane 10),
Str1-4GC; (Lane 11), Str2-4GC; (Lane 12), Str3-4GC.
[0022] FIG. 14 shows a schematic diagram of tetrabra-
chion motif screwed tetramer protein construct.

[0023] FIGS. 15A and 15B shows example structure of
4M2e-NA nanoparticles. FIG. 15A shows combination of
4M2e and 4M2e-NA fusion proteins. GS linker: glycine and
serine GGSGGG (SEQ ID NO:20); M2e: combined M2e
sequence from human, swine, wild bird, and domestic fowl
with tetrabrachion together; M2e+NA: combined stalk and
head of neuraminidase 1 (from A/Vietnam/1203/2004/) with
M2e above. FIG. 15B shows schematic formation of M2e-
NA nano-particle. 4M2e-NA was covered on the 4M2e core.
[0024] FIGS. 16A to 16F show the formation of M2e-NA
nanoparticle. FIG. 16 A shows M2e-NA fusion protein cross-
linked by by 12.5, 7.5, 2.5, and 1 mM of BS3, as in line 1,
2,3, 4, respectively. Line 5: soluble M2e+NA fusion protein.
FIG. 16B shows Coomassie blue staining of M2e-NA nano-
particle. FIGS. 16C and 16D show Western blot assay of
M2e-NA nanoparticle. C: M2e antibody; D: NA antibody.
FIG. 16E shows the size of formed M2e+NA nanoparticle:
198.24/-62.41 nm. FIG. 16F shows results of a neuramini-
dase activity test. The concentration of each protein: M2e+
NA nano particle: 1 mg/ml; soluble M2e+NA: 1 mg/ml;
HSNI virus: 2.5 mg/ml; BSA: 2 mg/ml.

[0025] FIG. 17 shows example tetramer constructs.
[0026] FIG. 18 displays the sequence alignment of
B/hrHA (SEQ ID NO:40) with the HA sequence from
Influenza B strain B/Brisbane/60/2008 (SEQ ID NO:39).
The glycine-rich linkers are marked in bold letters and the
GCN4 trimerization domain in the C terminal tail is marked
in italics.

[0027] FIG. 19A shows PCR and restriction digest data
from construction of the plasmid for expression of B/hrHA.
FIG. 19B displays Western blot data evidence of productive
expression of B/hrHA into the supernatant of Sf9 cells that
have been transfected with the plasmid encoding B/hrHA.

DETAILED DESCRIPTION

[0028] Current influenza vaccines provide limited protec-
tion against seasonal strains of influenza A viruses owing to
the ability to escape from immune pressure through rapid
antigenic drift and re-assortment. The conserved epitopes
from influenza virus are promising targets to develop uni-
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versal vaccine. Hemagglutinin (HA) is the predominant
protein on the surface of influenza viruses, is highly anti-
genic, and is the dominant target for humoral immune
responses that give rise to anti-influenza antibodies. On the
exterior of the virus, HA is divided into two domains: the
head domain, which is highly variable in sequence, and the
membrane proximal stalk domain that is more conserved.
Antibodies formed against the head domain can often neu-
tralize the virus while antibodies against the stalk domain
typically do not. The humoral immune response to influenza
is therefore commonly dominated by antibodies against the
head domain, potentially resulting in neutralization of that
strain of virus, but providing very narrowly-limited or no
immunity against other strains. An immune response against
a more conserved domain of HA could provide immunity
against numerous strains and variants of the virus. Given
these considerations, a vaccine was designed and produced
using an HA that has had the variable head removed while
keeping the conserved stalk domain. To increase immuno-
genicity of this head-removed HA (hrHA), a nanotechnol-
ogy approach was used to produce a nanocluster protein
nanoparticle (PNP) vaccine displaying the hrHA protein as
a coat on the surface of the PNP. These vaccines can fully
protect against influenza viruses expressing divergent HA.

Definitions

[0029] It must be noted that as used herein and in the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a peptide”
includes a plurality of such peptides, reference to “the
peptide” is a reference to one or more peptides and equiva-
lents thereof known to those skilled in the art, and so forth.
[0030] In this specification and in the claims that follow,
reference will be made to a number of terms that shall be
defined to have the following meanings:

[0031] “Optional” or “optionally” means that the subse-
quently described event or circumstance can or cannot
occur, and that the description includes instances where the
event or circumstance occurs and instances where it does
not. For example, the phrase “optionally a signal peptide”
means that the signal peptide may or may not be included.
[0032] The term “universal influenza vaccine” refers to
vaccine capable of providing cross-protection against at
least two, including three, four, five or more, strains or
subtypes of influenza.

[0033] The term “individual,” “host,” “subject,” and
“patient” are used interchangeably to refer to any individual
who is the target of administration, treatment, or vaccina-
tion. The subject can be a vertebrate, for example, a mam-
mal. Thus, the subject can be a human or veterinary patient.
[0034] The term “pharmaceutically acceptable” refers to
those compounds, materials, compositions, and/or dosage
forms which are, within the scope of sound medical judg-
ment, suitable for use in contact with the tissues of human
beings and animals without excessive toxicity, irritation,
allergic response, or other problems or complications com-
mensurate with a reasonable benefit/risk ratio.

[0035] The term “carrier” means a compound, composi-
tion, substance, or structure that, when in combination with
a compound or composition, aids or facilitates preparation,
storage, administration, delivery, effectiveness, selectivity,
or any other feature of the compound or composition for its
intended use or purpose. For example, a carrier can be
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selected to minimize any degradation of the active ingredi-
ent and to minimize any adverse side effects in the subject.
[0036] The terms “peptide,” “protein,” and “polypeptide”
are used interchangeably to refer to a natural or synthetic
molecule comprising two or more amino acids linked by the
carboxyl group of one amino acid to the alpha amino group
of another.

[0037] The term “protein domain” refers to a portion of a
protein, portions of a protein, or an entire protein showing
structural integrity; this determination may be based on
amino acid composition of a portion of a protein, portions of
a protein, or the entire protein.

[0038] The term ‘“nucleic acid” refers to a natural or
synthetic molecule comprising a single nucleotide or two or
more nucleotides linked by a phosphate group at the 3'
position of one nucleotide to the 5' end of another nucleo-
tide. The nucleic acid is not limited by length, and the
nucleic acid can include deoxyribonucleic acid (DNA) or
ribonucleic acid (RNA).

[0039] The term ‘variant” refers to an amino acid
sequence having conservative amino acid substitutions, non-
conservative amino acid substitutions (i.e. a degenerate
variant), or a peptide having 60%, 65%, 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%3$,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
to the recited sequence.

[0040] The term “percent (%) sequence identity” is
defined as the percentage of nucleotides or amino acids in a
candidate sequence that are identical with the nucleotides or
amino acids in a reference nucleic acid sequence, after
aligning the sequences and introducing gaps, if necessary, to
achieve the maximum percent sequence identity. Alignment
for purposes of determining percent sequence identity can be
achieved in various ways that are within the skill in the art,
for instance, using publicly available computer software
such as BLAST, BLAST-2, ALIGN, ALIGN-2 or Megalign
(DNASTAR) software. Appropriate parameters for measur-
ing alignment, including any algorithms needed to achieve
maximal alignment over the full-length of the sequences
being compared can be determined by known methods. For
purposes herein, the % sequence identity of a given nucleo-
tides or amino acids sequence C to, with, or against a given
nucleic acid sequence D (which can alternatively be phrased
as a given sequence C that has or comprises a certain %
sequence identity to, with, or against a given sequence D) is
calculated as follows:

2 <

100 times the fraction W/Z,

where W is the number of nucleotides or amino acids scored
as identical matches by the sequence alignment program in
that program’s alignment of C and D, and where Z is the
total number of nucleotides or amino acids in D. It will be
appreciated that where the length of sequence C is not equal
to the length of sequence D, the % sequence identity of C to
D will not equal the % sequence identity of D to C.
[0041] “Homolog” and “homologous” as used herein refer
to sequences that derive from a recent common ancestor and
therefore maintain a level of percent sequence identity that
is commonly understood in the art.

[0042] “Heterologous™ refers to sequences that encode for
the same protein (in the case of nucleic acids) or that are
demonstrably the same protein (in the case of polypeptides),
yet in which such sequences are not derived from a recent
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common ancestor and maintain a level of percent sequence
identity that is less than 100%.

[0043] A “fusion protein” refers to a polypeptide formed
by the joining of two or more polypeptides through a peptide
bond formed between the amino terminus of one polypep-
tide and the carboxyl terminus of another polypeptide. The
fusion protein can be formed by the chemical coupling of the
constituent polypeptides or it can be expressed as a single
polypeptide from nucleic acid sequence encoding the single
contiguous fusion protein. A single chain fusion protein is a
fusion protein having a single contiguous polypeptide back-
bone. Fusion proteins can be prepared using conventional
techniques in molecular biology to join the two genes in
frame into a single nucleic acid, and then expressing the
nucleic acid in an appropriate host cell under conditions in
which the fusion protein is produced.

[0044] A “spacer” as used herein refers to a peptide that
joins the proteins of a fusion protein. Generally a spacer has
no specific biological activity other than to join the proteins
or to preserve some minimum distance or other spatial
relationship between them. However, the constituent amino
acids of a spacer may be selected to influence some property
of the molecule, such as the folding, net charge, or hydro-
phobicity of the molecule.

[0045] An “antigen” refers to a substance that can act as
the target of an immune response. As used herein, “antigen”
refers to a biological substance, and may consist of a
peptide, a polypeptide or protein, a glycoprotein, a saccha-
ride or polysaccharide, a lipid, a nucleic acid, or another
biological or bioactive compound, amongst other biological
substances.

[0046] The “ectodomain” of a protein refers to the domain
of a membrane protein that extends into the extracellular
space or is found on the exterior surface of a viral particle.
[0047] The “transmembrane” domain of a protein refers to
the domain of a membrane protein that passes through the
biological membrane and directly interfaces laterally with
the phospholipid bilayer of the membrane.

[0048] The “cytoplasmic” domain, also known as an
“intracellular” domain, is the domain of an integral mem-
brane protein that extends into the intracellular space or is
found in the interior space of a virus.

[0049] A “strain” of influenza as used herein refers to a
lineage of the virus with defined and durable antigenic
parameters. Each type of influenza (Influenza A, B, C, and
D) consists of numerous strains that differ from one another
in their antigen sequences.

[0050] A “subtype” of influenza A virus refers to the
division of influenza A into categories based on the sequence
of the viral HA and neuraminidase (NA) proteins. For
example, an influenza A virus can have an H1 sequence of
its HA protein and an N1 sequence of its NA protein and
would therefore be categorized as an HIN1 subtype of
influenza. Other subtype examples include H3N2, H5N1,
H7N9, and HIN2.

[0051] Headless HA Polypeptide

[0052] Disclosed herein is a polypeptide comprising a
truncated influenza hemagglutinin (HA) protein lacking a
head domain (a head-removed HA (hrHA) polypeptide). The
HA protein can be of any subtype and from any strain. The
following is the amino acid sequence for the influenza A H3
stalk ectodomain: MKTHALSYIFCLPLGQDLPGNDN-
STATLCLGHHAVPNGTLVKTITDDQIEVT-
NATELVQSSST  GKICNNPHRILDGIDCTLIDALLGD-
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PHCDVFQNETWDLFVERSKAFSNCYPYDVPDYAS
LRS LVASSGTLEFITEGFTWTGVTQNGGSNACKRG-
PGSGFFSRLNWLTKSGSTYPVLNVTMPN NDNFDK-
LYIWGIHHPSTNQEQTSLYVQASGRVTVSTRRSQQTI-
IPNIGSRPWVRGLSSRISIY
WTIVKPGDVLVINSNGNLIAPRGYFKMRTGKS-
SIMRSDAPIDTCISECITPNGSIPNDKPFQN  VNKITY-
GACPKYVKQNTLKLATGMRNVPEKQTRGLFGAIAG-
FIENGWEGMIDGWYGFRHQ
NSEGTGQAADLKSTQAAIDQINGKLNRVIEKTNEKF-
HQIEKEFSEVEGRIQDLEKYVEDTKID LWSYNAELL-
VALENQHTIDLTDSEMNKLFEKTRRQLRE-
NAEEMGNGCFKIYHKCDNACIESI
RNGTYDHDVYRDEALNNRFQIKGVELKSGYK (SEQ
ID NO:15). The corresponding amino acid sequences for
other HA subtypes are known. Therefore, reference to spe-
cific amino acids within SEQ ID NO:15 is also a reference
to the corresponding amino acids in the known amino acid
sequences for the other subtypes.

[0053] In some embodiments, the disclosed polypeptide
lacks at least the HA amino acids corresponding to residues
65 to 320 of SEQ ID NO:15. In some embodiments, the
disclosed polypeptide lacks at least the HA amino acids
corresponding to residues 62 to 322 of SEQ ID NO:15. In
some embodiments, the disclosed polypeptide lacks at least
the HA amino acids corresponding to residues 62 to 320 of
SEQ ID NO:15. In some embodiments, the disclosed poly-
peptide lacks at least the HA amino acids corresponding to
residues 62 to 321 of SEQ ID NO:15. In some embodiments,
the disclosed polypeptide lacks at least the HA amino acids
corresponding to residues 63 to 320 of SEQ ID NO:15. In
some embodiments, the disclosed polypeptide lacks at least
the HA amino acids corresponding to residues 63 to 321 of
SEQ ID NO:15. In some embodiments, the disclosed poly-
peptide lacks at least the HA amino acids corresponding to
residues 63 to 322 of SEQ ID NO:15. In some embodiments,
the disclosed polypeptide lacks at least the HA amino acids
corresponding to residues 64 to 320 of SEQ ID NO:15. In
some embodiments, the disclosed polypeptide lacks at least
the HA amino acids corresponding to residues 64 to 321 of
SEQ ID NO:15. In some embodiments, the disclosed poly-
peptide lacks at least the HA amino acids corresponding to
residues 64 to 322 of SEQ ID NO:15. In some embodiments,
the disclosed polypeptide lacks at least the HA amino acids
corresponding to residues 65 to 321 of SEQ ID NO:15. In
some embodiments, the disclosed polypeptide lacks at least
the HA amino acids corresponding to residues 65 to 322 of
SEQ ID NO:15.

[0054] Methods and compositions disclosed herein for the
sequence of any particular HA are applicable to the
sequences of other HA. Methods and compositions from any
of the particular HA delineated in this specification may be
adapted routinely to another HA for those skilled in the art.
Thus, in one embodiment, a sequence for influenza A HA is
used for production of hrHA. In one embodiment, a
sequence for influenza B HA is used for production of hrHA.
In one embodiment, a sequence for influenza A H1 HA is
used for production of hrHA. In one embodiment, a
sequence for influenza A H1, H3, HS, H7 or H9 HA is used
for production of hrHA.

[0055] Insome embodiments, the disclosed polypeptide is
a fusion protein. Fusion proteins, also known as chimeric
proteins, are proteins created through the joining of two or
more genes which originally coded for separate proteins.
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Translation of this fusion gene results in a single polypeptide
with functional properties derived from each of the original
proteins. Recombinant fusion proteins can be created arti-
ficially by recombinant DNA technology for use in biologi-
cal research or therapeutics.

[0056] The functionality of fusion proteins is made pos-
sible by the fact that many protein functional domains are
modular. In other words, the linear portion of a polypeptide
which corresponds to a given domain, such as a tyrosine
kinase domain, may be removed from the rest of the protein
without destroying its intrinsic enzymatic capability. Thus,
any of the herein disclosed functional domains can be used
to design a fusion protein. For example, the head domain of
HA has a function in the binding to proteins on a cell’s
surface and in fusion of the viral particle with the cell, while
the stalk domain of HA has a structural role in placing the
head domain in space away from the viral membrane.
[0057] A recombinant fusion protein is a protein created
through genetic engineering of a fusion gene. This typically
involves removing the stop codon from a cDNA sequence
coding for the first protein, then appending the cDNA
sequence of the second protein in frame through ligation or
overlap extension PCR. That DNA sequence will then be
expressed by a cell as a single protein. The protein can be
engineered to include the full sequence of both original
proteins, or only a portion of either, or only a portion of both.
[0058] To create an antigenic HA that consists of the
conserved stalk domain in the absence of the variable head
domain, the head domain is removed from the HA sequence,
resulting in hrHA. In order to maintain the overall structural
integrity of HA in the absence of the head to domain, the
head domains in HA are preferably replaced with linkers (or
“spacers”) that do not affect the secondary structure of the
HA protein. For example, the head domain can be replaced
by a linker 3 to 5 amino acids in length that do not form a
fixed secondary structure. In some embodiments, the linker
comprises 3 to 5 amino acids selected from glycine, alanine,
and serine. In particular embodiments, the linker is selected
from the group consisting of GGG, GGGG (SEQ ID
NO:16), GGGGG (SEQ ID NO:17), and GGGGC (SEQ ID
NO:18), GGGSS (SEQ ID NO:19).

[0059] In some embodiments, the hrHA polypeptide com-
prises the transmembrane and cytoplasmic domains of HA.
In some embodiments, the polypeptide lacks the HA trans-
membrane and/or cytoplasmic domains of HA, and instead
the polypeptide comprises a heterologous membrane-an-
choring sequence. For example, the heterologous mem-
brane-anchoring sequence can be a glycosylphosphati-
dylinositol (GPI) membrane-anchoring sequence. In some
embodiments, the hrHA polypeptide lacks the HA trans-
membrane and/or cytoplasmic domain and consists only of
the ectodomain or some proportion of the ectodomain.

[0060] In some embodiments, the hrHA polypeptide is a
stand-alone protein. In some embodiments, the hrHA poly-
peptide is a stand-alone protein that is not fused to another
protein or protein domain. In some embodiments, the hrHA
polypeptide is a domain that is fused together with another
protein or protein domain to form a fusion protein. In some
embodiments, the hrHA polypeptide forms a fusion protein
with an oligomerization domain. In some embodiments, the
hrHA polypeptide forms a fusion protein with a GCN4
oligomerization domain. In some embodiments, the hrHA
polypeptide forms a fusion protein with a GCN4 oligomer-
ization domain that forms trimers. In some embodiments,
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the hrHA polypeptide forms a fusion protein with a GCN4
oligomerization domain that forms dimers or tetramers.

[0061] Also disclosed is a nanoparticle that is coated with
a disclosed hrHA polypeptide. In some cases, the hrHA
polypeptide is crosslinked to a polymer nanoparticle surface.
In embodiments, the hrHA polypeptide is absorbed onto the
nanoparticle surface. In some embodiments, the hrHA poly-
peptide is absorbed onto the nanoparticle surface and then
crosslinked to the nanoparticle surface. In some embodi-
ments, the hrHA polypeptide is encapsulated into the nano-
particle. In particular embodiments, the nanoparticle is
formed from a biocompatible polymer. Examples of bio-
compatible polymers include polyethylenes, polycarbon-
ates, polyanhydrides, polyhydroxyacids, polypropylfumer-
ates,  polycaprolactones,  polyamides,  polyacetals,
polyethers, polyesters, poly(orthoesters), polycyanoacry-
lates, polyvinyl alcohols, polyurethanes, polyphosphazenes,
polyacrylates,  polymethacrylates, polycyanoacrylates,
polyureas, polystyrenes, or polyamines, or combinations
thereof. In some cases, the nanoparticle is formed from a
polyethylene glycol (PEG), poly(lactide-co-glycolide)
(PLGA), polyglycolic acid, poly-beta-hydroxybutyrate,
polyacrylic acid ester, or a combination thereof. In embodi-
ments, the nanoparticle is formed from polypeptides. In
some embodiments, the nanoparticle is formed by desolva-
tion of polypeptides. In some embodiments, the nanoparticle
is formed by desolvation of polypeptides into protein aggre-
gates. In some embodiments, the nanoparticle is formed by
desolvation of polypeptides into protein aggregates with
defined physicochemical characteristics that are directly
determined by the parameters of the treatment methods used
for desolvation.

[0062] Virus Like Particles (VLPs)

[0063] Also disclosed is a composition comprising a virus
like particle (VLP) expressing on its surface a disclosed
hrHA polypeptide. For example, the disclosed fusion pro-
teins may be incorporated into virus-like particles (VLPs) by
including within the fusion protein a membrane anchor
domain, such as a transmembrane domain and optional
cytoplasmic domain of a viral envelope protein.

[0064] Non-replicating VLPs resemble infectious virus
particles in structure and morphology, and contain immu-
nologically relevant viral structural proteins. VL.Ps have
been produced from both non-enveloped and enveloped
viruses. Envelopes of VLPs are derived from the host cells
similar to the way as enveloped viruses such as influenza A
virus obtain their lipid envelopes from their host cells.
Therefore, membrane-anchored proteins on the surfaces of
enveloped viruses will be expressed in a native-like confor-
mation if they are expressed in a membrane-anchored form.

[0065] Influenza VLPs involve lipid bilayers and host cell
membrane proteins (Song, J. M., et al. ] Proteome Res 2011
10:3450-3459). For example, Influenza VLPs containing the
wild type M2 protein have been described (Song, J. M., et
al. Proc Natl Acad Sci USA 2011 108:757-761; Song, J. M.,
et al. PLoS One 2011 6:¢14538). Enveloped VL.Ps may be
composed of influenza matrix 1 (M1) protein as a particle
forming core. These VLPs are produced, for example, by
coinfecting insect cells with one or more recombinant bacu-
loviruses co-expressing M1 proteins and the disclosed
fusion proteins, culturing the insect cells under physiologi-
cal conditions, and purifying the VLPs from insect cell
culture supernatants.
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[0066] Nanoparticle

[0067] A nanoparticle is a particle between 1 and 100s of
nanometers in size. A nanoparticle can be natural or syn-
thetic. A nanoparticle can be created from biological mol-
ecules or from abiological molecules. A nanoparticle has a
core containing the material of which the nanoparticle
consists. A nanoparticle has a surface that is the interface
between the core and the space and/or solution outside of the
core. A protein nanoparticle (PNP) is a particle in which the
core material consists of protein. PNP can be synthesized in
numerous ways. For example, PNP can be synthesized by
desolvation of a solution of soluble protein, resulting in
precipitation of particulate PNP. PNP can be synthesized by
crosslinking proteins to form the particle. PNP can be
synthesized by biochemical aggregation based on autono-
mous protein-protein interactions. PNP can be formed by a
combination of any of these PNP synthesis methods.
[0068] Disclosed herein is a nanotechnology approach to
produce a nanocluster PNP. In one embodiment, the PNP
consists of a protein antigen that can act as a target of an
immune response. In one embodiment, the PNP can be used
as an active pharmaceutical ingredient in a vaccine. In one
embodiment, the PNP is an uncoated particle. In one
embodiment, the PNP is coated with another protein antigen
on its surface. In one embodiment, the PNP formed by
desolvating the core protein with a desolvating agent and/or
crosslinking a core protein with a crosslinking agent. Both
or either of these procedures can be used to make double-
layered nanoparticles. In some cases, the nanoparticle con-
tains a core structure formed by desolvation and a coating
formed by crosslinking of a surface antigen. Suitable des-
olvating agents include, for example, ethanol, acetone, or
combinations thereof.

[0069] A humoral immune response is preferentially
mounted against proteins, domains, and epitopes that are
displayed in a repetitive and/or iterative fashion. Forming a
PNP from a protein results in a particle with many repetitive
epitopes on the surface of the PNP. In this way, formation of
a PNP from a soluble protein results in a substance that is
much more highly antigenic for initiating and/or promoting
an immune response than the soluble protein alone and yet
consists of biological substituents that are identical or
nearly-identical to the soluble protein alone. Thus formation
of PNP from a soluble protein results in a composition that
much more readily promotes humoral immune responses to
that protein.

[0070] It is possible to modify a PNP consisting of a core
protein by adding a coat of a second protein onto the surface
of the PNP. This method leverages the same principle of
promoting effective humoral immune responses toward
repetitive epitopes yet has the benefit of directing an addi-
tional humoral immune response against the second protein
that coats the PNP.

[0071] The core protein is preferably a protein with a
strong T cell epitope. In some embodiments, the core protein
comprises conserved T cell epitopes from influenza NP, M1,
or a combination thereof. In some embodiments, the core
protein comprises one or more influenza virus matrix protein
2 (M2) domains. In some embodiments, the core protein
comprises one or more influenza virus matrix protein 2
extracellular (M2e) domains. In some embodiments, the
core protein is a fusion protein comprising a series of 2, 3,
4, 5, 6, 7, or 8 M2e domains, optionally linked to a
multimerization domain.
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[0072] In some embodiments, the core protein comprises
two or more (e.g., 2,3,4,5,6,7,8,9, 10 or more) different
influenza M2e domains (i.e., heterologous M2e domains). In
some embodiments, the core protein comprises two or more
homologous influenza M2e domains. In some embodiments,
the core protein comprises a mixture of two or more homolo-
gous and/or heterologous influenza M2e domains. The core
protein can contain heterologous M2e domains to increase
antigenicity and cross-protection. By taking into account the
mechanisms of effective T cell responses against immuno-
logically active antigens, the use of heterologous M2e is
herein purposely designed to increase immune cross-protec-
tion. In one embodiment, the core protein can contain one or
more M2e domains from a human influenza, one or more
M2e domains from a swine influenza, and one or more M2e
domains from an avian influenza. As an example, the core
protein can contain the following five influenza M2e
sequences: 2x Human, 1x Swine, 1x Avian Type [, and 1x
Avian Type II.

[0073] In one embodiment, the core protein can contain
one or more M2e domains from a human influenza A
subtype, one or more M2e domains from a swine influenza
A subtype, and one or more M2e domains from an avian
influenza A subtype. As an example, the core protein can
contain the following five influenza A virus subtype M2e
sequences: 2x Human, 1x Swine, 1x Avian Type [, and 1x
Avian Type II.

[0074] In one embodiment, the core protein can contain
one or more M2e domains from a human influenza B
subtype, one or more M2e domains from a swine influenza
B subtype, and one or more M2e domains from an avian
influenza B subtype. As an example, the core protein can
contain the following five influenza B virus subtype M2e
sequences: 2x Human, 1x Swine, 1x Avian Type [, and 1x
Avian Type II.

[0075] Methods and compositions disclosed herein for the
sequence of any particular M2e are applicable to the
sequences of other M2e. Methods and compositions from
any of the particular M2e delineated in this specification
may be adapted routinely to another M2e for those skilled in
the art. Thus, in one embodiment, a sequence for influenza
A M2e is used. In one embodiment, a sequence for influenza
B M2e is used. In one embodiment, a combination of
sequences for influenza A M2e and influenza B M2e are
used.

[0076] In some embodiments, the human M2e sequence
comprises the amino acid sequence PIRNEWGSRSN (SEQ
ID NO:21), or a conservative variant thereof having at least
about 70%, 80%, or 90% sequence identity to SEQ ID
NO:21 (i.e., one, two, or three conservative amino acid
substitutions). For example, human M2e isolates HIN1
(A/PR8, A/NC/99) and H3N2 (A/Phil/82) have the amino
acid sequence SLLTEVET PIRNEWGSRSN DSSD (SEQ
1D NO:22).

[0077] In some embodiments, the swine M2e sequence
comprises the amino acid sequence PTRSEWESRSS (SEQ
1D NO:23), or a conservative variant thereof having at least
70%, 80%, or 90% sequence identity to SEQ ID NO:23. For
example, swine M2e isolates from the 2009 HIN1 pandemic
(A/California/4/2009) have the amino acid sequence
SLLTEVET PTRSEWESRSS DSSD (SEQ ID NO:24).
[0078] In some embodiments, the avian M2e sequence
(referred to herein as “avian type 1) comprises the amino
acid sequence PTRX;X,WESRSS (SEQ ID NO:25),
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wherein X, is N, H, or K, wherein X, is E or G, or a
conservative variant thereof having at least 70%, 80%, or
90% sequence identity to SEQ ID NO:25. For example,
avian type I M2e isolates from HS5N1 (A/Vietnam/1203/04,
A/Indonesia/05, A/mandarin/kr/2010, A/ck/kr/2006) have
the amino acid sequence SLLTEVET PTRNEWESRSS
DSSD (SEQ ID NO:26). Avian type I M2e isolates from
H7N3 (A/dk/Kr/2007), HIN2 (A/ck/Kr/2012) have the
amino acid sequence SLLTEVET PTRNGWECRCS DSSD
(SEQ ID NO:27). Avian type 1 M2e isolates from HS5N1
(A/ck/Kr/Gimje/2008) have the amino acid sequence
SLLTEVET PTRHEWECRCS DSSD (SEQ ID NO:28).
Avian type I M2e isolates from HSN1 (A/ck/Vietnam/2011)
have the amino acid sequence SLLTEVET PTRKEWE-
CRCS DSSD (SEQ ID NO:29).

[0079] In some embodiments, the avian M2e sequence
(referred to herein as “avian type 1I”) comprises the amino
acid sequence LTRNGWGCRCS (SEQ ID NO:30), or a
conservative variant thereof having at least 70%, 80%, or
90% sequence identity to SEQ ID NO:30. For example,
avian type II M2e isolates from H5N1 (NHK/156/97), HON2
(A/HK/1073/99) have the amino acid sequence SLLTEVET
LTRNGWGCRCS DSSD (SEQ ID NO:31).

[0080] The core protein may further comprise a signal
peptide at the N-terminus to facilitate secretion. For
example, the core protein may contain a mellitin signal
peptide. In some embodiments, the melittin signal peptide
has the amino acid sequence MKFLVNVALVFMVVYISYI-
YADPINMT (SEQ ID NO:32), or a conservative variant
thereof having at least 72%, 76%, 80%, 84%, 88%, 92%, or
96% sequence identity to SEQ ID NO:32. Alternatively, the
fusion protein may contain a baculovirus gp64 signal pep-
tide MVSAIVLYVLLAAAAHSAFA, SEQ ID NO:33) ora
chitinase signal peptide (MPLYKLLNVLWILVAVSNAIP,
SEQ ID NO:34) (Wang, B., et al. J Virol 2007 81: 10869-
10878), or a conservative variant thereof having at least
70%, 75%, 80%, 85%, 90%, or 95% sequence identity to
SEQ ID NO:33 or SEQ ID NO:34.

[0081] Influenza M2 is naturally a homotetramer. The
M2e domain itself lacks the sequences for naturally forming
a homotetramer. Therefore, in some embodiments, the
fusion protein containing M2e also contains a multimeriza-
tion domain, such as a tetramerization domain. An example
of a suitable tetramerization domain includes a GCN4 (a
leucine zipper tetramerization motif found in yeast proteins).
For example, the GCN4 domain can have the amino acid
sequence GGLKQIEDKLEEILSKLYHIENELARIK-
KLLGE (SEQ ID NO:35), or a conservative variant thereof
having at least 70%, 73%, 76%, 79%, 82%, 85%, 88%, 91%,
94%, or 97% sequence identity to SEQ ID NO:36. In
particular embodiments, the M2e fusion protein contains a
GCN4 tetramerization domain. Other identified tetrameriza-
tion domains include tetrabrachion protein, tumor suppres-
sor p53 tetramerization domain, C-terminal 40-residue pep-
tide of the AChE (tryptophan amphiphilic tetramerization
(WAT) domain), erythrocyte spectrin tetramerization
domain, and Mnt repressor tetramerization domain. In some
embodiments, the M2e fusion protein contains one or more
of these other identified tetramerization domains.

[0082] In some embodiments, the series of M2e domains
are linked to the N-terminus of the multimerization domain.
In some embodiments, the series of M2e domains are linked
to the C-terminus of the multimerization domain. In some
embodiments, the core protein comprises a series of 2 to 8
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M2e domains linked to the N-terminus of the multimeriza-
tion domain and/or a series of 2 to 8 M2e domains linked to
the C-terminus of the multimerization domain.

[0083] In some embodiments, the core protein further
comprises influenza neuraminidase (NA) protein linked to
the multimerization domain. In some embodiments, the
series of 2 to 8 M2e domains are linked to the N-terminus
of the multimerization domain and/or the NA protein is
linked to the C-terminus of the multimerization domain.
[0084] The M2e domains can be linked to each other by a
flexible linker. Likewise, in some embodiments, the multi-
merization domain is linked to the M2e domains, the NA
protein, or any combination thereof, by a flexible linker.
Suitable flexible linkers can be, for example, a peptide
having 3, 4, 5, 6, 7, 8, or 9 amino acid selected from glycine,
alanine, and serine. For example, the flexible linker can have
the amino acid sequence GGSGGG (SEQ 1D NO:20).
[0085] The disclosed nanoparticle can be used by itself, or
it can be coated with another antigen, such as an influenza
antigen. This nanoparticle can in some embodiments be
coated with the disclosed hrHA polypeptide. In some
embodiments, the antigen is coated on the nanoparticle
using a crosslinking agent. In some embodiments, the anti-
gen is absorbed onto the nanoparticle surface. In some
embodiments, the antigen is absorbed onto the nanoparticle
surface followed by covalent crosslinking of the antigen to
the nanoparticle surface using a crosslinking agent.

[0086] Crosslinking agents suitable for crosslinking the
core protein to produce the nanoparticle, or to coat an
antigen on the nanoparticle are known in the art, and include
those selected from the group consisting of formaldehyde,
formaldehyde derivatives, formalin, glutaraldehyde, glutar-
aldehyde derivatives, a protein cross-linker, a nucleic acid
cross-linker, a protein and nucleic acid cross-linker, primary
amine reactive crosslinkers, sulthydryl reactive crosslinkers,
sulfydryl addition or disulfide reduction, carbohydrate reac-
tive crosslinkers, carboxyl reactive crosslinkers, photoreac-
tive crosslinkers, cleavable crosslinkers, AEDP, APG,
BASED, BM(PEO)3, BM(PEO)4, BMB, BMDB, BMH,
BMOE, BS3, BSOCOES, DFDNB, DMA, DMP, DMS,
DPDPB, DSG, DSP, DSS, DST, DTBP, DTME, DTSSP,
EGS, HBVS, sulfo-BSOCOES, Sulfo-DST, and Sulfo-EGS.
[0087] Vaccine Compositions

[0088] Disclosed are vaccine compositions that comprise
one or more of the polypeptides or nanoparticles described
above. Although not required, the vaccine compositions
optionally contain one or more immunostimulants. An
immunostimulant refers to essentially any substance that
enhances or potentiates an immune response (antibody or
cell-mediated) to an exogenous antigen. One preferred type
of immunostimulant is an adjuvant.

[0089] Many adjuvants contain a substance designed to
protect the antigen from rapid catabolism, such as aluminum
hydroxide or mineral oil, and a stimulator of immune
responses, such as lipid A, Bortadella pertussis- or Myco-
bacterium tuberculosis-derived proteins. The adjuvant may
be a submicron oil-in-water emulsion of a metabolizable oil
and an emulsifying agent. For example, the adjuvant may
comprise MF59™, which is a sub-micron oil-in-water emul-
sion of a squalene, polyoxyethylene sorbitan monooleate
(Tween™ 80) and sorbitan trioleate. The adjuvant may also
be a combination of the TLR4 agonist MPL (3-O-desacyl-
4'-monophosphoryl lipid A) and aluminum salt, e.g., AS04
(GlaxoSmithKline, Philadelphia, Pa.).
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[0090] Certain adjuvants are commercially available as,
for example, Freund’s Incomplete Adjuvant and Complete
Adjuvant (Difco Laboratories, Detroit, Mich.); Merck Adju-
vant 65 (Merck and Company, Rahway, N.J.); ASO1, AS02,
AS03, and AS04 (GlaxoSmithKline, Philadelphia, Pa.); alu-
minum salts such as aluminum hydroxide gel (alum) or
aluminum phosphate; salts of calcium, iron or zinc; an
insoluble suspension of acylated tyrosine; acylated sugars;
cationically or anionically derivatized polysaccharides;
polyphosphazenes; biodegradable microspheres; monophos-
phoryl lipid A and quil A. Cytokines, such as GM-CSF,
interleukin-2, -7, -12, and other like growth factors, may
also be used as adjuvants.

[0091] The adjuvant composition can be a composition
that induces an anti-inflammatory immune response (anti-
body or cell-mediated). Accordingly, high levels of anti-
inflammatory cytokines are produced as a result of adjuvant
administration. Anti-inflammatory cytokines may include,
but are not limited to, interleukin 4 (IL-4), interleukin 5
(IL-5), interleukin 10 (IL-10), and transforming growth
factor beta (TGFf).

[0092] The adjuvant composition can be a composition
that induces an inflammatory immune response (antibody or
cell-mediate). Accordingly, high levels of inflammatory
cytokines are produced as a result of adjuvant administra-
tion. Inflammatory cytokines may include, but are not lim-
ited to, interleukin 1 alpha (IL-cv), interleukin 1 beta (IL-8),
interferon gamma (IFNy), and tumor necrosis factor alpha
(INFa). Optionally, an inflammatory response would be
mediated by CD4+ T helper cells. Bacterial flagellin has
been shown to have adjuvant activity (McSorley et al., J.
Immunol. 169:3914-19, 2002). Also disclosed are polypep-
tide sequences that encode flagellin proteins that can be used
in adjuvant compositions.

[0093] Optionally, the adjuvants increase lipopolysaccha-
ride (LPS) responsiveness. [llustrative adjuvants include but
are not limited to, monophosphoryl lipid A (MPL), amino-
alkyl glucosaminide 4-phosphates (AGPs), including, but
not limited to RC-512, RC-522, RC-527, RC-529, RC-544,
and RC-560 (Corixa, Hamilton, Mont.).

[0094] In addition, the adjuvant composition can be one
that induces an immune response predominantly of the Thl
type. High levels of Thl-type cytokines (e.g., IFN-y, TNFa,
IL-2 and 1L.-12) tend to favor the induction of cell mediated
immune responses to an administered antigen. In contrast,
high levels of Th2-type cytokines (e.g., IL.-4, IL.-5, IL-6 and
1IL-10) tend to favor the induction of humoral immune
responses. Following application of a vaccine as provided
herein, a subject will support an immune response that
includes Th1- and Th2-type responses. Optionally, the level
of Thl-type cytokines will increase to a greater extent than
the level of Th2-type cytokines. The levels of these cytok-
ines may be readily assessed using standard assays. Certain
adjuvants for eliciting a predominantly Thl-type response
include, for example, a combination of monophosphoryl
lipid A, preferably 3-de-O-acylated monophosphoryl lipid
A, together with an aluminum salt adjuvants are available
from Corixa Corporation (Seattle, Wash.). CpG-containing
oligonucleotides (in which the CpG dinucleotide is unmeth-
ylated) also induce a predominantly Thl response. Another
adjuvant comprises a saponin, such as Quil A, or derivatives
thereof, including QS21 and QS7 (Aquila Biopharmaceuti-
cals Inc., Framingham, Mass.); Escin; Digitonin; or Gypso-
phila or Chenopodium quinoa saponins.
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[0095] Additional illustrative adjuvants for use in the
disclosed vaccine compositions include Montamide ISA 720
(Seppic, France), SAF (Chiron, Calif.,, United States),
ISCOMS (CSL), MF-59 (Chiron), the SBAS series of adju-
vants (e.g., SBAS-2 or SBAS-4, available from GlaxoS-
mithKline, Philadelphia, Pa.), Detox (Enhanzyn™) (Corixa,
Hamilton, Mont.), RC-529 (Corixa, Hamilton, Mont.) and
other aminoalkyl glucosaminide 4-phosphates (AGPs).
[0096] In some embodiments, the adjuvant is a virosome
(e.g. Berna Biotech). In some embodiments, the adjuvant
comprises a CpG 1018 and/or CpG 7909 oligonucleotide. In
some embodiments, the adjuvant comprises a Imidazoqui-
noline. In some embodiments, the adjuvant comprises a
Polyinosinic:polycytidylic acid (Polyl:C). In some embodi-
ments, the adjuvant comprises a Pam3Cys. In some embodi-
ments, the adjuvant comprises a [SCOMATRIX adjuvant. In
some embodiments, the adjuvant comprises a CAF01 and/or
1IC31 adjuvant. In some embodiments, the adjuvant com-
prises a Sigma adjuvant system (MPL from Salmonella
Minn., synthetic trehalose dicorynomycolate and squalene
oil). In some embodiments, the adjuvant comprises TITER-
MAX (water-in-oil emulsion, consisting of squalene, sorbi-
tan monooleate 80, a block copolymer and microparticulate
silica).

[0097] Insome embodiments, the adjuvant is incorporated
into the VLP in a membrane-anchored form. For example,
GM-CSF or a bacterial flagellin protein containing a mem-
brane anchor can be incorporated into the disclosed VLPs.
[0098] Pharmaceutical Compositions

[0099] The disclosed vaccines can be used therapeutically
in combination with a pharmaceutically acceptable carrier.
By “pharmaceutically acceptable” is meant a material that is
not biologically or otherwise undesirable, i.e., the material
may be administered to a subject without causing any
undesirable biological effects or interacting in a deleterious
manner with any of the other components of the pharma-
ceutical composition in which it is contained. The carrier
would naturally be selected to minimize any degradation of
the active ingredient and to minimize any adverse side
effects in the subject, as would be well known to one of skill
in the art.

[0100] The materials may be in solution, suspension (for
example, incorporated into microparticles, liposomes, or
cells). Suitable carriers and their formulations are described
in Remington: The Science and Practice of Pharmacy (22nd
ed.) eds. Loyd V. Allen, Jr., et al.,, Pharmaceutical Press,
2012. Typically, an appropriate amount of a pharmaceuti-
cally-acceptable salt is used in the formulation to render the
formulation isotonic. Examples of the pharmaceutically-
acceptable carrier include, but are not limited to, saline,
Ringers solution and dextrose solution. The pH of the
solution is preferably from about 5 to about 8, and more
preferably from about 7 to about 7.5. Further carriers include
sustained release preparations such as semipermeable matri-
ces of solid hydrophobic polymers containing the antibody,
which matrices are in the form of shaped articles, e.g., films,
liposomes or microparticles. It will be apparent to those
persons skilled in the art that certain carriers may be more
preferable depending upon, for instance, the route of admin-
istration and concentration of composition being adminis-
tered.

[0101] Pharmaceutical carriers are known to those skilled
in the art. These most typically would be standard carriers
for administration of vaccines to humans, including solu-
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tions such as sterile water, saline, and buffered solutions at
physiological pH. Pharmaceutical compositions may
include carriers, thickeners, diluents, buffers, preservatives,
surface active agents and the like in addition to the vaccine.
Pharmaceutical compositions may also include one or more
active ingredients such as antimicrobial agents, anti-inflam-
matory agents, anesthetics, and the like.

[0102] The disclosed vaccines are preferably formulated
for delivery via intranasal, intramuscular, subcutaneous,
transdermal or sublingual administration.

[0103] Preparations for parenteral administration include
sterile aqueous or non-aqueous solutions, suspensions, and
emulsions. Examples of non-aqueous solvents are propylene
glycol, polyethylene glycol, vegetable oils such as olive oil,
and injectable organic esters such as ethyl oleate. Aqueous
carriers include water, alcoholic/aqueous solutions, emul-
sions or suspensions, including saline and buffered media.
Parenteral vehicles include sodium chloride solution, Ring-
er’s dextrose, dextrose and sodium chloride, lactated Ring-
ers, or fixed oils. Intravenous vehicles include fluid and
nutrient replenishers, electrolyte replenishers (such as those
based on Ringers dextrose), and the like. Preservatives and
other additives may also be present such as, for example,
antimicrobials, anti-oxidants, chelating agents, and inert
gases and the like.

[0104] Formulations for topical administration may
include ointments, lotions, creams, gels, drops, supposito-
ries, sprays, liquids and powders. Conventional pharmaceu-
tical carriers, aqueous, powder or oily bases, thickeners and
the like may be necessary or desirable.

[0105] Some of the compositions may potentially be
administered as a pharmaceutically acceptable acid- or base-
addition salt, formed by reaction with inorganic acids such
as hydrochloric acid, hydrobromic acid, perchloric acid,
nitric acid, thiocyanic acid, sulfuric acid, and phosphoric
acid, and organic acids such as formic acid, acetic acid,
propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic
acid, malonic acid, succinic acid, maleic acid, and fumaric
acid, or by reaction with an inorganic base such as sodium
hydroxide, ammonium hydroxide, potassium hydroxide, and
organic bases such as mono-, di-, trialkyl and aryl amines
and substituted ethanolamines.

[0106] Combinations

[0107] The disclosed vaccine can be used to supplement
existing human vaccines to improve cross protection. There-
fore, the disclosed vaccine can further include (or be admin-
istered in combination with) a whole inactivated virus, split
viral vaccine, live attenuated influenza vaccine, or an influ-
enza virus-like particle (VLP) vaccine. For example, the
disclosed vaccine can be combined with a trivalent inacti-
vated vaccine (TIV) (e.g., containing killed A/HINI,
A/H3N2, and B), trivalent live attenuated influenza vaccine,
trivalent split vaccine, trivalent subunit influenza vaccine,
trivalent recombinant protein vaccine, or trivalent VLP
vaccine. The disclosed vaccine can be combined with a
bivalent inactivated vaccine, bivalent live attenuated influ-
enza vaccine, bivalent split vaccine, or bivalent subunit
influenza vaccine, bivalent recombinant protein vaccine, or
bivalent VLP vaccine. The disclosed vaccine can be com-
bined with a monovalent inactivated vaccine, monovalent
live attenuated influenza vaccine, monovalent split vaccine,
or monovalent subunit influenza vaccine, monovalent
recombinant protein vaccine, or monovalent VLP vaccine.
The disclosed vaccine can be combined with a monovalent,
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bivalent, or trivalent vaccine directed against Influenza A.
The disclosed vaccine can be combined with a monovalent,
bivalent, or trivalent vaccine directed against Influenza B.
The disclosed vaccine can be combined with a monovalent,
bivalent, or trivalent vaccine directed against a combination
of Influenza A and Influenza B.

[0108] The disclosed vaccine can include a PNP that
incorporates sequences from a particular influenza, such as
Influenza A or Influenza B. The disclosed vaccine can
include a PNP that incorporates sequences from a particular
strain of influenza. The disclosed vaccine can include a PNP
that incorporates sequences from a subtype of influenza A.
The disclosed vaccine can include a PNP that incorporates
sequences from a subtype of influenza A HA, such as H1
HA, H3 HA, H5 HA, and others.

[0109] In one embodiment, the vaccine includes a single
PNP that incorporates sequences from a particular influenza,
such as Influenza A or Influenza B. The disclosed vaccine
can include a single PNP that incorporates sequences from
a particular strain of influenza. The disclosed vaccine can
include a single PNP that incorporates sequences from a
subtype of influenza A. The disclosed vaccine can include a
single PNP that incorporates sequences from a subtype of
influenza A HA, such as H1 HA, H3 HA, H5 HA, and others.
[0110] In one embodiment, the vaccine includes two PNP
each of which incorporates sequences from particular influ-
enzas, such as Influenza A or Influenza B. The disclosed
vaccine can include two PNP each of which incorporates
sequences from a particular strain of influenza. The dis-
closed vaccine can include two PNP each of which incor-
porates sequences from a subtype of influenza A. The
disclosed vaccine can include two PNP each of which
incorporates sequences from a subtype of influenza A HA,
such as H1 HA, H3 HA, H5 HA, and others.

[0111] In one embodiment, the vaccine includes three or
more PNP each of which incorporates sequences from
particular influenzas, such as Influenza A or Influenza B. The
disclosed vaccine can include three or more PNP each of
which incorporates sequences from a particular strain of
influenza. The disclosed vaccine can include three or more
PNP each of which incorporates sequences from a subtype
of influenza A. The disclosed vaccine can include three or
more PNP each of which incorporates sequences from a
subtype of influenza A HA, such as H1 HA, H3 HA, H5 HA,
and others.

[0112] The disclosed vaccine can further include (or be
administered in combination with) one or more of classes of
antibiotics, steroids, analgesics, anti-inflammatory agents,
anti-histaminic agents, or any combination thereof. Antibi-
otics include Aminoglycosides, Cephalosporins, Chloram-
phenicol, Clindamycin, Erythromycins, Fluoroquinolones,
Macrolides, Azolides, Metronidazole, Penicillins, Tetracy-
clines, Trimethoprim-sulfamethoxazole, and Vancomycin.
Suitable steroids include andranes, such as testosterone.
Narcotic and non-narcotic analgesics include morphine,
codeine, heroin, hydromorphone, levorphanol, meperidine,
methadone, oxydone, propoxyphene, fentanyl, methadone,
naloxone, buprenorphine, butorphanol, nalbuphine, and pen-
tazocine. Anti-inflammatory agents include alclofenac,
alclometasone dipropionate, algestone acetonide, alpha
amylase, amcinafal, amcinafide, amfenac sodium,
amiprilose hydrochloride, anakinra, anirolac, anitrazafen,
apazone, balsalazide disodium, bendazac, benoxaprofen,
benzydamine hydrochloride, bromelains, broperamole,
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budesonide, carprofen, cicloprofen, cintazone, cliprofen,
clobetasol propionate, clobetasone butyrate, clopirac, cloti-
casone propionate, cormethasone acetate, cortodoxone,
decanoate, deflazacort, delatestryl, depo-testosterone, des-
onide, desoximetasone, dexamethasone dipropionate,
diclofenac potassium, diclofenac sodium, diflorasone diac-
etate, difftumidone sodium, diftunisal, difluprednate, diftal-
one, dimethyl sulfoxide, drocinonide, endrysone, enli-
momab, enolicam sodium, epirizole, etodolac, etofenamate,
felbinac, fenamole, fenbufen, fenclofenac, fenclorac, fen-
dosal, fenpipalone, fentiazac, flazalone, fluazacort, flufe-
namic acid, flumizole, flunisolide acetate, flunixin, flunixin
meglumine, fluocortin butyl, fluorometholone acetate,
fluquazone, flurbiprofen, fluretofen, fluticasone propionate,
furaprofen, furobufen, halcinonide, halobetasol propionate,
halopredone acetate, ibufenac, ibuprofen, ibuprofen alumi-
num, ibuprofen piconol, ilonidap, indomethacin, indometha-
cin sodium, indoprofen, indoxole, intrazole, isoflupredone
acetate, isoxepac, isoxicam, ketoprofen, lofemizole hydro-
chloride, lomoxicam, loteprednol etabonate, meclofenamate
sodium, meclofenamic to acid, meclorisone dibutyrate,
mefenamic acid, mesalamine, meseclazone, mesterolone,
methandrostenolone, methenolone, methenolone acetate,
methylprednisolone suleptanate, momiflumate, nabume-
tone, nandrolone, naproxen, naproxen sodium, naproxol,
nimazone, olsalazine sodium, orgotein, orpanoxin, oxandro-
lane, oxaprozin, oxyphenbutazone, oxymetholone, para-
nyline hydrochloride, pentosan polysulfate sodium, phenb-
utazone sodium glycerate, pirfenidone, piroxicam,
piroxicam cinnamate, piroxicam olamine, pirprofen, pred-
nazate, prifelone, prodolic acid, proquazone, proxazole,
proxazole citrate, rimexolone, romazarit, salcolex, salnace-
din, salsalate, sanguinarium chloride, seclazone, sermetacin,
stanozolol, sudoxicam, sulindac, suprofen, talmetacin, tal-
niflumate, talosalate, tebufelone, tenidap, tenidap sodium,
tenoxicam, tesicam, tesimide, testosterone, testosterone
blends, tetrydamine, tiopinac, tixocortol pivalate, tolmetin,
tolmetin sodium, triclonide, triflumidate, zidometacin, and
zomepirac sodium. Anti-histaminic agents include ethano-
lamines (e.g., diphenhydrmine carbinoxamine), Ethylenedi-
amine (e.g., tripelennamine pyrilamine), Alkylamine (e.g.,
chlorpheniramine, dexchlorpheniramine, brompheniramine,
triprolidine), other anti-histamines like astemizole, lorata-
dine, fexofenadine, bropheniramine, clemastine, acetamino-
phen, pseudoephedrine, triprolidine).

[0113]

[0114] A method of vaccinating a subject for influenza is
disclosed that involves administering the disclosed cross-
protective influenza vaccine to a subject in need thereof. The
disclosed vaccine may be administered in a number of ways.
For example, the disclosed vaccine can be administered
intramuscularly, intranasally, or by microneedle in the skin.
The compositions may be administered orally, intrave-
nously, subcutaneously, transdermally (e.g., by
microneedle), intraperitoneally, ophthalmically, vaginally,
rectally, sublingually, or by inhalation.

[0115] Parenteral administration of the composition, if
used, is generally characterized by injection. Injectables can
be prepared in conventional forms, either as liquid solutions
or suspensions, solid forms suitable for solution of suspen-
sion in liquid prior to injection, or as emulsions. A revised
approach for parenteral administration involves use of a
slow release or sustained release system such that a constant
dosage is maintained.

Methods of Vaccinating a Subject
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[0116] The exact amount of the compositions required will
vary from subject to subject, depending on the species, age,
weight and general condition of the subject, the severity of
the allergic disorder being treated, the particular nucleic acid
or vector used, its mode of administration and the like. Thus,
it is not possible to specify an exact amount for every
composition. However, an appropriate amount can be deter-
mined by one of ordinary skill in the art using only routine
experimentation given the teachings herein. For example,
effective dosages and schedules for administering the com-
positions may be determined empirically, and making such
determinations is within the skill in the art. The dosage
ranges for the administration of the compositions are those
large enough to produce the desired effect in which the
symptoms disorder are affected. The dosage should not be so
large as to cause adverse side effects, such as unwanted
cross-reactions, anaphylactic reactions, and the like. Gener-
ally, the dosage will vary with the age, condition, sex and
extent of the disease in the patient, route of administration,
or whether other drugs are included in the regimen, and can
be determined by one of skill in the art. The dosage can be
adjusted by the individual physician in the event of any
counterindications. Dosage can vary, and can be adminis-
tered in one or more dose administrations daily, for one or
several days. Guidance can be found in the literature for
appropriate dosages for given classes of pharmaceutical
products. A typical dosage of the disclosed vaccine used
alone might range from about 1 pg/kg to up to 100 mg/kg of
body weight or more per vaccination, such as 10 ug/kg to 50
mg/kg, or 50 pg/kg to 10 mg/kg, depending on the factors
mentioned above. In addition to dosing by the ratio of
mass-of-vaccine to mass-of-patient, standardized vaccine
doses for demarcated demographics can also be used. A
typical dose for an adult patient may be 1 pg to 1000 pg, or
10 pg to 150 pg, or 15 pg to 135 pg per subject. A typical
dose for a child patient may be 1 pg to 1000 pg, or 10 pg to
150 ng, or 15 pg to 135 pg per subject. A typical dose for an
elderly patient may be 1 pug to 1000 pg, or 10 pg to 150 pg,
or 15 pg to 135 ug per subject.

[0117] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, other
embodiments are within the scope of the following claims.

EXAMPLES
Example 1
[0118] Results
[0119] Design and Construction of Four Tandem Copies of

M2e Linked to Tetramerization Motif GCN4

[0120] Tetrameric four tandem copies of M2e construct
was stabilized by introducing a foreign tetramerization motif
GCN4 at C-terminal end (4M2e-GCN4), a modified version
of leucine zipper domain of a yeast transcription factor (De
Filette M, et al. The Journal of biological chemistry 2008;
283(17): 11382-11387; Harbury P B, et al. Science 1993;
262(5138): 1401-1407) (FIG. 1A). A signal peptide encod-
ing sequence from the honeybee melittin protein was added
at N-terminal to facilitate protein expression in insect cells
Spodoptera frugiperda S19 (S19, ATCC, CRL-1711) (Wang
B Z, et al. Journal of virology 2007; 81(20): 10869-10878).
Hexa-Histidine tag were added following GCN4 motif
sequence. In four types of full length M2e, two site-muta-
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tions C175 and C195 were made, the order of modified M2e
sequences from N- to C-terminal in 4M2e-GCN4 construct
were: human consensus M2e, swine consensus M2e, avian
consensus M2e, domestic fowl consensus M2e (Table 1).
The consensus M2e sequences were made based on 11732
human, 5920 swine, 6267 avian and 3270 domestic fowl M2
sequences deposited in the National Center for Biotechnol-
ogy Information (NCBI) databank, and the software molecu-
lar evolutionary genetics analysis version 6.0 (MEGAG6) was
used to align and analyze sequences (Tamura K, et al.
Molecular biology and evolution 2013; 30(12): 2725-2729).

[0121] Design and Construction of Head-Removed HA
Constructs
[0122] Conserved stalk region of HA offers a promising

target to develop cross-protective influenza A vaccines (Yas-
sine H M, et al. Nature medicine 2015; 21(9): 1065-1070;
Impagliazzo A, et al. Science 2015; 349(6254): 1301-1306).
It was previously reported that HA stalk domain is more
conserved compared to the highly variable globular head
domain (Mallajosyula V' 'V, et al. Proc Natl Acad Sci USA
2014; 111(25): E2514-2523; Ellebedy A H, et al. Frontiers in
immunology 2012; 3: 53). The goal is to design stable and
soluble trimerized head-removed H1 (hrH1) and head-re-
moved H3 (hrH3) proteins with part of receptor-binding
polypeptide chain (termed HA1) at stalk region and ectodo-
main of membrane anchoring polypeptide chain of HA
(termed HA2) (FIG. 1B, 1C; sequences in FIGS. 11A, 11B).
Previous research demonstrated the metastable HA2 con-
formation in viral HA and also showed that the trimer HA2
polypeptide when expressed independently from HA1 sub-
unit, adopted the low-pH conformation spontaneously (Chen
J, et al. Proc Natl Acad Sci USA 1995; 92(26): 12205-
12209). The influenza A subviral particles lacking the entire
HA1 subunit of HA showed limited protection in mice
model (Graves P N, et al. Virology 1983; 126(1): 106-116).
To generate one hrHA representative from each phyloge-
netic group of influenza A virus will be essential to formulate
a vaccine that can elicit the real universal response. Starting
with the HA sequences of HIN1 A/Puerto Rico/8/1934 and
H3N2 A/Aichi/2/1968, changes were introduced using a
series of rational designs. According to previous results,
trimerization motifs facilitate HA oligomerization in the
absence of the HA transmembrane domain (Mallajosyula V
V, et al. Proc Natl Acad Sci USA 2014; 111(25): E2514-
2523; Yassine H M, et al. Nature medicine 2015; 21(9):
1065-1070; Kanekiyo M, et al. Nature 2013; 499(7456):
102-106; Stevens I, et al. Science 2006; 312(5772): 404-
410). A C-terminal sequence containing G6S3 or PGS linker,
tetramerization motif GCN4 and hexa-Histidine tag were
added following hrH1 or hrH3 sequence for oligomerization
and purification purposes. The globular head domain was
removed at similar cutting off positions in three-dimensional
structure as reported previously (Impagliazzo A, et al. Sci-
ence 2015; 349(6254): 1301-1306). The coding sequence of
the major head domain of H1 (amino acids S53-P320) and
the major head domain of H3 (amino acids S61-P322) were
replaced with a linker sequence encoding four glycines (G4)
which is predicted to be a flexible linker and not disrupt the
folding of the remainder of the molecule (Steel J, et al. mBio
2010; 1(1)). To interrupt the conformational transfer at low
pH value, the residues between F61 and 1.89 in HA2 of H1
and the residues between F63 and T87 in HA2 of H3 were
replaced with flexible non-hydrophobic G4S2 linker. The
F63 and V73 hydrophobic residues in HA2 are largely
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responsible for stabilizing the coiled coil of the low pH
structure (Bommakanti G, et al. Proc Natl Acad Sci USA
2010; 107(31): 13701-13706; Bajaj K, et al. Proc Natl Acad
Sci USA 2005; 102(45): 16221-16226). In the neutral pH
conformation, these residues form a part of loop B connect-
ing helix A and helix C and are exposed in head removed HA
structure. To further stabilize the hrH3 construct, a presumed
intra-disulfide bond was introduced in H3 by site-mutagen-
esis at V325C in HA1 and S91C in HA2. Head removed HA
constructs were made in the context of a H1 (representative
of group 1) and a H3 (representative of group 2) HA, as the
cross-reactivity of neutralizing antibodies targeting the stalk
region appears to be limited to HA subtypes within the same
major phylogenetic group (Wang T T, et al. PLoS pathogens
2010; 6(2): e1000796; Tan G S, et al. Journal of virology
2014; 88(23): 13580-13592; Okuno Y, et al. Journal of
virology 1993; 67(5): 2552-2558; Krammer F, et al. Journal
of virology 2013; 87(12): 6542-6550; Ekiert D C, et al.
Science 2009; 324(5924): 246-251; Kashyap A K, et al. Proc
Natl Acad Sci USA 2008; 105(16): 5986-5991; Sui I, et al.
Nature structural & molecular biology 2009; 16(3): 265-
273).

[0123] Characterization of Recombinant 4M2e-GCN4 and
Head-Removed HA Proteins

[0124] Recombinant 4M2e-GCN4 and head-removed HA
proteins were expressed and purified from recombinant
baculovirus protein expression system. BS3 crosslinked
recombinant protein and uncrosslinked recombinant protein
were run in SDS-PAGE and stained with Commassie blue.
As shown in FIGS. 2A and 2B, the BS3 crosslinked 4M2e-
GCN4 protein showed its tetramerization size, BS3 cross-
linked hrHA protein showed its trimerization size. The
antigenicity of hrH3 and hrH1 were analyzed using sand-
wich ELISA with monoclonal antibody 12D1 and C179,
respectively. The data demonstrate that 12D1 recognizes a
conformation epitope that is well presented on recombinant
hrH3 protein and that the HA2 region in hrH3 is folded in
a similar fashion to the corresponding region in the neutral
pH structure of full length H3 protein (FIG. 2C). The data
also show that recombinant hrH1 protein is recognized well
by C179, as evidenced by the binding results in sandwich
ELISA (FIG. 2D).

[0125] Characterization of Fabricated Protein Nanopar-
ticles
[0126] It was previously reported that protein nanoparticle

vaccines were formed by a modified desolvation process
(Wang L, et al. Nanomedicine: nanotechnology, biology, and
medicine 2017; 13(1): 253-262; Wang L, et al. Nanomedi-
cine: nanotechnology, biology, and medicine 2014; 10(2):
473-482; Chang T Z, et al. Biomaterials science 2017; 5(2):
223-233) and stabilized by DTSSP crosslinking. This
approach generated protein nanoparticles entirely compos-
ing antigens of interest, and do not include any vehicles or
vectors. We recently found that desolvated H7 PNP dis-
played low ability in hemagglutination of chicken red blood
cells and long-time contact with solvent ethanol may result
in partial loss of intact structure, however the surface coating
of H7 protein played the major role in immunogenicity
(Wang L, et al. Nanomedicine: nanotechnology, biology, and
medicine 2017; 13(1): 253-262). M2e is regarded as a
flexible linear epitope which is able to induce broadly
protective immune responses. It is presumed that the con-
formational change of M2e does not dramatically alter its
immunogenicity. To further improve the immunogenicity of
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hrHA, we generated 4M2e-GCN4 core PNPs by desolvation
and coated core with hrHA. FIG. 3A showed the schematic
diagram of 4M2e-GCN4 core PNP fabrication process. We
found the use of DTSSP to stabilize the PNP while desol-
vation could vary the size of PNP by different DTSSP
amounts. The size of PNP become larger by increasing
DTSSP amounts (FIG. 3B). Therefore, to minimize the size
of PNP, the core PNP were not crosslinked until the addition
of hrHA in the system. The size distribution analysis using
zeta-sizer showed the fabricated Uni4dMC PNP peaked at
141 nm (FIG. 3C). The soluble 4M2e-GCN4 and Uni4dMC
PNP were analyzed in Western Blot using mouse anti-M2e
antiserum. The PNP can be completely denatured into
monomer and all samples can be blotted (FIG. 3D). Scan-
ning electron microscopy (SEM) of dehydrated nanopar-
ticles showed that particulates were relatively spherical
(FIG. 3E).

[0127] The coating process is showed in schematic dia-
gram in FIG. 4A. As the binding is mainly mediated via
hydrophobic residues interaction. The hydrophobic residues
in hrH1 and hrH3 proteins were showed in red (FIG. 4B).
The DTSSP crosslinker reacted mainly with primary amine
in protein, the Lys residues with outwards primary amine
group in hrH1 and hrH3 were labelled as spherical molecule
in red (FIG. 4C). The analysis showed the theoretical
feasibility in hrHA protein coating and stabilization by
DTSSP crosslinking. Dynamic light scattering analysis indi-
cated the presence of a single, reproducible population
distribution with an average hydrodynamic diameter of 181
nm of hrH1 and 211 nm of hrH3 (FIGS. 5A and 5B). The
Commassie blue staining showed that the Uni4dMC core
PNPs were successfully coated with hrH1 or hrH3 (FIG.
5C). The protein band intensity analysis of Uni4C1 and
Uni4C3 using GelQuant software showed the content per-
centages of hrH1 and hrH3 are 11.5% and 14%, respectively.
SEM analysis showed that coated nanoparticles have rela-
tive spherical shape with irregular rough surface (FIG. 5D).
[0128] Robust Seroconversion of Immunized Mice
[0129] Except mock immunized group, all other immu-
nized mice have strong seroconversion against 4M2e-GCN4
protein (FIG. 6A). The induced M2e antibodies have strong
cross-reactivity to the diverse M2e peptides (FIG. 6B). Both
Uni4C1 and Uni4C3 vaccines induced serum strongly bind
to the HA from same phylogenetic group, and have weaker
binding activity to the heterologous H3 and H1 respectively
(FIG. 6C). The boosting immunization significantly
enhanced the specific antibody titers (FIGS. 6 A and 6C). The
PNP vaccines induced a balanced Th1/Th2 responses, as
evidenced by the similar levels of induced serum IgG1 and
1gG2a titers (FIG. 6D). As shown in the radar diagram of
inactivated influenza A virus coated ELISA results, Uni4C13
induced serum has broad binding activity to all subtypes of
viruses, whereas the Uni4C1-induced and Uni4C3-induced
antiserum have strong binding activity to phylogenetic
group 1 and group 2 HA, respectively (FIG. 6E). The
antiserum staining of HA transfected MDCK cells also
showed that H3 stalk antiserum can bind to various subtypes
of membrane anchored HA proteins, including H3, H7 and
H10 but not HS (FIG. 6F). Antibodies in sera that reacted
specifically with M2e, H1 HA, and H3 HA were predomi-
nated by IgG over IgA (FIG. 6G).

[0130] Immunization and Challenge Study in Mice

[0131] Six- to eight-week old female BALB/c mice were
intramuscularly immunized for two times at 4-week interval
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in hind legs with 10.5 pg Uni4MC, 12 ng Uni4Cl1, 12 ng
Uni4C3 or 12 pg Uni4C13. Four weeks after boosting
immunization, mice were challenged intranasally with 5x
mouse lethal dose 50 (mLD50) of mouse adapted (m.a.)
influenza A viruses, PR8 HIN1, p09 HIN1, Aic H3N2, Phi
H3N2, rVn H5N1 and rSH H7NO9, respectively. Uni4C1 and
Uni4C3 immunized mice were fully protected against influ-
enza A viruses expressing HA from the same phylogenetic
group as demonstrated by both weight retention and survival
in the vaccinated conditions (FIG. 7A). Uni4C13 immuni-
zation conferred complete protection against lethal dose of
heterologous influenza A virus challenge. Weight loss moni-
toring records showed that Uni4C13 immunized mice still
experienced slightly weight loss after lethal dose of rVn
H5NT1 and rSH H7N9 challenge. All mock immunized mice
died after lethal dose infection. Those mice received
UnidMC immunization were fully protected from lethal
dose challenge with PR8 HIN1, p09 HIN1, Aic H3N2 and
Phi H3N2 but partially protected from lethal dose infection
with rVn HS5N1 and rSH H7N9. Histological analysis
showed that after sublethal dose infection, the lung immune
cell infiltration from well protected Uni4C13 and UnidMC
groups of mice is much less than DPBS mock immunized
mice (FIG. 8). The lung virus titers from Uni4C13 immu-
nized mice are also significantly lower than the other groups.
Uni4dMC immunization also reduced lung viral load faster
than DPBS group (FIG. 10).

[0132] Inorder to investigate the mechanism of protection
conferred by PNPs, HAI assays were performed (FIG. 9). It
was found that no HAI activities of induced serum were
detected. The convalescent serum samples collected from
mice challenged with diverse influenza A viruses were used
as positive controls. This implies that other antibody medi-
ated mechanism(s) such as neutralizing antibodies, anti-
body-dependent cellular cytotoxicity (ADCC) or comple-
ment dependent cellular cytotoxicity may contribute to the
protection.

[0133] Materials and Methods
[0134] Ethics Statement
[0135] This study was carried out in strict accordance with

the recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health. All
mouse studies were approved by Georgia State University
Institutional Animal Care and Use Committee (IACUC)
under protocol number 2003060. Female BALB/c mice and
female C57BL/6 mice (six to eight-week old) were pur-
chased from the Jackson Laboratory and housed in the
animal facility at Georgia State University. Bleeding, infect-
ing and sampling were performed under anesthesia that was
induced by inhalation of isoflurane to reduce mouse suffer-
ing.

[0136] Expression and Purification of Recombinant Pro-
teins
[0137] Recombinant baculovirus expressing 4M2e-

GCN4, hrH1 or hrH3 was generated using the Bac-to-Bac
protein expression kit (Invitrogen, Grand Island, N.Y.)
according to the manufacturer’s instructions and soluble
4M2e-GCN4, hrH1 and hrH3 recombinant proteins were
purified from the sf9 insect cell protein expression system as
previously described (Weldon W C, et al. PloS one 2010
5(9).

[0138] Bis [sulfosuccinimidyl] (BS3) Crosslinking
[0139] The oligomeric status of purified 4M2e-GCN4,
hrH1 and hrH3 proteins were determined using the soluble
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Bis [sulfosuccinimidyl] (BS3) crosslinker (Pierce-Rockford,
111.) in a crosslinking reaction to fix the polymeric structures
of proteins following with sodium dodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE), as described pre-
viously (Weldon W C, et al. PloS one 2010 5(9)).

[0140] Protein Nanoparticles Fabrication

[0141] Protein nanoparticles (PNP) were made as previ-
ously described with modification (Wang L, et al. Nano-
medicine: nanotechnology, biology, and medicine 2017,
13(1): 253-262; Wang L, et al. Nanomedicine: nanotechnol-
ogy, biology, and medicine 2014; 10(2): 473-482; Chang T
Z, et al. Biomaterials science 2017; 5(2): 223-233). To make
the 4M2e-GCN4 core (4MC) PNP, the 4M2e-GCN4 protein
solution in DPBS (Gibco) was desolvated with a 4:1 volume
ratio of absolute ethanol to protein solution, herein 4.8 ml
absolute ethanol was dripped at a constant rate at 1 ml/min
to 1.2 ml 3.2 mg/ml 4M2e-GCN4 protein solution under
constant stirring at 600 rpm at room temperature. The
water-soluble thiol-cleavable primary amine-reactive cross-
linker 3,3'-dithiobis[sulfosuccinimidylpropionate] (DTSSP;
Cat No. 21578, Thermo Scientific) was used to stabilize the
resulting PNP. PNPs were crosslinked with DTSSP at final
concentration 5 mM while stirring at room temperature for
one hour, followed by centrifugation at 15,000xg for 15 min
at room temperature to pellet the PNP. PNPs were resus-
pended by sonication in either 1 ml 2.8 mg/ml hrH1 in
DPBS, 1 ml 3.1 mg/ml hrH3 in DPBS or 1 ml DPBS for
coating or non-coating respectively, to generate hrH1 coated
4MC PNP (vaccine code: Uni4C1), hrH3 coated 4MtG core
PNP (vaccine code: Uni4C3) and 4MC PNP (vaccine code:
UnidMC). Coating reactions were performed in 5 mM
DTSSP for 2 hours while stirring at 4° C. The coat cross-
linking reactions were quenched with 30 mM Tris-HCl
solution at pH 7.4 for 15 min. Following collection by
centrifugation at 20,000xg for 30 min at 4° C., PNPs were
resuspended by sonication in 1 ml DPBS.

[0142] PNP Characterization

[0143] Nanoparticle size distribution and zeta potential
were assessed by dynamic light scattering (DLS) and elec-
trophoretic light scattering (ELS) respectively with a
Malvern Zetasizer Nano ZS (Malvern Instruments, West-
borough, Mass.). Protein concentration in the PNP solution
was assessed with a BCA assay according to the manufac-
turer’s instructions (Thermo Scientific, Waltham, Mass.).
PNP were resuspended in water, air-dried, and sputter-
coated with carbon prior to visualization with a Zeiss LEO
1450 vp scanning electron microscope (Carl Zeiss, Jena,
Germany) at 5.0 kV.

[0144] Immunization and Influenza a Viruses Challenge

[0145] All animal experiments were approved and per-
formed in accordance with local legislation on animal
experiments. Mice (BALB/c strain, female, 6-8 weeks old,
n=5 per group) received intramuscular (i.m.) immunizations
for two times at 4 week interval in hind legs with 50 pl
vaccine mixture in DPBS containing 10.5 pg UnidMC, 12
ng Uni4Cl1, 12 ng Uni4C3 or 12 pg Uni4C13 (formulation
comprising physical mixture of 6 pg Uni4Cl and 6 ng
Uni4C3 in DPBS). Blood samples were collected at 1 day
prior to priming and 3 weeks after priming and boosting.
Four weeks after boosting immunization, mice were chal-
lenged intranasally with 5x mouse lethal dose 50 (mL.D50)
of mouse adapted (m.a.) influenza A virus in 50 pl DPBS,
including PR8 HIN1 (A/Puerto Rico/08/1934), p09 HIN1
(A/California/07/2009), Aic H3N2 (A/Aichi/02/2968), Phi



US 2020/0247852 Al

H3N2 (A/Philippines/02/1982), rVn HS5NI1 (reassortant
A/Vietnam/1203/2004; HA and neuraminidase (NA) were
derived derived from A/Vietnam/1203/2004, and the
remaining backbone genes from A/Puerto Rico/08/1934) or
rSH H7N9 (reassortant A/Shanghai/02/2013; HA and NA
were derived from A/Shanghai/02/2013, and the remaining
backbone genes from A/Puerto Rico/08/1934). Body weight
loss and survival rates were monitored daily for 14 days post
infection (dpi). Weight loss of 20% was used as the end point
at which mice were euthanized according to IACUC guide-
lines.

[0146] Determination of Lung Virus Titers

[0147] Three mice per immunization group were eutha-
nized at 5th day post 1xmLD50 m.a. HIN1 A/Puerto Rico/
08/1934 or m.a. H3N2 A/Aichi/02/1968 infection. Lungs
were excised and homogenized in 10% (w:v) DPBS. Lung
homogenates were cleared from debris by centrifugation for
10 min at 16,000xg at 4° C. Madin Darby Canine Kidney
(MDCK) cells were seeded in triplicate at 2x104 cells per
well in a 96-well plate and infected with 50 ul of a
1/10-dilution series of the cleared lung homogenates. After
1 hour of incubation at 37° C., wash the culture with DPBS
three times, then add fresh 100 pl serum-free medium
containing DMEM (Gibco), 2 mM L-glutamine (Life tech-
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5 (with 0.5 interval). Scores were given as absent (0), subtle
(1), mild (2), moderate (3), severe (4), and massive (5).

[0150] Hemagglutination Inhibition (HAI) Assay

[0151] Mouse sera were pretreated with three volumes of
receptor-destroying enzyme (Sigma-Aldrich, U.S.) and
incubated overnight at 37° C. Five volumes of filter-steril-
ized 1.5% sodium citrate solution was added and the mixture
was inactivated at 56° C. for 30 min. 1/20 volume of 5%
turkey red blood cells were added to the sera followed by
incubation overnight at 4° C. to pre-clear the sera. Samples
were then centrifuged for 10 min at 1,500 g, and twofold
serial dilutions of the supernatant were prepared and tested
for HAI activity against 8HA in 50 pl of PR8 HIN1, p09
HINI, Aic H3N2, Phi H3N2, Vin H5N1 or SH H7N9.

[0152] Lung Virus Titer Determination

[0153] To determine lung viral load, PR8 HIN1 or Aic
H3N2 infected mice from Uni4MC, Uni4C13 and DPBS
immunization groups were sacrificed at the 5th day post
infection. Their lungs were isolated and homogenized in
DPBS at 10% (w/v) ratio. The lung homogenates were spun
at 16,000xg for 15 min to pellet tissue debris, and the
supernatants were collected. Samples were stored at —80° C.
until titration using TCID50 measurement method.

TABLE 1

List of M2e sequenceg usgsed in stud

Present in Codes Sequence

Petide

Influenza A

virus

4AMEG

huM2e SLLTEVETPIRNEWGCRCNDSSD
pO9M2e SLLTEVETPTRSEWECRCSDSSD
VtnM2e SLLTEVETPTRNEWECRCSDSSD
SHM2e SLLTEVETPTRTGWECNCSGSSE

PR8M2e SLLTEVETPIRNEWGCRCNGSSD

AicM2e SLLTEVETPIRNEWGCRCNDSSD
pO9M2e SLLTEVETPTRSEWECRCSDSSD
PhiM2e SLLTEVETPIRNEWGCRCNDSSD
rVnM2e SLLTEVETPIRNEWGCRCNGSSD
rSHM2e SLLTEVETPIRNEWGCRCNGSSD

huM2e SLLTEVETPIRNEWGSRSNDSSD
swnM2e SLLTEVETPTRSEWESRSSDSSD
aviM2e SLLTEVETPTRNGWESKSSGSSD
fwlM2e SLLTEVETPTRNGWESNSSDSSD

nologies), 10 pg/ml streptomycin, 10 U/ml penicillin (Hy-
clone), 0.1 mM non-essential amino acid (Gibco) and 2
ng/ml TPCK-treated trypsin (Sigma-Aldrich). After five
days of incubation at 37° C., the presence of virus in the
supernatant was assayed by measuring the hemagglutinating
activity in the supernatant and using the method of Reed and
Muench for calculation (Reed L J, et al. Am J Epidemiol
1938, 27: 493-497).

[0148] Histological Analysis

[0149] Three mice per immunization group were eutha-
nized at 5th day post 1xmLD50 m.a. HIN1 A/Puerto Rico/
8/1934 or m.a. H3N2 A/Aichi/2/1968 infection. Lung tissues
were isolated and fixed with 10% neutral buffered formalin.
Fixed lung tissues were embedded in paraffin and processed
for Haemotoxylin and Eosin (H&E) staining. Three sections
with 10 um thickness from three different parts of the lungs
were stained with H&E and examined microscopically unbi-
ased by three pathologists. The severity of the inflammation
in the examined lung sections was scored on a scale of 0 to

SEQ ID Origin

SEQ ID NO: 1 Human consensus

SEQ ID NO: 2  A/California/07/2009 (HIN1)

SEQ ID NO: 3  A/Vietnam/1203/2004 (H5N1)

SEQ ID NO: 4 A/Shanghai/02/2013 (H7N9)

SEQ ID NO: 5 A/Puerto Rico/08/1934 (HINL)

SEQ ID NO: 6 A/Aichi/02/1968 (H3N2)

SEQ ID NO: 7 A/California/07/2009 (HIN1)

SEQ ID NO: 8 A/Philippines/02/1982 (H3N2)

SEQ ID NO: 9 A/Vietnam/1203/2004 (rgH5N1)

SEQ ID NO: 10 A/Shanghai/2/2013 (rgH7N9)

SEQ ID NO: 11 Human consensus

SEQ ID NO: 12 Swine congensus

SEQ ID NO: 13 Avian congensus

SEQ ID NO: 14 Domestic fowl consensus
Example 2

[0154] The following is an Influenza A H3 stalk ectodo-
main sequence:

(SEQ ID NO: 15)
MKTIIALSYIFCLPLGQDLPGNDNSTATLCLGHHAVPNGTLVKTITDDQI

EVTINATELVQSSSTGKICNNPHRILDGIDCTLIDALLGDPHCDVFQNETW
DLFVERSKAFSNCYPYDVPDYASLRSLVASSGTLEFITEGFTWTGVTQNG
GSNACKRGPGSGFFSRLNWLTKSGSTYPVLNV TMPNNDNFDKLYIWGIHH
PSTNQEQTSLYVQASGRVTVSTRRSQQTIIPNIGSRPWVRGLSSRISIYW
TIVKPGDVLVINSNGNLIAPRGYFKMRTGKSSIMRSDAPIDTCISECITP
NGSIPNDKPFONVNKITYGACPKYVKONTLKLATGMRNVPEKQTRGLFGA

IAGFIENGWEGMIDGWYGFRHQONSEGTGQAADLKSTQAAIDQINGKLNRV
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-continued

IEKTNEKFHQIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQ
HTIDLTDSEMNKLFEKTRRQLRENAEEMGNGCFKIYHKCDNACIESIRNG
TYDHDVYRDEALNNRFQIKGVELKSGYK

[0155] Head-removed H3 HA were generated by replacing
head domain (amino acids S61-P322), (amino acids S62-
K323) or (amino acids S62-V325) with 3G, 4G, 5G or 4GC
linker (FIG. 12). The protein expression of these candidates
was not largely affected by different mutation sites as
evidenced by the similar intensity of bands in Western blot
(FIG. 13). Too much truncation and retaining will lead to
failure in protein expression and misfolding. Therefore, an
truncation range with 3 amino acids distance from S61 and
K323 may be optimal.

[0156] The tetrabrachion motif screwed tetramer protein
retains native functions and can be stably expressed. In our
study, tetrabrachion motif was fused with tandem copies of
M2e at N-terminal and followed by N1 ectodomain includ-
ing stalk and head (FIG. 14). Construct 2 and 3 are simulated
tetrabrachion motif screwed tetramer constructs (FIG. 14).
With flanked tandem copies of M2e or flanked N1 ectodo-
main at both sides of tetrabrachion motif, it is speculated that
the tetramer proteins can be expressed and retains native
protein function.

Example 3

[0157] Coated M2e-Neuraminidase fusion protein nano-
clusters display neuraminidase activity. FIGS. 15A and 15B
shows example structure of 4M2e-NA nanoparticles. FIG.
15A shows combination of 4M2e and 4M2e-NA fusion
proteins. GS linker: glycine and serine GGSGGG (SEQ ID
NO:20); M2e: combined M2e sequence from human, swine,
wild bird, and domestic fowl with tetrabrachion together;
M2e+NA: combined stalk and head of neuraminidase 1
(from A/Vietnam/1203/2004/) with M2e above. FIG. 15B
shows schematic formation of M2e-NA nano-particle.
4M2e-NA was covered on the 4M2e core.

[0158] FIGS. 16A to 16F show the formation of M2e-NA
nanoparticle. FIG. 16 A shows M2e-NA fusion protein cross-
linked by by 12.5, 7.5, 2.5, and 1 mM of BS3, as in line 1,
2,3, 4, respectively. Line 5: soluble M2e+NA fusion protein.
FIG. 16B shows Coomassie blue staining of M2e-NA nano-
particle. FIGS. 16C and 16D show Western blot assay of
M2e-NA nanoparticle. C: M2e antibody; D: NA antibody.
FIG. 16E shows the size of formed M2e+NA nanoparticle:
198.2+/-62.41 nm. FIG. 16F shows results of a neuramini-
dase activity test. The concentration of each protein: M2e+
NA nano particle: 1 mg/ml; soluble M2e+NA: 1 mg/ml;
HSNI virus: 2.5 mg/ml; BSA: 2 mg/ml.

[0159] FIG. 17 shows example tetramer constructs.
[0160] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meanings as com-
monly understood by one of skill in the art to which the
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disclosed invention belongs. Publications cited herein and
the materials for which they are cited are specifically incor-
porated by reference.

[0161] Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be
encompassed by the following claims.

Example 4

[0162] The following is an Influenza B HA stalk ectodo-
main sequence:

(SEQ ID NO: 36)
MKFLVNVALVFMVVYISYIYAAADRICTGITSSNSPHVVKTATQGEVNVT

GVIPLTTTGGGGCVKTPLKLANGTKYRPPAKLLTEQGFFGAIAGFLEGGW
EGMIAGWHGY TSHGAHGVAVAADLKSTQEAINKI TKNLNSLSELEGGGSS
ADTICSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNGCF
ETKHKCNQTCLDRIAAGTFDAGEFSLPTPGSSGGSSGMKQIEDKIEEILS

KIYHIENEIARIKKLDDDDKHHHHHH

[0163] This head-removed influenza B HA (B/hrHA) was
designed by replacing head domain (amino acids P33-W321
and V404-R432) with a GGGGC (SEQ ID NO:18) or
GGGSS (SEQ ID NO:19) linker (FIG. 18). Sequences at the
N-terminal and C-terminal were also added for expression
and functionalization of the protein. The DNA sequence
encoding this construct (SEQ ID NO:37) was cloned into a
pFastBacl expression vector using Notl and BamHI restric-
tion sites. This vector permits expression of the protein in
S19 insect cells using a PH promoter. After ligation of the
insert into the plasmid, the insert could be identified by PCR
and by restriction digest analysis (FIG. 19A). To generate
this data, 3 pg of the bacmid was digested using BamHI and
Notl restriction enzymes to cut. For PCR, 0.1 plL of the
bacmid was used as template combined with the M13
forward and reverse primers for amplification.

[0164] The hrHA protein was efficiently expressed by Sf9
cells as evidenced by the robust mass of protein of correct
size that is clear in Western blot analysis of the supernatant
from transfected cells (FIG. 19B). Inappropriate modifica-
tion and truncation leading to protein misfolding would
result in retention of the protein in the cells with a clear
failure in secrete protein into the supernatant. To generate
this data 2 pg of the B/hrHA bacmid (in 100 pl) was
combinged with 10 plL Cellfectin II (in 100 pl) for 40 min
at RT. Attached S19 cells were transfected in 6 well plate by
adding 200 ul of the liposome mixture. Transfection was
incubated for 5 days at 28° C. A 20 ulL sample of supernatant
was taken for analysis, separated by SDS-PAGE gel, and
analyzed by Western.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 40

<210> SEQ ID NO 1
<211> LENGTH: 23
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 1

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 10 15

Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 2

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 2

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Ser Glu Trp Glu Cys
1 5 10 15

Arg Cys Ser Asp Ser Ser Asp
20

<210> SEQ ID NO 3

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 3

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Asn Glu Trp Glu Cys
1 5 10 15

Arg Cys Ser Asp Ser Ser Asp
20

<210> SEQ ID NO 4

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 4

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Thr Gly Trp Glu Cys
1 5 10 15

Asn Cys Ser Gly Ser Ser Glu
20

<210> SEQ ID NO 5

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 5

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 10 15

Arg Cys Asn Gly Ser Ser Asp
20
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<210> SEQ ID NO 6

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 6

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 10 15

Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 7

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 7

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Ser Glu Trp Glu Cys
1 5 10 15

Arg Cys Ser Asp Ser Ser Asp
20

<210> SEQ ID NO 8

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 8

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 10 15

Arg Cys Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 9

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 9

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
1 5 10 15

Arg Cys Asn Gly Ser Ser Asp
20

<210> SEQ ID NO 10

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 10

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Cys
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1 5 10 15

Arg Cys Asn Gly Ser Ser Asp
20

<210> SEQ ID NO 11

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 11

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Ser
1 5 10 15

Arg Ser Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 12

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 12

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Ser Glu Trp Glu Ser
1 5 10 15

Arg Ser Ser Asp Ser Ser Asp
20

<210> SEQ ID NO 13

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 13

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Asn Gly Trp Glu Ser
1 5 10 15

Lys Ser Ser Gly Ser Ser Asp
20

<210> SEQ ID NO 14

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 14

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Asn Gly Trp Glu Ser
1 5 10 15

Asn Ser Ser Asp Ser Ser Asp
20

<210> SEQ ID NO 15

<211> LENGTH: 528

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
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<400> SEQUENCE: 15

Met Lys Thr Ile Ile Ala Leu Ser Tyr Ile Phe Cys Leu Pro Leu Gly
1 5 10 15

Gln Asp Leu Pro Gly Asn Asp Asn Ser Thr Ala Thr Leu Cys Leu Gly
20 25 30

His His Ala Val Pro Asn Gly Thr Leu Val Lys Thr Ile Thr Asp Asp
Gln Ile Glu Val Thr Asn Ala Thr Glu Leu Val Gln Ser Ser Ser Thr
50 55 60

Gly Lys Ile Cys Asn Asn Pro His Arg Ile Leu Asp Gly Ile Asp Cys
65 70 75 80

Thr Leu Ile Asp Ala Leu Leu Gly Asp Pro His Cys Asp Val Phe Gln
85 90 95

Asn Glu Thr Trp Asp Leu Phe Val Glu Arg Ser Lys Ala Phe Ser Asn
100 105 110

Cys Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Ser Leu Arg Ser Leu Val
115 120 125

Ala Ser Ser Gly Thr Leu Glu Phe Ile Thr Glu Gly Phe Thr Trp Thr
130 135 140

Gly Val Thr Gln Asn Gly Gly Ser Asn Ala Cys Lys Arg Gly Pro Gly
145 150 155 160

Ser Gly Phe Phe Ser Arg Leu Asn Trp Leu Thr Lys Ser Gly Ser Thr
165 170 175

Tyr Pro Val Leu Asn Val Thr Met Pro Asn Asn Asp Asn Phe Asp Lys
180 185 190

Leu Tyr Ile Trp Gly Ile His His Pro Ser Thr Asn Gln Glu Gln Thr
195 200 205

Ser Leu Tyr Val Gln Ala Ser Gly Arg Val Thr Val Ser Thr Arg Arg
210 215 220

Ser Gln Gln Thr Ile Ile Pro Asn Ile Gly Ser Arg Pro Trp Val Arg
225 230 235 240

Gly Leu Ser Ser Arg Ile Ser Ile Tyr Trp Thr Ile Val Lys Pro Gly
245 250 255

Asp Val Leu Val Ile Asn Ser Asn Gly Asn Leu Ile Ala Pro Arg Gly
260 265 270

Tyr Phe Lys Met Arg Thr Gly Lys Ser Ser Ile Met Arg Ser Asp Ala
275 280 285

Pro Ile Asp Thr Cys Ile Ser Glu Cys Ile Thr Pro Asn Gly Ser Ile
290 295 300

Pro Asn Asp Lys Pro Phe Gln Asn Val Asn Lys Ile Thr Tyr Gly Ala
305 310 315 320

Cys Pro Lys Tyr Val Lys Gln Asn Thr Leu Lys Leu Ala Thr Gly Met
325 330 335

Arg Asn Val Pro Glu Lys Gln Thr Arg Gly Leu Phe Gly Ala Ile Ala
340 345 350

Gly Phe Ile Glu Asn Gly Trp Glu Gly Met Ile Asp Gly Trp Tyr Gly
355 360 365

Phe Arg His Gln Asn Ser Glu Gly Thr Gly Gln Ala Ala Asp Leu Lys
370 375 380

Ser Thr Gln Ala Ala Ile Asp Gln Ile Asn Gly Lys Leu Asn Arg Val
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385 390 395 400

Ile Glu Lys Thr Asn Glu Lys Phe His Gln Ile Glu Lys Glu Phe Ser
405 410 415

Glu Val Glu Gly Arg Ile Gln Asp Leu Glu Lys Tyr Val Glu Asp Thr
420 425 430

Lys Ile Asp Leu Trp Ser Tyr Asn Ala Glu Leu Leu Val Ala Leu Glu
435 440 445

Asn Gln His Thr Ile Asp Leu Thr Asp Ser Glu Met Asn Lys Leu Phe
450 455 460

Glu Lys Thr Arg Arg Gln Leu Arg Glu Asn Ala Glu Glu Met Gly Asn
465 470 475 480

Gly Cys Phe Lys Ile Tyr His Lys Cys Asp Asn Ala Cys Ile Glu Ser
485 490 495

Ile Arg Asn Gly Thr Tyr Asp His Asp Val Tyr Arg Asp Glu Ala Leu
500 505 510

Asn Asn Arg Phe Gln Ile Lys Gly Val Glu Leu Lys Ser Gly Tyr Lys
515 520 525

<210> SEQ ID NO 16

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 16

Gly Gly Gly Gly
1

<210> SEQ ID NO 17

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 17

Gly Gly Gly Gly Gly
1 5

<210> SEQ ID NO 18

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 18

Gly Gly Gly Gly Cys
1 5

<210> SEQ ID NO 19

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 19

Gly Gly Gly Ser Ser
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<210> SEQ ID NO 20

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 20

Gly Gly Ser Gly Gly Gly
1 5

<210> SEQ ID NO 21

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 21

Ile Arg Asn Glu Trp Gly Ser Arg Ser Asn
1 5 10

<210> SEQ ID NO 22

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 22

Ser Leu Leu Thr Glu Val Glu Thr Pro Ile Arg Asn Glu Trp Gly Ser
1 5 10 15

Arg Ser Asn Asp Ser Ser Asp
20

<210> SEQ ID NO 23

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 23

Pro Thr Arg Ser Glu Trp Glu Ser Arg Ser Ser
1 5 10

<210> SEQ ID NO 24

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 24

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Ser Glu Trp Glu Ser
1 5 10 15

Arg Ser Ser Asp Ser Ser Asp

20

<210> SEQ ID NO 25
<211> LENGTH: 11



US 2020/0247852 Al Aug. 6, 2020
21

-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: Xaa is Asn, His, or Lys
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Xaa is Glu or Gly

<400> SEQUENCE: 25

Pro Thr Arg Xaa Xaa Trp Glu Ser Arg Ser Ser
1 5 10

<210> SEQ ID NO 26

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 26

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Asn Glu Trp Glu Ser
1 5 10 15

Arg Ser Ser Asp Ser
20

<210> SEQ ID NO 27

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 27

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Asn Gly Trp Glu Cys
1 5 10 15

Arg Cys Ser Asp Ser
20

<210> SEQ ID NO 28

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 28

Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg His Glu Trp Glu Cys
1 5 10 15

Arg Cys Ser Asp Ser Ser Asp
20

<210> SEQ ID NO 29

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 29
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Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Lys Glu Trp Glu Cys
1 5 10 15

Arg Cys Ser Asp Ser Ser
20

<210> SEQ ID NO 30

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 30

Leu Thr Arg Asn Gly Trp Gly Cys Arg Cys Ser
1 5 10

<210> SEQ ID NO 31

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 31

Ser Leu Leu Thr Glu Val Glu Thr Leu Thr Arg Asn Gly Trp Gly Cys
1 5 10 15

Arg Cys Ser Asp Ser Ser Asp
20

<210> SEQ ID NO 32

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 32

Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr Ile
1 5 10 15

Ser Tyr Ile Tyr Ala Asp Pro Ile Asn Met Thr
20 25

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 33

Met Val Ser Ala Ile Val Leu Tyr Val Leu Leu Ala Ala Ala Ala His
1 5 10 15

Ser Ala Phe Ala
20

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 34
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Met Pro Leu Tyr Lys Leu Leu Asn Val Leu Trp Leu Val Ala Val Ser
1 5 10 15

Asn Ala Ile Pro
20

<210> SEQ ID NO 35

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 35

Gly Gly Leu Lys Gln Ile Glu Asp Lys Leu Glu Glu Ile Leu Ser Lys
1 5 10 15

Leu Tyr His Ile Glu Asn Glu Leu Ala Arg Ile Lys Lys Leu Leu Gly
20 25 30

Glu

<210> SEQ ID NO 36

<211> LENGTH: 276

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 36

Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr Ile
1 5 10 15

Ser Tyr Ile Tyr Ala Ala Ala Asp Arg Ile Cys Thr Gly Ile Thr Ser
20 25 30

Ser Asn Ser Pro His Val Val Lys Thr Ala Thr Gln Gly Glu Val Asn
35 40 45

Val Thr Gly Val Ile Pro Leu Thr Thr Thr Gly Gly Gly Gly Cys Val
50 55 60

Lys Thr Pro Leu Lys Leu Ala Asn Gly Thr Lys Tyr Arg Pro Pro Ala
65 70 75 80

Lys Leu Leu Thr Glu Gln Gly Phe Phe Gly Ala Ile Ala Gly Phe Leu
85 90 95

Glu Gly Gly Trp Glu Gly Met Ile Ala Gly Trp His Gly Tyr Thr Ser
100 105 110

His Gly Ala His Gly Val Ala Val Ala Ala Asp Leu Lys Ser Thr Gln
115 120 125

Glu Ala Ile Asn Lys Ile Thr Lys Asn Leu Asn Ser Leu Ser Glu Leu
130 135 140

Glu Gly Gly Gly Ser Ser Ala Asp Thr Ile Cys Ser Gln Ile Glu Leu
145 150 155 160

Ala Val Leu Leu Ser Asn Glu Gly Ile Ile Asn Ser Glu Asp Glu His
165 170 175

Leu Leu Ala Leu Glu Arg Lys Leu Lys Lys Met Leu Gly Pro Ser Ala
180 185 190

Val Glu Ile Gly Asn Gly Cys Phe Glu Thr Lys His Lys Cys Asn Gln
195 200 205

Thr Cys Leu Asp Arg Ile Ala Ala Gly Thr Phe Asp Ala Gly Glu Phe
210 215 220
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Ser Leu Pro
225

Ile Glu Asp

Asn Glu Ile

His His His
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Pro Gly

230

Lys Ile Glu

245

Ala Arg Ile

260

His

D NO 37
H: 851
DNA

235

250

265

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 37

ggatccatga
tacatttatg
gtcgttaaga
accggaggeg
cecgeccgega
ggaggatggg
gtggcagtag
ctgaactege
attgaactcg
ctggegettyg
ggttgtttty
actttecgacyg
atgaaacaaa
gaaatcgete
taagcggeceyg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgaagtttct
ccgeggegga
ctgctaccca
gaggctgegt
agctgetgac
aaggaatgat
ctgecgatcet
ttagcgagtt
ctgtgetget
agcgtaaatt
aaacaaaaca
caggagagtt
ttgaagacaa
gcatcaaaaa
c

D NO 38

H: 162
PRT

ggtcaacgta

tcgcatctge

gggcgaagta

caagactceg

cgaacaaggt

agcaggatgg

caagagcaca

ggagggtggt

ctcaaatgag

gaagaagatg

caaatgcaac

ttegettect

aatagaagag

attggatgac

Synthetic Construct

gegttggtet
acaggaatca
aacgtcacag
cttaagcteg
ttttteggag
cacggttata
caagaggcaa
ggctegtcag
ggcatcataa
ctcggtecat
cagacgtget
acgcctggtt
atcctttcaa

gatgataagce

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 38

Met Ser Leu
1

Ser Arg Ser

Ser Ser Leu
35

Ser Arg Ser
50

Ser Ser Leu

Leu Thr Glu Val Glu

5

Asn Asp Ser Ser Asp

20

Leu Thr Glu Val Glu

40

Ser Asp Ser Ser Asp

55

Leu Thr Glu Val Glu

Synthetic Construct

Thr Pro Ile
10

Pro Gly Gly
25
Thr Pro Thr

Pro Gly Gly

Thr Pro Thr

Ser Ser Gly Gly Ser Ser Gly Met

Glu Ile Leu Ser Lys Ile Tyr His

Lys Lys Leu Asp Asp Asp Asp Lys

270

tcatggtegt
cgagtagcaa
gtgtcattce
cgaacggaac
ccatagcagg
catctcatgyg
tcaataagat
cagatacgat
attccgaaga
cggcagtgga
tggacagaat
caagtggtgg
agatatatca

accaccatca

Arg Asn Glu

Ser Ser Gly
30

Arg Ser Glu
45

Ser Ser Gly
60

Arg Asn Gly

Lys Gln
240

Ile Glu
255

His His

ctacataagt
ttcecccacat
actgaccacc
taaatacaga
tttecttgaa
tgctcatggt
cacgaagaac
atgctctcag
tgaacatctt
aattggaaac
agctgetgge
ttccagtgga
tatcgaaaac

tcatcattga

Trp Gly

15

Gly Ser

Trp Glu

Gly Ser

Trp Glu

60

120

180

240

300

360

420

480

540

600

660

720

780

840

851
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-continued

65 70 75 80

Ser Lys Ser Ser Gly Ser Ser Asp Pro Gly Ser Gly Ser Gly Ser Gly
85 90 95

Ser Ser Leu Leu Thr Glu Val Glu Thr Pro Thr Arg Asn Gly Trp Glu
100 105 110

Ser Asn Ser Ser Asp Ser Ser Asp Pro Gly Gly Gly Gly Ser Ser Ser
115 120 125

Ser Leu Glu Leu Lys Gln Ile Glu Asp Lys Leu Glu Glu Ile Leu Ser
130 135 140

Lys Leu Tyr His Ile Glu Asn Glu Leu Ala Arg Ile Lys Lys Leu Leu
145 150 155 160

Gly Glu

<210> SEQ ID NO 39

<211> LENGTH: 541

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 39

Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His Val Val Lys Thr Ala
1 5 10 15

Thr Gln Gly Glu Val Asn Val Thr Gly Val Ile Pro Leu Thr Thr Thr
20 25 30

Pro Thr Lys Ser His Phe Ala Asn Leu Lys Gly Thr Glu Thr Arg Gly
35 40 45

Lys Leu Cys Pro Lys Cys Leu Asn Cys Thr Asp Leu Asp Val Ala Leu
50 55 60

Gly Arg Pro Lys Cys Thr Gly Lys Ile Pro Ser Ala Arg Val Ser Ile
65 70 75 80

Leu His Glu Val Arg Pro Val Thr Ser Gly Cys Phe Pro Ile Met His
Asp Arg Thr Lys Ile Arg Gln Leu Pro Asn Leu Leu Arg Gly Tyr Glu
100 105 110

His Ile Arg Leu Ser Thr His Asn Val Ile Asn Ala Glu Asn Ala Pro
115 120 125

Gly Gly Pro Tyr Lys Ile Gly Thr Ser Gly Ser Cys Pro Asn Ile Thr
130 135 140

Asn Gly Asn Gly Phe Phe Ala Thr Met Ala Trp Ala Val Pro Lys Asn
145 150 155 160

Asp Lys Asn Lys Thr Ala Thr Asn Pro Leu Thr Ile Glu Val Pro Tyr
165 170 175

Ile Cys Thr Glu Gly Glu Asp Gln Ile Thr Val Trp Gly Phe His Ser
180 185 190

Asp Asn Glu Thr Gln Met Ala Lys Leu Tyr Gly Asp Ser Lys Pro Gln
195 200 205

Lys Phe Thr Ser Ser Ala Asn Gly Val Thr Thr His Tyr Val Ser Gln
210 215 220

Ile Gly Gly Phe Pro Asn Gln Thr Glu Asp Gly Gly Leu Pro Gln Ser
225 230 235 240

Gly Arg Ile Val Val Asp Tyr Met Val Gln Lys Ser Gly Lys Thr Gly
245 250 255
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-continued

Thr Ile Thr Tyr Gln Arg Gly Ile Leu Leu Pro Gln Lys Val Trp Cys
260 265 270

Ala Ser Gly Arg Ser Lys Val Ile Lys Gly Ser Leu Pro Leu Ile Gly
275 280 285

Glu Ala Asp Cys Leu His Glu Lys Tyr Gly Gly Leu Asn Lys Ser Lys
290 295 300

Pro Tyr Tyr Thr Gly Glu His Ala Lys Ala Ile Gly Asn Cys Pro Ile
305 310 315 320

Trp Val Lys Thr Pro Leu Lys Leu Ala Asn Gly Thr Lys Tyr Arg Pro
325 330 335

Pro Ala Lys Leu Leu Lys Glu Arg Gly Phe Phe Gly Ala Ile Ala Gly
340 345 350

Phe Leu Glu Gly Gly Trp Glu Gly Met Ile Ala Gly Trp His Gly Tyr
355 360 365

Thr Ser His Gly Ala His Gly Val Ala Val Ala Ala Asp Leu Lys Ser
370 375 380

Thr Gln Glu Ala Ile Asn Lys Ile Thr Lys Asn Leu Asn Ser Leu Ser
385 390 395 400

Glu Leu Glu Val Lys Asn Leu Gln Arg Leu Ser Gly Ala Met Asp Glu
405 410 415

Leu His Asn Glu Ile Leu Glu Leu Asp Glu Lys Val Asp Asp Leu Arg
420 425 430

Ala Asp Thr Ile Ser Ser Gln Ile Glu Leu Ala Val Leu Leu Ser Asn
435 440 445

Glu Gly Ile Ile Asn Ser Glu Asp Glu His Leu Leu Ala Leu Glu Arg
450 455 460

Lys Leu Lys Lys Met Leu Gly Pro Ser Ala Val Glu Ile Gly Asn Gly
465 470 475 480

Cys Phe Glu Thr Lys His Lys Cys Asn Gln Thr Cys Leu Asp Arg Ile
485 490 495

Ala Ala Gly Thr Phe Asp Ala Gly Glu Phe Ser Leu Pro Thr Phe Asp
500 505 510

Ser Leu Asn Ile Thr Ala Ala Ser Leu Asn Asp Asp Gly Leu Asp Asn
515 520 525

His Thr Ile Leu Leu Tyr Tyr Ser Thr Ala Ala Ser Ser
530 535 540

<210> SEQ ID NO 40

<211> LENGTH: 239

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 40

Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His Val Val Lys Thr Ala
1 5 10 15

Thr Gln Gly Glu Val Asn Val Thr Gly Val Ile Pro Leu Thr Thr Thr
20 25 30

Gly Gly Gly Gly Cys Val Lys Thr Pro Leu Lys Leu Ala Asn Gly Thr
35 40 45

Lys Tyr Arg Pro Pro Ala Lys Leu Leu Thr Glu Gln Gly Phe Phe Gly
50 55 60
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-continued

Ala
65

Ile Ala Gly Phe Glu Glu

75

Leu
70

Gly Gly Trp Gly

Thr
85

Ala His Val Ala

90

Trp His Gly Tyr Ser His Gly Gly

Thr Gln Glu Ala Ile

105

Ser Asn Ile Thr

100

Asp Leu Lys Lys

Glu Glu Ala

125

Leu Ser Leu

115

Asn Ser Gly Ser Ser

120

Gly Gly

Gln Ile Glu Ala

135

Ser Leu Val Leu Leu Glu

130

Cys Asn

140

Ser

Glu Glu His Leu Leu Ala Leu

150

Asn Ser

145

Glu
155

Asp Arg Lys

Met Ser Ala Val Glu Ile

165

Leu Gly Pro Gly

170

Asn Gly Cys

Gln Thr Leu Ile Ala

185

Lys His Lys Cys Asn

180

Cys Asp Arg

Phe Ala

195

Glu Phe Leu Pro Thr

200

Asp Gly Ser Ser

205

Pro Gly

Met Gln Ile

215

Glu Ile Glu

220

Ser Glu

210

Ser Gly Lys Asp Lys

Ile Ile Glu

230

Lys His Asn Glu Ile Ala Ile

225

Tyr Arg

235

Lys

Met Ile Ala

Val

Lys

110

Asp

Gly

Leu

Phe

Ala

190

Ser

Ile

Lys

Gly
80

Ala
95

Ala

Asn Leu

Thr Ile

Ile Ile

Lys Lys

160

Glu
175

Thr
Gly Thr
Gly Gly
Ser

Leu

Leu

1-3. (canceled)

4. A composition comprising a virus like particle (VLP)
expressing on its surface a polypeptide comprising a trun-
cated influenza hemagglutin (HA) protein lacking a head
domain, wherein the polypeptide lacks the HA transmem-
brane and/or cytoplasmic domains of HA, and wherein the
polypeptide comprises a heterologous membrane-anchoring
sequence.

5-6. (canceled)

7. The composition of claim 4, wherein the heterologous
membrane-anchoring sequence comprises a glycosylphos-
phatidylinositol (GPI) membrane-anchoring sequence.

8. The composition of claim 4, where the polypeptide
lacks at least the amino acids corresponding to residues 65
to 320 of amino acid sequence SEQ ID NO:15.

9. The composition of claim 8, wherein the polypeptide
lacks at least the amino acids corresponding to residues 62
to 322 of SEQ ID NO:15.

10. The composition of claim 4, wherein the head domain
is replaced by a linker 3 to 5 amino acids in length that
cannot form a fixed secondary structure.

11. The composition of claim 10, wherein the linker
comprises 3 to 5 amino acids selected from glycine, alanine,
and serine.

12. The composition of claim 11, wherein the linker is
selected from the group consisting of GGGG (SEQ ID
NO:16), GGGGG (SEQ ID NO:17), and GGGGC (SEQ ID
NO:18), and GGGSS (SEQ ID NO:19).

13-14. (canceled)

15. A nanoparticle formed by crosslinking a fusion protein
with a crosslinking agent and/or desolvating the fusion
protein with a desolvating agent, wherein the fusion protein

comprises a series of 2 to 8 influenza virus matrix protein 2
extracellular (M2e) domains linked to a multimerization
domain.

16. The nanoparticle of claim 15, wherein the multim-
erization domain comprises a tetramerization domain.

17. The nanoparticle of claim 16, wherein the tetramer-
ization domain comprises a GCN4 or tetrabrachion protein.

18. The nanoparticle of claim 15, wherein the M2e
domains are linked to each other by a flexible linker com-
prising 3 to 9 amino acid selected from glycine, alanine, and
serine.

19-21. (canceled)

22. The nanoparticle of claim 15, wherein the fusion
protein comprises a series of 2 to 8 M2e domains linked to
the N-terminus of the multimerization domain and series of
2 to 8 M2e domains linked to the C-terminus of the
multimerization domain.

23. The nanoparticle of claim 15, wherein the fusion
protein further comprises influenza neuraminidase (NA)
protein linked to the multimerization domain.

24. The nanoparticle of claim 23, wherein the series of 2
to 8 M2e domains are linked to the N-terminus of the
multimerization domain and the NA protein is linked to the
C-terminus of the multimerization domain.

25-26. (canceled)

27. The nanoparticle of claim 15, comprising four M2e
(4M2e) domains in each series.

28. The nanoparticle of claim 15, comprising two or more
heterologous M2e domains.

29. The nanoparticle of claim 28, wherein the fusion
protein comprises one or more M2e domains from a human
influenza, one or more M2e domains from a swine influenza,
and one or more M2e domains from an avian influenza.
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30-31. (canceled)

32. The nanoparticle of claim 15, wherein the fusion
protein further comprises a signal peptide at the N-terminus.

33-38. (canceled)

39. The nanoparticle of claim 15, wherein the nanopar-
ticle is coated with an influenza antigen.

40. The nanoparticle of claim 39, wherein the antigen
comprises a truncated influenza hemagglutin (HA) protein
lacking a head domain.

41-45. (canceled)
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