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influenza vaccines, including methods of identifying
epitopes for the vaccines, producing, formulating, and
administering the vaccines
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INFLUENZA VACCINES

CROSS-REFERENCE

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/375,797, filed on Jul. 14, 2021,
which is a continuation of U.S. patent application Ser. No.
15/857,436, filed on Dec. 28, 2017, which issued as U.S. Pat.
No. 11,111,277 on Sep. 7, 2021, which claims the benefit of
U.S. provisional application No. 62/439.865, filed Dec. 28,
2016, and U.S. provisional application No. 62/550,167, filed
Aug. 25, 2017, which are herein incorporated by reference
in their entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
XML which has been submitted electronically in XML file
is hereby incorporated by reference in its entirety. Said XML
copy, created on Jun. 23, 2023, is named USO01CON797_
SL.xml and is 10,977,503 bytes in size.

[0003] The instant application contains a Sequence Listing
which has been submitted electronically in ASCII text file
and PDF file is hereby incorporated by reference in its
entirety. Sequence Listing content of the PDF copy and the
ASCII text file copy electronically are identical to each other
and the Sequence Listing XML. Said ASCII copy, created on
Jun. 24, 2023, is named USO01CON797_SL.txt and is
152,120 bytes in size. Said PDF copy, created on Jun. 24,
2023, is named USO01CON797_SL.pdf and is 173,462
bytes in size.

BACKGROUND

[0004] Vaccines greatly promote human health by provid-
ing active adapted immunity to a particular disease. There is
a need for improved vaccines, e.g., influenza vaccines.
Improved vaccines may exhibit higher safety, increased
immunogenicity, coverage of broader range of pathogens, or
any combination thereof.

SUMMARY

[0005] One aspect of the present disclosure provides a
polypeptide that comprises a first sequence selected from the
group consisting of SEQ ID NOs: 2, 3, 8, 11, 12, 40, 41, 43,
51, 52, 58, 59, 61, 62, 84, and 92; and a second sequence
selected from the group consisting of SEQ ID NOs: 17, 20,
21,22, 24,26, 29, 30, 32, 33, 34, 44, 45, 49, 53, 60, 70, 73,
74,75,76,71,78, 82, 83, 85, 86, 87, 88, 89, 90, 91, 93, and
94.

[0006] Another aspect of the present disclosure provides a
polypeptide that comprises a first sequence selected from the
group consisting of SEQ ID NOs: 2, 8, 11, 12,40, 41, 43, 52,
58, 59, 61, 62, 84, and 92; and a second sequence selected
from the group consisting of SEQ ID NOs: 17, 20, 21, 22,
24, 26, 29, 30, 31, 32, 33, 34, 44, 45, 49, 53, 60, 70, 73, 74,
75,76,77, 78, 82, 83, 85, 86, 87, 88, 89, 90, 91, 93, and 94.
[0007] Another aspect of the present disclosure provides a
polypeptide that comprises: (a) a first sequence comprising
at least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of SEQ ID NO:
8, 11, 12, 40, 41, 58, 59, 61, 62, 84, or 92, and a second
sequence comprising at least 60%, at least 75%, at least
85%, or 100% sequence identity to at least 8 contiguous
amino acids of SEQ ID NO: 2, 3, 17, 20, 21, 22, 24, 26, 29,
30,31, 32, 33, 34, 43, 44, 45, 49, 51, 52, 53, 60, 70, 73, 74,
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75, 76,717, 78, 82, 83, 85, 86, 87, 88, 89, 90, 91, 93, or 94;
or (b) a first sequence comprising at least 60%, at least 75%,
at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 2 or 43 and a second
sequence comprising at least 60%, at least 75%, at least
85%, or 100% sequence identity to at least 8 contiguous
amino acids of SEQ ID NO: 8, 11, 12, 17, 20, 21, 22, 24, 26,
29,30, 31, 32, 33, 34, 40, 41, 44, 45, 49, 53, 58, 59, 60, 61,
62,70,73,74,75,76,77,78, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, or 94; or (c) a first sequence comprising at
least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of SEQ ID NO:
21, 22, 24, 26, 30, 32, 49, 53, 60, 70, 85, 86, 93, or 94, and
a second sequence comprising at least 60%, at least 75%, at
least 85%, or 100% sequence identity to at least 8 contigu-
ous amino acids of SEQ ID NO: 2, 3, 8, 11, 12, 40, 41, 43,
51, 52, 58, 59, 61, 62, 84, or 92; or (d) a first sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 17, 20, 29, 31, 33, 34, 44, 45, 73, 74, 75, 76,
77,78, 82, 83, 87, 88, 89, 90, or 91 and a second sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 2, 8, 11, 12, 40, 41, 43, 58, 59, 61, 62, 84, or
92; or (e) a first sequence comprising at least 60%, at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 2 or 43 and a second
sequence comprising at least 60%, at least 75%, at least
85%, or 100% sequence identity to at least 8 contiguous
amino acids of SEQ ID NO: 8, 11, 12, 21, 22, 24, 26, 30, 32,
40, 41, 49, 53, 58, 59, 60, 61, 62, 70, 84, 85, 86, 92, 93, or
94; or (f) a first sequence comprising at least 60%, at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 3, 51, or 52, and a
second sequence comprising at least 60%, at least 75%, at
least 85%, or 100% sequence identity to at least 8 contigu-
ous amino acids of SEQ ID NO: 8, 11, 12, 21, 22, 24, 26, 30,
32, 40, 41, 49, 53, 58, 59, 60, 61, 62, 70, 84, 85, 86, 92, 93,
94; or (g) a first sequence comprising at least 60%, at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 2, 8, 11, 12, 40, 41,
43, 58, 59, 61, 62, 84, or 92, and a second sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 21, 22, 24, 26, 30, 32, 49, 53, 60, 70, 85, 86,
93, or 94; or (h) a first sequence comprising at least 60%, at
least 75%, at least 85%, or 100% sequence identity to at least
8 contiguous amino acids of SEQ ID NO: 2, 8, 11, 12, 21,
22,24, 26, 30, 32, 40, 41, 43, 49, 53, 58, 59, 60, 61, 62, 70,
84, 85, 86, 92, 93, or 94, and a second different sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 2, 3, 8, 11, 12, 17, 20, 21, 22, 24, 26, 29, 30,
31, 32,33, 34, 40, 41, 43, 44, 45, 49, 51, 52, 53, 58, 59, 60,
61, 62,70, 73,74, 75,76, 77, 78, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, or 94, wherein a contiguous sequence
comprising the first sequence and the second different
sequence is not found in a PB1, PA, or NP.

[0008] Another aspect of the present disclosure provides a
polypeptide that comprises a first sequence, second
sequence, third sequence, fourth sequence, and a fifth
sequence, wherein each of the first sequence, second
sequence, third sequence, fourth sequence, and fifth
sequence comprises at least 75% sequence identity to a
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different sequence selected from the group consisting of
SEQ ID NOs: 2, 3, 8, 11, 12, 17, 20-22, 24, 26, 29-34, 40,
41, 43-45, 49, 51-53, 58-62, 70, 73-78, and 82-94, wherein
the polypeptide is not naturally occurring.

[0009] In some cases, at least one of the first sequence,
second sequence, third sequence, fourth sequence, and fifth
sequence can comprise at least 75% sequence identity to a
sequence selected from the group consisting of SEQ ID
NOs: 17,20-22, 24, 26, 29-34, 44, 45, 49, 53, 60, 70, 72-78,
82, 83, 85-91, 93, and 94. In some cases, at least one of the
first sequence, second sequence, third sequence, fourth, and
fifth sequence can comprise at least 75% sequence identity
to a sequence selected from the group consisting of SEQ 1D
NOs: 2, 3, 43, 51, and 52. In some cases, at least one of the
first sequence, second sequence, third sequence, fourth
sequence, and fifth sequence can comprise at least 75%
sequence identity to a sequence selected from the group
consisting of SEQ ID NOs: 8, 11, 12, 40, 41, 58, 59, 61, 62,
and 92.

[0010] A polypeptide provided herein can further com-
prise sequence with at least 50% sequence identity to at least
10% of the amino acid sequence of an NP protein of
influenza B. A polypeptide provided herein can further
comprise sequence with at least 50% sequence identity to at
least 10% of the amino acid sequence of SEQ ID NO: 116,
117, or 118. In some cases, each sequence can be at most 10,
12, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids in length.
In some cases, the first sequence and second sequence can
be directly linked. In some cases, the first sequence and the
second sequence can be linked by a linker. In some cases, the
linker can comprise a plurality of glycines, alanines, argin-
ines, valines, or lysines. A linker can comprise the sequence
RVKR (SEQ ID NO: 110). A polypeptide provided herein
can further comprise sequence GALNNRFQIKGVELKSK
(SEQ ID NO: 103). SEQ ID NO: 103 can be linked to an
amino terminal portion of the polypeptide. A polypeptide
provided herein can comprise SEQ ID NOs: 2, 3, 8, 11, 12,
17, 20, 21, 22, 24, 26, 29, 30, 31, 32, 33, 34, 40, 41, 43, 44,
45,49, 51, 52, 53, 58, 59, 60, 61, 62, 70, 73, 74, 75,76, 77,
78, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, and 94.

[0011] A polypeptide provided herein can be an isolated
polypeptide.
[0012] Another aspect of the present disclosure provides a

composition that comprises a polypeptide provided herein.
[0013] Another aspect of the present disclosure provides a
polynucleotide encoding a polypeptide provided herein. A
polynucleotide provided herein can be isolated.

[0014] Another aspect of the present disclosure provides a
composition that comprises a polynucleotide provided
herein.

[0015] Another aspect of the present disclosure provides a
vector that comprises a polynucleotide provided herein. A
vector provided herein can be a non-human primate vector.
A vector provided herein can be an adenovirus vector. A
vector provided herein can be a chimpanzee adenovirus
vector. In some cases, the chimpanzee adenovirus vector can
comprise at least 50% sequence identity to least 50% of the
sequence of C68 (AdC68) (SEQ ID NO: 104), C7 (AdC7),
C6 (AdC6) (SEQ ID NO: 105), Pan7, or Pan9.

[0016] A vector provided herein can be isolated.

[0017] Another aspect of the present disclosure provides a
composition that comprises a vector provided herein.
[0018] Another aspect of the present disclosure provides a
virus that comprises a polynucleotide provided herein.
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[0019] Another aspect of the present disclosure provides a
virus that comprises a vector provided herein.

[0020] A virus provided herein can be isolated. A virus can
be an adenovirus.

[0021] Another aspect of the present disclosure provides a
composition that comprises a virus provided herein.
[0022] Another aspect of the present disclosure provides a
composition that comprises at least five different peptides,
wherein each of the at least five different peptides comprises,
consists of, or consists essentially of a sequence comprising
at least 75% sequence identity to a sequence selected from
the group consisting of SEQ ID NOs: 2, 3, 8, 11, 12, 17,
20-22, 24, 26, 29-34, 40, 41, 43-45, 49, 51-53, 58-62, 70,
73-78, and 82-94. In some cases of the composition, each
peptide can be at most 10, 12, 15, 20, 25, 30, 35, 40, 45, or
50 amino acids in length. A composition provided herein can
further comprise a peptide comprising a sequence with at
least 50% sequence identity to at least 10% of the amino acid
sequence of an NP protein of influenza B. A composition
provided herein can further comprise a peptide comprising
a sequence with at least 50% sequence identity to at least
10% of the amino acid sequence of SEQ ID NOs: 116, 117,
or 118. A composition provided herein can further comprise
a pharmaceutically acceptable excipient. A composition
provided herein can be formulated for subcutaneous, intra-
nasal, or intramuscular administration.

[0023] Another aspect of the present disclosure provides a
method that comprises administering to a subject a compo-
sition provided herein. In some cases, the administration can
be subcutaneous. In some cases, the administration can be
intranasal. In some cases, the administration can be intra-
muscular. A method provided herein can further comprise
administering the composition to the subject a second time.
[0024] Insome cases, an immune response can be induced
following the administration. The immune response can be
a systemic immune response. In some cases, the subject can
be a human. In some cases, the subject can be infected with
a virus. The virus can be an influenza virus. The influenza
virus can be influenza A virus, influenza B virus, or influenza
C virus. In some cases, the influenza virus can be influenza
A virus. In some cases, the composition when administered
can induce cross-protection against one or more subtypes of
influenza A strains in the subject.

INCORPORATION BY REFERENCE

[0025] All publications, patents, and patent applications
mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publica-
tion, patent, or patent application was specifically and indi-
vidually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The novel features of the invention are set forth
with particularity in the appended claims. A better under-
standing of the features and advantages of the present
invention will be obtained by reference to the following
detailed description that sets forth illustrative embodiments,
in which the principles of the invention are utilized, and the
accompanying drawings of which:

[0027] FIG. 1 illustrates a method for discovering vaccine
epitopes.
[0028] FIG. 2 illustrates a result of an influenza challenge

of vaccinated mice.
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[0029] FIG. 3A illustrates the percent of initial body
weight of vaccinated mice.

[0030] FIG. 3B illustrates the percent of initial body
weight of unvaccinated mice.

[0031] FIG. 3C illustrates the percent of initial body
weight of Group 1 (AdCre-injected) mice.

[0032] FIG. 3D illustrates the percent of initial body
weight of Group 2 vaccinated mice.

[0033] FIG. 4 illustrates percent survival of vaccinated
and unvaccinated mice in FIGS. 3A and 3B.

[0034] FIG. 5 illustrates a method of producing an adeno-
virus-based vaccine provided herein.

DETAILED DESCRIPTION

[0035] Provided herein are methods and compositions for
forming vaccines, e.g., influenza vaccines.

[0036] The methods can comprise, e.g., making a recom-
binant viral vaccine, e.g., recombinant adenoviral vaccine,
using sequence encoding one or more influenza epitopes,
e.g., one or more influenza A epitopes, e.g., one or more
influenza A peptide epitopes. The one or more epitopes can
comprise an “invariant” sequence, e.g., a sequence with a
low tolerance for mutations. The one or more epitopes can
comprise an experimentally verified human CD8 T cell
influenza A virus epitope. The recombinant adenovirus can
express at least 1, 5, 8, 10, 25, 50, 100, or 1000 peptide
epitopes. In some cases, the expressed epitopes are linked,
e.g., through covalent bonds, e.g., in a single polypeptide. In
some cases, the expressed epitopes are not linked, e.g., each
epitope can be expressed from a separate promoter, separate
nucleic acid, or separate virus. In some cases, the one or
more epitopes are described in the Immune Epitope Data-
base and Analysis Resource (worldwideweb.iedb.org). A
single polypeptide comprising one or more epitopes can be
linked to one, two, or more copies of a full-length viral
protein (or at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, or 95% of a full-length viral protein, or a
sequence having at least 50%, 60%, 70%, 80%, 90%, 95%,
or 100% sequence identity to such proteins) from, e.g.,
influenza A, influenza B, or influenza C.

Definitions

[0037] The terminology used herein is for the purpose of
describing particular cases only and is not intended to be
limiting. As used herein, the singular forms “a”, “an” and
“the” can include the plural forms as well, unless the context
clearly indicates otherwise. Furthermore, to the extent that
the terms “contains,” “containing,” “including,” “includes,”
“having,” “has,” “with,” or variants thereof are used in either
the detailed description and/or the claims, such terms can be

inclusive in a manner similar to the term “comprising.”

[0038] The term “about” or “approximately” can mean
within an acceptable error range for the particular value as
determined by one of ordinary skill in the art, which can
depend in part on how the value is measured or determined,
e.g., the limitations of the measurement system. For
example, “about” can mean within 1 or more than 1 standard
deviation, per the practice in the given value. Where par-
ticular values are described in the application and claims,
unless otherwise stated the term “about” can mean an
acceptable error range for the particular value, such as +10%
of the value modified by the term “about.”
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[0039] The term “polypeptide” and its grammatical
equivalents, as used herein, can refer to a continuous and
unbranched chain of amino acid monomers linked by pep-
tide (amide) bonds, which can be covalent chemical bonds
formed when the carboxyl group of one amino acid reacts
with the amino group of another. Unless indicated otherwise,
the terms “polypeptide” and “peptide” are interchangeable
as used herein. The shortest polypeptide can be dipeptide
with only two amino acids joined by a single peptide bond.
For the purposes of the present disclosure, these terms
should not to be construed as limiting with respect to an
upper length. The terms can also encompass analogues of
natural amino acids, as well as amino acids that are modified
in the side chain, chirality, or properties.

[0040] The terms “nucleic acid,” “polynucleotide,” “poly-
nucleic acid,” and “oligonucleotide” and their grammatical
equivalents can be used interchangeably and can refer to a
deoxyribonucleotide or ribonucleotide polymer, in linear or
circular conformation, and in either single- or double-
stranded form. For the purposes of the present disclosure,
these terms should not to be construed as limiting with
respect to an upper length. The terms can also encompass
analogues of natural nucleotides, as well as nucleotides that
are modified in the base, sugar and/or phosphate moieties
(e.g., phosphorothioate backbones). Modifications of the
terms can also encompass demethylation, addition of CpG
methylation, removal of bacterial methylation, and/or addi-
tion of mammalian methylation. In general, an analogue of
a particular nucleotide can have the same base-pairing
specificity, i.e., an analogue of A can base-pair with T.
[0041] The term “antigen” and its grammatical equiva-
lents as used herein can refer to a molecule that contains one
or more epitopes capable of being bound by one or more
receptors. For example, an antigen can stimulate a host’s
immune system to make a cellular antigen-specific immune
response when the antigen is presented, or a humoral anti-
body response. An antigen can also have the ability to elicit
a cellular and/or humoral response by itself or when present
in combination with another molecule. For example, an
influenza A viral protein can be recognized by a TCR.
[0042] The term “epitope” and its grammatical equiva-
lents as used herein can refer to a part of an antigen that can
be recognized by antibodies, B cells, T cells or engineered
cells. For example, an epitope can be an influenza A viral
epitope that is recognized by a TCR. Multiple epitopes
within an antigen can also be recognized. The epitope can
also be mutated.

[0043] The term “mutation” and its grammatical equiva-
lents, as used herein, can refer to a deletion, an insertion of
a heterologous nucleic acid, an inversion or a substitution,
including an open reading frame ablating mutation as com-
monly understood in the art.

[0044] The term “gene” and its grammatical equivalents,
as used herein, can refer to a segment of nucleic acid that
encodes an individual polypeptide, protein or RNA (also
referred to as a “coding sequence” or “coding region”),
optionally together with associated regulatory regions such
as promoters, operators, terminators and the like, which can
be located upstream or downstream of the coding sequence.
[0045] The term “naturally-occurring” and its grammati-
cal equivalents, as used herein with reference to a virus, can
indicate that the virus can be found in nature, i. €., it can be
isolated from a source in nature and has not been intention-
ally modified.

29
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[0046] The terms “inhibiting,” “reducing” or “preven-
tion,” or any variation of these terms, referred to herein, can
include any measurable decrease or complete inhibition to
achieve a desired result.

[0047] A “promoter” and its grammatical equivalents, as
used herein, can be a control sequence that is a region of a
nucleic acid sequence at which initiation and rate of tran-
scription are controlled. A promoter can contain genetic
elements at which regulatory proteins and molecules can
bind such as RNA polymerase and other transcription fac-
tors. The terms “operatively positioned,” “operatively
linked,” “under control” and “under transcriptional control”
can mean that a promoter is in a correct functional location
and/or orientation in relation to a nucleic acid sequence to
control transcriptional initiation and/or expression of that
sequence. In some cases, a promoter may or may not be used
in conjunction with an “enhancer,” which can refer to a
cis-acting regulatory sequence involved in the transcrip-
tional activation of a nucleic acid sequence.

[0048] The term “subject” and its grammatical equivalents
can refer to an animal, including, but not limited to, a
primate (e.g., human), cow, sheep, goat, horse, dog, cat,
rabbit, rat, or mouse. The terms “subject” and “patient” can
be used interchangeably herein in reference, for example, to
a mammalian subject, such as a human subject.

[0049] Methods of Identifying Epitopes for Use in a
Vaccine
[0050] One aspect of the present disclosure provides meth-

ods of identifying epitopes for use in a vaccine. The methods
can be used to identify an epitope sequence of a pathogen,
e.g., avirus, e.g., an RNA virus, e.g., an influenza virus, e.g.,
an influenza A, influenza B, or influenza C virus. In some
cases, the methods provided herein are used in connection
with identification of epitope sequences of a pathogen, e.g.,
a virus, e.g., an RNA virus, e.g., an influenza virus, e.g., an
influenza A influenza B, or influenza C virus, for use in a
vaccine. The epitope sequences can be from one or more of,
or have homology to one or more of, PB1, PB1-F2, PB2, PA,
HA, NP, NA, M1, M2, NS1, or NEP/NS2.

[0051] Invariance, or invariant peptide regions, can be
determined, e.g., as described in International PCT applica-
tion publication WO/2015/157189, filed Apr. 6, 2015, which
is herein incorporated by reference in its entirety. Invariance
can describe the functional importance of an amino acid
residue in the context of the fitness of a pathogen. Invariance
can be a measurement of the fitness of a pathogen. At an
amino acid residue level, invariance can be associated with
how tolerant an amino acid residue is to a mutation and how
adverse this mutation is to the ability of the pathogen to
propagate, that is, fitness of the pathogen. Invariance can be
correlated with the role of an amino acid residue in a
pathogen’s survival. For example, a mutation in a pathogen
that exerts a deleterious effect on the proliferation of the
pathogen can be considered a destructive mutation and
would not be propagated within a pathogen population. An
associated amino acid position correlated with the deleteri-
ous mutation can be characterized as invariant as its muta-
tion would not be tolerated.

[0052] The methods can comprise generating a nucleic
acid library. In some instances, the nucleic acid library can
allow simulation of all possible mutations that can occur in
a particular pathogen strain, for example, by generating a
pool of mutant influenza A viruses or influenza B viruses. In
some cases, the methods can further comprise introducing

Dec. 28, 2023

the library to cells to support production of a pool of
pathogens, e.g. influenza A viruses. Sometimes, the methods
can further comprise infection of cells with the pool of
pathogens for a number of rounds (e.g., 1,2,3,4,5,6,7,8,
9, 10 or more rounds), obtaining the resultant pool of
pathogens, e.g. influenza A viruses, and generating a second
sequencing library. The methods can further comprise
obtaining the nucleic acid sequences of the second sequenc-
ing library. In some instances, the methods can further
comprise comparing the sequences (e.g., comparing
sequences from the library to sequences from the second
library, or a library from the last round of infection) to obtain
invariant sequence regions, e.g. invariant peptide regions.
An invariant sequence region can have an average invari-
ance ratio (frequency of mutant in final population/fre-
quency in initial population) of <0.05, <0.08, <0.1, <0.2,
<0.3, or <0.4 among all possible mutations in the stretch.
The methods can further comprise evaluating the invariant
sequence regions. In some cases, the methods can further
comprise HLA affinity binding analysis of the invariant
sequence regions, some additional immunogenicity analysis
for vaccine development and treatment of patient, or any
combination thereof. The term “immunogenicity,” as used
herein, can refer to the capability of a particular substance,
e.g., antigen or epitope, to induce an immune response. In
some cases, a first screen for epitope sequences for use in a
vaccine comprises identifying immunogenicity peptide
sequences and then evaluating the epitope sequences for
sequence invariance.

[0053] HLA affinity binding analysis can be carried out
using analysis programs such as NetMHCpan4.0 from the
Center for Biological Sequences Analysis (CBS) at the
Technical University of Denmark, HLA Peptide Binding
Predictions server from the National Institute of Health,
MHC-1 binding predictions server from the Immune
Epitope Database (IEDB), and the like.

[0054] In some cases, candidate invariant sequences iden-
tified by a method provided herein can be further analyzed.
For instance, the candidate invariant sequences can be
compared against experimentally tested immunogenicity
data of influenza virus epitopes, e.g., in various databases,
such as Influenza Research Database (https://www.fludb.
org). Upon the comparison, candidate invariant sequences
with experimentally proven immunogenicity (e.g., deposited
at https://fludb.org) can be identified and subject to either
further analysis, or vaccine development. For instance, such
candidate invariant sequences, or the variants thereof, can be
chosen to be one of the constituent epitope sequences of a
polypeptide as described herein, which can be expressed
from a transgene as described herein, and the transgene can
be part of a vector, e.g., a viral vector, for producing a
virus-based vaccine, e.g., an adenoviral-based vaccine.
[0055] Additional Analysis

[0056] Additional analysis can be carried out to select
candidate invariant sequences or peptides for vaccine devel-
opment and for administration of the vaccine to a patient for
treatment or prevention of a condition, e.g., influenza. These
additional analysis or screenings can involve analysis of an
immune response based on immunological assays. In some
cases, test animals are first immunized (prime) with or
without a second immunization (boost) following weeks
after the prime and blood or tissue samples are collected, for
example, two to four weeks after the last immunization.
These studies can allow measurement of immune parameters



US 2023/0416311 Al

that correlate to protective immunity, such as induction of
specific antibodies (e.g., IgA, IgD, IgE, 1gG, or 1gM) and
induction of specific T lymphocyte responses, in addition to
determining whether an antigen or pools of antigens pro-
vides protective immunity.

[0057] Spleen cells, lung cells. cells from mediastinal
lymph nodes, or peripheral blood mononuclear cells can be
isolated from immunized test animals and measured for the
presence of antigen-specific T cells and induction of cyto-
kine synthesis. ELISA, ELISPOT, or cytoplasmic cytokine
staining, alone or combined with flow cytometry, can pro-
vide such information on a single-cell level.

[0058] Immunological tests that can be used to identify the
efficacy of immunization include antibody measurements,
neutralization assays and analysis of activation levels or
frequencies of antigen presenting cells or lymphocytes that
are specific for the antigen or pathogen. The test animals that
can be used in such studies include mice, rats, guinea pigs,
hamsters, rabbits, cats, dogs, pigs, monkeys, or humans.
[0059] Monkey can be a useful test animal, e.g., due to the
similarities of the MHC molecules between monkeys and
humans. Virus neutralization assays can be useful for detec-
tion of antibodies that not only specifically bind to a patho-
gen, but also neutralize the function of the pathogen (e.g.,
virus). These can be based on detection of antibodies in the
sera of immunized animal and analysis of these antibodies
for their capacity to inhibit pathogen (e.g., virus) growth in
tissue culture cells. Such assays are known to those skilled
in the art. Virus neutralization assays can be used to screen
for antigens that also provide protective immunity.

[0060] Polypeptides

[0061] One aspect of the present disclosure provides poly-
peptides that comprise, consist of, or consist essentially of,
one or more influenza virus epitope sequences, for example,
influenza A virus epitope sequences.

[0062] As used herein, a peptide or polypeptide that “com-
prises” a sequence according to a specified sequence or
formula can be a peptide or polypeptide that can include
additional amino acid residues, amino acid isomers, and/or
amino acid analogs at its N-terminus, C-terminus, or both.
The additional residues may or may not change its activity
or function, e.g., increase or decrease the activity of the
peptide as compared to the activity of a peptide consisting
solely of the specified sequence or formula. As used herein,
a peptide that “consists essentially of” a specified sequence
or formula can mean that the peptide can include additional
amino acid residues, amino acid isomers, and/or amino acid
analogs at its N-terminus, C-terminus, or both, so long as the
additional residues do not materially change its activity or
function, e.g., increase or decrease the activity of the peptide
as compared to the activity of a peptide consisting solely of
the specified sequence or formula. As used herein, a peptide
that “consists of” a specified sequence or formula can mean
that the peptide does not include additional amino acid
residues, amino acid isomers, and/or amino acid analogs at
both its N-terminus and C-terminus.

[0063] The polypeptide can comprise, consist of, or con-
sist essentially of, epitope sequences identified by the exem-
plary methods provided by the present disclosure. For
instance, the polypeptide can comprise, consist of, or consist
essentially of, one or more epitope sequences selected from
the group consisting of: SEQ ID NOs: 1-94, or one or more
epitope sequences selected from Table 1, Table 2, or Table
3. Tables 1, 2, and 3 below list epitope sequences, and viral
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proteins, which the epitope sequences are derived from, or
variations of. Each of the polypeptides described herein can
be chemically synthesized, or expressed in vivo, or in vitro.
The polypeptide can be encoded by a nucleic acid, and the
nucleic acid can be within a vector, e.g., viral vector, e.g.,
adenoviral vector. The vector, e.g. adenoviral vector, can be
used to generate a recombinant virus, e.g. a recombinant
adenovirus. Any of the polypeptides herein can be different
than a full length viral protein. A polypeptide provided
herein can be non-naturally occurring. A “non-naturally
occurring polypeptide,” as the term is used herein, can refer
to a polypeptide whose primary sequence does not occur in
nature, e.g., cannot be found in a single molecule in nature.

TABLE 1
Protein SEQ ID NO: Sequences
PB1 SEQ ID NO: 1 GPATAQMAL
PB1 SEQ ID NO: 2 GTFEFTSFFY
PB1 SEQ ID NO: 3 YSHGTGTGY
PB1 SEQ ID NO: 4 GLPVGGNEKKAKLANVVR
PB1 SEQ ID NO: 5 GMMMGMFNMLSTVLGVS
PB1 SEQ ID NO: 6 LQLFIKDYRYTYRCHRG
PB1 SEQ ID NO: 7 RRAIATPGM
PA SEQ ID NO: 8 FMYSDFHFI
PA SEQ ID NO: 9 MRRNYFTAEVSHCRATEY
PA SEQ ID NO: 10 QLMWALGENMA
PA SEQ ID NO: 11 DVVNFVSMEFSLTDPRL
PA SEQ ID NO: 12 KWGMEMRRCLLQSLQQI
NP SEQ ID NO: 13 AEIEDLIFLA
NP SEQ ID NO: 14 CTELKLSDY
NP SEQ ID NO: 15 CTELKLTDQ
NP SEQ ID NO: 16 CTELKLTDY
NP SEQ ID NO: 17 ELRSRYWAIRTRSG
NP SEQ ID NO: 18 ELKSRYWAIRTRSG
NP SEQ ID NO: 19 GMDPRMCSL
NP SEQ ID NO: 20 ILKGKFQTA
NP SEQ ID NO: 21 ILRGSIAHK
NP SEQ ID NO: 22 ILRGSVAHK
NP SEQ ID NO: 23 LELRSRYWAI
NP SEQ ID NO: 24 LIFLARSAL
NP SEQ ID NO: 25 RGINDRNFW
NP SEQ ID NO: 26 FLARSALILRGSVAHK
NP SEQ ID NO: 27 RMVLSAFDER
NP SEQ ID NO: 28 TLELRSGYWAIRTRSGGN
NP SEQ ID NO: 29 IAYERMCNILKGKFQTAA
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6
TABLE 1-continued TABLE 1-continued
Protein SEQ ID NO: Sequences Protein SEQ ID NO: Sequences
NP SEQ ID NO: 30 FLARSALILRGSVAHKS NP SEQ ID NO: 34 WHSNLNDTTYORTRALVRTGMDPRM
NP SEQ ID NO: 31 FQGRGVFEL - SEQ 1D NO: 35 CVNGSCETV
NP SEQ ID NO: 32 GQISIQPTFS
M1 SEQ ID NO: 36 RMVLASTTAK
NP SEQ ID NO: 33 WHSNLNDATYQRTRALVRTGMDPRM
TABLE 2
SEQ HLA Additional HLA
iD (Experimentally (NetMHCpan3.0 Inv.
NO: Peptide Protein Validated) prediction) Ratio
35 CVNGSCETV NA A2 0.044
38 CVNGSCYTV NA
17 ELRSRYWAIRTRSG NP B27 A3, A26, BS 0.053
39 ELKSRYWAIRTRSG NP
8 FMYSDFHFI PA A2 A24, B8, B39, BI5 0.05
40 FMYSDLHFI PA
41 FMYTDFHFI PA
19 GMDPRMCSL NP A2 B39 0.052
42 GRDPRMCSL NP
2 GTFEFTSFFY PB1 A3 Al, A24, A26, B58, 0.04
B15
43 GTFEFTSYFY PB1
20 ILKGKFQTA NP BS 0.056
44 IIKGKFQTA NP
45 ILKGKFQIA NP
21 ILRGSIAHK NP A3 0.03
46 ILRGSVAHK NP
47 LQLRSRYWAT NP BS
48 LELRSRHWAT NP
24 LIFLARSAL NP A2 B7, B8, B15 0.056
49 LVFLARSAL NP
50 RWINDRNFW NP
3 YSHGTGTGY PB1 Al A26, B15 0.055
51 YSHWTGTGY PB1
52 YSHGSGTGY PB1
26 FLARSALILRGSVAH NP A2, A3, B7, B27, 0.033
K B8, B39, B15
53 FLARSALVLRGSVA NP
HK
29 IAYERMCNILKGKFQ NP B40 A3, A24, B8, B27, 0.058

TAA B15
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TABLE 2-continued
SEQ HLA Additional HLA
iD (Experimentally (NetMHCpan3.0 Inv.
NO: Peptide Protein Validated) prediction) Ratio
54 IAYERMCNI IKGKFQ NP
TAA
55 IAYERMCNILKVKFQ NP
TAA
56 IAYERMCNILKGKFK NP
TAA
57 IAYERMCNILKGKFQ NP
IAA
11 DVVNFVSMEFSLTDP PA Al, A3, A24, A2¢6, 0.021
RL B8, B39, B40, BS5S,
B15
58 DVVNFVSMEFSLTYP PA
RL
59 DVVNFVSMEFSLTD PA
ORL
30 FLARSALILRGSVAH NP A3 A2, B7, B8, B27, 0.049
KS B39, B15
60 FLARSALVLRGSVA NP
HKS
12 KWGMEMRRCLLOS PA A2, A24, B7, BS, 0.031
LOQI B27, B39, B40
61 KLGMEMRRCLLQSL PA
QI
62 KWGMEMRRCLLQS PA
LOQV
6 LOLFIKDYRYTYRCH PB1 A26, B27, Bl1l5 0.05
RG
63 LOLFIKDFRYTYRCH PB1
RG
64 LOLFIKDYRYTYRCL PB1
RG
65 LOLFIKDYRYTYRCP PB1
RG
66 LOLFIKDYRYTYRCH PB1
RV
31 FQGRGVFEL NP A2 B39, B40 0.04
67 FQGPGVFEL NP
32 GQISIQPTFS NP B40, B15 0.053
68 SQISIQPTFS NP
69 GOVSIQPTFS NP
70 GQISVQPTFS NP
71 GONSIQPTFS NP
33 WHSNLNDATYQRTR NP B27 Al, A3, A24, A26, N/A
ALVRTGMDPRM B7, B8, B39, B58,
B15
72 WHSNLNDTTYQRTR NP

ALVRTGMDPRM
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SEQ HLA Additional HLA
iD (Experimentally (NetMHCpan3.0 Inv.
NO: Peptide Protein Validated) prediction) Ratio
73 WHSNLNDSTYQRTR NP
ALVRTGMDPRM
74 WHSNLNDATYQRKR NP
ALVRTGMDPRM
75 WHSNLNDATYQRTR NP
SLVRTGMDPRM
76 WHSNLNDATYQRTR NP
AIVRTGMDPRM
77 WHSNLNDATYQRTR NP
ALVRSGMDPRM
78 WHSNLNDATYQRTR NP
ALVRTGRDPRM
TABLE 3
SEQ HLA Additional HLA
iD (Experimentally (NetMHCpan3.0
NO: Peptide Protein Validated) prediction)
17 ELRSRYWAIRTRSG NP B27 B8
82 ELRSRHWAIRTRSG NP B27 B8
83 ELRSRYWASRTRSG NP
8 FMYSDFHFI PA A2 A24, B8, B39, Bl5
40 FMYSDLHFI PA A2 B8 4.00 pctl, A26 1.9 pctl
41 FMYTDFHFI PA A2 A26 3.5 pctl, A24, BS,
B39, B15
84 FMFSDFHFI PA
2 GTFEFTSFFY PB1 A3 Al, A24, A26, B58, Bl5
43 GTFEFTSYFY PB1 A3 Al, A24, A26, B58, Bl5
20 ILKGKFQTA NP B8
44 IIKGKFQTA NP B8
45 ILKGKFQIA NP B8
21 ILRGSIAHK NP A3
22 ILRGSVAHK NP A3
85 VLRGSIAHK NP
24 LIFLARSAL NP A2 (negative on B7, B8, B15
NetMHC)
49 LVFLARSAL NP B7, B8, Bl5, B39 1.9 pctl
86 LTFLARSAL NP
3 YSHGTGTGY PB1 Al A26, B15
51 YSHWTGTGY PB1 Al A26, B15
52 YSHGSGTGY PB1 Al A26, B15
26 FLARSALILRGSVAHK NP A2, A3, B7, B8, B39, BlS5
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SEQ HLA Additional HLA

iD (Experimentally (NetMHCpan3.0

NO: Peptide Protein Validated) prediction)

53 FLARSALVLRGSVAH NP A2, A3, B7, B8, B39, BlS5
K

29 IAYERMCNILKGKFQT NP B40 A3, A24, B8, B27
AR

87 VAYERMCNILKGKFQ NP
TAA

88 VAYERMCNIIKGKFQT NP B40 A3, A24, B8, B27
AR

89 VAYERMCNILKGKFK NP B40 A3, A24, B8, B27
TAA

90 VAYERMCNILKGKFQI NP B40 A3, A24, B8, B27
AR

91 VAYERMCNILKGKFQ NP
TAV

11 DVVNFVSMEFSLTDP PA Al, A3, A24, A26, BS,
RL B39, B40, B58, B15

58 DVVNFVSMEFSLTYP PA Al, A3, A24, A26, BS,
RL B39, B40, B58, B15

59 DVVNFVSMEFSLTDQ PA A3 2.5 pctl
RL

30 FLARSALILRGSVAHK NP A3 A2, B7, B8, B39, Bl15
S

60 FLARSALVLRGSVAH NP A3 A2, B7, B8, B39, Bl15
Ks

12 KWGMEMRRCLLQSL PA A2, B8, B27, B39
QI

61 KLGMEMRRCLLOSLQ PA A2, B8, B27, B39
o1

62 KWGMEMRRCLLQSL PA A2, B8, B27, B39
QQV

92 KWGMELRRCLLQSLQ PA
QI

31 FQGRGVFEL NP A2 B39, B40

32 GQISIQPTFS NP B40, B15

93 SQISVQPTFS NP B39, B40, A24 (WB),

B39 (WB)

94 GQVSVQPTFS NP B39, B40

70 GQISVQPTFS NP B39, B40

33 WHSNLNDATYQRTRA NP B27 Al, A3, A24, A26, B7,
LVRTGMDPRM B8, B39, B58, B15

34 WHSNLNDTTYQRTRA NP B27 Al, A3, A24, A26, B7,
LVRTGMDPRM B8, B39, B58, B15

73 WHSNLNDSTYQRTRA NP B27 Al, A3, A24, A26, B7,
LVRTGMDPRM B8, B39, B58, B15

74 WHSNLNDATYQRKR NP B27 Al, A3, A24, A26, B7,
ALVRTGMDPRM B8, B39, B58, B15

75 WHSNLNDATYQRTRS NP B27 Al, A3, A24, A26, B7,
LVRTGMDPRM B8, B39, B58, B15
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TABLE 3-continued

SEQ HLA Additional HLA

iD (Experimentally (NetMHCpan3.0

NO: Peptide Protein Validated) prediction)

76 WHSNLNDATYQRTRA NP B27 A3 2.5 pctl
IVRTGMDPRM

77 WHSNLNDATYQRTRA NP B27 Al, A3, A24, A26, B7,
LVRSGMDPRM B8, B39, B58, B15

78 WHSNLNDATYQRTRA NP B27 Al, A3, A24, A26, B7,
LVRTGRDPRM B8, B39, B58, B15

[0064] A polypeptide as described herein can comprise,
consist of, or consist essentially of one or more epitope
sequences. Sometimes, a polypeptide as described herein
can comprise, consist of, or consist essentially of, more than
one epitope sequence, among which some of the epitope
sequences are the same, while others of the epitope
sequences are different, or all the epitope sequences are the
same, or all the epitope sequences are different. In some
cases, one or more epitope sequences are repeated in a
polypeptide, e.g., about, at least, or at most 2, 3, 4, 5, 6, 7,
8, 9, 10, 15, or 20 times. Sometimes, the polypeptide can
comprise, consist of, or consist essentially of, one or more
different epitope sequences. The polypeptide can comprise,
consist of, or consist essentially of only one epitope
sequence, and the one epitope sequence can be present in the
polypeptide about, at least, or at most 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 15, or 20 times.

[0065] Insome cases, a polypeptide can comprise, consist
of, or consist essentially of one or more different epitope
sequences, each of the one or more different epitope
sequences comprising at least 70% sequence identity to at
least 8 contiguous amino acids of a sequence selected from
the group consisting of SEQ ID NOs: 1-94. A polypeptide
provided herein can comprise, consist of, or consist essen-
tially of one or more different epitope sequences, each of the
one or more different epitope sequences comprising at least
50%, at least 60%, at least 70%, at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% sequence identity to at least 8
contiguous amino acids of a sequence selected from the
group consisting of SEQ ID NOs: 1-94. In some embodi-
ments, the polypeptide comprises, consists of, or consists
essentially of one or more different epitope sequences, each
of'the one or more different epitope sequences comprising at
least 70% sequence identity to at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, at least 12, at
least 14, at least 16, at least 18, at least 20, at least 22, at least
24, or at least 25 contiguous amino acids of a sequence
selected from the group consisting of SEQ ID NOs: 1-94. A
polypeptide can comprise, consist of, or consist essentially
of one or more different epitope sequences, each of the one
or more different epitope sequences comprising at least 50%,
at least 60%, at least 70%, at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% sequence identity to at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, at least 12,
at least 14, at least 16, at least 18, at least 20, at least 22, at

least 24, or at least 25 contiguous amino acids of a sequence
selected from the group consisting of SEQ ID NOs: 1-94.

[0066] In some cases, a polypeptide can comprise, consist
of, or consist essentially of one or more different epitope
sequences, each of the one or more different epitope
sequences comprises at least 70% sequence identity to at
least 8 contiguous amino acids of a sequence selected from
Table 1, Table 2, Table 3, or any combination thereof. A
polypeptide provided herein can comprise, consist of, or
consist essentially of one or more different epitope
sequences, each of the one or more different epitope
sequences comprising at least 50%, at least 60%, at least
70%, at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to at least 8 contiguous amino acids of a
sequence selected from Table 1, Table 2, Table 3, or any
combination thereof. The polypeptide can comprise, consist
of, or consist essentially of one or more different epitope
sequences, each of the one or more different epitope
sequences comprising at least 70% sequence identity to at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9,
at least 10, at least 12, at least 14, at least 16, at least 18, at
least 20, at least 22, at least 24, or at least 25 contiguous
amino acids of a sequence selected from Table 1, Table 2,
Table 3, or any combination thereof. A polypeptide can
comprise, consist of, or consist essentially of one or more
different epitope sequences, each of the one or more differ-
ent epitope sequences comprising at least 50%, at least 60%,
at least 70%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99%, or
100% sequence identity to at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least 12, at least
14, at least 16, at least 18, at least 20, at least 22, at least 24,
or at least 25 contiguous amino acids of a sequence selected
from Table 1, Table 2, Table 3, or any combination thereof.
[0067] A polypeptide can comprise, consist of, or consist
essentially of at least two different epitope sequences, each
of the at least two different epitope sequences comprises at
least 70% sequence identity to at least 8 contiguous amino
acids of a sequence selected from the group consisting of
SEQ ID NOs: 1-94 or of a sequence selected from Table 1,
Table 2, or Table 3. The polypeptide can comprise, consist
of, or consist essentially of at least three different epitope
sequences, each of the at least three different epitope
sequences comprising at least 70% sequence identity to at
least 8 contiguous amino acids of SEQ ID NOs: 1-94 or of
a sequence selected from Table 1, Table 2, or Table 3. The
polypeptide can comprise, consist of, or consist essentially
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of at least four different epitope sequences, each of the at
least four different epitope sequences comprising at least
70% sequence identity to at least 8 contiguous amino acids
of SEQ ID NOs: 1-94 or of a sequence selected from Table
1, Table 2, or Table 3. The polypeptide can comprise, consist
of, or consist essentially of, at least five different epitope
sequences, each of the at least five different epitope
sequences comprises at least 70% sequence identity to at
least 8 contiguous amino acids of SEQ ID NOs: 1-94 or of
a sequence selected from Table 1, Table 2, or Table 3. The
polypeptide can comprise, consist of, or consist essentially
of at least 2, at least 3, at least 4, at least 5, at least 6, at least
7, at least 8, at least 9, at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at least 50, or at
least 51 different epitope sequences, each of the different
epitope sequences comprising at least 70% sequence identity
to at least 8 contiguous amino acids of SEQ ID NOs: 1-94
or of a sequence selected from Table 1, Table 2, or Table 3.

[0068] One non-limiting example relates to a polypeptide
that comprises, consists of, or consists essentially of, at least
51 different epitope sequences, each of the 51 different
epitope sequences comprises at least 70% sequence identity
to at least 8 contiguous amino acids of a different sequence
selected from Table 3. Sometimes, a polypeptide can com-
prise, consist of, or consist essentially of, at least 51 different
epitope sequences, each of the 51 different epitope
sequences comprises at least 50%, at least 60%, at least
70%, at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to at least 4, at least 5, at least 6, at least
7, at least 8, at least 9, at least 10, at least 12, at least 14, at
least 16, at least 18, at least 20, at least 22, at least 24, or at
least 25 contiguous amino acids of a different sequence
selected from Table 3. In some cases, a polypeptide com-
prises, consists of, or consists essentially of each sequence
from Table 3.

[0069] In some cases, the polypeptide comprises at least 8
amino acids. The polypeptide can comprise at least 8, at least
9, at least 10, at least 15, at least 20, at least 25, at least 30,
at least 35, at least 40, at least 50, at least 60, at least 70, at
least 80, at least 90, at least 100, at least 120, at least 140,
at least 160, at least 180, at least 200, at least 250, at least
300, at least 400, at least 500, at least 1000, at least 1500, at
least 2000, at least 2500, at least 3000, at least 4000, at least
5000, or more amino acids. In some cases, the polypeptide
comprises, or consists of, at most 20, at most 30, at most 40,
at most 50, at most 60, at most 70, at most 80, at most 90,
at most 100, at most 150, at most 200, at most 250, at most
300, at most 500, at most 800, at most 1000, at most 1500,
at most 2000, at most 2500, at most 3000, at most 4000, or
at most 5000 amino acids. The polypeptide can comprise,
consist of, or consist essentially of about 8 to about 5000
amino acids, about 8 to about 4000 amino acids, about 8 to
about 3000 amino acids, about 8 to about 2000 amino acids,
about 8 to about 1000 amino acids, about 8 to about 500
amino acids, about 100 to about 5000 amino acids, about
100 to about 2500 amino acids, about 100 to about 1000
amino acids, about 1500 to about 3000 amino acids, about
1000 to about 3000 amino acids, or about 1000 to about
2500 amino acids. The polypeptide can consist of less than
5000, 4000, 3000, 2900, 2800, 2700, 2600, 2500, 2400,
2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600 1500,
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1400, 1300, 1200, 1100, 1000, 750, 500, 250, or 100 amino
acids, e.g., when synthesized or initially expressed, e.g., in
a cell.

[0070] Provided herein is an engineered polypeptide that
comprises, consists of, or consists essentially of one or more
different epitope sequences that can be derived from, or
variants of, or fragments of, at least a portion of a viral
protein, e.g., an influenza virus protein, e.g. an influenza A
virus protein. In some embodiments, the influenza A virus
protein can be PB1, PB1-F2, PB2, PA, HA, NP, NA, M1,
M2, NS1, or NEP/NS2. PB2 can be a part of an RNA-
dependent RNA polymerase complex, which can facilitate
“cap-snatching” from host pre-mRNA molecules to initiate
transcription, and can be conducive for replication. In cer-
tain situations, PB1 can be a RNA-dependent RNA poly-
merase, which can bind to terminal ends of vVRNA and
cRNA for initiation of transcription and replication and can
catalyze the sequential addition of nucleotides during RNA
chain elongation. PA can be used for viral transcription and
replication and can have endonuclease activity. In some
instances, PA does not correlate with polymerase activity.
HA can bind sialic acid on cell surface for attachment, and
can undergo conformational change with low pH exposing
fusion peptide which can interact with the endosomal mem-
brane, forming a pore through which the viral RNPs can be
released into the cytoplasm. NP can coat viral RNA to form
viral ribonucleoprotein (VRNP) complex, which can be
critical for the trafficking of vRNPs into the nucleus. NA can
be needed for the final release of virus through cleavage of
the HA-sialic acid bond which can anchor virus to cell
membrane. NA can also prevent virus particles from aggre-
gating. M1 can form intermediate core of a virion and tether
NP w/vRNPs, and can drive budding of virus from the cell
membrane. M2 can have ion channel activity, and can
conduct protons from acidified endosomes into viral particle
resulting in pH dependent dissociation of VRNP from the
remainder of viral components. NS1 can inhibit cellular
antiviral Type 1 Interferon response, and can be dependent
on binding to dsRNA. NEP/NS2 can be necessary for
nuclear export of vVRNP through recruitment of cellular
export machinery. The influenza A virus protein can be NP,
PB1, or PA.

[0071] One non-limiting example of the polypeptide pro-
vided herein comprises, consists of, or consists essentially of
one or more different epitope sequences having at least 70%,
75%, 80%, 85%, 90%, or 100% sequence identity to at least
8 contiguous amino acids of a sequence derived from or
variants of PB1 protein, such as, but not limited to a
sequence selected from the group consisting of SEQ ID
NOs: 1-7, 43, 51, 52, and 63-66, or a sequence selected from
the group consisting of SEQ ID Nos: 2, 3, 43, 51, and 52. In
some cases, the polypeptide further comprises one or more
different epitope sequences having at least 70%, 75%, 80%,
85%, 90%, or 100% sequence identity to at least 8 contigu-
ous amino acids of a sequence selected from the group
consisting of SEQ ID NOs: 8-42, 44-50, 53-62, 67-80, and
82-94. The polypeptide can comprise, consist of, or consist
essentially of SEQ ID NOs: 2, 3, 8, 11, 12, 17, 20-22, 24, 26,
29-34, 40,41, 43-45, 49, 51-53, 58-62, 70, 73-78, and 82-94.
In some cases, the polypeptide does not comprise full-length
PB1 sequence.

[0072] Another non-limiting example of the polypeptide
provided herein comprises, consists of, or consists essen-
tially of one or more different epitope sequences having at
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least 70% sequence identity to at least 8 contiguous amino
acids of a sequence derived from or variants of PA protein,
such as, but limited to a sequence selected from the group
consisting of SEQ ID NOs: 8-12, 40, 41, 58, 59, 61, 62, 84,
and 92, or a sequence selected from the group consisting of
SEQ ID NOs: 8, 11, 12, 40, 41, 58, 59, 61, 62, 84, and 92.
Sometimes, the polypeptide can further comprise one or
more different epitope sequences having at least 70%
sequence identity to at least 8 contiguous amino acids of a
sequence selected from the group consisting of SEQ ID
NOs: 1-7, 13-39, 42-57, 60, 63-80, 82, 83, 85-91, and 94.
The polypeptide can comprise, consist of, or consist essen-
tially of SEQ ID NOs: 2, 3, 8, 11, 12, 17, 20-22, 24, 26,
29-34, 40,41, 43-45, 49, 51-53, 58-62, 70, 73-78, and 82-94.
In some cases, the polypeptide does not comprise full-length
PA sequence.

[0073] Another non-limiting example of the polypeptide
provided herein comprises, consists of, or consists essen-
tially of, one or more different epitope sequences having at
least 70%, 75%, 80%, 85%, 90%, or 100% sequence identity
to at least 8 contiguous amino acids of a sequence derived
from or variants of NP protein, such as, but not limited to a
sequence selected from the group consisting of SEQ ID
NOs: 13-34, 37, 39, 42, 44-50, 53-57, 60, 67-80, 82, 83,
85-91, 93, and 94, or a sequence from the group consisting
of SEQ ID NOs: 17, 20-22, 24, 26, 29-34, 44, 45, 49, 53, 60,
70, 73-78, 82, 83, 85-91, 93, and 94. Sometimes, the
polypeptide can further comprise one or more different
epitope sequences having at least 70%, 75%, 80%, 85%,
90%, or 100% sequence identity to at least 8 contiguous
amino acids of a sequence selected from the group consist-
ing of SEQ ID NOs: 1-12, 35, 36, 38, 43, 51, 52, 58, 59,
61-66, 84, and 92. The polypeptide can comprise, consist of,
or consist essentially of SEQ ID NOs: 2, 3, 8, 11, 12, 17,
20-22, 24, 26, 29-34, 40, 41, 43-45, 49, 51-53, 58-62, 70,
73-78, and 82-94. In some cases, the polypeptide does not
comprise full-length NP sequence.

[0074] Another non-limiting example of the polypeptide
provided herein comprises, consists of, or consists essen-
tially of one or more different epitope sequences having at
least 70%, 75%, 80%, 85%, 90%, or 100% sequence identity
to at least 8 contiguous amino acids of a sequence derived
from or variants of NA protein, such as, but not limited to,
a sequence selected from SEQ ID NOs: 35 and 38. Some-
times, the polypeptide can further comprise one or more
different epitope sequences having at least 70%, 75%, 80%,
85%, 90%, or 100% sequence identity to at least 8 contigu-
ous amino acids of a sequence selected from the group
consisting of SEQ ID NOs: 1-34, 36, 37, 39-80, and 82-94.
The polypeptide can comprise, consist of, or consist essen-
tially of SEQ ID NOs: 2, 3, 8, 11, 12, 17, 20-22, 24, 26,
29-34, 40,41, 43-45, 49, 51-53, 58-62, 70, 73-78, and 82-94.
In some cases, the polypeptide does not comprise full-length
NA sequence.

[0075] Another non-limiting example of the polypeptide
provided herein comprises, consists of, or consists essen-
tially of, one or more different epitope sequences having at
least 70%, 75%, 80%, 85%, 90%, or 100% sequence identity
to at least 8 contiguous amino acids of a sequence derived
from or variants of M1 protein, such as, but not limited to
SEQ ID NOs: 36. Sometimes, the polypeptide further com-
prises one or more different epitope sequences having at
least 70%, 75%, 80%, 85%, 90%, or 100% sequence identity
to at least 8 contiguous amino acids of a sequence selected
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from the group consisting of SEQ ID NOs: 1-35, 37-80, and
82-94. The polypeptide can comprise, consist of, or consist
essentially of SEQ ID NOs: 2, 3, 8, 11, 12, 17, 20-22, 24, 26,
29-34, 40,41, 43-45, 49, 51-53, 58-62, 70, 73-78, and 82-94.
In some cases, the polypeptide does not comprise full-length
M1 sequence.

[0076] One non-limiting example of a polypeptide pro-
vided herein can comprise, consist of, or consist essentially
of'a first sequence selected from the group consisting of SEQ
ID NOs: 2, 3, 8, 11, 12, 40, 41, 43, 51, 52, 58, 59, 61, 62,
84, and 92; and a second sequence selected from the group
consisting of SEQ ID NOs: 17, 20, 21, 22, 24, 26, 29, 30, 32,
33,34, 44, 45, 49, 53, 60, 70, 73, 74, 75,76, 77, 78, 82, 83,
85, 86, 87, 88, 89, 90, 91, 93, and 94.

[0077] Another non-limiting example of a polypeptide
provided herein can comprise, consist of, or consist essen-
tially of a first sequence selected from the group consisting
of SEQ ID NOs: 2, 8, 11, 12, 40, 41, 43, 52, 58, 59, 61, 62,
84, and 92; and a second sequence selected from the group
consisting of SEQ ID NOs: 17, 20, 21, 22, 24, 26, 29, 30, 31,
32, 33,34, 44, 45, 49, 53, 60, 70, 73, 74, 75,76, 77, 78, 82,
83, 85, 86, 87, 88, 89, 90, 91, 93, and 94.

[0078] Another non-limiting example of a polypeptide
provided herein can comprise, consist of, or consist essen-
tially of (a) a first sequence comprising at least 60%, at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 8, 11, 12, 40, 41, 58,
59, 61, 62, 84, or 92, and a second sequence comprising at
least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of SEQ ID NO:
2,3,17,20,21, 22,24, 26,29, 30,31, 32,33, 34, 43, 44, 45,
49, 51, 52, 53, 60, 70, 73, 74, 75, 76, 77, 78, 82, 83, 85, 86,
87, 88, 89, 90, 91, 93, or 94; or (b) a first sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 2 or 43 and a second sequence comprising at
least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of SEQ ID NO:
8,11, 12, 17, 20, 21, 22, 24, 26, 29, 30, 31, 32, 33, 34, 40,
41, 44, 45, 49, 53, 58, 59, 60, 61, 62, 70, 73, 74, 75, 76, 77,
78, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, or 94; or
(c) a first sequence comprising at least 60%, at least 75%, at
least 85%, or 100% sequence identity to at least 8 contigu-
ous amino acids of SEQ ID NO: 21, 22, 24, 26, 30, 32, 49,
53, 60, 70, 85, 86, 93, or 94, and a second sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 2, 3, 8, 11, 12, 40, 41, 43, 51, 52, 58, 59, 61,
62, 84, or 92; or (d) a first sequence comprising at least 60%,
at least 75%, at least 85%, or 100% sequence identity to at
least 8 contiguous amino acids of SEQ ID NO: 17, 20, 29,
31,33,34,44,45,73,74,75,76, 77, 78, 82, 83, 87, 88, 89,
90, or 91 and a second sequence comprising at least 60%, at
least 75%, at least 85%, or 100% sequence identity to at least
8 contiguous amino acids of SEQ ID NO: 2, 8, 11, 12, 40,
41, 43, 58, 59, 61, 62, 84, or 92; or (e) a first sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 2 or 43 and a second sequence comprising at
least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of SEQ ID NO:
8, 11, 12, 21, 22, 24, 26, 30, 32, 40, 41, 49, 53, 58, 59, 60,
61, 62, 70, 84, 85, 86, 92, 93, or 94; or (f) a first sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
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sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 3, 51, or 52, and a second sequence comprising
at least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of SEQ ID NO:
8, 11, 12, 21, 22, 24, 26, 30, 32, 40, 41, 49, 53, 58, 59, 60,
61, 62, 70, 84, 85, 86, 92, 93, 94; or (g) a first sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 2, 8, 11, 12, 40, 41, 43, 58, 59, 61, 62, 84, or
92, and a second sequence comprising at least 60%, at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 21, 22, 24, 26, 30,
32, 49, 53, 60, 70, 85, 86, 93, or 94; or (h) a first sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 2, 8, 11, 12, 21, 22, 24, 26, 30, 32, 40, 41, 43,
49, 53, 58, 59, 60, 61, 62, 70, 84, 85, 86, 92, 93, or 94, and
a second different sequence comprising at least 60%, at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 2,3, 8, 11, 12, 17,
20, 21, 22, 24, 26, 29, 30, 31, 32, 33, 34, 40, 41, 43, 44, 45,
49, 51, 52, 53, 58, 59, 60, 61, 62, 70, 73, 74, 75, 76, 77, 78,
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, or 94, wherein
a contiguous sequence comprising the first sequence and the
second different sequence is not found in a PB1, PA, or NP.

[0079] Another non-limiting example of a polypeptide
provided herein can comprise, consist of, or consist essen-
tially of a sequence selected from at least two of the
following groups: (a) a sequence comprising at least 60%, at
least 75%, at least 85%, or 100% sequence identity to at least
8 contiguous amino acids of SEQ ID NO: 8, 40, 41, or 84;
(b) a sequence comprising at least 60%, at least 75%, at least
85%, or 100% sequence identity to at least 8 contiguous
amino acids SEQ ID NO: 11, 58, or 59; (c) a sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids SEQ
ID NO: 12, 61, 62, or 92; (d) a sequence comprising at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 2 or 43; (e) a
sequence comprising at least 60%, at least 75%, at least
85%, or 100% sequence identity to at least 8 contiguous
amino acids of SEQ ID NO: 3, 51, or 52; (f) a sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 32, 93, 94, or 70; (g) a sequence comprising at
least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of SEQ ID NO:
21,22, or 85; (h) a sequence comprising at least 60%, at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of SEQ ID NO: 24, 49, or 86; (i) a
sequence comprising at least 60%, at least 75%, at least
85%, or 100% sequence identity to at least 8 contiguous
amino acids of SEQ ID NO: 26, 53, 30, or 60; (j) a sequence
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQID NO: 17, 82, or 83; (k) a sequence comprising at least
60%, at least 75%, at least 85%, or 100% sequence identity
to at least 8 contiguous amino acids SEQ 1D NO: 20, 44, or
45; (1) a sequence comprising at least 60%, at least 75%, at
least 85%, or 100% sequence identity to at least 8 contigu-
ous amino acids of SEQ ID NO: 29, 87, 88, 89, 90, or 91;
(m) a sequence comprising at least 60%, at least 75%, at
least 85%, or 100% sequence identity to at least 8 contigu-
ous amino acids of SEQ ID NO: 31; and (n) a sequence
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comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NO: 33, 34, 73, 74, 75, 76, 77, or 78; wherein at
least one sequence is selected from groups (a)-(d) and at
least one sequence is selected from groups (f)-(n).

[0080] Another non-limiting example of a polypeptide
provided herein can comprise, consist of, or consist essen-
tially of: (o) at least 1, 2, 3, or 4 sequences, each comprising
at least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of any of SEQ
ID NOs: 8, 40,41, or 84, or least 1, 2, 3, or 4 sequences, each
comprising at least 55%, at least 66%, at least 77%, at least
88%, or 100% sequence identity to any of SEQ ID NOs: 8,
40, 41, or 84; (p) at least 1, 2, or 3 sequences, each
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of any
of SEQ ID NOs: 11, 58, or 59, or at least 1, 2, or 3 sequences,
each comprising at least 52%, at least 58%, at least 64%, at
least 70%, and least 76%, at least 82%, at least 88%, at least
94%, or 100% sequence identity to at least 9, 10, 11, 12, 13,
14, 15, 16, or 17 contiguous amino acids of any of SEQ ID
NOs: 11, 58, or 59; (q) at least 1, 2, 3, or 4 sequences, each
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of
SEQ ID NOs: 12, 61, 62, or 92, or at least 1, 2, 3, or 4
sequences, each comprising at least 52%, at least 58%, at
least 64%, at least 70%, and least 76%, at least 82%, at least
88%, at least 94%, or 100% sequence identity to at least 9,
10, 11, 12, 13, 14, 15, 16, or 17 contiguous amino acids of
any of SEQ ID NOs: 12, 61, 62, or 92; (r) at least 1 or 2
sequences, each comprising at least 60%, at least 75%, at
least 85%, or 100% sequence identity to at least 8 contigu-
ous amino acids of any of SEQ ID NOs: 2 or 43, or at least
1 or 2 sequences, each comprising at least 60%, at least 70%,
at least 80%, at least 90%, or 100% sequence identity to at
least 9 or 10 contiguous amino acids of any of SEQ ID NOs:
2 or 43; (s) at least 1, 2, or 3 sequences, each comprising at
least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of any of SEQ
ID NOs: 3, 51, or 52, or at least 1, 2, or 3 sequences, each
comprising at least 55%, at least 66%, at least 77%, at least
88%, or 100% sequence identity to at least 9 or 10 contigu-
ous amino acids of any of SEQ ID NOs: 3, 51, or 52; (1) at
least 1, 2, 3, or 4 sequences, each comprising at least 60%,
at least 75%, at least 85%, or 100% sequence identity to at
least 8 contiguous amino acids to any of SEQ ID NOs: 32,
93, 94, or 70, or at least 1, 2, 3, or 4 sequences, each
comprising at least 60%, 70%, 80%, 90%, or 100%
sequence identity to 9 or 10 contiguous amino acids of any
of SEQ ID NOs: 32, 93, 94, or 70; (u) at least 1, 2, or 3
sequences, each comprising at least 60%, at least 75%, at
least 85%, or 100% sequence identity to at least 8 contigu-
ous amino acids any of SEQ ID NOs: 21, 22, or 85, or at
least 1, 2, 3, or 4 sequences, each comprising at least 55%,
at least 66%, at least 77%, at least 88%, or 100% sequence
identity to 9 contiguous amino acids of any of SEQ ID NOs:
21, 22, or 85; (v) at least 1, 2 or 3 sequences, each
comprising at least 60%, at least 75%, at least 85%, or 100%
sequence identity to at least 8 contiguous amino acids of any
of SEQ ID NOs: 24, 49, or 86, or at least 55%, at least 66%,
at least 77%, at least 88%, or 100% sequence identity to 9
contiguous amino acids of any of SEQ ID NOs: 24, 49, or
86; (w) at least 1, 2, 3, or 4 sequences, each comprising at
least 60%, at least 75%, at least 85%, or 100% sequence
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identity to at least 8 contiguous amino acids of any of SEQ
1D NOs: 26, 53, 30, or 60, or at least 1, 2, 3, or 4 sequences,
each comprising at least 50%, at least 56%, at least 62%, at
least 68%, at least 75%, at least 81%, at least 87%, at least
93%, or at least 100% sequence identity to at least 9, 10, 11,
12, 13, 14, 15, or 16 contiguous amino acids of any of SEQ
ID NOs: 26, 53, 30, or 60, or at least 9, 10, 11, 12, 13, 14,
15, 16, or 17 contiguous amino acids of any of SEQ ID NOs:
30 or 60; (x) at least 1, 2, or 3 sequences, each comprising
at least 60%, at least 75%, at least 85%, or 100% sequence
identity to at least 8 contiguous amino acids of any of SEQ
ID NOs: 17, 82, or 83, or at least 1, 2, or 3 sequences, each
comprising at least 50%, at least 57%, at least 60%, at least
71%, at least 78%, at least 85%, at least 92%, or 100%
sequence identity to at least 9, 10, 11, 12, 13, or 14
contiguous amino acids of any of SEQ ID NOs: 17, 82, or
83; (y) atleast 1, 2, or 3 sequences, each comprising at least
60%, at least 75%, at least 85%, or 100% sequence identity
to at least 8 contiguous amino acids of any of SEQ ID NOs:
20, 44, or 45 or at least 1, 2, or 3 sequences, each comprising
at least 55%, at least 66%, at least 77%, at least 88%, or
100% sequence identity to 9 contiguous amino acids of any
of SEQ ID NOs: 20, 44, or 45; (z) at least 1, 2, 3, 4, 5, or
6 sequences, each comprising at least 60%, at least 75%, at
least 85%, or 100% sequence identity to at least 8 contigu-
ous amino acids of any of SEQ ID NOs: 29, 87, 88, 89, 90,
or91,oratleast 1,2, 3, 4, 5, or 6 sequences, each comprising
at least 50%, at least 55%, at least 61%, at least 66%, at least
72%, at least 83%, at least 88%, at least 94%, or 100%
sequence identity to at least 9, 10, 11, 12, 13, 14, 15, 16, 17,
or 18 contiguous amino acids of any of SEQ ID NOs: 29, 87,
88, 89, 90, or 91; (aa) a sequence comprising at least 60%,
at least 75%, at least 85%, or 100% sequence identity to at
least 8 contiguous amino acids of SEQ ID NO: 31, or a
sequence comprising at least 55%, at least 66%, at least
77%, at least 88%, or 100% sequence identity to 9 contigu-
ous amino acids of SEQ ID NO: 31; (bb) at least 1, 2, 3, 4,
5, 6,7, or 8 sequences, each comprising at least 60%, at least
75%, at least 85%, or 100% sequence identity to at least 8
contiguous amino acids of any of SEQ ID NOs: 33, 34, 73,
74, 75, 76, 77, or 78, or at least 1, 2, 3, 4, 5, 6, 7, or 8
sequences, each comprising at least 52%, at least 56%, at
least 60%, at least 64%, at least 68%, at least 72%, at least
76%, at least 80%, at least 84%, at least 88%, at least 92%,
at least 96%, or 100% sequence identity to at least 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25
contiguous amino acids of any of SEQ ID NOs: 33, 34, 73,
74,75, 76, 77, or 78; or any combination of (0)-(bb).

[0081] Another non-limiting example of a polypeptide
provided herein can comprise, consist of, consist essentially
of: (cc) at least two sequences from the group consisting of
SEQ ID NOs: 8, 40, 41, and 84; (dd) at least two sequences
from the group consisting of SEQ ID NOs: 11, 58, and 59;
(ee) at least two sequences from the group consisting of SEQ
ID NO: 12, 61, 62, and 92; (ff) at least two sequences from
the group consisting of SEQ ID NOs: 2 and 43; (gg) at least
three sequences from the group consisting of SEQ ID NOs:
3, 51, and 52; (hh) at least two sequences from the group
consisting of SEQ ID NOs: 32, 93, 94, and 70; (ii) at least
two sequences from the group consisting of SEQ ID NOs:
21, 22, and 85; (jj) at least two sequences from the group
consisting of SEQ ID NOs: 24, 49, and 86; (kk) at least two
sequences from the group consisting of SEQ ID NOs: 26, 53,
30, and 60; (1) at least two sequences from the group
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consisting of SEQ ID NOs: 17, 82, and 83; (mm) at least two
sequences from the group consisting of SEQ ID NOs: 20, 44,
and 45; (nn) at least two sequences from the group consist-
ing of SEQ ID NOs: 29, 87, 88, 89, 90, and 91; or (0o0) at
least two sequences from the group consisting of SEQ ID
NOs: 33, 34, 73, 74, 75, 76, 77, and 78.

[0082] In some cases, a polypeptide provided herein can
further comprise a full-length amino acid sequence (or at
least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%
of the full-length sequence) of one or more (e.g., 1, 2, 3, 4,
5,6,7,8,9,or 10) virus proteins, e.g., one or more influenza
virus proteins, e.g., one or more influenza A, influenza B, or
influenza C virus proteins, e.g., PB1, PB1-F2, PB2, PA, HA,
NP, NA, M1, M2, NS1, or NEP/NS2 from influenza A,
influenza B, or influenza C. In some cases, a vaccine
provided herein comprises a polypeptide comprising a full-
length amino acid sequence (or at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 95% of the full-length
sequence) of one or more (e.g., 1,2,3,4,5,6,7,8, 9, or 10)
virus proteins, e.g., one or more influenza virus proteins,
e.g., one or more influenza A, influenza B, or influenza C
virus proteins, e.g., PB1, PB1-F2, PB2, PA, HA, NP, NA,
M1, M2, NS1, or NEP/NS2 from influenza A, influenza B,
or influenza C, e.g., or the polypeptide is expressed from a
separate nucleic acid or virus in the vaccine, e.g., an adeno-
virus, A polypeptide provided herein can comprise 1, 2, 3, 4,
or 5 or more copies of a sequence of a full-length amino acid
sequence (or at least 50%, 60%, 70%, 80%, 90%, or 95% of
the full-length sequence) of the viral protein. The full-length
amino acid sequence (or at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 95% of the full-length sequence)
can be at the N-terminus of the polypeptide, the C-terminus
of the polypeptide, internal in the polypeptide, or, e.g., if
multiple copies are present, the N-terminus and C-terminus
of'the polypeptide. For example, a polypeptide can comprise
at least 5, 10, 20, 30, 40, 50, or 51 sequences from Table 1,
Table 2, or Table 3 (e.g., each sequence is from one of Table
1, Table 2, or Table 3), each sequence separated or not by a
linker, and 1, 2, or 3 copies of a full-length amino acid
sequence (or at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, or 95% of the full-length sequence) of one or
more (e.g., 1,2,3,4,5,6,7,8,9, or 10) virus proteins, e.g.,
one or more influenza virus proteins, e.g., one or more
influenza A, influenza B, or influenza C virus proteins, e.g.,
PB1, PB1-F2, PB2, PA, HA, NP, NA, M1, M2, NS1, or
NEP/NS2 from influenza A, influenza B, or influenza C.

[0083] In some cases, a polypeptide provided herein can
further comprise a full length amino acid sequence (or at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or
95% of the full-length sequence) of NP protein of influenza,
e.g., influenza A, or Influenza B, influenza C. In some cases,
NP protein sequence (or at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 95% of the full-length sequence of
NP) can be from any appropriate strain of Influenza B. For
instance, the sequence can be selected based the prevalent
strain, or expected prevalent strain, for an influenza season.
A strain of Influenza B from which an NP sequence is chosen
can be chosen randomly. For instance, a polypeptide can
comprise amino acid sequence of NP protein sequence (or at
least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or
95% of the full-length sequence of NP) from a particular
strain of Influenza B, like B/Brisbane/60/2008-like that
belong to B/Victoria lineage or B/Phuket/3073/2013-like or
B/Pennsylvania/49/2015 that belongs to B/Yamagata lin-



US 2023/0416311 Al

eage. A derivative (or fragment) of a full length amino acid
sequence of NP protein of Influenza B can comprise at least
60% identity, at least 75% identity, at least 80% identity, at
least 85% identity, at least 90% identity, at least 95%
identity, at least 96% identity, at least 97% identity, at least
98% identity, at least 99% identity, at least 99.5% identity,
at least 99.8% identity, at least 99.9% identity, at least
99.99% identity to the full length amino acid sequence of NP
protein (or at least 10%, 20%, 30%, 40% 50%, 60%, 70%,
80%, 90%, or 95% of the full-length sequence of NP) of
Influenza B. A derivative (or fragment) of a full length
amino acid sequence of NP protein of Influenza B can
comprise or consist of at most 100 amino acids, at most 80
amino acids, at most 60 amino acids, at most 50 amino acids,
at most 40 amino acids, at most 30 amino acids, at most 20
amino acids, at most 15 amino acids, at most 10 amino acids,
at most 9 amino acids, at most 8 amino acids, at most 7
amino acids, at most 6 amino acids, at most 5 amino acids,
at most 4 amino acids, at most 3 amino acids, at most 2
amino acids, or only 1 amino acid different than the full
length amino acid sequence of NP protein of Influenza B. A
polypeptide can comprise all of the sequences in Table 1,
with or without a linker between each sequence, and one or
two copies of a full-length protein (or at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95% of the
full-length sequence of the protein), e.g., NP protein from an
influenza B strain. A polypeptide can comprise all of the
sequences in Table 2, with or without a linker between each
sequence, and one or two copies of a full-length protein (or
at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
or 95% of the full-length sequence of a protein), e.g., NP
protein from an influenza B strain. A polypeptide can
comprise all of the sequences in Table 3, with or without a
linker between each sequence, and one or two copies of a
full-length protein (or at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 95% of the full-length sequence of
a protein), e.g., NP protein from an influenza B strain.

[0084] In some cases, a polypeptide can comprise amino
acid sequence (full-length or fragment) of NP protein from
a virus that belongs to B/Victoria lineage. For example, a
polypeptide can comprise amino acid sequence with at least
50%, 60%, 70%, 80%, 90%, 95%, or 100% sequence
identity to full-length, or fragment, e.g., comprising amino
acids 1 to 560, 38-557, 50 to 500, 100 to 500, 200 to 400,
1 to 100, 100 to 200, 200 to 300, 300 to 400, or 500 to 560,
of NP protein (Accession NO.: AGK63064.1, SEQ ID NO:
116) from Influenza B/Brisbane/60/2008. In some cases, a
polypeptide can comprise amino acid sequence (full-length
or fragment) of NP protein from a virus that belongs to
B/Yamagata lineage. For example, a polypeptide can com-
prise amino acid sequence with at least 50%, 60%, 70%,
80%, 90%, 95%, or 100% sequence identity to full-length,
or fragment, e.g., comprising amino acids 1 to 560, 2 to 560,
50 to 500, 100 to 500, 200 to 400, 1 to 100, 2 to 100, 100
to 200, 200 to 300, 300 to 400, or 500 to 560, of NP protein
(Accession NO.: ABL77260.1, SEQ ID NO: 117) from
Influenza B/Yamagata/16/1988, or NP protein (Accession
NO.: A0Z82278.1, SEQ ID NO: 118) from Influenza
B/Pennsylvania/49/2015. In some cases, a polypeptide can
comprise both an amino acid sequence (full-length or frag-
ment) of NP protein from a virus that belongs to B/Victoria
lineage, or a derivative thereof, and an amino acid sequence
(full-length or fragment) of NP protein from a virus that
belongs to B/Yamagata lineage, or a derivative thereof.
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[0085] A polypeptide provided herein can comprise, con-
sist of, or consist essentially of, one or more epitope
sequences arranged in order. In some cases, epitope
sequences are arranged in a particular order with the con-
sideration of promoting immunogenicity, increasing expres-
sion, facilitating polypeptide stability, increasing polypep-
tide solubility, facilitating the in vivo cleavage of the
polypeptide chain, or any other factors that may affect the
vaccine performance, or any combination thereof. It is also
possible to manipulate the order of the epitope sequences in
the polypeptide in order to finely tune certain aspects of a
vaccine, either upregulating or downregulating one or more
certain parameters as one skilled in the art would be able to
achieve.

[0086] In some embodiments, the polypeptide comprises
more than one epitope sequence that are linked together
directly, e.g., “back-to-back”. Alternatively, the polypeptide
can comprise, consist of, or consist essentially of, more than
one epitope sequence, at least two neighboring epitope
sequences among which are linked with a linker sequence.
The polypeptide can comprise a single type of linker
sequence throughout. The polypeptide can comprise more
than one different type of linker sequence. The choice of
linker sequence can vary depending on the selection of
peptide sequences, the specific requirement for a number of
different parameters, such as, but not limited to, expression
level, folding and stability, solubility, cellular and subcellu-
lar targeting, immunogenicity, half-life in vitro and in vivo.

[0087] Linkers can be short amino acid sequences to
separate multiple domains in a single polypeptide. In some
cases, the linker sequence can comprise 3, 4, 5, 6,7, 8, 9, 10,
or more amino acids. The linker sequence can comprise at
least 3, at least 4, at least 5, at least 6, at least 7, at least 8,
at least 9, at least 10, at least 15, at least 20, or at least 50
amino acids. The linker sequence can comprise at most 4, at
most 5, at most 6, at most 7, at most 8, at most 9, at most
10, at most 11, at most 12, at most 15, at most 20, at most
30, at most 40, at most 50, or at most 100 amino acids.

[0088] The linker sequence can comprise sequences
occurring in natural multi-domain proteins that link the
domains therein. The linker sequence can comprise an
artificially created linker. The linker can also be a joined
product of both a natural linker protein and an artificially
created sequence. In some cases, specific linker sequences
can be selected for in vivo cleavability of the polypeptide.
For example, it can be desirable to cleave between certain
epitope sequences, rendering the separated two or more parts
of the polypeptide presented to the antigen-presenting cells
separately. A linker can comprise a plurality of glycines,
alanines, or any combinations thereof. A linker can comprise
aplurality of arginines, valines, lysines, or any combinations
thereof. Under such exemplary circumstances, linker
sequences such as, LEAGCKNFFPRSFTSCGSLE (SEQ ID
NO: 95), CRRRRRREAEAC (SEQ ID NO: 96), can be
chosen. Sometimes, it can be desirable to use flexible linker
sequences, such as, but not limited to, stretches of Gly and
Ser residues (“GS” linker) like (GGGGS),, (n=1 to 10) (SEQ
ID NO: 107), (Gly), (SEQ ID NO: 97), GSAGSAAGSGEF
(SEQ ID NO: 98), (GGGGS), (SEQ ID NO: 99). In some
cases, it can be desirable to use rigid linker sequences, such
as, but not limited to, (EAAAK), (SEQ ID NO: 108),
Pro-rich sequences like (XP),, (SEQ ID NO: 109), with X
designating any amino acid can be used (n=1 to 20). In some
cases, the linker sequence RVKR (SEQ ID NO: 110) can be
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chosen. The linker sequence RVKR (SEQ ID NO: 110) can
be immunostimulatory in some situations. The polypeptide
can comprise, consist of, or consist essentially of, each
sequence from Table 1, Table 2, or Table 3, wherein each
sequence is separated by a linker. The polypeptide can
comprise, consist of, or consist essentially of, each sequence
from Table 1, Table 2, or Table 3, wherein each sequence is
not separated by a linker. The polypeptide can comprise,
consist of, or consist essentially of, each sequence from
Table 1, Table 2, or Table 3, wherein some of the sequences
are separated by a linker and some are not separated by a
linker.

[0089] In certain aspects of the present disclosure, a poly-
peptide provided herein further comprises a CD4+ (helper)
T cell epitope that is connected to one or more of the epitope
sequences described above. A “connection” can be, e.g., a
direct or indirect covalent linkage, or a direct or indirect
non-covalent linkage. The CD4+ (helper) T cell epitope can
be ISQAVHAAHAEINEAGR (SEQ ID NO: 100). In some
cases, the CD4+ (helper) T cell epitope is AKFVAAWTL-
KAAA (HLA DR-binding Epitope, PADRE) (SEQ ID NO:
101), or a non-natural amino acid derivative of the PADRE
sequence, AKXVAAWTLKAAAZC (SEQ ID NO: 102),
wherein X is L-cyclohexylalanine and Z is aminocaproic
acid. In some cases, the CD4+ (helper) T cell epitope can be
GALNNRFQIKGVELKSK (SEQ ID NO: 103). In some
embodiments, the C-terminus of a polypeptide provided
herein, e.g., a polypeptide comprising a sequence selected
from SEQ ID NOs: 1-94 or a sequence selected from Table
1, Table 2, or Table 3, is attached to a lysine and the lysine
is attached to the N-terminus of a CD4+ T cell epitope. The
C-terminus of a CD4+ (helper) T cell epitope can be attached
to a lysine and the lysine can be attached to the N-terminus
of a peptide comprising a sequence selected from SEQ ID
NOs: 1-94 or a sequence selected from Table 1, Table 2, or
Table 3.

[0090] A polypeptide can be linked to a full length viral
protein, e.g. full length PB1, PB1-F2, PB2, PA, HA, NP, NA,
M1, M2, NS1, or NEP/NS2 protein, or the polypeptide can
be link to a protein with at least 50%, 60%, 70%, 80%, 90%,
95%, or 100% sequence identity to at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 95% of the full-length
sequence of any of these proteins, from, e.g., influenza A,
influenza B, or influenza C, e.g., via a linker described
herein, or the connection can be without a linker.

[0091] A polypeptide provided herein can comprise one or
more natural amino acids, unnatural amino acids, or a
combination thereof. An amino acid residue can be a mol-
ecule containing both an amino group and a carboxyl group.
Suitable amino acids for use in the peptides described
include, without limitation, both the D- and L-isomers
(amino acid isomer) of the naturally-occurring amino acids,
as well as non-naturally occurring amino acids prepared by
organic synthesis or other metabolic routes. An amino acid
can be an c-amino acid, f-amino acid, natural amino acid,
non-natural amino acid, or amino acid analog. An c-amino
acid can be molecule containing both an amino group and a
carboxyl group bound to a carbon which is designated the
a-carbon. A a-amino acid can be a molecule containing both
an amino group and a carboxyl group in a § configuration.
A naturally occurring amino acid can be any one of the
twenty amino acids commonly found in peptides synthe-
sized in nature, and known by the one letter abbreviations A,
R,N,C,D,QE G HLLK MFPS,T,WYand V.
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[0092] A polypeptide provided herein can comprise one or
more hydrophobic, hydrophilic, polar, or charged amino
acids. A hydrophobic amino acid can include small hydro-
phobic amino acids and large hydrophobic amino acids. A
small hydrophobic amino acid can be glycine, alanine,
proline, and analogs and isomers thereof. A large hydropho-
bic amino acid can be a valine, leucine, isoleucine, phenyl-
alanine, methionine, tryptophan, and analogs and isomers
thereof. A polar amino acid can be a serine, threonine,
asparagine, glutamine, cysteine, tyrosine, and analogs and
isomers thereof. A charged amino acid can be a lysine,
arginine, histidine, aspartate, glutamate, or analog thereof.
[0093] A polypeptide as provided herein can comprise one
or more amino acid analogs. An amino acid analog can be
amolecule which is structurally similar to an amino acid and
which can be substituted for an amino acid in the formation
of a peptidomimetic macrocycle. Amino acid analogs
include f-amino acids and amino acids where the amino or
carboxyl group is substituted by a similarly reactive group
(e.g., substitution of the primary amine with a secondary or
tertiary amine, or substitution of the carboxyl group with an
ester).

[0094] A polypeptide provided herein can comprise one or
more non-natural amino acids. A non-natural amino acid can
be an amino acid which is not one of the twenty amino acids
commonly found in peptides synthesized in nature, and
known by the one letter abbreviations A, R, N, C, D, Q, E,
GHLLXKMFEPST,WYand V.

[0095] Amino acid analogs can include f-amino acid
analogs. Amino acid analogs can include analogs of alanine,
valine, glycine, leucine, arginine, lysine, aspartic acids,
glutamic acids, cysteine, methionine, phenylalanine, tyro-
sine, proline, serine, threonine, and/or tryptophan.

[0096] Amino acid analogs can be racemic. In some
embodiments, the D isomer of the amino acid analog is used.
In some cases, the L. isomer of the amino acid analog is used.
In some embodiments, the amino acid analog comprises
chiral centers that are in the R or S configuration. Some-
times, the amino group(s) of a P-amino acid analog is
substituted with a protecting group, e.g., tert-butyloxycar-
bonyl (BOC group), 9-fluorenylmethyloxycarbonyl
(FMOC), tosyl, and the like. Sometimes, the carboxylic acid
functional group of a $-amino acid analog is protected, e.g.,
as its ester derivative. In some cases, the salt of the amino
acid analog is used.

[0097] A polypeptide provided herein can comprise a
non-essential amino acid. A non-essential amino acid resi-
due can be a residue that can be altered from the wild-type
sequence of a peptide without abolishing or substantially
altering its essential biological or biochemical activity (e.g.,
receptor binding or activation). A peptide provided herein
can comprise an essential amino acid. An essential amino
acid residue can be a residue that, when altered from the
wild-type sequence of the peptide, results in abolishing or
substantially abolishing the peptide’s essential biological or
biochemical activity.

[0098] A polypeptide provided herein can comprise a
conservative amino acid substitution. A conservative amino
acid substitution can be one in which the amino acid residue
is replaced with an amino acid residue having a similar side
chain. Families of amino acid residues having similar side
chains have been defined in the art. These families can
include amino acids with basic side chains (e.g., K, R, H),
acidic side chains (e.g., D, E), uncharged polar side chains
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(e.g., G, N, Q, S, T, Y, C), nonpolar side chains (e.g., A, V,
L, L, P, F, M, W), beta-branched side chains (e.g., T, V, I) and
aromatic side chains (e.g., Y, F, W, H). Thus, a predicted
nonessential amino acid residue in a peptide, for example,
can be replaced with another amino acid residue from the
same side chain family. Other examples of acceptable sub-
stitutions can be substitutions based on isosteric consider-
ations (e.g., norleucine for methionine) or other properties
(e.g., 2-thienylalanine for phenylalanine, or 6-Cl-tryptophan
for tryptophan).

[0099] Vaccine Compositions

[0100] Individual epitope sequences provided herein,
polypeptides in which individual epitope sequences are
linked, as provided herein, nucleic acid expressing indi-
vidual epitope sequences or polypeptides provided herein,
vectors comprising nucleic acid expressing individual
epitope sequences or polypeptides provided herein, or
viruses comprises such nucleic acid or vectors, can be
formulated as vaccines. Vaccines provided herein can be any
substance used to stimulate the production of antibodies and
provide immunity against one or more diseases, e.g., influ-
enza. The vaccines can be prepared from live pathogens, live
attenuated pathogens, or inactivated pathogens that have
been inactivated by e.g., chemicals, heat, or radiation. The
vaccines can contain subunits or portions of a pathogen, in
which these subunits can be optionally conjugated. The
vaccine can also be prepared as a peptide-based vaccine, a
nucleic acid-based vaccine, a viral vector-based vaccine, an
antibody based vaccine, or an antigen-presenting cell based
vaccine.

[0101] The vaccines can protect against pathogens, for
example. A pathogen can be any infectious organism,
including bacteria, fungi, viruses, protozoa, and others. The
vaccines can also include tumor or cancer vaccines. A
composition, e.g., a vaccine, provided herein can induce a
systemic immune response, when administered into a sub-
ject body, e.g. human body. A composition, e.g., a vaccine,
provided herein can induce a mucosal immune response,
e.g., in the respiratory tract, in addition to systemic immune
response, when administered into a subject body, e.g. human
body.

[0102] The vaccines can be a traditional vaccine or a
universal vaccine. A traditional vaccine can be a vaccine that
can target a specific pathogen. Measles vaccine is one
example of a traditional vaccine. It can target epitopes
present on the hemagglutinin (H) protein of the Measles
virus that have remained conserved over 50 years.

[0103] Seasonal vaccines can be another type of tradi-
tional vaccine. For example, an influenza vaccine can be
modified annually and is tailored to the population of
influenza viruses present at a given year. In some cases, an
influenza vaccine is generated as a trivalent vaccine, which
can include two subtypes of the influenza A virus, HIN1 and
H3N2, and one strain of the influenza B virus. Sometimes,
the influenza vaccine is generated as a quadrivalent vaccine,
which can include two subtypes of influenza A virus and two
strains of influenza B virus. The specific strains of the
influenza A and B viruses can be chosen based on surveil-
lance-based forecasts that can predict the pathogenicity of
the circulating strains each year and can vary from country
to country.

[0104] A universal vaccine can be a vaccine that offers
broad-based protection against multiple strains of a patho-
gen, and/or against multiple pathogens within the same
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family. Exemplary universal vaccines include SynCon®
influenza vaccines from Inovio Pharmaceuticals, M-001
from BiondVax, and FP-01 from Immune Targeting Sys-
tems. These universal vaccines can target conserved regions
or epitopes that exist within the influenza viral proteins.
Conserved regions or epitopes can exhibit at least 70%,
80%, 90%, 95%, 99% sequence homology or sequence
identity.

[0105] Vaccine compositions can be formulated using one
or more physiologically acceptable carriers including
excipients and auxiliaries which facilitate processing of one
or more active agents, such as one or more peptides, nucleic
acids, proteins (e.g., antibodies or fragments thereot), APCs,
or viruses described herein, into preparations which can be
used pharmaceutically. Proper formulation can be dependent
upon the route of administration chosen.

[0106] In some cases, the vaccine composition is formu-
lated as a peptide-based vaccine, a nucleic acid-based vac-
cine, an antibody based vaccine, a cell based vaccine, or a
virus-based vaccine. For example, a vaccine composition
can include naked cDNA in cationic lipid formulations;
lipopeptides (see e.g., Vitiello, A. et al, J. Clin. Invest.
95:341, 1995), naked cDNA or peptides, encapsulated e.g.,
in poly(DL-lactide-co-glycolide) (“PLG™) microspheres
(see, e.g., Eldridge, et al, Molec. Immunol. 28:287-294,
1991: Alonso et al, Vaccine 12:299-306, 1994; Jones et al,
Vaccine 13:675-681, 1995); peptide composition contained
in immune stimulating complexes (ISCOMS) (see, e.g.
Takahashi et al, Nature 344:873-875, 1990; Hu et al, Clin
Exp Immunol. 113:235-243; 1998); or multiple antigen
peptide systems (MAPs) (see e.g., Tarn, J. P., Proc. Natl
Acad. Sci. U.S.A. 85:5409-5413, 1988; Tarn, J. P, J. Immu-
nol. Methods 196: 17-32, 1996). Sometimes, a vaccine is
formulated as a peptide-based vaccine, or nucleic acid based
vaccine in which the nucleic acid encodes the peptides.
Sometimes, a vaccine is formulated as an antibody based
vaccine. Sometimes, a vaccine is formulated as a cell based
vaccine.

[0107] Vaccine compositions can be formulated using one
or more physiologically acceptable carriers including
excipients and auxiliaries which facilitate processing of one
or more active agents, such as one or more peptides, nucleic
acids, proteins (e.g., antibodies or fragments thereot), APCs,
or viruses described herein, into preparations which can be
used pharmaceutically. Proper formulation can be dependent
upon the route of administration chosen.

[0108]

[0109] Provided herein is a peptide-based vaccine that
comprises one or more epitope sequences or one or more
polypeptides described herein. For instance, the polypeptide
can comprise, consist of, or consist essentially of, one or
more epitope sequences selected from the group consisting
of: SEQ ID NOs: 1-94, or one or more epitope sequences
selected from Table 1, Table 2, or Table 3. The peptide-based
vaccine can comprise one polypeptide. The peptide-based
vaccine can comprises at least 2, 3,4, 5, 6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50, 51, or more different peptide
sequences, e.g., each peptide can have at least 70%, 75%,
80%, 85%, 90%, 95%, or 100% sequence identity to at least
8,9, 10, 14, 16, 17, 18, or 25 amino acids of SEQ ID NOs:
2,3,8,11, 12,17, 20, 21, 22, 24, 26, 29, 30, 31, 32, 33, 34,
40, 41, 43, 44, 45, 49, 51, 52, 53, 58, 59, 60, 61, 62, 70, 73,
74,75,76,77,78, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,

Peptide-Based Vaccine
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93, or 94. The peptide-based vaccine can be used to treat or
prevent an influenza infection.

[0110] In some embodiments, a composition comprises,
consists essentially of, or consists of one or more peptides or
polypeptides, which may or may not be purified peptides or
polypeptides as described herein. As used herein, a compo-
sition “comprising” one or more peptides or polypeptides as
described herein can mean that the composition can contain
other compounds, including one or more proteins that are
not described herein. As used herein, a composition “con-
sisting essentially of” one or more peptides or polypeptides
can mean that the composition can comprise other com-
pounds in addition to the peptides or polypeptides described
herein so long as the additional compounds do not materially
change the activity or function of the one or more peptides
or polypeptides that are contained in the composition. As
used herein, a composition “consisting of” one or more
peptides or polypeptides as described herein can mean that
the composition does not contain other proteins in addition
to the one or more peptides or polypeptides described herein.
Compositions consisting of one or more peptides or poly-
peptides described herein can comprise ingredients other
than proteins, e.g., pharmaceutically acceptable carriers,
surfactants, preservatives, etc. In some embodiments, com-
positions consisting of one or more peptides or polypeptides
described herein can contain insignificant amounts of con-
taminants, which can include peptide or polypeptide con-
taminants, e.g., smaller fragments of the one or more pep-
tides or polypeptides described herein, which can result
from, for example, the synthesis of the one or more peptides
or polypeptides described herein, subsequent processing,
storage conditions, and/or protein degradation.

[0111] Peptide-based vaccine can be formulated using
techniques, carriers, and excipients as suitable. The peptide-
based vaccines can be formulated to improve their biological
half-life, stability, efficacy, bioavailability, bioactivity, or a
combination thereof.

[0112] Sometimes, a vaccine can comprises a cocktail of
multiple polypeptides described herein containing the same
sequence, or a cocktail of multiple copies of different
polypeptides described herein. The polypeptides can be
modified, such as by lipidation, or attachment to a carrier
protein. Lipidation can be the covalent attachment of a lipid
group to a polypeptide. Lipidated polypeptides can stabilize
structures and can enhance efficacy of the vaccine treatment.
[0113] Lipidation can be classified into several different
types, such as N-myristoylation, palmitoylation, GPI-anchor
addition, prenylation, and several additional types of modi-
fications. N-myristoylation can be the covalent attachment
of myristate, a C14 saturated acid, to a glycine residue.
Palmitoylation can be thioester linkage of long-chain fatty
acids (CI 6) to cysteine residues. GPI-anchor addition can be
glycosyl-phosphatidylinositol (GPI) linkage via amide
bond. Prenylation can be the thioether linkage of an isopre-
noid lipid (e.g., farnesyl (C-15), geranylgeranyl (C-20)) to
cysteine residues. Additional types of modifications can
include attachment of S-diacylglycerol by a sulfur atom of
cysteines, 0-octanoyl conjugation via serine or threonine
residues, S-archaeol conjugation to cysteine residues, and
cholesterol attachment.

[0114] Fatty acids for generating a lipidated polypeptide
can include C2 to C30 saturated, monounsaturated, or poly-
unsaturated fatty acyl groups. Exemplary fatty acids can
include palmitoyl, myristoyl, stearoyl, and decanoyl groups.
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[0115] In some embodiments, a lipid moiety that has
adjuvant property is attached to a peptide of interest to elicit
or enhance immunogenicity in the absence of an extrinsic
adjuvant. A lipidated peptide or lipopeptide can be referred
to as a self-adjuvant lipopeptide.

[0116] Any of the fatty acids described above and else-
where herein can elicit or enhance immunogenicity of a
peptide of interest. A fatty acid that can elicit or enhance
immunogenicity can include palmitoyl, myristoyl, stearoyl,
lauroyl, octanoyl, and decanoyl groups. In some cases, a
fatty acid that can elicit or enhance immunogenicity can
include palmitoyl groups. Non-limiting examples of palmi-
toyl group include Pam,Cys, Pam,Cys, or Pam;OH.
[0117] Pam,Cys, also known as dipalmitoyl-S-glyceryl-
cysteine or S-[2,3 bis(palmitoyloxy) propyl]cysteine, corre-
sponds to the lipid moiety of MALP-2, a macrophage-

activating  lipopeptide  isolated from  Mycoplasma
fermentans.
[0118] Pam,Cys, also known as Pam;OH or N-palmitoyl-

S-[2,3-bis(palmitoyloxy)propyl|cysteine, is a synthetic ver-
sion of the N-terminal moiety of Braun’s lipoprotein that
spans the inner and outer membranes of Gram negative
bacteria.

[0119] Other fatty acid groups contemplated for use
include Set2Cys (also known as S-(2,3-bis(stearoyloxy)
propyl) cysteine or distearoyl-5-glyceryl-cysteine),
Lau2Cys (also known as S-[2,3-bis(lauroyloxy) propyl]
cysteine or dilauroyl-S-glyceryl-cysteine); and Oct2Cys
(also known as S-[2,3-bis(octanoyloxy)propyl]cysteine or
dioctanoyl-S-glyceryl-cysteine).

[0120] Additional suitable fatty acid groups include syn-
thetic triacylated and diacylated lipopeptides, FSL-I (a syn-
thetic lipoprotein derived from Mycoplasma salivarium 1),
Pam,Cys (tripaltnitoyl-S-glyceryl cysteine) and S-[2,3-bis
(palmitoyloxy)-(2RS)-propyl]-N-palmitoyl-(R)-cysteine,
where “Pam,” is “tripalmitoyl-S-glyceryl”. Derivatives of
Pam,Cys are also suitable for use, in which derivatives
include S-[2,3-bis(palmitoyloxy)-(2-R,S)-propyl]-N-palmi-
toyl-(R)-Cys-(S)-Ser-(Lys)4-hydroxytrihydrochloride(*(R)-
Cys-(S)-Ser-(Lys)4” disclosed as SEQ ID NO: 111);
Pam3Cys-Ser-Ser-Asn-Ala (SEQ ID NO: 112); PaM3Cys-
Ser-(Lys)4 (SEQ ID NO: 113); Pam3Cys-Ala-Gly; Pam-
sCys-Ser-Gly; Pam3Cys-Ser; PaM3CyS-OMe; Pam3Cys-
OH; PamCAG, palmitoyl-Cys((RS)-2,3-di(palmitoyloxy)-
propyl)-Ala-Gly-OH; and the like. Another non-limiting
examples include Pam2CSK4 (SEQ ID NO: 114) (dipalmi-
toyl-S-glyceryl cysteine-serine-(lysine)4; or Pam2Cys-Ser-
(Lys)4 (SEQ ID NO: 114)).

[0121] Peptides such as naked peptides or lipidated pep-
tides can be incorporated into a liposome. For example, the
lipid portion of the lipidated peptide can spontaneously
integrate into the lipid bilayer of a liposome. Thus, a
lipopeptide can be presented on the “surface” of a liposome.
A lipidated peptide can be a peptide that is encapsulated
within a liposome.

[0122] Exemplary liposomes suitable for incorporation in
the formulations include, and are not limited to, multilamel-
lar vesicles (MLV), oligolamellar vesicles (OLV), unilamel-
lar vesicles (UV), small unilamellar vesicles (SUV),
medium-sized unilamellar vesicles (MUV), large unilamel-
lar vesicles (LUV), giant unilamellar vesicles (GUV), mul-
tivesicular vesicles (MVV), single or oligolamellar vesicles
made by reverse-phase evaporation method (REV), multi-
lamellar vesicles made by the reverse-phase evaporation
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method (MLV-REV), stable plurilamellar vesicles (SPLV),
frozen and thawed MLV (FATMLYV), vesicles prepared by
extrusion methods (VET), vesicles prepared by French press
(FPV), vesicles prepared by fusion (FUV), dehydration-
rehydration vesicles (DRV), and bubblesomes (BSV).

[0123] Depending on the method of preparation, lipo-
somes can be unilamellar or multilamellar, and can vary in
size with diameters ranging from about 0.02 um to greater
than about 10 um. Sometimes, the liposomes can be small
unilamellar vesicles (25-50 nm), large unilamellar vesicles
(100-200 nm), giant unilamellar vesicles (1-2 pm), and
multilamellar vesicles (MLV; 1 um-2 pum). The peptides
being delivered can be either encapsulated into liposomes or
adsorbed on the surface. The size and surface properties of
liposomes can be optimized for a desired result. For
example, unilamellar and multilamellar liposomes provide
sustained release from several hours to days after intravas-
cular administration. The prolonged drug release can be
achieved by multivesicular liposomes, also known as Depo-
Foam® technology. Unlike ULV and MLV, multivesicular
liposomes are composed of nonconcentric multiple aqueous
chambers surrounded by a network of lipid layers which
confers an increased level of stability and longer duration of
drug release. The liposomes can be further modified to
achieve a desired result. For example, the liposomes can be
PEGylated or have other surface modifications in order to
interfere with recognition and uptake by the reticuloendothe-
lial system and provide increased circulation times.

[0124] Liposomes can adsorb many types of cells and then
release an incorporated agent (e.g., a polypeptide described
herein). In some cases, the liposomes fuse with the target
cell, whereby the contents of the liposome then empty into
the target cell. A liposome can be endocytosed by cells that
are phagocytic. Endocytosis can be followed by intralyso-
somal degradation of liposomal lipids and release of the
encapsulated agents.

[0125] The liposomes provided herein can also comprise
carrier lipids. In some embodiments the carrier lipids are
phospholipids. Carrier lipids capable of forming liposomes
include, but are not limited to dipalmitoylphosphatidyl-
cholme (DPPC), phosphatidylcholine (PC; lecithin), phos-
phatidic acid (PA), phosphatidylglycerol (PG), phosphati-
dylethanolamine (PE), phosphatidylserine (PS). Other
suitable phospholipids further include distearoylphosphati-
dylcholine (DSPO), dimyristoylphosphatidylcholine
(DMPC), dipalmitoylphosphatidyglycerol (DPPG), dis-
tearoylphosphatidyglycerol (DSPG), dimyristoylphosphati-
dylglycerol (DMPG), dipalmitoylphosphatidic acid (DPPA);
dimyristoylphosphatidic acid (DMPA), distearoylphospha-
tidic acid (DSP A), dipalmitoylphosphatidylserine (DPPS),
dimyristoylphosphatidylserine (DMPS), distearoylphospha-
tidylserine (DSPS), dipalmitoylphosphatidyethanolamine
(DPPE), dimyristoylphosphatidylethanolamine (DMPE),
distearoylphosphatidylethanolamine (DSPE) and the like, or
combinations thereof. In some embodiments, the liposomes
further comprise a sterol (e.g., cholesterol) which modulates
liposome formation. The carrier lipids can be any known
non-phosphate polar lipids.

[0126] A polypeptide as described herein can also be
attached to a carrier protein for delivery as a vaccine. The
carrier protein can be an immunogenic carrier element and
can be attached by any recombinant technology. Exemplary
carrier proteins include Mariculture keyhole limpet hemo-
cyanin (mcKLH), PEGylated mcKLH, Blue Carrier® Pro-
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teins, bovine serum albumin (BSA), cationized BSA, oval-
bumin, and bacterial proteins such as tetanus toxoid (TT).
[0127] A polypeptide as described herein can also be
prepared as multiple antigenic peptides (MAPs). Polypep-
tides can be attached at the N-terminus or the C-terminus to
small non-immunogenic cores. Polypeptides built upon this
core can offer highly localized peptide density. The core can
be a dendritic core residue or matrix composed of bifunc-
tional units. Suitable core molecules for constructing MAPs
can include ammonia, ethylenediamine, aspartic acid, glu-
tamic acid, and lysine. For example, a lysine core molecule
can be attached via peptide bonds through each of its amino
groups to two additional lysines. This second generation
molecule has four free amino groups, each of which can be
covalently linked to an additional lysine to form a third
generation molecule with 8 free amino groups. A polypep-
tide can be attached via its C-terminus to each of these free
groups to form an octavalent multiple antigenic peptide (also
referred to as a “MAPS” structure). The second generation
molecule having four free amino groups can be used to form
a tetravalent or tetrameric MAP, e.g., a MAP having four
peptides covalently linked to the core (also referred to as a
“MAP4” structure). The carboxyl group of the first lysine
residue can be left free, amidated, or coupled to p-alanine or
another blocking compound. As used herein, the “linear
portion or molecule” of a MAP system structure can refer to
antigenic peptides that are linked to the core matrix. Thus,
a cluster of antigenic epitopes can form the surface of a
MAP and a small matrix forms its core. The dendritic core,
and the entire MAP can be synthesized on a solid resin using
a classic Merrifield synthesis procedure.

[0128] The polypeptides used for MAP preparation can be
identical or can comprise multiple different sequences and
lengths. The polypeptides can be derived from a bacterium,
a virus, or a fungus. The peptides can be derived from a
virus, such as influenza A virus, influenza B virus, influenza
C virus, hepatitis B virus, hepatitis C virus, or HIV.
[0129] Sometimes, a polypeptide as described herein can
be subjected to cyclization to result in a cyclic peptide which
is resistant to proteolytic degradation. Cyclization can be
carried out between side chains or ends of the peptide
sequences through disulfide bonds, lanthionine, dicarba,
hydrazine, or lactam bridges using methods known in the
art.

[0130] In some embodiments, the polypeptide as
described herein are conjugated to a molecule such as
vitamin B12, a lipid, or an ethylene oxide compound, e.g.,
polyethylene glycol (PEG), polyethylene oxide (PEO), and
polyoxyethylene (POE), methoxypolyethylene glycol
(MPEG), mono-methoxy PEG (mPEG), and the like. The
ethylene oxide compound can be further functionalized
with, for example, amine binding terminal functional groups
such as N-hydroxysuccinimide esters, N-hydroxysuccinim-
ide carbonates, and aliphatic aldehyde, or thiol binding
groups such as maleimide, pyridyl disulphides, and vinyl
sulfonates. Since amino groups (a-amino and e-lysine
amino) and cysteine residues are well suited for conjugation,
the peptides provided herein can further include one or more
amino acid residues for conjugation to an ethylene oxide
molecule or a carrier compound known in the art. The
pharmacokinetic and pharmacodynamic properties of a con-
jugated peptide can be further modified by the use of a
particular linker. For example, propyl and amyl linkers can
be used to provide a conjugate having a loose conformation
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whereas a phenyl linker can be used to provide a denser
conformation as well as shield domains adjacent to the
C-terminus. In some instances, dense conformations can be
more efficient in maintaining bioactivity, prolonging plasma
half-life, lowering proteolytic sensitivity, and immunogenic-
ity relative to loose conformations.

[0131] In some embodiments, the polypeptides as
described herein can be hyperglycosylated using methods
known in the art, e.g., in situ chemical reactions or site-
directed mutagenesis. Hyperglycosylation can result in
either N-linked or O-linked protein glycosylation. The clear-
ance rate of a given peptide can be optimized by the
selection of the particular saccharide. For example, poly-
sialic acid (PSA) is available in different sizes and its
clearance depends on type and molecular size of the poly-
mer. Thus, for example, PSAs having high molecular
weights can be suitable for the delivery of low-molecular-
weight peptides, and PSAs having low molecular weights
can be suitable for the delivery of peptides having high
molecular weights. The type of saccharide can be used to
target the peptide to a particular tissue or cell. For example,
polypeptides conjugated with mannose can be recognized by
mannose-specific lectins, e.g., mannose receptors and man-
nose binding proteins, and are taken up by the liver. In some
embodiments, the polypeptides can be hyperglycosylated to
improve their physical and chemical stability under different
environmental conditions, e.g., to inhibit inactivation under
stress conditions and reduce aggregation resulting from
production and storage conditions.

[0132] In some embodiments, a drug delivery system,
such as microparticles, nanoparticles (particles having sizes
ranging from 10 to 1000 nm), nanoemulsions, liposomes,
and the like, can be used to provide protection of sensitive
proteins, prolong release, reduce administration frequency,
increase patient compliance, and control plasma levels.
Various natural or synthetic microparticles and nanopar-
ticles, which can be biodegradable and/or biocompatible
polymers, can be used. Microparticles and nanoparticles can
be fabricated from lipids, polymers, and/or metal. Polymeric
microparticles and nanoparticles can be fabricated from
natural or synthetic polymers, such as starch, alginate,
collagen, chitosan, polycaprolactones (PCL), polylactic acid
(PLA), poly (lactide-co-glycolide) (PLGA), and the like. In
some embodiments, the nanoparticles are solid lipid nan-
oparticles (SLNs), carbon nanotubes, nanospheres, nano-
capules, and the like. In some embodiments, the polymers
are hydrophilic. In some embodiments, the polymers are
thiolated polymers.

[0133] Since the rate and extent of drug release from
microparticles and nanoparticles can depend on the compo-
sition of polymer and fabrication methods one can select a
given composition and fabrication method, e.g., spray dry-
ing, lyophilization, microextrusion, and double emulsion, to
confer a desired drug release profile. Since peptides incor-
porated in or on microparticles or nanoparticles can be prone
to denaturation at aqueous-organic interface during formu-
lation development, different stabilizing excipients and com-
positions can be used to prevent aggregation and denatur-
ation. For example, PEG and sugars, e.g., PEG (MW 5000)
and maltose with a-chymotrypsin, can be added to the
composition to reduce aggregation and denaturation. Addi-
tionally, chemically modified peptides, e.g., conjugated pep-
tides and hyperglycosylated peptides, as described herein,
can be employed.
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[0134] Protein stability can also be achieved by the
selected fabrication method. For example, to prevent deg-
radation at aqueous-organic interface, non-aqueous method-
ology called Prolease® technology can be used. Peptides in
solid state can also be encapsulated using solid-in-oil-in-
water (s/o/w) methods, e.g., spray- or spray-freeze-dried
peptides or peptide-loaded solid nanoparticles can be encap-
sulated in microspheres using s/o/w methods.

[0135] Hydrophobic ion-pairing (HIP) complexation can
be used to enhance protein stability and increase encapsu-
lation efficiency into microparticles and nanoparticles. In
hydrophobic ion-pairing (HIP) complexation, ionizable
functional groups of a peptide are complexed with ion-
pairing agents (e.g., surfactant or polymer) containing oppo-
sitely charged functional groups leading to formation of HIP
complex where hydrophilic protein molecules exist in a
hydrophobic complex form.

[0136] A polypeptide described herein can be chemically
synthesized, or recombinantly expressed in a cell system or
a cell-free system. A polypeptide can be synthesized, such as
by a liquid-phase synthesis, a solid-phase synthesis, or by
microwave assisted peptide synthesis. A polypeptide as
described herein can be modified, such as by acylation,
alkylation, amidation, arginylation, polyglutamylation,
polyglycylation, butyrylation, gamma-carboxylation, glyco-
sylation, malonylation, hydroxylation, iodination, nucleo-
tide addition (e.g., ADP-ribosylation), oxidation, phospho-
rylation, adenylylation, propionylation, S-glutathionylation,
S-nitrosylation, succinylation, sulfation, glycation, palmi-
toylation, myristoylation, isoprenylation or prenylation
(e.g., farnesylation or geranylgeranylation), glypiation,
lipoylation, attachement of flavin moiety (e.g., FMN or
FAD), attachment of heme C, phosphopantetheinylation,
retinylidene Schiff base formation, diphthamide formation,
ethanolamine phosphoglycerol attachment, hypusine for-
muation, biotinylation, pegylation, ISGylation, SUMOy-
lation, ubiquitination, Neddylation, Pupylation, citrullina-
tion, deamidation, eliminylation, carbamylation, or a
combination thereof.

[0137] After generation of a polypeptide, the polypeptide
can be subjected to one or more rounds of purification steps
to remove impurities. The purification step can be a chro-
matographic step utilizing separation methods such as affin-
ity-based, size-exclusion based, ion-exchange based, or the
like. In some cases, the peptide is at most 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95%, 99%, 99.9%, or 100% pure or
without the presence of impurities. In some cases, the
peptide is at least 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, 99%, 99.9%, or 100% pure or without the presence of
impurities. In some cases, the amount of the peptides in the
peptide composition is at least 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, 99%, 99.9%, or 100% by weight of the
total composition. As used herein, a “purified” peptide of
polypeptide can mean that an amount of the macromolecular
components that are naturally associated with the peptide
have been removed from the peptide. As used herein, a
composition comprising, consisting essentially of, or con-
sisting of one or more purified peptides of the present
invention can mean that the composition does not contain an
amount of the macromolecular components that are natu-
rally associated with the one or more peptides or polypep-
tides and/or the reagents used to synthesize the peptides or
polypeptides. In some embodiments, the compositions
described herein consist solely of one or more peptides or
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polypeptides described herein, e.g., one or more peptides or
polypeptides in a solid or crystalized form.

[0138] Insome embodiments, the peptides or polypeptides
or nucleic acid molecules of described herein can be iso-
lated. As used herein, an “isolated” compound (e.g., peptide,
polypeptide, nucleic acid molecule) can refer to a compound
which is isolated from its native environment. For example,
an isolated peptide or polypeptide can be one which does not
have its native amino acids which correspond to the full
length polypeptide, flanking the N-terminus, C-terminus, or
both. As another example, an isolated peptide can be one
which is immobilized to a substrate with which the peptide
is not naturally associated. As a further example, an isolated
peptide or polypeptide can be one which is linked to another
molecule, e.g., a PEG compound, with which the peptide is
not naturally associated. Similarly, an “isolated” nucleic acid
molecule can be one which does not have its native nucleic
acid basses which correspond to the full length nucleic acid
molecule, flanking its 5' end, 3' end, or both. As another
example, an isolated nucleic acid molecule can be one which
is bound to a substrate or a compound, e.g., a label such as
a fluorescent tag, with which the nucleic acid molecule is not
naturally associated. As a further example, with respect to
nucleic acid molecules, the term isolated can mean that it is
separated from the nucleic acid and cell in which it naturally
occurs.

[0139] A peptide-based vaccine can comprise about, at
least, or at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30,
35, 40, 45, 50, 51, 55, 60, 65, 70, of 75 different peptide
sequences. The different peptide sequences can include any
polypeptide described herein.

[0140] Nucleic Acid-Based Vaccine

[0141] Provided herein is a nucleic acid-based vaccine that
codes for about, at least, or at most 1, 2,3, 4,5, 6,7, 8,9,
10, 15, 20, 25, 30, 35, 40, 45, 50, 51, 55, 60, 65, 70, of 75
polypeptides as described herein. The nucleic acid-based
vaccine can be used to treat or prevent an influenza infec-
tion.

[0142] A nucleic acid-based vaccine can be formulated
using techniques, carriers, and excipients as suitable. The
nucleic acid can be DNA, both genomic and cDNA, RNA,
or a hybrid, where the nucleic acid can contain combinations
of deoxyribo- and ribo-nucleotides, and combinations of
bases including uracil, adenine, thymine, cytosine, guanine,
inosine, xanthine hypoxanthine, isocytosine and isoguanine.
Nucleic acids can be obtained by chemical synthesis meth-
ods or by recombinant methods. The vaccine can be a
DNA-based vaccine, an RNA-based vaccine, a hybrid DNA/
RNA based vaccine, or a hybrid nucleic acid/peptide based
vaccine. The peptide can be a polypeptide that has a
sequence with at least 40%, 50%, 60%, 70%, 80%, 90%,
95%, or 100% sequence homology or identity to a peptide
selected from the group consisting of SEQ ID NOs: 1-94 or
of a sequence selected from Table 1, Table 2, or Table 3. The
peptide can be a polypeptide that has a sequence with at
most 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100%
sequence homology or identity to a peptide selected from the
group consisting of SEQ ID NOs: 1-94 or of a sequence
selected from Table 1, Table 2, or Table 3.

[0143] Nucleic acid molecules can refer to at least two
nucleotides covalently linked together. A nucleic acid
described herein can contain phosphodiester bonds,
although in some cases, as outlined below (for example in
the construction of primers and probes such as label probes),
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nucleic acid analogs are included that can have alternate
backbones, comprising, for example, phosphoramide, phos-
phorothioate, phosphorodithioate, O-methylphosphoroam-
idite linkages, and peptide nucleic acid (also referred to
herein as “PNA”) backbones and linkages. Other analog
nucleic acids include those with bicyclic structures including
locked nucleic acids (also referred to herein as “LNA”);
positive backbones; non-ionic backbones and non-ribose
backbones. Nucleic acids containing one or more carbocy-
clic sugars are also included within the definition of nucleic
acids (see e.g., Jenkins et al, Chem. Soc. Rev. (1995) pp 169
176). Several nucleic acid analogs are described, e.g., in
Rawls, C & E News Jun. 2, 1997 page 35. “Locked nucleic
acids” are also included within the definition of nucleic acid
analogs. LNAs are a class of nucleic acid analogues in which
the ribose ring is “locked” by a methylene bridge connecting
the 2-0 atom with the 4'-C atom. All of these references are
hereby expressly incorporated by reference. These modifi-
cations of the ribose-phosphate backbone can be done to
increase the stability and half-life of such molecules in
physiological environments. For example, PNA:DNA and
LNA-DNA hybrids can exhibit higher stability and thus can
be used in some embodiments. The target nucleic acids can
be single stranded or double stranded, as specified, or
contain portions of both double stranded or single stranded
sequence. Depending on the application, the nucleic acids
can be DNA (including, e.g., genomic DNA, mitochondrial
DNA, and ¢cDNA), RNA (including, e.g., mRNA and rRNA)
or a hybrid, where the nucleic acid contains any combination
of deoxyribo- and ribo-nucleotides, and any combination of
bases, including uracil, adenine, thymine, cytosine, guanine,
inosine, xathanine hypoxathanine, isocytosine, isoguanine,
etc.

[0144] Provided herein is a vector that comprises a poly-
nucleotide that codes for a polypeptide as described herein.
In some cases, the vector can be used to treat or prevent
influenza infection. In some cases, the vector can be used to
produce one or more of the polypeptides described herein.

[0145] A polynucleotide encoding a polypeptide provided
herein can be codon optimized for a target subject, such as
human being, mouse, pig, or dog. For example, a polynucle-
otide provided herein can be codon optimized for mice for
pre-clinical animal experiments. In some cases, the subject
matter may find use in preventing influenza for agriculture,
for example, for preventing swine flu, or avian flu. This type
of optimization can entail the mutation of foreign-derived
(e.g., recombinant) DNA to mimic the codon preferences of
the intended host organism or cell while encoding the same
protein.

[0146] The vector can be a circular plasmid or a linear
nucleic acid. The circular plasmid or linear nucleic acid can
be capable of directing expression of a particular nucleotide
sequence in an appropriate subject cell. The vector can have
a promoter operably linked to the peptide-encoding nucleo-
tide sequence, which can be operably linked to termination
signals. The vector can also contain sequences required for
proper translation of the nucleotide sequence. The vector
comprising the nucleotide sequence of interest can be chi-
meric, meaning that at least one of its components is
heterologous with respect to at least one of its other com-
ponents. The expression of the nucleotide sequence in the
expression cassette can be under the control of a constitutive
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promoter or of an inducible promoter, which can initiate
transcription only when the host cell is exposed to some
particular external stimulus.

[0147] The vector can be a plasmid. The plasmid can be
useful for transfecting cells with nucleic acid encoding the
peptide, which the transformed host cells can be cultured
and maintained under conditions wherein expression of the
peptide takes place.

[0148] The plasmid can comprise a nucleic acid sequence
that encodes one or more of the various polypeptides dis-
closed herein. A single plasmid can contain coding sequence
for a single polypeptide, or coding sequence for more than
one polypeptide. Sometimes, the plasmid can further com-
prise coding sequence that encodes an adjuvant, such as an
immune stimulating molecule, such as a cytokine.

[0149] The plasmid can further comprise an initiation
codon, which can be upstream of the coding sequence, and
a stop codon, which can be downstream of the coding
sequence. The initiation and termination codon can be in
frame with the coding sequence. The plasmid can also
comprise a promoter that is operably linked to the coding
sequence, and an enhancer upstream of the coding sequence.
The enhancer can be human actin, human myosin, human
hemoglobin, human muscle creatine, or a viral enhancer
such as one from CMV, FMDYV, RSV, or EBV.

[0150] The plasmid can also comprise a mammalian origin
of replication in order to maintain the plasmid extrachro-
mosomally and produce multiple copies of the plasmid in a
cell. The plasmid can be pVAXI, pCEP4, or pREP4 from
Invitrogen (San Diego, CA).

[0151] The plasmid can also comprise a regulatory
sequence, which can be well suited for gene expression in a
cell into which the plasmid is administered. The coding
sequence can comprise a codon that can allow more efficient
transcription of the coding sequence in the host cell.
[0152] The plasmid can be pSE420 (Invitrogen, San
Diego, CA), pYES2 (Invitrogen, San Diego, CA), MAX-
BAC™ complete baculovirus expression system (Invitro-
gen, San Diego, CA), pcDNA I or pcDNA3 (Invitrogen, San
Diego, CA).

[0153] The vector can be circular plasmid, which can
transform a target cell by integration into the cellular
genome or exist extrachromosomally (e.g., autonomous
replicating plasmid with an origin of replication). Exem-
plary vectors include pVAX, pcDNA3.0, or provax, or any
other expression vector capable of expressing DNA encod-
ing the antigen and enabling a cell to translate the sequence
to an antigen that is recognized by the immune system.
[0154] The nucleic acid based vaccine can also be a linear
nucleic acid vaccine, or linear expression cassette (“LEC”),
that can be efficiently delivered to a subject via electropo-
ration and expressing one or more peptides disclosed herein.
The LEC can be any linear DNA devoid of any phosphate
backbone. The DNA can encode one or more peptides
disclosed herein. The LEC can contain a promoter, an intron,
a stop codon, and/or a polyadenylation signal. The expres-
sion of the peptide can be controlled by the promoter. It is
also possible that the LEC does not contain any antibiotic
resistance genes and/or a phosphate backbone. The LEC
cannot contain other nucleic acid sequences unrelated to the
polypeptide expression.

[0155] The LEC can be derived from any plasmid capable
of being linearized. The plasmid can express the peptide.
Exemplary plasmids include: pNP (Puerto Rico/34), pM2
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(New Caledonia/99), WLV009, pVAX, pcDNA3.0, provax,
or any other expression vector capable of expressing DNA
encoding the antigen and enabling a cell to translate the
sequence to an antigen that is recognized by the immune
system.

[0156] The nucleic acid based vaccine can be delivered to
a subject through a parenteral delivery method. A parenteral
delivery can include intravenous, transdermal, oral, intrabil-
iary, intraparenchymal, intra-hepatic artery, intra-portal
vein, intratumoral, or transvenous delivery. Sometimes, a
parenteral delivery can utilize a needle (e.g., a hypodermic
needle) for delivery of the nucleic acid based vaccine. The
nucleic acid based vaccine can be formulated in an aqueous
solution, e.g., saline. The delivery can be further assisted by
electroporation. Sometimes, a parenteral delivery can utilize
a gene gun as a delivery method. The nucleic acid based
vaccine can be formulated as a DNA-coated microparticle,
e.g., a DNA-coated gold or tungsten bead. The gene gun
delivery method can use a ballistical delivery method to
accelerate nucleic acid into target cells. Sometimes, a par-
enteral delivery can utilize a pneumatic injection as a
delivery method. The nucleic acid based vaccine can be
formulated as an aqueous solution.

[0157] The nucleic acid based vaccine can also be deliv-
ered to a subject through a topical delivery method. Topical
nucleic acid based vaccine can be formulated as aerosol
instillation of naked DNA to be delivered onto mucosal
surfaces, such as the nasal and lung mucosa, ocular admin-
istration, or vaginal mucosa.

[0158] The nucleic acid based vaccine can further be
delivered to a subject through a lipid-mediated delivery
method. Sometimes, the lipid-mediated delivery method can
be a cytofectin-mediated delivery method. Cytofectin can be
cationic lipids that can bind and transport nucleic acid
molecules across cell membranes. The nucleic acid can be
incorporated by cytofectin-based liposomes. Sometimes, the
lipid-mediated delivery method can be a neutral lipid-
mediated delivery method.

[0159] A composition provided herein, e.g., a vaccine, can
comprise at least 5, 10, 25, 50, 100, or 1000 different nucleic
acids.

[0160] Recombinant Virus-Based Vaccine

[0161] Provided herein is a recombinant virus-based vac-
cine.

[0162] A vector as described above can be a viral vector,

e.g. a recombinant viral vector. In some cases, a nucleic
acid-based vaccine as described above can be in the form of
a recombinant virus. The recombinant virus can comprise a
recombinant viral vector as described herein that is encap-
sulated by a capsid protein, typically derived from the viral
vector and from other viral origin than influenza virus.
[0163] The viral vector can be based on a range of
different viruses, such as, but not limited to, adenoviruses,
adeno-associated viruses (AAV), alphaviruses, baculovi-
ruses, Newcastle Disease viruses (NDV), poxviruses.
Parainfluenza Virus 5 (PIVS), and Vesicular Stomatitis
Viruses (VSV). In some cases, the vector can be a recom-
binant viral vector that comprises polynucleotide that codes
for one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10) of the
polypeptides described herein and polynucleotide sequences
that code for viral proteins from viruses other than influenza
virus. A vaccine can comprise one or more (e.g., 2, 3, 4, 5,
6,7, 8, 9, 10) different viral vectors, each vector expressing
a polypeptide with a different sequence.
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[0164] An adenovirus based vaccine can infect broad
range of hosts. In some cases, an adenovirus vaccine can
induce high levels of transgene expression without the
potential of viral genes being integrated into the host
genome. Due to their ability to grow in high titers in cell
culture, an adenovirus vaccine described herein can be
manufactured safely and inexpensively. In some cases,
adenoviral vectors that are used for a vaccine provided
herein can inherently stimulate innate immune responses via
Toll-like receptor-dependent and Toll-like receptor-indepen-
dent pathways. In some cases, an adenovirus vaccine can
also infect dendritic cells (DCs), thereby leading to more
effective antigen presentation to immune cells, through e.g.,
up-regulation of co-stimulatory molecules, increased cyto-
kine and chemokine production by the infected DCs, or
both.

[0165] An adenoviral vector described herein can be gen-
erated in two different forms: replication-defective or rep-
lication-competent. Replication-defective adenoviral vec-
tors can be rendered by deletion of the E1 genes, which can
be essential for replication. Sometimes, replication-defec-
tive adenoviral vectors can be rendered to lack E3 genes as
well in order to create more space for foreign gene inserts.
An expression cassette with desired transgene, e.g., a poly-
nucleotide that encodes one or more polypeptide described
herein, can be inserted. Replication-competent adenoviral
vectors can be rendered with the deletion of E3 genes.
Sometimes, replication-competent Ad-vectors can mimic
the natural viral infection, thereby a potent adjuvant effect
can be exerted due to the inherent stimulation of various
elements of innate and adaptive immunity.

[0166] Insome embodiments of the present disclosure, the
vector can be an adenoviral vector. In some instances, the
vector is a non-human adenoviral vector. In some cases, the
vector can be a non-human primate adenoviral vector. In
some cases, the vector can be a chimpanzee adenoviral
vector.

[0167] In certain embodiments, Chimpanzee adenovirus
vector can be used for expressing one or more polypeptides,
such as C68 (AdC68) (SEQ ID NO: 104), e.g., that is
disclosed in U.S. Pat. No. 6,083,716, C7 (AdC7), e.g., that
is disclosed in Tatsis, et al., “Chimpanzee-origin adenovirus
vectors as vaccine carriers,” Gene Therapy 13: 421-429
(2006), C6(AdC6) (SEQ ID NO: 105) that is disclosed in
Haut et al., “A Partial E3 Deletion in Replication-Defective
Adenoviral Vectors Allows for Stable Expression of Poten-
tially Toxic Transgene Products”, Human Gene Therapy
Methods DOI: 10.1089/hgtb.2016.044 (2016), Pan7 and
Pan9, which are both disclosed in Roy, et al., “Rescue of
chimeric adenoviral vectors to expand the serotype reper-
toire,” J Virol Methods 141(a): 14-21 (2007).

[0168] Alternatively, the vector can be based on AAV.
Recombination AAV can have broad tropism infecting a
variety of hosts, tissues, and proliferating and non-prolifer-
ating cell types. AAVs that can be used in connection with
the present disclosure can include, but not limited to, AAV
serotype 2 (AAV2), AAVS, AAV7, AAV1, and AAVG.
[0169] The vector can also be based on a baculovirus.
Baculoviruses that can be used as vector for the vaccine
provided herein, e.g., influenza vaccine, can include, but not
limited to, alphabaculoviruses, betabaculoviruses, gam-
mabaculoviruses, and deltabaculoviruses.

[0170] Alternatively, the vector can be based on a poxvi-
rus. Poxviruses can be double-stranded DNA viruses. Pox-
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virus genome can be very large; mammalian poxviruses can
possess a genome of approximately 130 kb, and avian
poxvirus genome is even larger at approximately 300 kb.
Such large genome size can enable the insertion of more
than 10 kb of foreign DNA without compromising the
infectivity or other essential viral functions. Poxviruses can
have their own transcription machinery, viral DNA-depen-
dent RNA polymerase and post-transcriptional modifying
enzymes, thereby allowing self-sufficient cytoplasmic rep-
lication. As a result, inserted transgene products can be
expressed at high levels, resulting in potent cellular immune
responses.

[0171] Recombinant vaccinia virus can be created to
express the polypeptide as described herein. Non-replicating
poxviral vectors that can be used in connection with the
present disclosure include, but not limited to, modified
vaccinia virus Ankara (MVA), NYVAC, and ALVAC strains.
MVA was rendered replication-deficient by loss of approxi-
mately 15% of its original genome resulting from repetitive
passaging in chick embryo fibroblasts. NYVAC strain,
derived from the Copenhagen strain of vaccinia, was ren-
dered replication-defective by deletion of 18 different open
reading frames from the original viral genome. ALVAC is a
canarypoxviral vector that does not replicate in human cells
with further attenuation induced via over 200 passages in
chicken embryo fibroblasts.

[0172] Alternatively, the vector can be based on an alpha-
virus. Alphaviruses can be single-stranded positive-sense
RNA viruses that can replicate in the cytoplasm of infected
cells. Alphaviruses that can be used in connection with the
present disclosure include, but are not limited to, Venezuelan
equine encephalitis virus (VEE), Sindbis virus (SIN), Sem-
liki forest virus (SFV), and VEE-SIN chimeras.

[0173] Alphaviral vectors can be designed with the dele-
tion of genes encoding structural proteins. Such alphavirus
vectors are known as “replicons”. Alphavirus vectors can
potentially target antigen presenting cells, such as dendritic
cells, in the draining lymph nodes, which can lead to the
efficient generation of antigen-specific immune responses.
Also, alphavirus vectors can create a proper environment for
the cross-priming of vaccine antigen by inducing apoptosis
in some cells. Vaccine immunity can also be further
enhanced by the alphavirus vector itself.

[0174] VEE can be pathogenic in humans, but SIN is not.
VEE/SIN chimeras can be used to avoid safety concerns
when human is the vaccination subject. In a VEE/SIN
chimera, VEE can function as the replicon component and
SIN as the structural and packaging components.

[0175] Other RNA viruses that can be used as a vector for
producing a vaccine as described herein can include, but not
limited to, NDV, PIV5, and VSV.

[0176] An adenoviral vector or an adenovirus based vac-
cine as described herein can be produced by a method
provided herein, e.g., in accordance with procedures
depicted in FIG. 5.

[0177] A method of producing an adenovirus based vac-
cine can comprise preparation and purification of plasmid
DNA. The plasmid DNA herein can be a recombinant
adenoviral vector DNA that comprises a polynucleotide
encoding a polypeptide that comprises one or more epitope
sequences as described herein. As discussed above, a recom-
binant adenoviral vector can lack E region genes, e.g. El,
E3, E5, or a combination thereof. The deletion of the
endogenous viral genes can offer genomic space for inser-
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tion of gene of interest, e.g., polynucleotide expressing the
polypeptide described herein. An El-deleted Recombinant
Adenoviral vector, as an example, can be constructed either
by an in vitro ligation method or a homologous recombina-
tion method.

[0178] The in vitro ligation method can use whole adeno-
viral DNA genomes and a plasmid containing the left end of
Ad with the right inverted terminal repeat (ITR), the pack-
aging signal and E1A enhancer sequence. After the gene of
interest, e.g., the polynucleotide encoding the polypeptide as
described herein, can be inserted into the downstream of the
viral sequence of the plasmid, the fragment containing viral
sequence and gene of interest can be excised and ligated to
a restriction site, replacing a portion of the viral E1 region,
thereby producing a recombinant adenoviral DNA vector.
[0179] Alternatively, recombinant adenoviral vector can
also be made by using homologous recombination method.
Two or more plasmids with overlapping fragments that
recombine in vivo can be used. An exemplary first plasmid
can contain the entire Adenoviral genome with a deletion of
the DNA packaging region and El region. An exemplary
second plasmid (shuttle vector) can contain right ITR,
packaging signal, overlapping sequence with the first plas-
mid. After the gene of interest, e.g. polynucleotide express-
ing a polypeptide described herein, can be introduced into
the second plasmid, the two plasmids can be co-transfected
into recombination cells. In the cells, homologous recom-
bination can take place between the first and second plas-
mids, thereby producing a recombinant adenoviral vector.
Non-limiting examples of cells for homologous recombina-
tion can include yeast, bacteria, and mammalian cell lines,
such as, 293 cells, 293T cells, Hela cells. In some case, the
recombinant adenoviral vector can be purified from the
recombination cells. Alternatively, the recombination pro-
cess can be conducted in vitro.

[0180] A method of producing an adenovirus based vac-
cine can further comprise transfection of host cells with the
purified DNA plasmid. In some embodiments, the DNA
plasmid, e.g. the recombinant adenoviral vector, is linear-
ized before the transfection. In some cases, the transfection
can generate adenoviral plaques.

[0181] In some cases, the recombinant adenoviral vector
lack E1 gene, which can mediate the replication of adeno-
virus. Therefore, in some cases, it is necessary to supplement
the E1 gene for the recombinant adenovirus to replicate. In
some cases, 293 cell line, which have been generated using
adenoviral infection and has E1 gene in the genome, can be
used. Other cell lines that are engineered to produce E1 gene
product can also be used for this purpose. In some cases,
DNA fragments containing other viral genomic elements or
one or more helper viruses can also be used for the produc-
tion of recombinant adenovirus. For example, a helper virus
can provide packaging signal for virus packaging, while the
recombinant viral vector can lack the packaging signal.
Alternatively, DNA fragment that contains the packaging
signal can be co-transfected into the host cells for the
production of the recombinant adenovirus. One or more
plasmid vectors or helper virus used herein that contribute
genomic materials for the production of the recombinant
adenoviral vector can comprise reporter genes, selection
markers, or any other genes that may be useful for the viral
production.

[0182] Cell transfection can be performed using any trans-
fection approach available to one skilled in the art. The
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transfection approach can include, but not limited to, elec-
troporation, microinjection, calcium phosphate precipita-
tion, cationic polymers, dendrimers, liposome, microprojec-
tile bombardment, fugene, direct sonic loading, cell
squeezing, optical transfection, protoplast fusion, impale-
fection, magnetofection, nucleofection, or any combination
thereof.

[0183] A method of producing adenovirus based vaccine
can further comprise isolation and amplification of viruses.
Isolation of viruses can comprise isolating adenoviral
plaques, which can be followed by screening of plaques. In
some cases, the screening can be conducted by sequencing
of the viral nucleic acids. In some cases, the plaques can be
screened for the full, unaltered transgene sequence. A correct
plaque can be further amplified by infection of successively
larger number of cells. A method can further comprise
isolating, and optionally lysing, the infected cells, which can
be followed by purification of viral particles. The purifica-
tion can be performed via various approaches, such as, but
not limited to, ultracentrifugation and dialysis. A method can
further comprise determining infectious titer, by e.g., plaque
assay. A method can further comprise determining viral
particle concentration, by e.g., ultraviolet absorbance mea-
surement.

[0184] The recombinant virus based vaccine can be deliv-
ered to a subject through a parenteral delivery method. A
parenteral delivery can include intravenous, transdermal,
oral, intrabiliary, intraparenchymal, intra-hepatic artery,
intra-portal vein, intratumoral, or transvenous delivery.
Sometimes, a parenteral delivery can utilize a needle (e.g.,
a hypodermic needle) for delivery of the recombinant virus
based vaccine. The recombinant virus based vaccine can be
formulated in an aqueous solution, e.g., saline. Sometimes,
a parenteral delivery can utilize a pneumatic injection as a
delivery method. The nucleic acid based vaccine can be
formulated as an aqueous solution.

[0185] The recombinant virus based vaccine can also be
delivered to a subject through a topical delivery method. The
vaccine can be applied directly onto an infected area, e.g.,
the nasal cavity.

[0186] Antibody Based Vaccine

[0187] Provided herein is an antibody based vaccine that
can comprise an entity that binds a peptide or polypeptide
sequence described herein. The antibody based vaccine can
be used against influenza infection. The entity can be an
antibody.

[0188] Antibody-based vaccine can be formulated using
any techniques, carriers, and excipients as suitable. The
antibody can be a natural antibody, a chimeric antibody, a
humanized antibody, or can be an antibody fragment. The
antibody can recognize one or more of the epitope sequences
described herein. The antibody can recognize one or more
sequences selected from SEQ ID NOs: 1-94 or a sequence
selected from Table 1, Table 2, or Table 3. The antibody can
recognize a sequence that has at most 40%, 50%, 60%, 70%,
80%, 90%, 95%, or 100% sequence homology or identity to
a sequence selected from the group consisting of SEQ ID
NOs: 1-94 or a sequence selected from Table 1, Table 2, or
Table 3. The antibody can recognize a sequence with at least
40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100% sequence
homology or identity to a sequence selected from the group
consisting of SEQ ID NOs: 1-94 or a sequence selected from
Table 1, Table 2, or Table 3. The antibody can recognize a
sequence length at least 30%, 40%, 50%, 60%, 70%, 80%,
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90%, 95%, or 100%, or more of a sequence length of a
sequence selected from the group consisting of SEQ ID
NOs: 1-94 or a sequence selected from Table 1, Table 2, or
Table 3. The antibody can recognize a sequence length at
most 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100%
the sequence length of a sequence selected from the group
consisting of SEQ ID NOs: 1-94 or a sequence selected from
Table 1, Table 2, or Table 3. In some embodiments, the
antibody recognizes epitopes from multiple strains of influ-
enza virus, such as influenza A virus, influenza B virus,
influenza C virus.

[0189] An antibody can include fully assembled antibod-
ies, antibody fragments that can bind antigen (e.g., Fab,
F(ab"),, Fv, single chain antibodies, diabodies, antibody
chimeras, hybrid antibodies, bispecific antibodies, human-
ized antibodies, and the like), and recombinant peptides
comprising the foregoing.

[0190] An antibody can be a monoclonal antibody. The
preparation of monoclonal antibodies is known in the art and
can be accomplished by fusing spleen cells from a host
sensitized to the antigen with myeloma cells in accordance
with known techniques or by transforming the spleen cells
with an appropriate transforming vector to immortalize the
cells. The cells can be cultured in a selective medium,
cloned, and screened to select monoclonal antibodies that
bind the designated antigens. Numerous references can be
found on the preparation of monoclonal and polyclonal
antibodies.

[0191] A native antibody (native immunoglobulin) can be
heterotetrameric glycoproteins of about 150,000 daltons,
composed of two identical light (L) chains and two identical
heavy (H) chains. Each light chain can be linked to a heavy
chain by one covalent disulfide bond, while the number of
disulfide linkages can vary among the heavy chains of
different immunoglobulin isotypes. Each heavy and light
chain can also have regularly spaced intrachain disulfide
bridges. Each heavy chain has at one end a variable domain
(VH) followed by a number of constant domains. Each light
chain can have a variable domain at one end (VL) and a
constant domain at its other end; the constant domain of the
light chain can be aligned with the first constant domain of
the heavy chain, and the light chain variable domain can be
aligned with the variable domain of the heavy chain. Par-
ticular amino acid residues can form an interface between
the light and heavy-chain variable domains.

[0192] Variable regions can confer antigen-binding speci-
ficity. In some cases, the variability is not evenly distributed
throughout the variable domains of antibodies. Variability
can be concentrated in three segments called complemen-
tarity determining regions (CDRs) or hypervariable regions,
both in the light chain and the heavy-chain variable domains.
The more highly conserved portions of variable domains can
be located in the framework (FR) regions. The variable
domains of native heavy and light chains each can comprise
four FR regions, largely adopting a -pleated-sheet configu-
ration, connected by three CDRs, which form loops con-
necting, and in some cases forming part of, the p-pleated-
sheet structure. The CDRs in each chain can be held together
in close proximity by the FR regions and, with the CDRs
from the other chain, contribute to the formation of the
antigen-binding site of antibodies. In some cases, the con-
stant domains cannot be involved directly in binding an
antibody to an antigen, but can exhibit various effector
functions, such as Fc receptor (FcR) binding, participation
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of the antibody in antibody-dependent cellular toxicity,
initiation of complement dependent cytotoxicity, and mast
cell degranulation.

[0193] A hypervariable region can refer to the amino acid
residues of an antibody that are responsible for antigen-
binding. The hypervariable region can comprise amino acid
residues from a complementarily determining region or
CDR and/or those residues from a “hypervariable loop.”
Framework or FR residues can be those variable domain
residues other than the hypervariable region residues, as
herein deemed.

[0194] Antibody fragments can comprise a portion of an
intact antibody, e.g., the antigen-binding or variable region
of the intact antibody. Examples of antibody fragments
include Fab, Fab, F(ab')2, and Fv fragments; diabodies;
minibodies; linear antibodies; single-chain antibody mol-
ecules; and multispecific antibodies formed from antibody
fragments. Papain digestion of antibodies can produce two
identical antigen-binding fragments, called Fab fragments,
each with a single antigen-binding site, and a residual Fc
fragment, whose name reflects its ability to crystallize
readily. Pepsin treatment yields an F(ab')2 fragment that has
two antigen-combining sites and is still capable of cross-
linking antigen.

[0195] Fv can be the minimum antibody fragment that
contains a complete antigen recognition and binding site.
This region can consist of a dimer of one heavy- and one
light-chain variable domain in tight, non-covalent associa-
tion. It is in this configuration that the three CDRs of each
variable domain can interact to define an antigen-binding
site on the surface of the VH-VL dimer. Collectively, the six
CDRs can confer antigen-binding specificity to the antibody.
However, even a single variable domain (or half of an Fv
comprising only three CDRs specific for an antigen) can
have the ability to recognize and bind antigen, although at a
lower affinity than the entire binding site.

[0196] The Fab fragment can contain the constant domain
of the light chain and the first constant domain (CHI) of the
heavy chain. Fab fragment can differ from Fab' fragments by
the addition of a few residues at the carboxy terminus of the
heavy chain CHI domain including one or more cysteines
from the antibody hinge region. Fab'-SH can be used herein
for Fab' in which the cysteine residue(s) of the constant
domains bear a free thiol group. Fab' fragments can be
produced by reducing the F(ab')2 fragment’s heavy chain
disulfide bridge. Other chemical couplings of antibody frag-
ments are also known.

[0197] The light chains of antibodies (immunoglobulins)
from any vertebrate species can be assigned to one of two
clearly distinct types, called kappa (i) and lambda (1), based
on the amino acid sequences of their constant domains.

[0198] Depending on the amino acid sequence of the
constant domain of their heavy chains, immunoglobulins
can be assigned to different classes. Five major classes of
human immunoglobulins include: IgA, IgD, IgE, IgG, and
IgM, and several of these can be further divided into
subclasses (isotypes), e.g., IgG1, 1gG2, 1gG3, IgG4, IgAl,
and IgA2. The heavy-chain constant domains that corre-
spond to the different classes of immunoglobulins are called
alpha, delta, epsilon, gamma, and mu, respectively. The
subunit structures and three-dimensional configurations of
different classes of immunoglobulins are well known. Dif-
ferent isotypes can have different effector functions. For
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example, human IgG1 and IgG3 isotypes have ADCC (anti-
body dependent cell-mediated cytotoxicity) activity.

[0199] Monoclonal antibodies can be obtained from any
suitable species e.g., murine, rabbit, sheep, goat, or human
monoclonal antibodies.

[0200] A composition, e.g., vaccine, can comprise at about
or at least or at most 5, 10, 25, 50 or 100 different antibodies.
[0201] Antigen Presenting Cell (APC) Based Vaccine
[0202] Provided herein is an APC based vaccine that
presents a polypeptide described herein. The APC based
vaccine can be used against influenza infection. The APC
based vaccine can be formulated using any of the known
techniques, carriers, and excipients as suitable and as under-
stood in the art. APCs may include monocytes, monocyte-
derived cells, macrophages, and dendritic cells. Sometimes,
APC based vaccine can be a dendritic cell-based vaccine.
[0203] A dendritic cell (DC)-based vaccine can be pre-
pared by any methods known in the art. In some cases,
dendritic cell-based vaccines can be prepared through an ex
vivo or in vivo method. The ex vivo method can comprise
the use of autologous DCs pulsed ex vivo with the poly-
peptides described herein, to activate or load the DCs prior
to administration into the patient. The in vivo method can
comprise targeting specific DC receptors using antibodies
coupled with the peptides described herein. The DC-based
vaccine can further comprise DC activators such as TLR3,
TLR-7-8, and CD40 agonists. The DC-based vaccine can
further comprise adjuvants, and a pharmaceutically accept-
able carrier.

[0204] Virus-Based Vaccine

[0205] A virus-based vaccine can be generated based on
live virus or on inactivated virus. Viruses can be engineered
to express one or more proteins that comprise any of the
sequences described herein. Vaccines based on live virus can
use an attenuated virus, or a virus that can be cold-adapted.
Vaccines based on inactivated virus can comprise whole
virion, split virion, or purified surface antigens (e.g., HA
and/or N from influenza A virus). Chemical means for
inactivating a virus can include treatment with an effective
amount of one or more of the following agents: detergents,
formaldehyde, B-propiolactone, methylene blue, psoralen,
carboxyfullerene (C60), binary ethylamine, acetyl ethylene-
imine, or combinations thereof. Non-chemical methods of
viral inactivation are known in the art, such as UV light, heat
inactivation, or gamma irradiation.

[0206] Virions can be harvested from virus-containing
fluids by various methods. For example, a purification
process can involve zonal centrifugation using a linear
sucrose gradient solution that includes detergent to disrupt
the virions. Antigens can be purified, after optional dilution,
by diafiltration.

[0207] Split virions can be obtained by treating purified
virions with detergents (e.g., ethyl ether, polysorbate 80,
deoxycholate, tri-N-butyl phosphate, Triton X-100, Triton
N101, cetyltrimethylammonium bromide, Tergitol NP9,
etc.) to produce subvirion preparations, including the
“Tween-ether” splitting process. Methods of splitting influ-
enza viruses are well known in the art. Splitting of the virus
can be carried out by disrupting or fragmenting whole virus,
whether infectious or non-infectious with a disrupting con-
centration of a splitting agent. The disruption can result in a
full or partial solubilization of the virus proteins, altering the
integrity of the virus. Splitting agents can be non-ionic or
ionic (e.g., cationic) surfactants e.g., alkylglycosides, alkyl-
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thioglycosides, acyl sugars, sulphobetaines, betains, poly-
oxyethylenealkylethers, N,N-dialkyl-Glucamides,
Hecameg, alkylphenoxy-polyethoxyethanols, quaternary
ammonium compounds, sarcosyl, CTABs (cetyl trimethyl
ammonium bromides), tri-N-butyl phosphate, Cetavlon,
myristyltrimethylammonium  salts, lipofectin, lipo-
fectamine, and DOT-MA, the octyl- or nonylphenoxy poly-
oxyethanols (e.g., the Triton surfactants, such as Triton
X-100 or Triton N101), polyoxyethylene sorbitan esters (the
Tween surfactants), polyoxyethylene ethers, polyoxyethlene
esters, etc. One exemplary splitting procedure can use the
consecutive effects of sodium deoxycholate and formalde-
hyde, and splitting can take place during initial virion
purification (e.g., in a sucrose density gradient solution).
Thus a splitting process can involve clarification of the
virion-containing material (to remove non-virion material),
concentration of the harvested virions (e.g., using an adsorp-
tion method, such as CaHP04 adsorption), separation of
whole virions from non-virion material, splitting of virions
using a splitting agent in a density gradient centrifugation
step (e.g., using a sucrose gradient that contains a splitting
agent such as sodium deoxycholate), and then filtration (e.g.,
ultrafiltration) to remove undesired materials. Split virions
can usefully be resuspended in sodium phosphate-buffered
isotonic sodium chloride solution. The BEGRIVACT™,
FLUARIX™, FLUZONE™, and FLUSHIELD™ products
are split vaccines.

[0208] Purified surface antigen vaccines can comprise the
influenza surface antigens haemagglutinin and, typically,
also neuraminidase. Processes for preparing these proteins
in purified form are well known in the art. The FLUVI-
RIN™, AGRIPPAL™, and INFLUVAC™ products are
examples.

[0209] Vaccine based on inactivated virus can include the
virosome (nucleic acid free viral-like liposomal particles).
Virosomes can be prepared by solubilization of influenza
virus with a detergent followed by removal of the nucleo-
capsid and reconstitution of the membrane containing the
viral glycoproteins. Virosomes can also be prepared by
adding viral membrane glycoproteins to excess amounts of
phospholipids, to yield liposomes with viral proteins in their
membrane.

[0210]

[0211] Provided herein is a pharmaceutical composition
that can be used to provide immunity against influenza virus
infection. In certain aspects of the disclosure, the pharma-
ceutical composition can be a vaccine.

[0212] A composition can comprise one or more polypep-
tides, nucleic acids, proteins (e.g., antibodies or fragments
thereof), APCs, or viruses described herein, or a combina-
tion thereof, and a pharmaceutically acceptable excipient. In
some embodiments, a composition can further comprise
carriers for the polypeptide, polynucleotide, or vector. A
composition can further comprise a preservative. In some
cases, a composition can further comprise other reagents to
maintain appropriate physical or chemical properties, such
as, but not limited to, salt concentration, osmolality, pH,
hydrophobility/hydrophility, and solubility. A composition
can further comprise appropriate penetration enhancer for
enhanced delivery. A composition can further comprise
appropriate adjuvant(s) that can enhance the immunogenic-
ity of the polypeptide, polynucleotide, or vector.

Pharmaceutical Composition and Administration
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[0213]

[0214] A composition provided herein, e.g., a vaccine, can
be formulated based, in part, on the intended route of
administration of the composition. The composition, e.g.,
vaccine, can comprise one or more active agents, such as one
or more peptides, nucleic acids, proteins (e.g., antibodies or
fragments thereof), APCs, viruses described herein, or a
combination thereof. A composition comprising one or more
active agents in combination with one or more adjuvants can
be formulated in conventional manner using one or more
physiologically acceptable carriers, comprising excipients,
diluents, and/or auxiliaries, e.g., which facilitate processing
of the one or more active agents into preparations that can
be administered. The one or more active agents described
herein can be delivered to a subject using a number of routes
or modes of administration described herein, e.g., oral,
buccal, topical, rectal, transdermal, transmucosal, subcuta-
neous, intravenous, and intramuscular applications, as well
as by inhalation.

[0215] A composition described herein, e.g., a vaccine,
can be a liquid preparation such as a suspension, syrup, or
elixir. The composition, e.g., vaccine, can also be a prepa-
ration for parenteral, subcutaneous, intradermal, intramus-
cular, or intravenous administration (e.g., injectable admin-
istration), such as a sterile suspension or emulsion. In some
cases, aqueous solutions can be packaged for use as is, or
lyophilized, and the lyophilized preparation being combined
with a sterile solution prior to administration. The compo-
sition, e.g., vaccine, can be delivered as a solution or as a
suspension. In general, formulations such as jellies, creams,
lotions, suppositories and ointments can provide an area
with more extended exposure to one or more active agents,
while formulations in solution, e.g., sprays, can provide
more immediate, short-term exposure.

[0216] Formulations for Inhalation (e.g., Nasal Adminis-
tration or Oral Inhalation)

[0217] A composition described herein, e.g., a vaccine,
can be formulated for administration via the nasal passages
of a subject. Formulations suitable for nasal administration,
wherein the carrier is a solid, can include a coarse powder
having a particle size, for example, in the range of about 10
to about 500 microns which can be administered in the
manner in which snuff is taken, e.g., by rapid inhalation
through the nasal passage from a container of the powder
held close up to the nose. The formulation can be a nasal
spray, nasal drops, or by aerosol administration by nebulizer.
The formulation can include aqueous or oily solutions of the
vaccine.

[0218] A composition provided herein, e.g., a vaccine, can
be formulated as an aerosol formulation. The aerosol for-
mulation can be, e.g., an acrosol solution, suspension or dry
powder. The aerosol can be administered through the respi-
ratory system or nasal passages. For example, the compo-
sition can be suspended or dissolved in an appropriate
carrier, e.g., a pharmaceutically acceptable propellant, and
administered directly into the lungs using a nasal spray or
inhalant. For example, an aerosol formulation comprising
one or more active agents can be dissolved, suspended or
emulsified in a propellant or a mixture of solvent and
propellant, e.g., for administration as a nasal spray or
inhalant. The aerosol formulation can contain any accept-
able propellant under pressure, such as a cosmetically or
dermatologically or pharmaceutically acceptable propellant.

Formulations
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[0219] An aerosol formulation for nasal administration
can be an aqueous solution designed to be administered to
the nasal passages in drops or sprays. Nasal solutions can be
similar to nasal secretions in that they can be isotonic and
slightly buffered to maintain a pH of about 5.5 to about 6.5.
In some cases, pH values outside of this range can be used.
Antimicrobial agents or preservatives can also be included
in the formulation.

[0220] An aerosol formulation for inhalation can be
designed so that one or more active agents are carried into
the respiratory system of the subject when administered by
the nasal or oral respiratory route. Inhalation solutions can
be administered, for example, by a nebulizer. Inhalations or
insufflations, comprising finely powdered or liquid drugs,
can be delivered to the respiratory system as a pharmaceu-
tical aerosol of a solution or suspension of the agent or
combination of agents in a propellant, e.g., to aid in dis-
bursement. Propellants can be liquefied gases, including
halocarbons, for example, fluorocarbons such as fluorinated
chlorinated hydrocarbons, hydrochlorofluorocarbons, and
hydrochlorocarbons, as well as hydrocarbons and hydrocar-
bon ethers.

[0221] Halocarbon propellants can include fluorocarbon
propellants in which all hydrogens are replaced with fluo-
rine, chlorofluorocarbon propellants in which all hydrogens
are replaced with chlorine and at least one fluorine, hydro-
gen-containing fluorocarbon propellants, and hydrogen-con-
taining chlorofluorocarbon propellants. Hydrocarbon pro-
pellants can include, for example, propane, isobutane,
n-butane, pentane, isopentane, and neopentane. A blend of
hydrocarbons can also be used as a propellant. Ether pro-
pellants include, for example, dimethyl ether as well as
ethers. An aerosol formulation can also comprise more than
one propellant. For example, the aerosol formulation can
comprise more than one propellant from the same class, such
as two or more fluorocarbons; or more than one, more than
two, more than three propellants from different classes, such
as a fluorohydrocarbon and a hydrocarbon. A composition
described herein, e.g., vaccine, can also be dispensed with a
compressed gas, e.g., an inert gas such as carbon dioxide,
nitrous oxide, or nitrogen.

[0222] The aerosol formulation can also include other
components, for example, ethanol, isopropanol, propylene
glycol, as well as surfactants or other components, such as
oils and detergents. These components can serve to stabilize
the formulation and/or lubricate valve components.

[0223] The aerosol formulation can be packaged under
pressure and can be formulated as an aerosol using solutions,
suspensions, emulsions, powders, and semisolid prepara-
tions. For example, a solution aerosol formulation can
comprise a solution of an active agent such in (substantially)
pure propellant or as a mixture of propellant and solvent.
The solvent can be used to dissolve one or more active
agents and/or retard the evaporation of the propellant. Sol-
vents can include, for example, water, ethanol, and glycols.
Any combination of suitable solvents can be use, optionally
combined with preservatives, antioxidants, and/or other
aerosol components.

[0224] An aerosol formulation can be a dispersion or
suspension. A suspension aerosol formulation can comprise
a suspension of one or more active agents, e.g., peptides, and
a dispersing agent. Dispersing agents can include, for
example, sorbitan trioleate, oleyl alcohol, oleic acid, leci-
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thin, and corn oil. A suspension aerosol formulation can also
include lubricants, preservatives, antioxidant, and/or other
aerosol components.

[0225] An aerosol formulation can similarly be formulated
as an emulsion. An emulsion aerosol formulation can
include, for example, an alcohol such as ethanol, a surfac-
tant, water, and a propellant, as well as an active agent or
combination of active agents, e.g., one or more peptides. The
surfactant used can be nonionic, anionic, or cationic. One
example of an emulsion aerosol formulation comprises, for
example, ethanol, surfactant, water, and propellant. Another
example of an emulsion aerosol formulation comprises, for
example, vegetable oil, glyceryl monostearate, and propane.
[0226] Formulations for Parenteral Administration
[0227] A composition, e.g., vaccine, comprising one or
more active agents can be formulated for parenteral admin-
istration and can be presented in unit dose form in ampoules,
pre-filled syringes, small volume infusion or in multi-dose
containers with an added preservative. The composition can
take such forms as suspensions, solutions, or emulsions in
oily or aqueous vehicles, for example solutions in aqueous
polyethylene glycol.

[0228] For injectable formulations, a vehicle can be cho-
sen from those known in the art to be suitable, including
aqueous solutions or oil suspensions, or emulsions, with
sesame oil, corn oil, cottonseed oil, or peanut oil, as well as
elixirs, mannitol, dextrose, or a sterile aqueous solution, and
similar pharmaceutical vehicles. The formulation can also
comprise polymer compositions which are biocompatible,
biodegradable, such as poly(lactic-co-glycolic)acid. These
materials can be made into micro or nanospheres, loaded
with drug and further coated or derivatized to provide
superior sustained release performance. Vehicles suitable for
periocular or intraocular injection include, for example,
suspensions of active agent in injection grade water, lipo-
somes, and vehicles suitable for lipophilic substances and
those known in the art.

[0229] Parenteral injection can include subcutaneous,
intramuscular, intravenous, intraperitoneal, and intracardiac
administration. A subcutaneous administration can be
administered as a bolus into the subcutis. Subcutaneous
injection sites on a human subject can include the outer area
of the upper arm, abdomen, the front of the thigh, the upper
back, the upper area of the buttock. Intramuscular adminis-
tration can be an injection directly into muscle. Intramus-
cular injection sites can include deltoid, dorsogluteal, rectus
femoris, vastus lateralis and ventrogluteal muscles. Intrave-
nous administration can be delivery of a liquid formulation
directly into a vein. Intravenous administration can be
applied on a peripheral vein (e.g. the veins in the arms,
hands, legs, and feet) or a central vein (e.g. superior vena
cava, inferior vena cava, and the right atrium of the heart).
Intraperitoneal administration can be injection into the peri-
toneum. Intracardiac administration can be injection directly
into heart muscles or ventricles.

[0230] Sometimes, the composition, e.g., vaccine, can be
formulated for intravenous administration to mammalian
subjects, like human beings. The composition, e.g., vaccine,
for intravenous administration can be a solution in sterile
isotonic aqueous buffer. In some cases, the composition,
e.g., vaccine, can include a solubilizing agent and a local
anesthetic such as lidocaine to ease pain at the site of the
injection. The ingredients can be supplied either separately
or mixed together in unit dosage form, for example, as a dry
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lyophilized powder or water free concentrate in a hermeti-
cally sealed container such as an ampoule or sachette
indicating the quantity of active agent. Where the compo-
sition is to be administered by infusion, it can be dispensed
with an infusion bottle containing sterile pharmaceutical
grade water or saline. Where the composition is adminis-
tered by injection, an ampoule of sterile water for injection
or saline can be provided so that the ingredients can be
mixed prior to administration.

[0231] When administration is by injection, a composi-
tion, e.g., vaccine, comprising one or more active agents can
be formulated in aqueous solutions, specifically in physi-
ologically compatible buffers such as Hanks solution, Ring-
er’s solution, or physiological saline buffer. The solution can
contain formulatory agents such as suspending, stabilizing,
and/or dispersing agents. Alternatively, the one or more
active agents can be in powder form for constitution with a
suitable vehicle, e.g., sterile pyrogen-free water, before use.
In another embodiment, the composition, e.g., vaccine, does
not comprise an adjuvant or any other substance added to
enhance the immune response stimulated by the active
agent. In another embodiment, the composition, e.g., vac-
cine, can comprise a substance that inhibits an immune
response to the one or more active agents.

[0232] In some embodiments, one or more active agents
are formulated as a depot preparation. Such long acting
formulations can be administered by implantation or trans-
cutaneous delivery (e.g., subcutaneously or intramuscu-
larly), intramuscular injection or use of a transdermal patch.
Thus, for example, one or more active agents can be
formulated with suitable polymeric or hydrophobic materi-
als (e.g., as an emulsion in an acceptable oil) or ion exchange
resins, or as sparingly soluble derivatives, for example, as a
sparingly soluble salt.

[0233] Formulations for Topical Administration

[0234] In certain aspects of the disclosure, a composition
provided herein, e.g., a vaccine, can comprise one or more
agents that exert local and regional effects when adminis-
tered topically or injected at or near particular sites of
infection. Direct topical application, e.g., of a viscous liquid,
solution, suspension, dimethylsulfoxide (DMSO)-based
solutions, liposomal formulations, gel, jelly, cream, lotion,
ointment, suppository, foam, or aerosol spray, can be used
for local administration, to produce for example local and/or
regional effects. Pharmaceutically appropriate vehicles for
such formulation include, for example, lower aliphatic alco-
hols, polyglycols (e.g., glycerol or polyethylene glycol),
esters of fatty acids, oils, fats, silicones, and the like. Such
preparations can also include preservatives (e.g., p-hydroxy-
benzoic acid esters) and/or antioxidants (e.g., ascorbic acid
and tocopherol). In some embodiments, local/topical formu-
lations comprising one or more active agents are used to
treat epidermal or mucosal viral infections.

[0235] A composition provided herein, e.g., a vaccine, can
contain a dermatologically acceptable carrier. Such carriers
are compatible with skin, nails, mucous membranes, tissues,
and/or hair, and can include any dermatological carrier
meeting these requirements. Such carriers can be readily
selected by one of ordinary skill in the art. In formulating
skin ointments, one or more agents can be formulated in an
oleaginous hydrocarbon base, an anhydrous absorption base,
a water-in-oil absorption base, an oil-in-water water-remov-
able base and/or a water-soluble base. Examples of such
carriers and excipients include humectants (e.g., urea), gly-
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cols (e.g., propylene glycol), alcohols (e.g., ethanol), fatty
acids (e.g., oleic acid), surfactants (e.g., isopropyl myristate
and sodium lauryl sulfate), pyrrolidones, glycerol monolau-
rate, sulfoxides, terpenes (e.g., menthol), amines, amides,
alkanes, alkanols, water, calcium carbonate, calcium phos-
phate, various sugars, starches, cellulose derivatives, gelatin,
and polymers such as polyethylene glycols.

[0236] Ointments and creams can, for example, be formu-
lated with an aqueous or oily base with the addition of
suitable thickening and/or gelling agents. Lotions can be
formulated with an aqueous or oily base and will in general
also containing one or more emulsifying agents, stabilizing
agents, dispersing agents, suspending agents, thickening
agents, or coloring agents. The construction and use of
transdermal patches for the delivery of pharmaceutical
agents is known in the art. Such patches can be constructed
for continuous, pulsatile, or on demand delivery of pharma-
ceutical agents.

[0237] Lubricants which can be used to form compositions
and dosage forms can include calcium stearate, magnesium
stearate, mineral oil, light mineral oil, glycerin, sorbitol,
mannitol, polyethylene glycol, other glycols, stearic acid,
sodium lauryl sulfate, tale, hydrogenated vegetable oil (e.g.,
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive
oil, corn oil, and soybean oil), zinc stearate, ethyl oleate,
ethyl laureate, agar, or mixtures thereof. Additional lubri-
cants include, for example, a syloid silica gel, a coagulated
aerosol of synthetic silica, or mixtures thereof. A lubricant
can optionally be added, in an amount of less than about 1
weight percent of the composition.

[0238] A composition provided herein, e.g., a vaccine, can
be in any form suitable for topical application, including
aqueous, aqueous-alcoholic or oily solutions, lotion or
serum dispersions, aqueous, anhydrous or oily gels, emul-
sions obtained by dispersion of a fatty phase in an aqueous
phase (O/W or oil in water) or, conversely, (W/O or water in
oil), microemulsions or alternatively microcapsules,
microparticles or lipid vesicle dispersions of ionic and/or
nonionic type. Other than the one or more active agents, the
amounts of the various constituents of the compositions
provided herein can be those used in the art. These compo-
sitions can constitute protection, treatment or care creams,
milks, lotions, gels or foams for the face, for the hands, for
the body and/or for the mucous membranes, or for cleansing
the skin. The compositions can also consist of solid prepa-
rations constituting soaps or cleansing bars.

[0239] A composition provided herein, e.g., a vaccine, for
local/topical application can include one or more antimicro-
bial preservatives such as quaternary ammonium com-
pounds, organic mercurials, p-hydroxy benzoates, aromatic
alcohols, chlorobutanol, and the like.

[0240] Formulations for Oral Administration

[0241] Sometimes, a composition provided herein, e.g., a
vaccine, can be formulated for oral administration.

[0242] For oral administration, a composition as provided
herein can be formulated readily by combining the one or
more active agents with pharmaceutically acceptable carri-
ers known in the art. Such carriers enable active agents to be
formulated as tablets, including chewable tablets, pills,
dragees, capsules, lozenges, hard candy, liquids, gels, syr-
ups, slurries, powders, suspensions, elixirs, wafers, and the
like, for oral ingestion by a patient to be treated. Such
formulations can comprise pharmaceutically acceptable car-
riers including solid diluents or fillers, sterile aqueous media

Dec. 28, 2023

and various non-toxic organic solvents. A solid carrier can
be one or more substances which can also act as diluents,
flavoring agents, solubilizers, lubricants, suspending agents,
binders, preservatives, tablet disintegrating agents, or an
encapsulating material. In powders, the carrier can be a
finely divided solid which is a mixture with the finely
divided active component. In tablets, the active component
generally is mixed with the carrier having the desired
binding capacity in suitable proportions and compacted in
the shape and size desired. The powders and tablets can
contain from about one (1) to about seventy (70) percent of
the one or more active agents. Suitable carriers include but
are not limited to magnesium carbonate, magnesium stear-
ate, tale, sugar, lactose, pectin, dextrin, starch, gelatin,
tragacanth, methylcellulose, sodium carboxymethylcellu-
lose, a low melting wax, cocoa butter, and the like. Gener-
ally, the one or more active agents can be included at
concentration levels ranging from about 0.5%, about 5%,
about 10%, about 20%, or about 30% to about 50%, about
60%, about 70%, about 80%, or about 90% by weight of the
total composition of oral dosage forms, in an amount suf-
ficient to provide a desired unit of dosage.

[0243] Aqueous suspensions for oral use can contain one
or more active agents with pharmaceutically acceptable
excipients, such as a suspending agent (e.g., methyl cellu-
lose), a wetting agent (e.g., lecithin, lysolecithin and/or a
long-chain fatty alcohol), as well as coloring agents, pre-
servatives, flavoring agents, and the like.

[0244] Oils or non-aqueous solvents can be required to
bring the one or more active agents into solution, due to, for
example, the presence of large lipophilic moieties. Alterna-
tively, emulsions, suspensions, or other preparations, for
example, liposomal preparations, can be used. With respect
to liposomal preparations, any known methods for preparing
liposomes for treatment of a condition can be used. Ligands
can also be attached to the liposomes to direct these com-
positions to particular sites of action.

[0245] Pharmaceutical preparations for oral use can be
obtained as a solid excipient, optionally grinding a resulting
mixture, and processing the mixture of granules, after add-
ing suitable auxiliaries, if desired, to obtain tablets or dragee
cores. Suitable excipients are, in particular, fillers such as
sugars, including lactose, sucrose, mannitol, or sorbitol;
flavoring elements, cellulose preparations such as, for
example, maize starch, wheat starch, rice starch, potato
starch, gelatin, gum tragacanth, methyl cellulose, hydroxy-
propylmethyl-cellulose, sodium carboxymethylcellulose,
and/or polyvinyl pyrrolidone (PVP). If desired, disintegrat-
ing agents can be added, such as the cross-linked polyvinyl
pyrrolidone, agar, or alginic acid or a salt thereof such as
sodium alginate. The agents can also be formulated as a
sustained release preparation.

[0246] Dragee cores can be provided with suitable coat-
ings. For this purpose, concentrated sugar solutions can be
used, which can optionally contain gum arabic, tale, poly-
vinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or
titanium dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyestuffs or pigments can be
added to the tablets or dragee coatings for identification or
to characterize different combinations of active agents.
[0247] Pharmaceutical preparations that can be used orally
include push-fit capsules made of gelatin, as well as soft,
sealed capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. The push-fit capsules can contain the
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active ingredients in admixture with filler such as lactose,
binders such as starches, and/or lubricants such as tale or
magnesium stearate and, optionally, stabilizers. In soft cap-
sules, the active agents can be dissolved or suspended in
suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilizers can be added.
All formulations for oral administration can be in dosages
suitable for administration.

[0248] Other forms suitable for oral administration
include liquid form preparations including emulsions, syr-
ups, elixirs, aqueous solutions, aqueous suspensions, or
solid form preparations which are intended to be converted
shortly before use to liquid form preparations. Emulsions
can be prepared in solutions, for example, in aqueous
propylene glycol solutions or can contain emulsifying
agents, for example, such as lecithin, sorbitan monooleate,
or acacia. Aqueous solutions can be prepared by dissolving
the active component in water and adding suitable colorants,
flavors, stabilizers, and thickening agents. Aqueous suspen-
sions can be prepared by dispersing the finely divided active
component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxym-
ethylcellulose, and other well-known suspending agents.
Suitable fillers or carriers with which the compositions can
be administered include agar, alcohol, fats, lactose, starch,
cellulose derivatives, polysaccharides, polyvinylpyrroli-
done, silica, sterile saline and the like, or mixtures thereof
used in suitable amounts. Solid form preparations include
solutions, suspensions, and emulsions, and can contain, in
addition to the active component, colorants, flavors, stabi-
lizers, buffers, artificial and natural sweeteners, dispersants,
thickeners, solubilizing agents, and the like.

[0249] A syrup or suspension can be made by adding the
active compound to a concentrated, aqueous solution of a
sugar, e.g., sucrose, to which can also be added any acces-
sory ingredients. Such accessory ingredients can include
flavoring, an agent to retard crystallization of the sugar or an
agent to increase the solubility of any other ingredient, e.g.,
as a polyhydric alcohol, for example, glycerol or sorbitol.

[0250] When formulating compounds for oral administra-
tion, it can be desirable to utilize gastroretentive formula-
tions to enhance absorption from the gastrointestinal (GI)
tract. A formulation which is retained in the stomach for
several hours can release an active agent slowly and provide
a sustained release that can be used herein. Expandable,
floating and bioadhesive techniques can be utilized to maxi-
mize absorption an active agent.

[0251] Formulations for Ophthalmic Administration

[0252] In some instances, a composition provided herein
can be administered through eyes, e.g. delivered in eye
drops. Eye drops can be prepared by dissolving the one or
more active agents in a sterile aqueous solution such as
physiological saline, buffering solution, etc., or by combin-
ing powder compositions to be dissolved before use. Other
vehicles can be chosen, as is known in the art, including but
not limited to: balance salt solution, saline solution, water
soluble poly ethers such as polyethyene glycol, polyvinyls,
such as polyvinyl alcohol and povidone, cellulose deriva-
tives such as methylcellulose and hydroxypropyl methylcel-
Iulose, petroleum derivatives such as mineral oil and white
petrolatum, animal fats such as lanolin, polymers of acrylic
acid such as carboxypolymethylene gel, vegetable fats such
as peanut oil and polysaccharides such as dextrans, and
glycosaminoglycans such as sodium hyaluronate. If desired,
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additives ordinarily used in the eye drops can be added. Such
additives include isotonizing agents (e.g., sodium chloride,
etc.), buffer agent (e.g., boric acid, sodium monohydrogen
phosphate, sodium dihydrogen phosphate, etc.), preserva-
tives (e.g., benzalkonium chloride, benzethonium chloride,
chlorobutanol, etc.), thickeners (e.g., saccharide such as
lactose, mannitol, maltose, etc.; e.g., hyaluronic acid or its
salt such as sodium hyaluronate, potassium hyaluronate,
etc.; e.g., mucopolysaccharide such as chondroitin sulfate,
etc.; e.g., sodium polyacrylate, carboxyvinyl polymer, cross-
linked polyacrylate, polyvinyl alcohol, polyvinyl pyrroli-
done, methyl cellulose, hydroxy propyl methylcellulose,
hydroxyethyl cellulose, carboxymethyl cellulose, hydroxy
propyl cellulose, or other agents known to those skilled in
the art).

[0253] Other Formulations

[0254] In some embodiments, a composition provided
herein is administered in otic solutions, suspensions, oint-
ments, or inserts. In some embodiments, a composition
described herein, e.g., a vaccine, is formulated for admin-
istration as a suppository. For example, a low melting wax,
such as a mixture of triglycerides, fatty acid glycerides,
Witepsol S55 (trademark of Dynamite Nobel Chemical,
Germany), or cocoa butter can be first melted and the active
component can be dispersed homogeneously, for example,
by stirring. The molten homogeneous mixture can then be
poured into convenient sized molds, allowed to cool, and to
solidify. In some embodiments, a composition described
herein, e.g., a vaccine, is formulated for vaginal adminis-
tration. In some cases, pessaries, tampons, creams, gels,
pastes, foams, or sprays contain one or compositions, e.g.,
vaccines described herein.

[0255] Ingredients, e.g., Carriers, Excipients

[0256] A composition provided herein, e.g., a vaccine, can
include one or more carriers and excipients (including but
not limited to buffers, carbohydrates, mannitol, proteins,
peptides or amino acids such as glycine, antioxidants, bac-
teriostats, chelating agents, suspending agents, thickening
agents and/or preservatives), water, oils including those of
petroleum, animal, vegetable or synthetic origin, such as
peanut oil, soybean oil, mineral oil, sesame oil and the like,
saline solutions, aqueous dextrose and glycerol solutions,
flavoring agents, coloring agents, detackifiers and other
acceptable additives, adjuvants, or binders, other pharma-
ceutically acceptable auxiliary substances as required to
approximate physiological conditions, such as pH buffering
agents, tonicity adjusting agents, emulsifying agents, wet-
ting agents and the like. Examples of excipients include
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour,
chalk, silica gel, sodium stearate, glycerol monostearate,
tale, sodium chloride, dried skim milk, glycerol, propylene,
glycol, water, ethanol, and the like. In another instance, the
composition is substantially free of preservatives. In other
embodiments, the composition, e.g., vaccine, contains at
least one preservative. General methodology on pharmaceu-
tical dosage forms can be found in Ansel et ah, Pharmaceu-
tical Dosage Forms and Drug Delivery Systems (Lippencott
Williams & Wilkins, Baltimore Md. (1999)). It will be
recognized that, while any suitable carrier known to those of
ordinary skill in the art can be employed to administer the
pharmaceutical compositions described herein, the type of
carrier can vary depending on the mode of administration.
Suitable formulations and additional carriers are described
in Remington “The Science and Practice of Pharmacy” (20
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Ed., Lippincott Williams & Wilkins, Baltimore Md.), the
teachings of which are incorporated by reference in their
entirety herein.

[0257)]

[0258] A composition provided herein, e.g., a vaccine, can
be encapsulated within liposomes. Biodegradable micro-
spheres can also be employed as carriers for the composi-
tion.

[0259] A composition provided herein, e.g., a vaccine, can
be administered in liposomes or microspheres (or micropar-
ticles). Methods for preparing liposomes and microspheres
for administration to a patient are known to those of skill in
the art. For example, U.S. Pat. No. 4,789,734, the contents
of which are hereby incorporated by reference, describes
methods for encapsulating biological materials in liposomes.
The material can be dissolved in an aqueous solution, the
appropriate phospholipids and lipids added, along with
surfactants if required, and the material dialyzed or soni-
cated, as desired. Microspheres formed of polymers or
proteins are known to those skilled in the art, and can be
tailored for passage through the gastrointestinal tract directly
into the blood stream. Alternatively, the compound can be
incorporated and the microspheres, or composite of micro-
spheres, implanted for slow release over a period of time
ranging from days to months.

[0260]

[0261] A composition provided herein, e.g., a vaccine, can
include material for a single administration (e.g., immuni-
zation), or can include material for multiple administrations
(e.g., immunizations) (e.g., a “multidose” kit). The compo-
sition, e.g., vaccine, can include one or more preservatives
such as thiomersal or 2-phenoxyethanol. In some embodi-
ments, the vaccine is substantially free from (e.g., <10
pg/ml) mercurial material e.g., thiomersal-free. In some
embodiments, a-Tocopherol succinate is used as an alterna-
tive to mercurial compounds. Preservatives can be used to
prevent microbial contamination during use. Suitable pre-
servatives include: benzalkonium chloride, thimerosal, chlo-
robutanol, methyl paraben, propyl paraben, phenylethyl
alcohol, edetate disodium, sorbic acid, Onamer M, or other
agents known to those skilled in the art. In ophthalmic
products, e.g., such preservatives can be employed at a level
of from 0.004% to 0.02%. In the compositions of the present
application the preservative, e.g., benzalkonium chloride,
can be employed at a level of from 0.001% to less than
0.01%, e.g., from 0.001% to 0.008%, preferably about
0.005% by weight. A concentration of benzalkonium chlo-
ride of 0.005% can be sufficient to preserve a composition
provided herein from microbial attack.

[0262] As an alternative (or in addition) to including a
preservative in multidose compositions, the composition,
e.g., vaccine, can be contained in a container having an
aseptic adaptor for removal of material.

[0263] Insome cases, a composition provided herein, e.g.,
a vaccine, can be sterile. The composition, e.g., vaccine, can
be non-pyrogenic e.g., containing <1 EU (endotoxin unit, a
standard measure) per dose, and can be <0.1 EU per dose.
The composition, e.g., vaccine, can be formulated as a sterile
solution or suspension, in suitable vehicles, known in the art.
The composition, e.g., vaccine, can be sterilized by conven-
tional, known sterilization techniques, e.g., the composition
can be sterile filtered.

Liposomes and Microspheres

Preservatives/Sterility
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[0264] Salts/Osmolality

[0265] In some embodiments, a composition provided
herein, e.g., vaccine, comprises one or more salts. For
controlling the tonicity, a physiological salt such as sodium
salt can be included a composition provided herein, e.g.,
vaccine. Other salts can include potassium chloride, potas-
sium dihydrogen phosphate, disodium phosphate, and/or
magnesium chloride, or the like. In some embodiments, the
composition, e.g., vaccine, is formulated with one or more
pharmaceutically acceptable salts. The one or more phar-
maceutically acceptable salts can include those of the inor-
ganic ions, such as, for example, sodium, potassium, cal-
cium, magnesium ions, and the like. Such salts can include
salts with inorganic or organic acids, such as hydrochloric
acid, hydrobromic acid, phosphoric acid, nitric acid, sulfuric
acid, methanesulfonic acid, p-toluenesulfonic acid, acetic
acid, fumaric acid, succinic acid, lactic acid, mandelic acid,
malic acid, citric acid, tartaric acid, or maleic acid. If an
active agent (e.g., polypeptide) contains a carboxy group or
other acidic group, it can be converted into a pharmaceuti-
cally acceptable addition salt with inorganic or organic
bases. Examples of suitable bases include sodium hydrox-
ide, potassium hydroxide, ammonia, cyclohexylamine, dicy-
clohexyl-amine, ethanolamine, diethanolamine, trietha-
nolamine, and the like.

[0266] A composition, e.g., vaccine, can have an osmola-
lity of between 200 mOsm/kg and 400 mOsm/kg, between
240-360 mOsm/kg, or within the range of 290-310 mOsm/

kg.
[0267] Buffers/pH
[0268] A composition provided herein, e.g., vaccine, can

comprise one or more buffers, such as a Tris buffer; a borate
buffer; a succinate buffer; a histidine buffer (e.g., with an
aluminum hydroxide adjuvant); or a citrate buffer. Buffers,
in some cases, are included in the 5-20 mM range.

[0269] A composition provided herein, e.g., vaccine, has a
pH between about 5.0 and about 8.5, between about 6.0 and
about 8.0, between about 6.5 and about 7.5, or between
about 7.0 and about 7.8.

[0270] Detergents/Surfactants

[0271] A composition provided herein, e.g., vaccine,
includes one or more detergents and/or surfactants, e.g.,
polyoxyethylene sorbitan esters surfactants (commonly
referred to as “Tweens”), e.g., polysorbate 20 and polysor-
bate 80; copolymers of ethylene oxide (EO), propylene
oxide (PO), and/or butylene oxide (BO), sold under the
DOWFAX™ tradename, such as linear EO/PO block copo-
lymers; octoxynols, which can vary in the number of repeat-
ing ethoxy (oxy-1,2-ethanediyl) groups, e.g., octoxynol-9
(Triton X-100, or t-octylphenoxypolyethoxyethanol); (oc-
tylphenoxy)polyethoxyethanol (IGEPALL CA-630/NP-40);
phospholipids such as phosphatidylcholine (lecithin); non-
ylphenol ethoxylates, such as the Tergitol™ NP series;
polyoxyethylene fatty ethers derived from lauryl, cetyl,
stearyl and oleyl alcohols (known as Brij surfactants), such
as triethyleneglycol monolauryl ether (Brij 30); and sorbitan
esters (commonly known as “SPANs”), such as sorbitan
trioleate (Span 85) and sorbitan monolaurate, an octoxynol
(such as octoxynol-9 (Triton X-100) or t-octylphenoxypoly-
ethoxyethanol), a cetyl trimethyl ammonium bromide
(“CTAB”), or sodium deoxycholate, particularly for a split
or surface antigen vaccine. The one or more detergents
and/or surfactants can be present only at trace amounts. In
some cases, the composition, e.g., vaccine, can include less
than 1 mg/ml of each of octoxynol-10 and polysorbate 80.
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Non-ionic surfactants can be used herein. Surfactants can be
classified by their “HLB” (hydrophile/lipophile balance). In
some cases, surfactants have a HLB of at least 10, at least 15,
and/or at least 16.

[0272] In some embodiments, mixtures of surfactants is
used in a composition e.g., vaccine, e.g., Tween 80/Span 85
mixtures. A combination of a polyoxyethylene sorbitan ester
and an octoxynol can also be suitable. Another combination
can comprise laureth 9 plus a polyoxyethylene sorbitan ester
and/or an octoxynol. The amounts of surfactants (% by
weight) can be: polyoxyethylene sorbitan esters (such as
Tween 80) 0.01 to 1%, in particular about 0.1%; octyl- or
nonylphenoxy polyoxyethanols (such as Triton X-100, or
other detergents in the Triton series) 0.001 to 0.1%, in
particular 0.005 to 0.02%; polyoxyethylene ethers (such as
laureth 9) 0.1 to 20%, preferably 0.1 to 10% and in particular
0.1 to 1% or about 0.5%.

[0273] Adjuvants

[0274] A composition provided herein, e.g., vaccine, can
comprise one or more adjuvants. An adjuvant can be used to
enhance the immune response (humoral and/or cellular)
elicited in a subject receiving the vaccine. Sometimes, an
adjuvant can elicit a Thl-type response. In some cases, an
adjuvant can elicit a Th2-type response. A Thl-type
response can be characterized by the production of cytokines
such as IFN-y as opposed to a Th2-type response which can
be characterized by the production of cytokines such as I11.-4,
IL-5, and IL-10.

[0275] Lipid-based adjuvants, such as MPL and MDP, can
be used with a composition, e.g., vaccine, disclosed herein.
Monophosphoryl lipid A (MPL), for example, is an adjuvant
that can cause increased presentation of liposomal antigen to
specific T Lymphocytes. In addition, a muramyl dipeptide
(MDP) can also be used as a suitable adjuvant in conjunction
with a composition, e.g., vaccine, described herein.

[0276] Adjuvant can also comprise stimulatory molecules
such as cytokines. Non-limiting examples of cytokines
include: CCL.20, a-interferon (IFN-a), f-interferon (IFN-f),
y-interferon, platelet derived growth factor (PDGF), TNFa,
TNFp, GM-CSF, epidermal growth factor (EGF), cutaneous
T cell-attracting chemokine (CTACK), epithelial thymus-
expressed chemokine (TECK), mucosae-associated epithe-
lial chemokine (MEC), IL-12, IL-15, 1IL-28, MHC, CD80,
CD86, IL-1, IL-2, IL-4, IL-5, IL-6, IL-10, IL-18, MCP-1,
MIP-la, MIP-1-, IL-8, L-selectin, P-selectin, E-selectin,
CD34, GlyCAM-1, MadCAM-1, LFA-1, VLA-1, Mac-1,
p150.95, PECAM, ICAM-1, ICAM-2, ICAM-3, CD2, LFA-
3, M-CSF, G-CSF, mutant forms of IL-18, CD40, CD40L,
vascular growth factor, fibroblast growth factor, IL-7, nerve
growth factor, vascular endothelial growth factor, Fas, TNF
receptor, Fit, Apo-1, p55, WSL-1, DR3, TRAMP, Apo-3,
AIR, LARD, NGRF, DR4, DRS, KILLER, TRAIL-R2,
TRICK2, DR6, Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2,
p38, p65Rel, MyD88, IRAK, TRAF6, IkB, Inactive NIK,
SAP K, SAP-I, INK, interferon response genes, NFkB, Bax,
TRAIL, TRAILrec, TRAILrecDRC 5, TRAIL-R3, TRAIL-
R4, RANK, RANK LIGAND, Ox40, Ox40 LIGAND,
NKG2D, MICA, MICB, NKG2A, NKG2B, NKG2C,
NKG2E, NKG2F, TAPI, and TAP2.

[0277] Additional adjuvants can include: MCP-1, MIP-la,
MIP-1p, IL-8, RANTES, L-selectin, P-selectin, E-selectin,
CD34, GlyCAM-1, MadCAM-1, LFA-1, VLA-1, Mac-1,
p150.95, PECAM, ICAM-1, ICAM-2, ICAM-3, CD2, LFA-
3, M-CSF, G-CSF, IL-4, mutant forms of IL-18, CD40,
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CDA40L, vascular growth factor, fibroblast growth factor,
1IL-7, 1L-22, nerve growth factor, vascular endothelial
growth factor, Fas, TNF receptor, Fit, Apo-1, pS5, WSL-1,
DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4, DRS,
KILLER, TRAIL-R2, TRICK2, DR6, Caspase ICE, Fos,
c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel, MyDS88, IRAK,
TRAF6, IkB, Inactive NIK, SAP K, SAP-1, JNK, interferon
response genes, NFkB, Bax, TRAIL, TRAILrec, TRAIL-
recDRC5, TRAIL-R3, TRAIL-R4, RANK, RANK
LIGAND, 0x40, Ox40 LIGAND, NKG2D, MICA, MICB,
NKG2A, NKG2B, NKG2C, NKG2E, NKG2F, TAPI, TAP2
and functional fragments thereof.

[0278] In some cases, the one or more adjuvants can be a
modulator of a toll like receptor. Examples of modulators of
toll-like receptors include TLLR-9 agonists and TL.R-2 ago-
nists and are not limited to small molecule modulators of
toll-like receptors such as Imiquimod (R837). Other
examples of adjuvants that can be used a composition
described herein, e.g., a vaccine, include saponin, CpG ODN
and the like.

[0279] In some cases, the one or more adjuvants is
selected from bacteria toxoids, polyoxypropylene-polyoxy-
ethylene block polymers, aluminum salts, liposomes, CpG
polymers, oil-in-water emulsions, or a combination thereof.
[0280] Sometimes, the one or more adjuvants can be based
on aluminum salts (alum) or derivatives thereof. Exemplary
Alums can comprise aluminum hydroxide, aluminum phos-
phate, potassium aluminum sulfate, sodium aluminum sul-
fate, ammonium aluminum sulfate, cesium aluminum sul-
fate, or a mixture of aluminum and magnesium hydroxide.
Alum can also comprise crystalline aluminum oxyhydroxide
(AIOOH). Sometimes, AIOOH adjuvants can compose of
nanolength scale plate-like primary particles that form
aggregates, representing the functional subunits in the mate-
rial. These aggregates can be porous and can have irregular
shapes that range from about 1 to about 20 pm in diameter.
Upon mixing with antigen, the aggregates can be broken into
smaller fragments that can reaggregate to distribute the
absorbed antigen throughout the vaccine. In some embodi-
ments, the adjuvant comprises ordered rod-like AIO(OH)
nanoparticles.

[0281] In some embodiments, the one or more adjuvants
are an oil-in-water emulsion. The oil-in-water emulsion can
include at least one oil and at least one surfactant, with the
0il(s) and surfactant(s) being biodegradable and biocompat-
ible. The oil droplets in the emulsion can be less than 5 um
in diameter, and can even have a sub-micron diameter, with
these small sizes being achieved with a microfluidiser to
provide stable emulsions. Droplets with a size less than 220
nm can be preferred as they can be subjected to filter
sterilization.

[0282] The oils used can include such as those from an
animal (such as fish) or vegetable source. Sources for
vegetable oils can include nuts, seeds, and grains. Peanut oil,
soybean oil, coconut oil, and olive oil, the most commonly
available, exemplify the nut oils. Jojoba oil can be used e.g.,
obtained from the jojoba bean. Seed oils include safflower
oil, cottonseed oil, sunflower seed oil, sesame seed oil, etc.
The grain group can include: corn oil and oils of other cereal
grains such as wheat, oats, rye, rice, teff, triticale, and the
like. 6-10 carbon fatty acid esters of glycerol and 1,2-
propanediol, while not occurring naturally in seed oils, can
be prepared by hydrolysis, separation and esterification of
the appropriate materials starting from the nut and seed oils.
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Fats and oils from mammalian milk can be metabolizable
and can be used in with the compositions, e.g., vaccines
described herein. The procedures for separation, purifica-
tion, saponification, and other means for obtaining pure oils
from animal sources are known in the art. Fish can contain
metabolizable oils which can be readily recovered. For
example, cod liver oil, shark liver oils, and whale oil such as
spermaceti can exemplify several of the fish oils which can
be used herein. A number of branched chain oils can be
synthesized biochemically in 5-carbon isoprene units and
can be generally referred to as terpenoids. Shark liver oil
contains a branched, unsaturated terpenoid known as
squalene, 2,6,10,15,19,23-hexamethyl-2,6,10,14,18,22-tet-
racosahexaene. Squalane, the saturated analog to squalene,
can also be used. Fish oils, including squalene and squalane,
can be readily available from commercial sources or can be
obtained by methods known in the art.

[0283] Other useful oils include tocopherols, which can be
included in a composition described herein, e.g., a vaccine,
for use in elderly patients (e.g., aged 60 years or older), as
vitamin E can have a positive effect on the immune response
in this subject group. Further, tocopherols can have antioxi-
dant properties that can help to stabilize the emulsions.
Various tocopherols exist (a, B, y, 8, € or £); in some cases,
a is used. An example of a-tocopherol is DL-a-tocopherol.
a-tocopherol succinate can be compatible with compositions
provided herein, e.g., influenza vaccines, and can be a useful
preservative as an alternative to mercurial compounds. In
some embodiments, mixtures of oils can be used e.g.,
squalene and a-tocopherol. An oil content in the range of
2-20% (by volume) can be used.

[0284] Specific oil-in-water emulsion adjuvants include,
e.g., a submicron emulsion of squalene, polysorbate 80, and
sorbitan trioleate. The composition of the emulsion by
volume can be about 5% squalene, about 0.5% polysorbate
80 and about 0.5% Span 85. In weight terms, these ratios
become 4.3% squalene, 0.5% polysorbate 80 and 0.48%
Span 85. This adjuvant is known as “MF59”. The MF59
emulsion advantageously includes citrate ions e.g., 10 mM
sodium citrate buffer.

[0285] An oil-in water emulsion can be a submicron
emulsion of squalene, a tocopherol, and polysorbate 80.
These emulsions can have from 2 to 10% squalene, from 2
to 10% tocopherol and from 0.3 to 3% polysorbate 80, and
the weight ratio of squalene:tocopherol can be preferably <1
(e.g., 0.90) as this can provide a more stable emulsion.
Squalene and polysorbate 80 can be present at a volume ratio
of about 5:2 or at a weight ratio of about 11:5. One such
emulsion can be made by dissolving Tween 80 in PBS to
give a 2% solution, then mixing 90 ml of this solution with
a mixture of (5 g of DL-a-tocopherol and 5 ml squalene),
then microfluidising the mixture. The resulting emulsion has
submicron oil droplets e.g., with an average diameter of
between 100 and 250 nm, preferably about 180 nm. The
emulsion may also include a 3-de-O-acylated monophos-
phoryl lipid A (3d-MPL). Another useful emulsion of this
type can comprise, per human dose, 0.5-10 mg squalene,
0.5-11 mg tocopherol, and 0.1-4 mg polysorbate 80.
[0286] An oil-in water emulsion can be an emulsion of
squalene, a tocopherol, and a Triton detergent (e.g., Triton
X-100). The emulsion can also include a 3d-MPL (see
below). The emulsion can contain a phosphate buffer.

[0287] An oil-in water emulsion can be an emulsion
comprising a polysorbate (e.g., polysorbate 80), a Triton
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detergent (e.g., Triton X-100) and a tocopherol (e.g., an
a-tocopherol succinate). The emulsion can include these
three components at a mass ratio of about 75:11:10 (e.g., 750
w/ml polysorbate 80, 110 u/ml Triton X-100 and 100 pw/ml
a-tocopherol succinate), and these concentrations should
include any contribution of these components from antigens.
The emulsion can also include squalene. The emulsion can
also include a 3d-MPL. The aqueous phase can contain a
phosphate buffer.

[0288] An oil-in water emulsion can be an emulsion of
squalane, polysorbate 80, and poloxamer 401 (“Pluronic™
[.121”). The emulsion can be formulated in phosphate
buffered saline, pH 7.4. This emulsion can be a useful
delivery vehicle for muramyl dipeptides, and can be used
with threonyl-MDP in the “SAF-1" adjuvant (0.05-1% Thr-
MDP, 5% squalane, 2.5% Pluronic [.121 and 0.2% polysor-
bate 80). It can also be used without the Thr-MDP, as in the
“AF” adjuvant (5% squalane, 1.25% Pluronic L121 and
0.2% polysorbate 80).

[0289] An oil-in water emulsion can be an emulsion
comprising squalene, an aqueous solvent, a polyoxyethylene
alkyl ether hydrophilic nonionic surfactant (e.g., polyoxy-
ethylene (12) cetostearyl ether) and a hydrophobic nonionic
surfactant (e.g., a sorbitan ester or mannide ester, such as
sorbitan monoleate or “Span 80”). The emulsion can be
thermoreversible and/or has at least 90% of the oil droplets
(by volume) with a size less than 200 nm. The emulsion can
also include one or more of alditol; a cryoprotective agent
(e.g., a sugar, such as dodecylmaltoside and/or sucrose);
and/or an alkylpolyglycoside. The emulsion can include a
TLR4 agonist. Such emulsions can be lyophilized.

[0290] An oil-in water emulsion can be an emulsion of
squalene, poloxamer 105 and Abil-Care. The final concen-
tration (weight) of these components in adjuvanted vaccines
can be 5% squalene, 4% poloxamer 105 (pluronic polyol)
and 2% Abil-Care 85 (Bis-PEG/PPG-16/16 PEG/PPG-16/16
dimethicone; caprylic/capric triglyceride).

[0291] An oil-in water emulsion can be an emulsion
having from 0.5-50% of an oil, 0.1-10% of a phospholipid,
and 0.05-5% of a non-ionic surfactant. Phospholipid com-
ponents can include phosphatidylcholine, phosphatidyletha-
nolamine, phosphatidylserine, phosphatidylinositol, phos-
phatidylglycerol, phosphatidic acid, sphingomyelin, and
cardiolipin. Submicron droplet sizes can be advantageous.

[0292] An oil-in water emulsion can be a submicron
oil-in-water emulsion of a non-metabolisable oil (such as
light mineral oil) and at least one surfactant (such as lecithin,
Tween 80 or Span 80). Additives can include, QuilA
saponin, cholesterol, a saponin-lipophile conjugate (such as
GPI-Ol00, produced by addition of aliphatic amine to
desacylsaponin via the carboxyl group of glucuronic acid),
dimethyldioctadecylammonium bromide, and/or N,N-dioc-
tadecyl-N,N-bis (2-hydroxyethyl) propanediamine.

[0293] In some embodiments, a composition provided
herein, e.g., vaccine, contains adjuvants such as hydrophilic
or lipophilic gelling agents, hydrophilic or lipophilic active
agents, preserving agents, antioxidants, solvents, fragrances,
fillers, sunscreens, odor-absorbers, and dyestuffs. The
amounts of these various adjuvants can be those used in the
fields considered and, for example, are from about 0.01% to
about 20% of the total weight of the composition. Depend-
ing on their nature, these adjuvants can be introduced into a
fatty phase, into an aqueous phase and/or into lipid vesicles.
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[0294] A composition provided herein, e.g., a vaccine,
comprising one or more active agent such as a peptide, a
nucleic acid molecule, an antibody or fragments thereof, an
APC, and/or virus described herein, in combination with one
or more adjuvants, can be formulated to comprise certain
molar ratios. For example, molar ratios of about 99:1 to
about 1:99 of an active agent in combination with one or
more adjuvants can be used. In some embodiments, the
range of molar ratios of an active agent in combination with
one or more adjuvants can be selected from about 80:20 to
about 20:80; about 75:25 to about 25:75, about 70:30 to
about 30:70, about 66:33 to about 33:66, about 60:40 to
about 40:60; about 50:50; and about 90:10 to about 10:90.
The molar ratio of an active agent in combination with one
or more adjuvants can be about 1:9, and in some cases can
be about 1:1. The active agent such as a peptide or poly-
peptide, a nucleic acid molecule, an antibody or fragments
thereof, an APC, and/or virus described herein, in combi-
nation with one or more adjuvants can be formulated
together, in the same dosage unit e.g., in one vial, supposi-
tory, tablet, capsule, an aerosol spray; or each agent, form,
and/or compound can be formulated in separate units, e.g.,
two vials, suppositories, tablets, two capsules, a tablet and a
vial, an aerosol spray, and the like.

[0295] A composition provided herein, e.g., vaccine, can
comprise one or more adjuvants selected from the list Alum,
monophosphoryl lipid A (MPL), imiquimod (R837) (a small
synthetic antiviral molecule-TLR7 ligand), Pam2Cys, and
ordered rod-like AIO(OH) nanoparticles (Rod). In some
embodiments, a composition provided herein, e.g., vaccine,
comprises Alum. In some embodiments, a composition, e.g.,
vaccine, provided herein comprises Rod. In some embodi-
ments, a composition provided herein, e.g., vaccine, com-
prises Rod, MPL, and R837. In some embodiments, a
composition provided herein, e.g., vaccine, comprises MPL
and R837. In some embodiments, a composition provided
herein, e.g., vaccine, comprises Alum, MPL, and R837. In
some embodiments, a composition provided herein, e.g.,
vaccine, comprises Pam2Cys.

[0296] Additional Agents

[0297] A composition provided herein, e.g., a vaccine, can
be administered with an additional active agent. The choice
of the additional active agent can depend, at least in part, on
the condition being treated. The additional active agent can
include, for example, any active agent having a therapeutic
effect for a pathogen infection (e.g., viral infection), includ-
ing, e.g., drugs used to treat inflammatory conditions such as
an NSAID, e.g., ibuprofen, naproxen, acetaminophen, keto-
profen, or aspirin. In some embodiments, a formulation for
treating or preventing an influenza infection can contain one
or more conventional influenza antiviral agents, such as
Vitamin D, amantadine, arbidol, laninamivir, rimantadine,
zanamivir, peramivir, and oseltamivir. In treatments for
retroviral infections, such as HIV, formulations can contain
one or more conventional antiviral drugs, such as protease
inhibitors (lopinavir/ritonavir (Kaletra®), indinavir (Crixi-
van®), ritonavir (Norvir®), nelfmavir (Viracept®), saqui-
navir hard gel capsules (Invirase®), atazanavir (Reyataz®),
amprenavir (Agenerase®), fosamprenavir (TelzirR), tipra-
navir (Aptivus®)), reverse transcriptase inhibitors, includ-
ing non-Nucleoside and Nucleoside/nucleotide inhibitors
(AZT (zidovudine, RetrovirR), ddl (didanosine, VidexR),
3TC (lamivudine, Epivir®), d4T (stavudine, ZeritR),
abacavir (ZiagenR), FTC (emtricitabine, Emtriva®), teno-
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fovir (Viread®), efavirenz (Sustiva®) and nevirapine (Vira-
mune®)), fusion inhibitors T20 (enfuvirtide, FuzeonR),
integrase inhibitors (MK-0518 and GS-9137), and matura-
tion inhibitors (PA-457 (Bevirimat®)). As another example,
formulations can additionally contain one or more supple-
ments, such as vitamin C, vitamin E, and other vitamins and
anti-oxidants.

[0298] A composition provided herein, e.g., a vaccine, can
include one or more antibiotics (e.g., neomycin, kanamycin,
polymyxin B).

[0299] In some embodiments, the composition, e.g., a
vaccine, can be gluten free.

[0300] Co-Solvents

[0301] The solubility of the components of a composition
provided herein can be enhanced by a co-solvent in the
composition. Such co-solvents include polysorbate 20, 60,
and 80, Pluronic F68, F-84 and P-103, cyclodextrin, or other
agents known to those skilled in the art. Such co-solvents
can be employed at a level of from about 0.01% to 2% by

weight.
[0302] Penetration Enhancers
[0303] In some embodiments, a composition provided

herein, e.g., a vaccine, can include one or more penetration
enhancers. For example, the composition can comprise
suitable solid or gel phase carriers or excipients that increase
penetration or help delivery of agents or combinations of
agents across a permeability barrier, e.g., the skin. Examples
of penetration-enhancing compounds include, e.g., water,
alcohols (e.g., terpenes like methanol, ethanol, 2-propanol),
sulfoxides (e.g., dimethyl sulfoxide, decylmethyl sulfoxide,
tetradecylmethyl sulfoxide), pyrrolidones (e.g., 2-pyrroli-
done, N-methyl-2-pyrrolidone, N-(2-hydroxyethyl)pyrroli-
done), laurocapram, acetone, dimethylacetamide, dimethyl-
formamide, tetrahydrofurfuryl alcohol, L-ci-amino acids,
anionic, cationic, amphoteric or nonionic surfactants (e.g.,
isopropyl myristate and sodium lauryl sulfate), fatty acids,
fatty alcohols (e.g., oleic acid), amines, amides, clofibric
acid amides, hexamethylene lauramide, proteolytic
enzymes, a-bisabolol, d-limonene, urea and N,N-diethyl-m-
toluamide, and the like. Additional examples include humec-
tants (e.g., urea), glycols (e.g., propylene glycol and poly-
ethylene glycol), glycerol monolaurate, alkanes, alkanols,
ORGELASE, calcium carbonate, calcium phosphate, vari-
ous sugars, starches, cellulose derivatives, gelatin, and/or
other polymers. In some embodiments, the compositions
will include one or more such penetration enhancers.
[0304] Additives for Sustained Release Formulations
[0305] In some embodiments, one or more active agents
can be attached releasably to biocompatible polymers for
use in sustained release formulations on, in or attached to
inserts for topical, intraocular, periocular, or systemic
administration. The controlled release from a biocompatible
polymer can be utilized with a water soluble polymer to
form an instillable formulation. The controlled release from
a biocompatible polymer, such as PLGA microspheres or
nanospheres, can be utilized in a formulation suitable for
intra ocular implantation or injection for sustained release
administration. Any suitable biodegradable and biocompat-
ible polymer can be used.

[0306] Administration Routes

[0307] A composition described herein, e.g., a vaccine,
can be delivered via a variety of routes to a subject, e.g., a
human. Delivery routes can include oral (including buccal
and sublingual), rectal, nasal, topical, transdermal, transmu-
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cosal, pulmonary, vaginal, suppository, or parenteral (in-
cluding intramuscular, intra-arterial, intrathecal, intrader-
mal, intraperitoneal, subcutaneous and intravenous)
administration or in a form suitable for administration by
aerosolization, inhalation or insufflation. The composition,
e.g., vaccine, can be administered to muscle, or can be
administered via intradermal or subcutaneous injections, or
transdermally, such as by iontophoresis. The composition,
e.g., vaccine, can be delivered to a subject by epidermal
administration.

[0308] Therapeutic Regimens

[0309] A composition provided herein, e.g., a vaccine, can
be administered to a subject in a dosage volume of about 0.1,
0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.7, 0.8,
0.9, 1.0 mL, or more. A half dose, e.g., about 0.25 mL, can
be administered to a child. Sometimes the vaccine can be
administered in a higher dose, e.g., about 1 mL.

[0310] The composition, e.g., vaccine, can be adminis-
teredasal, 2,3,4,5 6,7, 8,9, 10, or more dose-course
regimen. Sometimes, the vaccine can be administered as a 2,
3, or 4 dose-course regimen. Sometimes the vaccine can be
administered as a 2 dose-course regimen.

[0311] The administration of the first dose and second
dose of the 2 dose-course regimen can be separated by about
0 day, 1 day, 2 days, 5 days, 7 days, 14 days, 21 days, 30
days, 2 months, 4 months, 6 months, 9 months, 1 year, 1.5
years, 2 years, 3 years, 4 years, 5 years, 10 years, 20 years,
or more. A composition described herein, e.g., vaccine, can
be administered to a subject once a year, twice a year, three
times a year, every 1,2,3,4,5,6,7, 8,9, 10, or more years.
Sometimes, the composition, e.g., vaccine, can be adminis-
tered to a subject every 2, 3, 4, 5, 6, 7, or more years.
Sometimes, the composition, e.g., vaccine, can be adminis-
tered every 4, 5, 6, 7, or more years. Sometimes, the
composition, e.g., vaccine, can be administered to a subject
once. Sometimes, the composition, e.g., vaccine, can be
taken by a subject as a multiple dose vaccine over a period
of time, e.g., a 2-dose vaccine wherein the second dose can
be taken 4-5 years after the first dose. In some cases, a
composition, e.g., vaccine, is administered at a time from
August to March, from September to February, from Octo-
ber to January, from November to December, e.g. in a region
in the North Hemisphere. In some cases, a composition, e.g.,
vaccine, is administered at a time from March to October,
from April to September, from May to August, from June to
July, e.g. in a region in the South Hemisphere.

[0312] The dosage examples are not limiting and are only
used to exemplify particular dosing regiments for adminis-
tering a composition, e.g., vaccine, described herein. In
some embodiments, a “therapeutically effective amount” for
use in a human can be determined from an animal model.
For example, a dose for a human can be formulated to
achieve circulating, liver, topical, and/or gastrointestinal
concentrations that have been found to be therapeutically
effective in an animal. Based on animal data, and other types
of similar data, those skilled in the art can determine a
therapeutically effective amount of a composition, e.g.,
vaccine, appropriate for administration to a human.

[0313] A composition described herein, e.g., a vaccine,
can be used to treat or prevent seasonal influenza or pan-
demic influenza. In some embodiments, the methods and
compositions described herein can target an influenza virus
subtype. Influenza A virus can be subtyped based on hemag-
glutinin (HA) and neuraminidase (N), two proteins
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expressed on the surface of the viral envelope. Influenza A
virus can display about 18 HA subtypes: H1, H2, H3, H4,
HS5, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, H16,
H17, and H18; and about eleven N subtypes: N1, N2, N3,
N4, N5, N6, N7, N8, N9, N10, and N11. Together, the HA
and N subtypes can be combined in any combination.
Non-limiting examples of the HA and N subtype combina-
tions that have been observed include: HIN1, HIN2, HIN7,
H2N2, H3N2, H3N8, H4N8, H5N1, HSN2, H5NS, HS5N9,
H6NS, H7N1, H7N2, H7N3, H7N4, H7N7, H7N9, H8N4,
HON2, H10N7, H11N6, H12N5, H13N6, and H14N5. In
some embodiments, the vaccines described herein can target
an influenza A virus that has a combination of the HA and
N subtypes disclosed herein. In some cases, the combination
can be represented by HxNy, wherein x represents any
HI-HI 8 subtypes, and y represents any NI-NI1 1 subtypes.
For example, in some embodiments, vaccines disclosed
herein can target a subtype represented as H1Ny, which is HI
in combination with any N subtype described herein, or a
subtype represented as H2Ny, and the like. In some embodi-
ments, a vaccine described herein can target an influenza A
virus that has the HA and N subtype combinations HIN1,
HIN2, HIN7, H2N2, H3N2, H3N8, H4N8, H5N1, H5N2,
H5NS8, H5N9, H6NS, H7N1, H7N2, H7N3, H7N4, H7N7,
H7N9, H8N4, HIN2, HION7, H11N6, H12NS, HI3N6, or
H14NS.

[0314] In some embodiments, a composition, e.g., vac-
cine, described herein can target an influenza B virus.
Influenza B viruses can be classified into lineages and
strains. An influenza B virus can belong to either the
B/Yamagata or the B/Victoria lineage. Exemplary influenza
B virus strains include Brisbane/60/2008, Massachusetts/2/
2012, and Wisconsin/1/2010.

[0315] In some embodiments, a composition, e.g., vac-
cine, described herein can target an influenza A virus,
influenza B virus, and/or an influenza C virus. In some
embodiments, a composition, e.g., vaccine, described herein
can target strains of influenza A virus, influenza B virus,
influenza C virus, or a combination thereof.

[0316] In some embodiments, a composition, e.g., vac-
cine, described herein can be used to treat a patient who has
an influenza infection, such as an influenza A virus infection,
an influenza B virus infection, or an influenza C virus
infection. Sometimes, a composition, e.g., vaccine,
described herein can be used as a vaccination method
against the infection of influenza A virus, influenza B virus,
or influenza C virus. Sometimes, a composition, e.g., vac-
cine, described herein offers cross-protection against the
different strains associated with the influenza A virus, the
influenza B virus, and/or the influenza C virus.

[0317] The term “therapeutically effective amount” as
used herein can mean an amount which is effective to
alleviate, ameliorate, or prevent a symptom or sign of a
disease or condition to be treated. For example, in some
embodiments, a therapeutically effective amount can be an
amount which has a beneficial effect in a subject having
signs and/or symptoms of a viral infection, e.g., an influenza
infection, e.g., an influenza A infection. In some embodi-
ments, a therapeutically effective amount can be an amount
which inhibits or reduces signs and/or symptoms of a viral
infection, e.g., an influenza infection, e.g., an influenza A
infection, as compared to a control. Signs and symptoms of
an influenza infection, e.g., an influenza A infection, are
well-known in the art and can include fever, cough, sore
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throat, runny nose, stuffy nose, headache, muscle aches,
chills, fatigue (tiredness), nausea, vomiting, diarrhea, pain
(e.g., abdominal pain), conjunctivitis, shortness of breath,
difficulty breathing, pneumonia, acute respiratory distress,
viral pneumonia, respiratory failure, neurologic change
(e.g., altered mental status, seizure), or a combination
thereof. In some embodiments, the therapeutically effective
amount can be one which is sufficient to reduce any of the
signs and/or symptoms by about, or at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95%, or 100% in a subject
as compared to a control.

[0318] A therapeutically effective amount, when referring
to one or more active agents, can be a dose range, mode of
administration, formulation, etc., that has been recom-
mended or approved by any of the various regulatory or
advisory organizations in the medical or pharmaceutical arts
(e.g., FDA, AMA) or by the manufacturer or supplier.

[0319] In some aspects of the present disclosure, the
composition can comprise a peptide based formulation. The
composition comprising a polypeptide described herein can
be administered to a subject between about 1 nmol/dose and
about 1000 umol/dose. In some embodiments, the compo-
sition can be administered to a subject at a dose about 1
nmol/dose, about 5 nmol/dose, about 10 nmol/dose, about
20 nmol/dose, about 30 nmol/dose, about 40 nmol/dose,
about 50 nmol/dose, about 60 nmol/dose, about 70 nmol/
dose, about 80 nmol/dose, about 90 nmol/dose, about 100
nmol/dose, about 200 nmol/dose, about 300 nmol/dose,
about 400 nmol/dose, about 500 nmol/dose, about 600
nmol/dose, about 700 nmol/dose, about 800 nmol/dose,
about 900 nmol/dose, about 1 pmol/dose, about 1 pumol/
dose, about 2 pumol/dose, about 3 umol/dose, about 4 umol/
dose, about 5 umol/dose, about 6 umol/dose, about 7 umol/
dose, about 8 umol/dose, about 9 pmol/dose, about 10
umol/dose, about 20 pmol/dose, about 50 umol/dose, about
100 pmol/dose, about 200 umol/dose, about 300 pmol/dose,
about 400 pmol/dose, about 500 pmol/dose, about 750
umol/dose, about 1000 pumol/dose, or any dose between any
two thereof. In some cases, the composition can be admin-
istered to a subject at a dose about 50 nmol/dose.

[0320] In some aspects of the present disclosure, the
composition can comprise a polynucleotide encoding a
polypeptide described herein. The composition administered
to a subject can comprise the polynucleotide at a dose
between about 1 pmol/dose and about 1000 umol/dose. In
some embodiments, the composition administered to a sub-
ject can comprise the polynucleotide at a dose between
about 1 pmol/dose, about 5 pmol/dose, about 10 pmol/dose,
about 20 pmol/dose, about 30 pmol/dose, about 40 pmol/
dose, about 50 pmol/dose, about 60 pmol/dose, about 70
pmol/dose, about 80 pmol/dose, about 90 pmol/dose, about
100 pmol/dose, about 200 pmol/dose, about 300 pmol/dose,
about 400 pmol/dose, about 500 pmol/dose, about 600
pmol/dose, about 700 pmol/dose, about 800 pmol/dose,
about 900 pmol/dose, 1 nmol/dose, about 5 nmol/dose,
about 10 nmol/dose, about 20 nmol/dose, about 30 nmol/
dose, about 40 nmol/dose, about 50 nmol/dose, about 60
nmol/dose, about 70 nmol/dose, about 80 nmol/dose, about
90 nmol/dose, about 100 nmol/dose, about 200 nmol/dose,
about 300 nmol/dose, about 400 nmol/dose, about 500
nmol/dose, about 600 nmol/dose, about 700 nmol/dose,
about 800 nmol/dose, about 900 nmol/dose, about 1 umol/
dose, about 1 pumol/dose, about 2 umol/dose, about 3 umol/
dose, about 4 umol/dose, about mol/dose, about 6 umol/
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dose, about 7 umol/dose, about 8 umol/dose, about 9 umol/
dose, about 10 pmol/dose, about 20 umol/dose, about 50
pmol/dose, about 100 pmol/dose, about 200 pmol/dose,
about 300 pmol/dose, about 400 pmol/dose, about 500
umol/dose, about 750 umol/dose, about 1000 pmol/dose, or
any dose between any two thereof.

[0321] In some aspects of the present disclosure, the
composition can comprise a recombinant virus containing a
polynucleotide encoding a polypeptide as described herein.
The composition comprising recombinant virus can be
administered to a subject between about 10° and 10'? viral
particles or plaque forming units (PFU), or between about
10° and 10'° PFU, or between about 10° and 10® PFU, or
between about 10° and 10'° PFU. In some embodiments, the
amount of a virus vaccine of this disclosure administered to
a subject can be between about 10* and 10" viral particles
or plaque forming units (PFU), or between about 10° and
10'° PFU, or between about 10° and 10® PFU, or between
about 10® and 10'° PFU. Sometimes, a virus vaccine of this
disclosure administered to a subject can be administered at
a dose about 10° PFU/dose to about 10* PFU/dose, about 10*
PFU/dose to about 10° PFU/dose, about 10° PFU/dose to
about 10° PFU/dose, about 107 PFU/dose to about 10%
PFU/dose, about 10° PFU/dose to about 10'° PFU/dose,
about 10'° PFU/dose to about 10*' PFU/dose, about 10!
PFU/dose to about 10'? PFU/dose, about 10'? PFU/dose to
about 10** PFU/dose, about 10'* PFU/dose to about 10'#
PFU/dose, or about 10** PFU/dose to about 10** PFU/dose.
A virus vaccine of this disclosure administered to a subject
can comprise about 2x10° PFU/dose, 3x10* PFU/dose,
4%10® PFU/dose, 5x10° PFU/dose, 6x10* PFU/dose, 7x10°
PFU/dose, 8x10° PFU/dose, 9x10°> PFU/dose, about 10%
PFU/dose, about 2x10* PFU/dose, about 3x10* PFU/dose,
about 4x10* PFU/dose, about 5x10* PFU/dose, about 6x10*
PFU/dose, about 7x10* PFU/dose, about 8x10* PFU/dose,
about 9x10* PFU/dose, about 10° PFU/dose, 2x10° PFU/
dose, 3x10° PFU/dose, 4x10° PFU/dose, 5x10° PFU/dose,
6x10° PFU/dose, 7x10° PFU/dose, 8x10° PFU/dose, 9x10°
PFU/dose, about 10° PFU/dose, about 2x10° PFU/dose,
about 3x10° PFU/dose, about 4x10° PFU/dose, about 5x10°
PFU/dose, about 6x10° PFU/dose, about 7x10° PFU/dose,
about 8x10% PFU/dose, about 9x10° PFU/dose, about 107
PFU/dose, about 2x107 PFU/dose, about 3x10” PFU/dose,
about 4x10” PFU/dose, about 5x107 PFU/dose, about 6x107
PFU/dose, about 7x107 PFU/dose, about 8x10” PFU/dose,
about 9x107 PFU/dose, about 10® PFU/dose, about 2x10®
PFU/dose, about 3x10® PFU/dose, about 4x10® PFU/dose,
about 5x10° PFU/dose, about 6x10® PFU/dose, about 7x10®
PFU/dose, about 8x10® PFU/dose, about 9x10® PFU/dose,
about 10° PFU/dose, about 2x10° PFU/dose, about 3x10°
PFU/dose, about 4x10° PFU/dose, about 5x10° PFU/dose,
about 6x10° PFU/dose, about 7x10° PFU/dose, about 8x10°
PFU/dose, about 9x10° PFU/dose, about 10'° PFU/dose,
about 2x10'° PFU/dose, about 3x10'° PFU/dose, about
4%10'° PFU/dose, about 5x10'° PFU/dose, about 6x10'°
PFU/dose, about 7x10'° PEU/dose, about 8x10'° PFU/dose,
about 9x10*° PFU/dose, about 10'° PFU/dose, about 2x10*°
PFU/dose, about 3x10'° PEU/dose, about 4x10'° PFU/dose,
about 5x10'° PFU/dose, about 6x10'° PFU/dose, about
7x10'° PFU/dose, about 8x10'° PFU/dose, about 9x10°
PFU/dose, about 10'' PFU/dose, about 2x10'! PFU/dose,
about 3x10'" PFU/dose, about 4x10*' PFU/dose, about
5%x10* PFU/dose, about 6x10*! PFU/dose, about 7x10'!
PFU/dose, about 8x10'! PFU/dose, about 9x10'! PFU/dose,
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or about 10'? PFU/dose, about 10'? PFU/dose to about 10*3
PFU/dose, about 10'* PFU/dose to about 10** PFU/dose, or
about 10** PFU/dose to about 10*° PFU/dose, or any dose
between any two thereof.

[0322] Sometimes, a virus vaccine of this disclosure
administered to a subject can be administered at a dose about
10* viral particles/dose, about 10* viral particles/dose to
about 10° viral particles/dose, about 10° viral particles/dose
to about 10° viral particles/dose, about 107 viral particles/
dose to about 10® viral particles/dose, about 10° viral par-
ticles/dose to about 10'° viral particles/dose, about 10*° viral
particles/dose to about 10! viral particles/dose, about 10"
viral particles/dose to about 10'? viral particles/dose, about
10*2 viral particles/dose to about 10" viral particles/dose,
about 10'? viral particles/dose to about 10'* viral particles/
dose, or about 10'* viral particles/dose to about 10" viral
particles/dose. In some embodiments, a virus vaccine of this
disclosure administered to a subject can be administered at
a dose about 1x10° viral particles/dose, about 1.5x10° viral
particles/dose, about 2x10° viral particles/dose, about 2.5x
10° viral particles/dose, about 3x10° viral particles/dose,
about 3.5x10° viral particles/dose, about 4x10° viral par-
ticles/dose, about 4.5x10° viral particles/dose, about 5x10°
viral particles/dose, about 5.5x10° viral particles/dose, about
6x10° viral particles/dose, about 6.5x10° viral particles/
dose, about 7x10° viral particles/dose, about 7.5x10° viral
particles/dose, about 8x10° viral particles/dose, about 8.5x
10° viral particles/dose, about 9x10° viral particles/dose,
about 1x10'° viral particles/dose, about 2x10'° viral par-
ticles/dose, about 3x10'° viral particles/dose, about 4x10'°
viral particles/dose, about 5x10'° viral particles/dose, about
6x10%° viral particles/dose, about 7x10'° viral particles/
dose, about 8x10'° viral particles/dose, about 9x10'° viral
particles/dose, or any dose in between any two thereof. In
some embodiments, a virus vaccine of this disclosure
administered to a subject can be administered at a dose about
7.5%x10° viral particles/dose.

[0323] A composition provided herein, e.g., a vaccine can
be administered before, during, or after the onset of a
symptom associated with a pathogen infection, e.g., an
influenza A infection. Exemplary symptoms can include
fever, cough, sore throat, runny nose, stuffy nose, headache,
muscle aches, chills, fatigue, nausea, vomiting, diarrhea,
pain (e.g., abdominal pain), conjunctivitis, shortness of
breath, difficulty breathing, pneumonia, acute respiratory
distress, viral pneumonia, respiratory failure, neurologic
change (e.g., altered mental status, seizure), or a combina-
tion thereof. In some cases, the composition, e.g., vaccine,
can be administered to a subject in order to treat a pathogen
infection, e.g., influenza infection, e.g., influenza A infec-
tion. Sometimes, the composition, e.g., vaccine, can be
administered to a subject for a preventive purpose, such as
a prophylactic treatment of a pathogen infection, e.g., influ-
enza infection, e.g., influenza A infection. The composition,
e.g., vaccine, can be administered to a subject to illicit an
immune response from a subject. The composition, e.g.,
vaccine, can be administered to a subject to illicit an immune
response from the subject prior to a pathogen infection,
during a pathogen infection, or as a prophylactic measure
against a pathogen infection. Following administration of a
composition provided herein, e.g., a vaccine, a symptom
associated with a pathogen can be reduced about, at least, or
at most 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
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90%, or 100%, with about, at least, or at most 1 day, 5 days,
1 week, 2 weeks, 3 weeks, or 1 month.

[0324] A complication from an influenza infection, e.g. an
influenza A infection, can be, e.g., pneumonia, bronchitis,
sinus infection, or an ear infection. In some cases, an
influenza infection, e.g., an influenza A infection, can make
a chronic health problem worse, e.g., a person with asthma
may experience an asthma attack while the person has an
influenza infection, or a person with chronic congestive
heart failure can experience worsening of this condition
while the person has an influenza infection. In some embodi-
ments, a therapeutically effective amount of a composition,
e.g., a vaccine described herein, can be administered to a
subject with a complication from an influenza infection. In
some embodiments, a therapeutically effective amount of a
composition, e.g., a vaccine described herein, can be admin-
istered to a subject with an influenza infection (e.g., an
influenza A infection) and one or more chronic health
problems.

[0325] A composition provided herein, e.g., a vaccine, or
a kit described herein can be stored at between 2° C. and 8°
C. Sometimes, the composition, e.g., vaccine, can be stored
at room temperature. In some embodiments, the composi-
tion, e.g., vaccine, may not be stored frozen. In some
embodiments, the composition, e.g., vaccine, can be stored
in a temperature such as at -20° C. or -80° C. In some
embodiments, the composition, e.g., vaccine, can be stored
away from sunlight.

EXAMPLE

[0326] The following examples are offered by way of
illustration, not by way of limitation.

Example 1

[0327] The peptide sequence TYQRTRALV (SEQ ID NO:
37) was selected based on 1) being an experimentally
validated BALB/C influenza A virus CD8 T-cell epitope in
worldwideweb.fludb.org and 2) having an average invari-
ance ratio (frequency of mutant in final population/fre-
quency in initial population) of <0.08 among all possible
mutations in the stretch (generally each residue has 6-7
possible mutations from single nucleotide changes within
the codon). Peptide was conjugated to Pam2Cys (a lipo-
somal adjuvant that activates TLR2 and is covalently linked
to the peptide) and a CD4 T cell epitope from HA (GAL-
NNRFQIKGVELKS (SEQ ID NO: 115)) (epitopes con-
nected via a central lysine, and Pam2Cys conjugated to
central lysine via two serines). (CS Bio, Menlo Park, CA
synthesized the lipopeptides) A formulation was made with
50 nmol of Pam2Cys-peptide having the sequence TYQR-
TRALV (SEQ ID NO: 37) per 20 uL of phosphate buffered
saline (PBS) (2.5 uM). A volume of 20 uL of the formulation
was administered intranasally to each of 10 BALB/C mice
(“Group 2”). A volume of 20 pl of PBS was administered
intranasally to each of 10 control BALB/C mice (“Group
1”). Four weeks after the administrations, the mice in both
groups were challenged with 100 TCID,, PRS8 influenza A
virus. 60% (6 of 10) of mice in the vaccine group (Group 2)
compared to 0% (0 of 10) in the control group (Group 1)
survived after 9 days from the lethal challenge of influenza
A virus, showing statistically significant protection by vac-
cine (see FIG. 2).
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Example 2

[0328] This example describes vaccination with a vaccine
comprising 4 influenza virus epitopes. A recombinant adeno-
virus carrying 4 influenza virus epitopes: ELRSRY WAIR-
TRSG (NP) (SEQ ID NO: 17), FYIQMCTEL (NP) (SEQ ID
NO: 79), TYNAELLVLL (HA) (SEQ ID NO: 80), and
TYQRTRALV (NP) (SEQ ID NO: 37) was generated. The
recombinant adenovirus contained a single transgene with
the four peptides encoded in tandem and separated by the
linker RVKR (SEQ ID NO: 110). The sequence of the
transgene product is GALNNRFQIKGVELKSKTYQR-
TRALVRVKRELRSRYWAIRTRS-
GRVKRFYIQMCTELRVKRTYN AELLVLL (SEQ ID NO:
81). For generating the recombinant adenoviral vector, the
transgene was codon optimized for expression in mouse
cells. The recombinant adenovirus was administered subcu-
taneously and intranasally simultaneously to Group 1 mice
(10 BALB/C mice) at a dose of 2x107 pfu (plaque-forming
units) in 20 d (7.5x10° viral particles to each s.c. and i.n).
The mice were challenged 28 days later with a lethal dose of
5-10 LD50 (lethal dose 50) (~100 TCIDS50 or tissue culture
infectious dose 50) of HIN1 flu. All 10 mice in this group
survived. 9 out of the 10 mice initially lost weight but
regained most of their weight by day 12 post-challenge. See
FIG. 3A and FIG. 4.

[0329] In a control group (Group 2, unvaccinated, injected
with saline s.c. and i.n.), 10 BALB/C mice were challenged
with a lethal dose of 5-10 LD50 (lethal dose 50) (~100
TCIDS50 or tissue culture infectious dose 50) of HIN1 flu. 0
of 10 mice survived, all of the mice died by day 9 post-
challenge. See FIG. 3B and FIG. 4.

[0330] Inanother set of experiments, AdCre-injected mice
were used as control group (Group 1 in FIG. 3C) for the Ad
vector. AdCre is an adenovirus produced using the same
adenoviral vector as the recombinant adenovirus vaccine,
but inserted with a Cre recombinase gene instead of the
nucleotide sequence expressing the 4 epitopes. As shown in
FIG. 3C, 3 of 5 mice in the control group perished, and the
other 2 5 mice lost substantial weight. In contrast, in the
vaccinated group (Group 2 in FIG. 3D), 0 of 5 mice lost
>10% body weight. All 5 mice in AdCre had symptom
scores of 3 or greater (not shown), whereas all 5 mice in the
vaccine group had no higher than 1.

Example 3

[0331] This example describes vaccination with a vaccine
comprising 9 influenza virus epitopes. A recombinant adeno-
virus carrying 9 influenza virus epitopes is generated. A
vaccine cocktail of peptides comprising 9 influenza virus
epitopes can also be used. Influenza virus epitopes can
comprise any combination of the epitopes listed in Table 1.

[0332] Vaccination can be performed utilizing HLA-B44-
transgenic mice. A prime-boost regimen can be employed.
Priming can be with 9 Pam2Cys-adjuvanted peptides.
Boosting can be with a recombinant adenovirus carrying 9
influenza virus epitopes or with a universal helper T cell
epitope. Following vaccination, mice are challenged with
the PR8 strain of influenza virus. Mice are monitored for
health, weight, and survival to assess protection conferred
by vaccination.
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Example 4

[0333] This example describes experimental procedures
and materials for heterosubtypic protection test of influenza
virus.

[0334] Kill Curve

[0335] AXKkill curve experiment (a lethal dose curve) can be
performed to determine the LD50 (a dose at which 50% of
subject animals die), so that a challenge dose of 5-10LD50
can be used for the protection experiment.

[0336] Day 1: 3 mice in each Group, i.n. in 25 ul
[0337] Vict Id is H3N2, and is 3.2x107 TCID50/ml
[0338] 1) Group A: 10 TCID50 Vict Id (H3N2) (Make

this 5th: Dilution #5: 50 ul Dilution #4+450 ul PBS)
[0339] 2) Group B: 100 TCID50 Vict Id (Make this 4th:
Dilution #4: 50 ul Dilution #3+450 ul PBS)
[0340] 3) Group C: 1,000 TCID50 Vict Id (Make this
3rd: Dilution #3: 50 ul Dilution #2+450 ul PBS)
[0341] 4) Group D: 10,000 TCID50 Vict 1d (Make this
2nd: Dilution #2: 50 ul Dilution #1+450 ul PBS)
[0342] 5) Group E: 100,000 TCID50 Vict 1d (Make this
1st: Dilution #1: 100 ul virus stock+700 ul PBS)

[0343] Heterosubtypic Protection
[0344] Day 1: Immunize mice:
[0345] 1) Group 1: 10 mice with 20 ul saline i.n.

(intranasal) and 20 ul saline s.c. (subcutaneous)
[0346] 2) Group 2: 10 mice with 2x10” pfu in 20 ul

AdBALB i.n. and same s.c.

[0347] For 2x107 pfu AJdBALAB: To 3 vials
AdBALB, add 115 ul PBS each. Mix vials together
(should be 420 ul total, just enough; can also use
some from vial in Group 6) and administer above.

[0348] 3) Group 3: 5 mice with 2x107 pfu in 20 ul

AdBALBS-pep i.n. and same s.c.

[0349] For 2x10” pfu AABALABS-pep: To 1 vial
AdBALBS-pep, add 230 ul PBS and administer
above.

[0350] 4) Group 4: 5 mice with 7.5x10° viral particles

in 20 ul i.n. and same s.c.

[0351] For 10x10° pfu AJBALABS-pep: To 1 vial
AdBALBS-pep, add 722 ul PBS and administer
above.

[0352] 5) Group 5: 5 mice with 20 ul AdCre im.

(intramuscular)

[0353] For 20 ul AdCre: To 1 vial AdCre, add 653 ul
PBS and administer above.

[0354] 6) Group 6: 5 mice with 20 ul AABALB i.m.

[0355] For 20 ul AABALB: To 1 vial AABALB, add
115 ul PBS and administer above.

[0356] Days 2-15: Monitor body weight, survival, and
clinical scores
[0357] Day 29: Challenge mice: All i.n. in 20 ul
[0358] 1) Groups 1-4: 5-10 LD50 (selected on the basis
of kill curve) Vict id
[0359] 2) Groups 5-6: 100 TCID50 PR8 (Dilute virus
stock 1/10,000: 10 ul virus stock+990 ul PBS; 10 ul of
this dilution+990 ul PBS for working stock)

[0360] Days 30-43: Monitor body weight, survival, and
clinical scores

[0361] Reagents

[0362] Total 55 BALB/C 6-12 wk-old female mice.
[0363] Adenoviruses: AdJBALB (control virus with no

epitope sequences); AABALBS-pep (vaccine carrying 5 dif-
ferent influenza epitope sequences); AdCre (control virus
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with no epitope sequences but Cre transgene). Influenza
viruses: PR8; Vict id (H3N2).

Example 5

[0364] This example describes a recombinant adenovirus
based vaccine (AdFluS1pep) having 51 different influenza
virus epitopes. The recombinant adenovirus is engineered
with a single transgene that expresses all 51 epitope
sequences in Table 3, which are encoded in tandem and
separated by a linker RVKR (SEQ ID NO: 110). The order
of the 51 epitope sequences can be random, thereby gener-
ating a variety of different transgene sequences. The
sequence of one example of the transgene products, or a
portion of the transgene product, is as listed in Table 4.

TABLE 4
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subject to expansion of the viruses. Laboratory scale expan-
sion of the pAdFluS1pep virus can be performed by serial
passage of subconfluent 293 cells through different sizes of
cell culture flasks, like T25, T75, or even T150.

[0369] Cell culture media and lysed cells will be subject to
centrifugation for viral stock. Titering will be performed
according to routine virus tittering procedures.

Example 7

[0370] This example describes clinical studies for the
adenovirus based vaccine as described in Example 5 in
human subject.

[0371] An open-label, uncontrolled Phase 1 study is car-
ried out to evaluate the adenovirus based vaccine

SEQ ID NO: 106

ELRSRYWAIRTRSGRVKRELRSRHWAIRTRSGRVKRELRSRYWASRTRSGRVKRFMYSDFHF IRVKREMY

SDLHFIRVKRFMYTDFHFIRVKREMFSDFHFIRVKRGTFEFTSFFYRVKRGTFEFTSYFYRVKRILKGKF
QTARVKRI IKGKFQTARVKRILKGKFQIARVKRILRGS IAHKRVKRILRGSVAHKRVKRVLRGS IAHKRV
KRLIFLARSALRVKRLVELARSALRVKRLTFLARSALRVKRYSHGTGTGYRVKRYSHWTGTGYRVKRYSH
GSGTGYRVKRFLARSALILRGSVAHKRVKRFLARSALVLRGSVAHKRVKRIAYERMCNILKGKFQTAARV
KRVAYERMCNILKGKFQTAARVKRVAYERMCNIIKGKFQTAARVKRVAYERMCNILKGKFKTAARVKRVA
YERMCNILKGKFQIAARVKRVAYERMCNILKGKFQTAVRVKRDVVNFVSMEFSLTDPRLRVKRDVVNEVS
MEFSLTYPRLRVKRDVVNFVSMEFSLTDQRLRVKRFLARSALILRGSVAHKSRVKRFLARSALVLRGSVA
HKSRVKRKWGMEMRRCLLQSLQQIRVKRKLGMEMRRCLLQSLQQIRVKRKWGMEMRRCLLQS LQQVRVKR
KWGMELRRCLLQSLQQIRVKRFQGRGVFELRVKRGQISIQPTFSRVKRSQISVQPTFSRVKRGQVSVQPT
FSRVKRGQISVQPTFSRVKRWHSNLNDATYQRTRALVRTGMDPRMRVKRWHSNLND TTYQRTRALVRTGM
DPRMRVKRWHSNLNDSTYQRTRALVRTGMDPRMRVKRWHSNLNDATYQRKRALVRTGMDPRMRVKRWHSN
LNDATYQRTRSLVRTGMDPRMRVKRWHSNLNDATYQRTRAIVRIGMDPRMRVKRWHSNLNDATYQRTRAL

VRSGMDPRMRVKRWHSNLNDATYQRTRALVRTGRDPRM

[0365] The transgene can express the polypeptide linked
to one or more copies (e.g., 2, 3, 4, or 5) of influenza B virus
NP protein, e.g., SEQ ID NO: 116, 117 or 118, or fragments
of the influenza B virus NP protein (e.g., amino acids 2-560
of SEQ ID NO: 116, 117 or 118). In some cases, the vaccine
comprises a second adenovirus with a second transgene that
can expresses a polypeptide comprising one or more copies
(e.g., 2, 3, 4, 5) of influenza B virus NP protein, e.g., SEQ
ID NO: 116, 117 or 118, or fragments of influenza B virus
NP protein. In some cases, an adenovirus can comprise a
transgene that can express a polypeptide comprising SEQ ID
NO. 106 and a second polypeptide comprising one or more
copies (e.g., 2, 3, 4, or 5) of influenza B virus NP protein,
e.g., SEQ ID NO: 116, 117 or 118, or fragments of the
influenza B virus NP protein.

Example 6

[0366] This example describes production of an adenovi-
rus based influenza vaccine as described in Example 5.
[0367] First, shuttle vector (Add2) containing the trans-
gene that expresses SEQ 1D NO: 106 can be constructed
using conventional molecular cloning techniques. The trans-
gene is driven by CMV promoter. Expression of the trans-
gene can be checked at this point by transfection into 293T
cells. Vector construct will be optimized if no polypeptide
expression can be observed in transfected 2937 cells.
[0368] Maxiprep pAdFluS1pep will then be linearized and
transfected into 293 cells for generation of adenoviral
plaques. A replication defective C68 helper virus or C6 virus
will be supplemented to the transfected 293 cells for adeno-
virus packaging. Viral plaques will form 7-10 days after
plating. Plaques can then be picked, frozen for later use, or

(AdFluS1pep vaccine) containing the 51 different epitope
sequences in Table 3 in healthy adults.

[0372] Objectives: Evaluate the safety, tolerability and
immunogenicity of the AdFluS1pep vaccine in healthy adult
volunteers of both sexes between the ages of 18 and 55
years.
[0373]

[0374] The starting dose for AdFluS1pep vaccine ranges
from 3x10° to 1x10° PFU by intramuscular injection into
deltoid once, including dose levels at 3x10° PFU, 3x10°
PFU, 3x107 PFU, 3x10® PFU, and 1x10° PFU.

Dose

[0375] Each dose level enrolls between 6 and 12 evaluable
healthy adults.

[0376] Safety Monitoring

[0377] Injection-site and systemic reactogenicity and

medication use can be recorded for 7 days after injection and
at follow-up (days 14 and 28). Clinical and laboratory
evaluations can be performed during each study visit. Labo-
ratory analyses can include a complete blood count and
measurements of creatinine, C-reactive protein, and liver
function. Adverse events will be listed for each participant.

[0378]

[0379] Immunogenicity can be assessed by assaying
serum samples of the participants. IFN-y ELISPOT to assay
T cell immunogenicity will be conducted with participants’
serum samples collected at baseline (before vaccination) and
at 28 and 180 days after injection.

[0380] While preferred embodiments of the present inven-
tion have been shown and described herein, it will be
obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations,

Immunogenicity
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changes, and substitutions will now occur to those skilled in
the art without departing from the invention. It should be
understood that various alternatives to the embodiments of
the invention described herein can be employed in practicing

Dec. 28, 2023

the invention. It is intended that the following claims define
the scope of the invention and that methods and structures
within the scope of these claims and their equivalents be
covered thereby.

SEQUENCE LISTING

Sequence total quantity: 118
SEQ ID NO: 1 moltype = AA length = 9
FEATURE Location/Qualifiers
REGION 1..9
note = Description of Artificial Sequence:
source 1..9
mol type = protein
organism = synthetic construct
SEQUENCE: 1
GPATAQMAL
SEQ ID NO: 2 moltype = AA length = 10
FEATURE Location/Qualifiers
REGION 1..10
note = Description of Artificial Sequence:
source 1..10
mol type = protein
organism = synthetic construct
SEQUENCE: 2
GTFEFTSFFY
SEQ ID NO: 3 moltype = AA length = 9
FEATURE Location/Qualifiers
REGION 1..9
note = Description of Artificial Sequence:
source 1..9
mol type = protein
organism = synthetic construct
SEQUENCE: 3
YSHGTGTGY
SEQ ID NO: 4 moltype = AA length = 18
FEATURE Location/Qualifiers
REGION 1..18
note = Description of Artificial Sequence:
source 1..18
mol type = protein
organism = synthetic construct

SEQUENCE: 4
GLPVGGNEKK AKLANVVR

SEQ ID NO: 5 moltype = AA length = 17

FEATURE Location/Qualifiers
REGION 1..17

note = Description of Artificial Sequence:
source 1..17

mol type = protein

organism = synthetic construct

SEQUENCE: 5
GMMMGMFNML STVLGVS

SEQ ID NO: 6 moltype = AA length = 17

FEATURE Location/Qualifiers
REGION 1..17
note = Description of Artificial Sequence:
source 1..17
mol type = protein
organism = synthetic construct
SEQUENCE: 6
LOLFIKDYRY TYRCHRG
SEQ ID NO: 7 moltype = AA length = 9

FEATURE Location/Qualifiers
REGION 1..9

note = Description of Artificial Sequence:
source 1..9

mol type = protein

organism = synthetic construct

SEQUENCE: 7

Synthetic peptide

Synthetic peptide

10

Synthetic peptide

Synthetic peptide

18

Synthetic peptide

17

Synthetic peptide

17

Synthetic peptide
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-continued
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RRAIATPGM

SEQ ID NO: 8
FEATURE
REGION

source
SEQUENCE: 8
FMYSDFHF I

SEQ ID NO: 9
FEATURE
REGION

source
SEQUENCE: 9
MRRNYFTAEV SHCRATEY
SEQ ID NO: 10
FEATURE
REGION

source
SEQUENCE: 10
QLMWALGENM A
SEQ ID NO: 11
FEATURE
REGION

source
SEQUENCE: 11
DVVNEVSMEF SLTDPRL
SEQ ID NO: 12
FEATURE
REGION

source
SEQUENCE: 12
KWGMEMRRCL LQSLQQT
SEQ ID NO: 13
FEATURE
REGION

source
SEQUENCE: 13
AETIEDLIFLA
SEQ ID NO: 14
FEATURE

REGION

source

SEQUENCE: 14
CTELKLSDY

SEQ ID NO: 15
FEATURE
REGION

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 18
Location/Qualifiers
1..18

note = Description of Artificial Sequence:

1..18
mol type = protein
organism = synthetic construct

moltype = AA length = 11
Location/Qualifiers
1..11

note = Description of Artificial Sequence:

1..11
mol type = protein
organism = synthetic construct

moltype = AA length = 17
Location/Qualifiers
1..17

note = Description of Artificial Sequence:

1..17
mol type = protein
organism = synthetic construct

moltype = AA length = 17
Location/Qualifiers
1..17

note = Description of Artificial Sequence:

1..17
mol type = protein
organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

Synthetic peptide

Synthetic peptide

18

Synthetic peptide

11

Synthetic peptide

17

Synthetic peptide

17

Synthetic peptide

10

Synthetic peptide

Synthetic peptide
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-continued

source
SEQUENCE: 15
CTELKLTDQ

SEQ ID NO: 16
FEATURE
REGION

source
SEQUENCE: 16
CTELKLTDY

SEQ ID NO: 17
FEATURE
REGION

source
SEQUENCE: 17
ELRSRYWAIR TRSG
SEQ ID NO: 18
FEATURE
REGION

source
SEQUENCE: 18
ELKSRYWAIR TRSG
SEQ ID NO: 19
FEATURE
REGION

source
SEQUENCE: 19
GMDPRMCSL

SEQ ID NO: 20
FEATURE
REGION

source
SEQUENCE: 20
ILKGKFQTA
SEQ ID NO: 21
FEATURE

REGION

source

SEQUENCE: 21

ILRGSIAHK

SEQ ID NO: 22

FEATURE

REGION

source

SEQUENCE: 22
ILRGSVAHK

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 14

Location/Qualifiers

1..14

note = Description of Artificial Sequence: Synthetic peptide
1..14

mol type = protein

organism = synthetic construct

14

moltype = AA length = 14

Location/Qualifiers

1..14

note = Description of Artificial Sequence: Synthetic peptide
1..14

mol type = protein

organism = synthetic construct

14

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

Dec. 28, 2023
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-continued

SEQ ID NO: 23
FEATURE
REGION

source
SEQUENCE: 23
LELRSRYWAI
SEQ ID NO: 24
FEATURE
REGION

source
SEQUENCE: 24
LIFLARSAL

SEQ ID NO: 25
FEATURE
REGION

source
SEQUENCE: 25
RGINDRNEFW

SEQ ID NO: 26
FEATURE
REGION

source
SEQUENCE: 26
FLARSALILR GSVAHK
SEQ ID NO: 27
FEATURE
REGION

source
SEQUENCE: 27
RMVLSAFDER
SEQ ID NO: 28
FEATURE
REGION

source
SEQUENCE: 28
TLELRSGYWA IRTRSGGN
SEQ ID NO: 29
FEATURE

REGION

source

SEQUENCE: 29
IAYERMCNIL KGKFQTAA
SEQ ID NO: 30
FEATURE

REGION

source

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 16
Location/Qualifiers
1..16

note = Description of Artificial Sequence:

1..16
mol type = protein
organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 18
Location/Qualifiers
1..18

note = Description of Artificial Sequence:

1..18
mol type = protein
organism = synthetic construct

moltype = AA length = 18
Location/Qualifiers
1..18

note = Description of Artificial Sequence:

1..18
mol type = protein
organism = synthetic construct

moltype = AA length = 17
Location/Qualifiers
1..17

note = Description of Artificial Sequence:

1..17
mol type = protein

Synthetic peptide

10

Synthetic peptide

Synthetic peptide

Synthetic peptide

16

Synthetic peptide

10

Synthetic peptide

18

Synthetic peptide

18

Synthetic peptide
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SEQUENCE: 30
FLARSALILR GSVAHKS

SEQ ID NO: 31
FEATURE
REGION

source
SEQUENCE: 31
FQGRGVFEL

SEQ ID NO: 32
FEATURE
REGION

source
SEQUENCE: 32
GQISIQPTFS
SEQ ID NO: 33
FEATURE
REGION

source

SEQUENCE: 33

organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 25
Location/Qualifiers
1..25

note = Description of Artificial Sequence:

1..25
mol type = protein
organism = synthetic construct

WHSNLNDATY QRTRALVRTG MDPRM

SEQ ID NO: 34
FEATURE
REGION

source

SEQUENCE: 34

moltype = AA length = 25
Location/Qualifiers
1..25

note = Description of Artificial Sequence:

1..25
mol type = protein
organism = synthetic construct

WHSNLNDTTY QRTRALVRTG MDPRM

SEQ ID NO: 35
FEATURE
REGION

source
SEQUENCE: 35
CVNGSCFTV
SEQ ID NO: 36
FEATURE
REGION

source
SEQUENCE: 36
RMVLASTTAK
SEQ ID NO: 37
FEATURE

REGION

source

SEQUENCE: 37

TYQRTRALV

SEQ ID NO: 38
FEATURE

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers

17

Synthetic peptide

Synthetic peptide

10

Synthetic peptide

25

Synthetic peptide

25

Synthetic peptide

Synthetic peptide

10

Synthetic peptide
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-continued

REGION

source
SEQUENCE: 38
CVNGSCYTV

SEQ ID NO: 39
FEATURE
REGION

source
SEQUENCE: 39
ELKSRYWAIR TRSG
SEQ ID NO: 40
FEATURE
REGION

source
SEQUENCE: 40
FMYSDLHFI

SEQ ID NO: 41
FEATURE
REGION

source
SEQUENCE: 41
FMYTDFHFI

SEQ ID NO: 42
FEATURE
REGION

source
SEQUENCE: 42
GRDPRMCSL

SEQ ID NO: 43
FEATURE
REGION

source
SEQUENCE: 43
GTFEFTSYFY
SEQ ID NO: 44
FEATURE

REGION

source
SEQUENCE: 44
IIKGKFQTA
SEQ ID NO: 45
FEATURE

REGION

source

SEQUENCE: 45

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 14

Location/Qualifiers

1..14

note = Description of Artificial Sequence: Synthetic peptide
1..14

mol type = protein

organism = synthetic construct

14

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 10

Location/Qualifiers

1..10

note = Description of Artificial Sequence: Synthetic peptide
1..10

mol type = protein

organism = synthetic construct

10

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 9

Location/Qualifiers

1..9

note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein

organism = synthetic construct
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ILKGKFQIA

SEQ ID NO: 46
FEATURE
REGION

source
SEQUENCE: 46
ILRGSVAHK

SEQ ID NO: 47
FEATURE
REGION

source
SEQUENCE: 47
LQLRSRYWAI
SEQ ID NO: 48
FEATURE
REGION

source
SEQUENCE: 48
LELRSRHWAI
SEQ ID NO: 49
FEATURE
REGION

source
SEQUENCE: 49
LVFLARSAL

SEQ ID NO: 50
FEATURE
REGION

source
SEQUENCE: 50
RWINDRNEW
SEQ ID NO: 51
FEATURE
REGION

source
SEQUENCE: 51
YSHWTGTGY
SEQ ID NO: 52
FEATURE

REGION

source

SEQUENCE: 52
YSHGSGTGY

SEQ ID NO: 53
FEATURE
REGION

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers
1..9

note = Description of Artificial Sequence:

1..9
mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers

1..9

note = Description of Artificial Sequence:
1..9

mol type = protein

organism = synthetic construct

moltype = AA length = 16
Location/Qualifiers
1..16

note = Description of Artificial Sequence:

Synthetic peptide

Synthetic peptide

10

Synthetic peptide

10

Synthetic peptide

Synthetic peptide

Synthetic peptide

Synthetic peptide

Synthetic peptide
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-continued

source

SEQUENCE: 53
FLARSALVLR GSVAHK
SEQ ID NO: 54
FEATURE

REGION

source

SEQUENCE: 54
JIAYERMCNII KGKFQTAA
SEQ ID NO: 55
FEATURE

REGION

source

SEQUENCE: 55
JIAYERMCNIL KVKFQTAA
SEQ ID NO: 56
FEATURE

REGION

source

SEQUENCE: 56
JIAYERMCNIL KGKFKTAA
SEQ ID NO: 57
FEATURE

REGION

source

SEQUENCE: 57
JIAYERMCNIL KGKFQIAA
SEQ ID NO: 58
FEATURE

REGION

source

SEQUENCE: 58
DVVNFVSMEF SLTYPRL
SEQ ID NO: 59
FEATURE

REGION

source

SEQUENCE: 59
DVVNFVSMEF SLTDQRL
SEQ ID NO: 60
FEATURE

REGION

source

SEQUENCE: 60
FLARSALVLR GSVAHKS

1..16
mol type = protein
organism = synthetic construct

16

moltype = AA length = 18

Location/Qualifiers

1..18

note = Description of Artificial Sequence: Synthetic peptide
1..18

mol type = protein

organism = synthetic construct

18

moltype = AA length = 18

Location/Qualifiers

1..18

note = Description of Artificial Sequence: Synthetic peptide
1..18

mol type = protein

organism = synthetic construct

18

moltype = AA length = 18

Location/Qualifiers

1..18

note = Description of Artificial Sequence: Synthetic peptide
1..18

mol type = protein

organism = synthetic construct

18

moltype = AA length = 18

Location/Qualifiers

1..18

note = Description of Artificial Sequence: Synthetic peptide
1..18

mol type = protein

organism = synthetic construct

18

moltype = AA length = 17

Location/Qualifiers

1..17

note = Description of Artificial Sequence: Synthetic peptide
1..17

mol type = protein

organism = synthetic construct

17

moltype = AA length = 17

Location/Qualifiers

1..17

note = Description of Artificial Sequence: Synthetic peptide
1..17

mol type = protein

organism = synthetic construct

17

moltype = AA length = 17

Location/Qualifiers

1..17

note = Description of Artificial Sequence: Synthetic peptide
1..17

mol type = protein

organism = synthetic construct

17
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-continued
SEQ ID NO: 61 moltype = AA length = 17
FEATURE Location/Qualifiers
REGION 1..17
note = Description of Artificial Sequence: Synthetic peptide
source 1..17

mol type = protein
organism = synthetic construct
SEQUENCE: 61

KLGMEMRRCL LQSLQQI 17
SEQ ID NO: 62 moltype = AA length = 17
FEATURE Location/Qualifiers
REGION 1..17
note = Description of Artificial Sequence: Synthetic peptide
source 1..17

mol type = protein
organism = synthetic construct
SEQUENCE: 62

KWGMEMRRCL LQSLQQV 17
SEQ ID NO: 63 moltype = AA length = 17
FEATURE Location/Qualifiers
REGION 1..17
note = Description of Artificial Sequence: Synthetic peptide
source 1..17

mol type = protein
organism = synthetic construct
SEQUENCE: 63

LQLFIKDFRY TYRCHRG 17
SEQ ID NO: 64 moltype = AA length = 17
FEATURE Location/Qualifiers
REGION 1..17
note = Description of Artificial Sequence: Synthetic peptide
source 1..17

mol type = protein
organism = synthetic construct
SEQUENCE: 64

LQLFIKDYRY TYRCLRG 17
SEQ ID NO: 65 moltype = AA length = 17
FEATURE Location/Qualifiers
REGION 1..17
note = Description of Artificial Sequence: Synthetic peptide
source 1..17

mol type = protein
organism = synthetic construct
SEQUENCE: 65

LQLFIKDYRY TYRCPRG 17
SEQ ID NO: 66 moltype = AA length = 17
FEATURE Location/Qualifiers
REGION 1..17
note = Description of Artificial Sequence: Synthetic peptide
source 1..17

mol type = protein
organism = synthetic construct
SEQUENCE: 66

LQLFIKDYRY TYRCHRV 17
SEQ ID NO: 67 moltype = AA length = 9
FEATURE Location/Qualifiers
REGION 1..9
note = Description of Artificial Sequence: Synthetic peptide
source 1..9

mol type = protein
organism = synthetic construct
SEQUENCE: 67

FQGPGVFEL 9
SEQ ID NO: 68 moltype = AA length = 10
FEATURE Location/Qualifiers
REGION 1..10
note = Description of Artificial Sequence: Synthetic peptide
source 1..10

mol type = protein
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-continued
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SEQUENCE: 68
SQISIQPTES

SEQ ID NO: 69
FEATURE
REGION

source
SEQUENCE: 69
GQVSIQPTFS
SEQ ID NO: 70
FEATURE
REGION

source
SEQUENCE: 70
GQISVQPTFS
SEQ ID NO: 71
FEATURE
REGION

source
SEQUENCE: 71
GONSIQPTFS
SEQ ID NO: 72
FEATURE

REGION

source

SEQUENCE: 72

organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 10
Location/Qualifiers
1..10

note = Description of Artificial Sequence:

1..10
mol type = protein
organism = synthetic construct

moltype = AA length = 25
Location/Qualifiers
1..25

note = Description of Artificial Sequence:

1..25
mol type = protein
organism = synthetic construct

WHSNLNDTTY QRTRALVRTG MDPRM

SEQ ID NO: 73
FEATURE
REGION

source

SEQUENCE: 73

moltype = AA length = 25
Location/Qualifiers
1..25

note = Description of Artificial Sequence:

1..25
mol type = protein
organism = synthetic construct

WHSNLNDSTY QRTRALVRTG MDPRM

SEQ ID NO: 74
FEATURE
REGION

source

SEQUENCE: 74

moltype = AA length = 25
Location/Qualifiers
1..25

note = Description of Artificial Sequence:

1..25
mol type = protein
organism = synthetic construct

WHSNLNDATY QRKRALVRTG MDPRM

SEQ ID NO: 75
FEATURE
REGION

source

SEQUENCE: 75

moltype = AA length = 25
Location/Qualifiers
1..25

note = Description of Artificial Sequence:

1..25
mol type = protein
organism = synthetic construct

WHSNLNDATY QRTRSLVRTG MDPRM

SEQ ID NO: 76
FEATURE

moltype = AA length = 25
Location/Qualifiers

10

Synthetic peptide

10

Synthetic peptide

10

Synthetic peptide

10

Synthetic peptide

25

Synthetic peptide

25

Synthetic peptide

25

Synthetic peptide

25
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-continued
REGION 1..25
note = Description of Artificial Sequence: Synthetic peptide
source 1..25

mol type = protein
organism = synthetic construct
SEQUENCE: 76

WHSNLNDATY QRTRAIVRTG MDPRM 25
SEQ ID NO: 77 moltype = AA length = 25
FEATURE Location/Qualifiers
REGION 1..25
note = Description of Artificial Sequence: Synthetic peptide
source 1..25

mol type = protein
organism = synthetic construct
SEQUENCE: 77

WHSNLNDATY QRTRALVRSG MDPRM 25
SEQ ID NO: 78 moltype = AA length = 25
FEATURE Location/Qualifiers
REGION 1..25
note = Description of Artificial Sequence: Synthetic peptide
source 1..25

mol type = protein
organism = synthetic construct
SEQUENCE: 78

WHSNLNDATY QRTRALVRTG RDPRM 25
SEQ ID NO: 79 moltype = AA length = 9
FEATURE Location/Qualifiers
REGION 1..9
note = Description of Artificial Sequence: Synthetic peptide
source 1..9

mol type = protein
organism = synthetic construct
SEQUENCE: 79

FYIQMCTEL 9
SEQ ID NO: 80 moltype = AA length = 10
FEATURE Location/Qualifiers
REGION 1..10
note = Description of Artificial Sequence: Synthetic peptide
source 1..10

mol type = protein
organism = synthetic construct
SEQUENCE: 80

TYNAELLVLL 10

SEQ ID NO: 81 moltype = AA length = 71

FEATURE Location/Qualifiers

REGION 1..71
note = Description of Artificial Sequence: Synthetic
polypeptide

source 1..71

mol type = protein
organism = synthetic construct
SEQUENCE: 81
GALNNRFQIK GVELKSKTYQ RTRALVRVKR ELRSRYWAIR TRSGRVKRFY IQMCTELRVK 60

RTYNAELLVL L 71
SEQ ID NO: 82 moltype = AA length = 14
FEATURE Location/Qualifiers
REGION 1..14
note = Description of Artificial Sequence: Synthetic peptide
source 1..14

mol type = protein
organism = synthetic construct
SEQUENCE: 82

ELRSRHWAIR TRSG 14
SEQ ID NO: 83 moltype = AA length = 14
FEATURE Location/Qualifiers
REGION 1..14
note = Description of Artificial Sequence: Synthetic peptide
source 1..14

mol type = protein
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-continued

SEQUENCE: 83
ELRSRYWASR TRSG

SEQ ID NO: 84
FEATURE
REGION

source
SEQUENCE: 84
FMFSDFHFI

SEQ ID NO: 85
FEATURE
REGION

source
SEQUENCE: 85
VLRGSIAHK
SEQ ID NO: 86
FEATURE
REGION

source
SEQUENCE: 86
LTFLARSAL

SEQ ID NO: 87
FEATURE
REGION

source
SEQUENCE: 87
VAYERMCNIL KGKFQTAA
SEQ ID NO: 88
FEATURE
REGION

source
SEQUENCE: 88
VAYERMCNII KGKFQTAA
SEQ ID NO: 89
FEATURE
REGION

source
SEQUENCE: 89
VAYERMCNIL KGKFKTAA
SEQ ID NO: 90
FEATURE

REGION

source

SEQUENCE: 90

VAYERMCNIL KGKFQIAA

SEQ ID NO: 91
FEATURE

organism = synthetic construct
14

moltype = AA length = 9
Location/Qualifiers

1..9
note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers

1..9
note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein
organism = synthetic construct

moltype = AA length = 9
Location/Qualifiers

1..9
note = Description of Artificial Sequence: Synthetic peptide
1..9

mol type = protein
organism = synthetic construct

moltype = AA length = 18
Location/Qualifiers

1..18
note = Description of Artificial Sequence: Synthetic peptide
1..18

mol type = protein
organism = synthetic construct

18

moltype = AA length = 18
Location/Qualifiers

1..18
note = Description of Artificial Sequence: Synthetic peptide
1..18

mol type = protein
organism = synthetic construct

18

moltype = AA length = 18
Location/Qualifiers

1..18
note = Description of Artificial Sequence: Synthetic peptide
1..18

mol type = protein
organism = synthetic construct

18

moltype = AA length = 18
Location/Qualifiers

1..18
note = Description of Artificial Sequence: Synthetic peptide
1..18

mol type = protein
organism = synthetic construct

18

moltype = AA length = 18
Location/Qualifiers
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REGION 1..18
note = Description of Artificial Sequence: Synthetic peptide
source 1..18

SEQUENCE: 91
VAYERMCNIL KGKFQTAV

SEQ ID NO: 92
FEATURE

REGION

source

SEQUENCE: 92
KWGMELRRCL LQSLQQT
SEQ ID NO: 93
FEATURE

REGION

source

SEQUENCE: 93
SQISVQPTES

SEQ ID NO: 94
FEATURE

REGION

source

SEQUENCE: 94
GQVSVQPTFS

SEQ ID NO: 95
FEATURE

REGION

source

SEQUENCE: 95

LEAGCKNFFP RSFTSCGSLE

SEQ ID NO: 96
FEATURE
REGION

source
SEQUENCE: 96
CRRRRRREAE AC
SEQ ID NO: 97
FEATURE
REGION

source
SEQUENCE: 97
GGGGGGGG

SEQ ID NO: 98
FEATURE

REGION

source

SEQUENCE: 98

mol type = protein
organism = synthetic construct

18

moltype = AA length = 17
Location/Qualifiers

1..17
note = Description of Artificial Sequence: Synthetic peptide
1..17

mol type = protein
organism = synthetic construct

17

moltype = AA length = 10
Location/Qualifiers

1..10
note = Description of Artificial Sequence: Synthetic peptide
1..10

mol type = protein
organism = synthetic construct

10

moltype = AA length = 10
Location/Qualifiers

1..10
note = Description of Artificial Sequence: Synthetic peptide
1..10

mol type = protein
organism = synthetic construct

10

moltype = AA length = 20
Location/Qualifiers

1..20
note = Description of Artificial Sequence: Synthetic peptide
1..20

mol type = protein
organism = synthetic construct

20

moltype = AA length = 12
Location/Qualifiers

1..12
note = Description of Artificial Sequence: Synthetic peptide
1..12

mol type = protein
organism = synthetic construct

12

moltype = AA length = 8
Location/Qualifiers

1..8
note = Description of Artificial Sequence: Synthetic peptide
1..8

mol type = protein
organism = synthetic construct

moltype = AA length = 12
Location/Qualifiers

1..12
note = Description of Artificial Sequence: Synthetic peptide
1..12

mol type = protein
organism = synthetic construct
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GSAGSAAGSG EF 12
SEQ ID NO: 99 moltype = AA length = 20
FEATURE Location/Qualifiers
REGION 1..20

note = Description of Artificial Sequence: Synthetic peptide
source 1..20

mol type = protein

organism = synthetic construct
SEQUENCE: 99
GGGGSGGGGS GGGGSGGGEGS 20
SEQ ID NO: 100 moltype = AA length = 17
FEATURE Location/Qualifiers
REGION 1..17

note = Description of Artificial Sequence: Synthetic peptide
source 1..17

mol type = protein

organism = synthetic construct
SEQUENCE: 100
ISQAVHAAHA EINEAGR 17
SEQ ID NO: 101 moltype = AA length = 13
FEATURE Location/Qualifiers
REGION 1..13

note = Description of Artificial Sequence: Synthetic peptide
source 1..13

mol type = protein

organism = synthetic construct
SEQUENCE: 101
AKFVAAWTLK AAA 13
SEQ ID NO: 102 moltype = AA length = 15
FEATURE Location/Qualifiers
REGION 1..15

note = Description of Artificial Sequence: Synthetic peptide
MOD_RES 3

note = L-cyclohexylalanine
MOD_RES 14

note = Aminocaproic acid
source 1..15

mol type = protein

organism = synthetic construct
SEQUENCE: 102
AKXVAAWTLK AAAXC 15
SEQ ID NO: 103 moltype = AA length = 17
FEATURE Location/Qualifiers
REGION 1..17

note = Description of Artificial Sequence: Synthetic peptide
source 1..17

mol type = protein

organism = synthetic construct
SEQUENCE: 103
GALNNRFQIK GVELKSK 17
SEQ ID NO: 104 moltype = DNA length = 36519
FEATURE Location/Qualifiers
misc_feature 1..36519

note = Description of Artificial Sequence: Synthetic

polynucleotide
source 1..36519

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 104
ccatcttcaa taatatacct caaacttttt gtgcgcegtta atatgcaaat gaggegtttg 60
aatttgggga ggaagggcgg tgattggtcg agggatgage gaccgttagyg ggcggggcga 120
gtgacgtttt gatgacgtgg ttgcgaggag gagccagttt gcaagttctc gtgggaaaag 180
tgacgtcaaa cgaggtgtgg tttgaacacg gaaatactca attttccege gctctctgac 240
aggaaatgag gtgtttctgg gcggatgcaa gtgaaaacgg gccatttteg cgcgaaaact 300
gaatgaggaa gtgaaaatct gagtaatttc gegtttatgg cagggaggag tatttgccga 360
gggccgagta gactttgace gattacgtgg gggtttegat taccgtgttt ttcacctaaa 420
tttecegegta cggtgtcaaa gtccecggtgtt tttacgtagyg tgtcagetga tcgecagggt 480
atttaaacct gcgctcteca gtcaagagge cactcecttgag tgccagcgayg aagagtttte 540
tcctecgege cgcgagtcag atctacactt tgaaagatga ggcacctgag agacctgcce 600
gatgagaaaa tcatcatcge ttccgggaac gagattctgg aactggtggt aaatgccatg 660
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atgggcgacg accctecgga gecccccacce ccatttgaga cacctteget gcacgatttg 720
tatgatctgg aggtggatgt gcccgaggac gatcccaatyg aggaggcggt aaatgatttt 780
tttagcgatg ccgegetget agetgecgag gaggcttega gcetctagetce agacagcgac 840
tcttecactge ataccectag acccggcaga ggtgagaaaa agatccccga gcttaaaggg 900
gaagagatgyg acttgcgctg ctatgaggaa tgcttgecce cgagcgatga tgaggacgag 960
caggcgatce agaacgcagce gagccaggga gtgcaageceg ccagegagag ctttgegetg 1020
gactgccege ctetgececcgg acacggcetgt aagtecttgtg aatttcatcg catgaatact 1080
ggagataaag ctgtgttgtg tgcactttgc tatatgagag cttacaacca ttgtgtttac 1140
agtaagtgtg attaagttga actttagagg gaggcagaga gcagggtgac tgggcgatga 1200
ctggtttatt tatgtatata tgttctttat ataggtcccg tctcetgacge agatgatgag 1260
acccccacta caaagtccac ttecgtcacce ccagaaattg gcacatctcece acctgagaat 1320
attgttagac cagttcctgt tagagccact gggaggagag cagctgtgga atgtttggat 1380
gacttgctac agggtggggt tgaacctttg gacttgtgta cccggaaacg ccccaggcac 1440
taagtgccac acatgtgtgt ttacttgagg tgatgtcagt atttataggg tgtggagtgce 1500
aataaaaaat gtgttgactt taagtgcgtg gtttatgact caggggtggg gactgtgagt 1560
atataagcag gtgcagacct gtgtggttag ctcagagcgg catggagatt tggacggtct 1620
tggaagactt tcacaagact agacagctgc tagagaacgc ctcgaacgga gtctcttacce 1680
tgtggagatt ctgcttcggt ggcgacctag ctaggctagt ctacagggcc aaacaggatt 1740
atagtgaaca atttgaggtt attttgagag agtgttctgg tctttttgac gctcttaact 1800
tgggccatca gtctcacttt aaccagagga tttcgagage ccttgatttt actactcctg 1860
gcagaaccac tgcagcagta gccttttttg cttttattet tgacaaatgg agtcaagaaa 1920
cccatttcag cagggattac cagctggatt tcttagcagt agetttgtgg agaacatgga 1980
agtgccagcg cctgaatgca atcteceggcet acttgcecggt acagccgcta gacactctga 2040
ggatcctgaa tctccaggag agtcccaggg cacgccaacg tegccagcag cagcagcagg 2100
aggaggatca agaagagaac ccgagagcecg gectggaccee tecggceggayg gaggaggagt 2160
agctgacctg tttcectgaac tgcgeccegggt gctgactagg tcecttecgagtg gtcgggagag 2220
ggggattaag cgggagaggc atgatgagac taatcacaga actgaactga ctgtgggtct 2280
gatgagtcge aagcgcccag aaacagtgtg gtggcatgag gtgcagtcga ctggcacaga 2340
tgaggtgtcg gtgatgcatg agaggttttc tctagaacaa gtcaagactt gttggttaga 2400
gcctgaggat gattgggagg tagccatcag gaattatgec aagcectggcectce tgaggccaga 2460
caagaagtac aagattacta agctgataaa tatcagaaat gcctgctaca tctcagggaa 2520
tggggctgaa gtggagatct gtctceccagga aagggtggct ttcagatgct gcatgatgaa 2580
tatgtacccg ggagtggtgg gcatggatgg ggttaccttt atgaacatga ggttcagggg 2640
agatgggtat aatggcacgg tctttatggc caataccaag ctgacagtcc atggctgcte 2700
cttectttggg tttaataaca cctgcatcga ggcctggggt caggteggtg tgaggggctg 2760
cagtttttca gccaactgga tgggggtcgt gggcaggacce aagagtatgce tgtccgtgaa 2820
gaaatgcttg tttgagaggt gccacctggg ggtgatgagce gagggcgaag ccagaatccg 2880
ccactgecgcece tctaccgaga cgggctgett tgtgctgtge aagggcaatg ctaagatcaa 2940
gcataatatg atctgtggag cctceggacga gcgcggctac cagatgctga cctgecgecgg 3000
cgggaacagc catatgctgg ccaccgtaca tgtggcttce catgectcgca agcccectggece 3060
cgagttcgag cacaatgtca tgaccaggtg caatatgcat ctggggtccc gccgaggcat 3120
gttcatgcee taccagtgca acctgaatta tgtgaaggtg ctgctggagc ccgatgccat 3180
gtccagagtyg agcctgacgg gggtgtttga catgaatgtg gaggtgtgga agattctgag 3240
atatgatgaa tccaagacca ggtgccgagce ctgcgagtgce ggagggaagce atgccaggtt 3300
ccagceegtg tgtgtggatg tgacggagga cctgcgacce gatcatttgg tgttgccctg 3360
caccgggacg gagttcggtt ccagcgggga agaatctgac tagagtgagt agtgttctgg 3420
ggcgggggag gacctgcatg agggccagaa taactgaaat ctgtgctttt ctgtgtgttg 3480
cagcagcatg agcggaagcg gctcecctttga gggaggggta ttcageccctt atctgacggg 3540
gcgtetecee tectgggcgg gagtgcgtca gaatgtgatg ggatccacgg tggacggcecg 3600
gccegtgcag cccgcgaact cttcaacccect gacctatgca accctgaget cttegtegtt 3660
ggacgcagcet gecgecgcag ctgctgcatce tgccgecage gecgtgegeg gaatggecat 3720
gggcgccgge tactacggca ctetggtgge caactcgagt tccaccaata atcccgceccag 3780
cctgaacgag gagaagctgt tgctgctgat ggcccagcecte gaggccttga cccagegect 3840
gggcgagetyg acccagcagg tggctcaget gcaggagcag acgcegggecg cggttgccac 3900
ggtgaaatcc aaataaaaaa tgaatcaata aataaacgga gacggttgtt gattttaaca 3960
cagagtctga atctttattt gatttttcge gcgeggtagg ccctggacca ccggtectcga 4020
tcattgagca cccggtggat cttttcecagg acccggtaga ggtgggcettg gatgttgagg 4080
tacatgggca tgagcccgte ccgggggtgg aggtagctce attgcaggge ctcecgtgecteg 4140
ggggtggtgt tgtaaatcac ccagtcatag caggggcgca gggcatggtg ttgcacaata 4200
tctttgagga ggagactgat ggccacgggc agccctttgg tgtaggtgtt tacaaatctg 4260
ttgagctggg agggatgcat gcggggggag atgaggtgca tcttggectg gatcttgaga 4320
ttggcgatgt taccgcccag atcccgectg gggttcatgt tgtgcaggac caccagcacg 4380
gtgtatcecgg tgcacttggg gaatttatca tgcaacttgg aagggaaggc gtgaaagaat 4440
ttggcgacgce ctttgtgccc geccaggttt tccatgcact catccatgat gatggcgatg 4500
ggcecegtggyg cggcggcectyg ggcaaagacg tttcecgggggt cggacacatc atagttgtgg 4560
tcetgggtga ggtcatcata ggccatttta atgaatttgg ggcggagggt geccggactgg 4620
gggacaaagg taccctcgat ccegggggceg tagttcecccet cacagatctg catctcccag 4680
gctttgaget cggagggggg gatcatgtece acctgegggyg cgataaagaa cacggtttece 4740
ggggcgggyy agatgagcetyg ggccgaaagce aagttccgga gcagcetggga cttgccgcag 4800
ceggtgggge cgtagatgac cccgatgacce ggetgcaggt ggtagttgag ggagagacag 4860
ctgcegtect ceccggaggag gggggccacce tcegttcatca tcectegegcac gtgcatgtte 4920
tegegeacca gttecgecag gaggcegetet ceccccaggg ataggagcetce ctggagcegag 4980
gcgaagtttt tcagecggctt gagtccgteg geccatgggca ttttggagag ggtttgttge 5040
aagagttcca ggcggtccca gagcteggtg atgtgctcecta cggcatcteg atccagcaga 5100
cctectegtt tegegggttyg ggacggctgce gggagtaggg caccagacga tgggegtcca 5160
gcgcagcecag ggtccggtcee ttecagggte gcagegtceeg cgtcagggtg gtcecteccgtca 5220
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cggtgaaggg gtgcgcgceeg ggctgggcege ttgcgagggt gcgcettcagg ctcatccgge 5280
tggtcgaaaa ccgctccecga teggegecct gcgegtegge caggtagcaa ttgaccatga 5340
gttecgtagtt gagcgecctceg gcegegtgge ctttggecgeg gagcecttacct ttggaagtet 5400
geeegcagyge gggacagagg agggacttga gggcgtagag cttgggggceyg aggaagacgg 5460
actcggggge gtaggegtcee gegcecgeagt gggegcagac ggtctegcac tccacgagee 5520
aggtgaggtc gggctggtcg gggtcaaaaa ccagtttcce geccegttettt ttgatgegtt 5580
tcttaccttt ggtctccatg agectegtgte ccecgctgggt gacaaagagg ctgtcecegtgt 5640
ccecgtagac cgactttatg ggccggtect cgageggtgt geccgeggtee tectegtaga 5700
ggaacccege ccactccgag acgaaagccce gggtccagge cagcacgaag gaggccacgt 5760
gggacgggta gcggtegttg tccaccageg ggtccacctt ttccagggta tgcaaacaca 5820
tgtcceecte gtccacatee aggaaggtga ttggcttgta agtgtaggcce acgtgaccgg 5880
gggtccecgge cgggggggta taaaagggtg cgggtceccctg ctegtcectca ctgtecttecg 5940
gatcgctgte caggagcgce agetgttggg gtaggtatte cctectcecgaag gecgggcatga 6000
ccteggcecact caggttgtca gtttctagaa acgaggagga tttgatattg acggtgccgg 6060
cggagatgcce tttcaagagc ccctegtceca tctggtcaga aaagacgatce tttttgttgt 6120
cgagettggt ggcgaaggag ccgtagaggg cgttggagag gagettggeyg atggagegca 6180
tggtctggtt tttttceccttyg teggecgeget ccttggegge gatgttgage tgcacgtact 6240
cgecgegecac gcacttcecat tceggggaaga cggtggtcag ctcegteggge acgattctga 6300
cctgccagece ccgattatge agggtgatga ggtccacact ggtggccacc tcgcecgegca 6360
ggggctcatt agtccagcag aggegtccge ccttgegega gcagaagggyg ggcagggggt 6420
ccagcatgac ctcegtegggg gggtcggeat cgatggtgaa gatgecggge aggaggtcgg 6480
ggtcaaagta gctgatggaa gtggccagat cgtccagggce agcttgccat tcgegcacgg 6540
ccagegegeg ctegtaggga ctgaggggeg tgecccaggyg catgggatgyg gtaagegegg 6600
aggcgtacat gccgcagatg tcgtagacgt agaggggctce ctcgaggatg ccgatgtagg 6660
tggggtagca gcgceccecceg cggatgetgg cgegcacgta gtcatacage tcegtgegagg 6720
gggcgaggag ccccgggcece aggttggtge gactgggctt tteggcecgegg tagacgatct 6780
ggcggaaaat ggcatgcgag ttggaggaga tggtgggcct ttggaagatg ttgaagtggg 6840
cgtggggcag tccgaccgag tcgcggatga agtgggcegta ggagtcecttge agecttggcga 6900
cgagctegge ggtgactagg acgtccagag cgcagtagtce gagggtctcecce tggatgatgt 6960
catacttgag ctgtcccttt tgtttceccaca gctecgcggtt gagaaggaac tcttegeggt 7020
cctteccagta ctcttcgagyg gggaacccegt cctgatctge acggtaagag cctagcatgt 7080
agaactggtt gacggccttg taggcgcagce agcccttete cacggggagg gcgtaggect 7140
gggcggcectt gegcagggag gtgtgcgtga gggcgaaagt gtccctgacce atgaccttga 7200
ggaactggtg cttgaagtcg atatcgtcge agcccceccctg ctecccagagce tggaagtcecg 7260
tgcgettett gtaggcgggyg ttgggcaaag cgaaagtaac atcgttgaag aggatcttge 7320
ccgegegggg cataaagttg cgagtgatge ggaaaggttg gggcacctceg geccggttgt 7380
tgatgacctg ggcggcgagce acgatctcecgt cgaagccgtt gatgttgtgg cccacgatgt 7440
agagttccac gaatcgcgga cggcccttga cgtggggcag tttcettgage tectegtagg 7500
tgagctegte ggggtcgetg agcccegtgcet gctcgagege ccagteggeg agatgggggt 7560
tggcgeggag gaaggaagtc cagagatcca cggccaggge ggtttgcaga cggtecceggt 7620
actgacggaa ctgctgcceg acggccattt tttegggggt gacgcagtag aaggtgcggg 7680
ggtcccegtyg ccagegatcee catttgaget ggagggcgag atcgagggeg agcetcgacga 7740
gcecggtegte cccggagagt ttcatgacca gcatgaaggg gacgagctgce ttgcecgaagg 7800
accccatcca ggtgtaggtt tccacatcgt aggtgaggaa gagcectttcg gtgcgaggat 7860
gcgagccgat ggggaagaac tggatctcecct geccaccaatt ggaggaatgg ctgttgatgt 7920
gatggaagta gaaatgccga cggcgcgccg aacactcgtg cttgtgttta tacaagcgge 7980
cacagtgctc gcaacgctgce acgggatgca cgtgctgcac gagctgtacc tgagttcctt 8040
tgacgaggaa tttcagtggg aagtggagtc gtggcgcctg catctegtge tgtactacgt 8100
cgtggtggtce ggcctggeccece tettetgect cgatggtggt catgectgacg agccecgegeg 8160
ggaggcaggt ccagaccteg gcgegagegg gtceggagage gaggacgagg gegegcagge 8220
cggagetgte cagggtectg agacgetgeg gagtcaggte agtgggcage ggcggegege 8280
ggttgacttyg caggagtttt tccagggcgce gcgggaggtce cagatggtac ttgatctcecca 8340
ccgegecatt ggtggcgacg tcgatggcett gcagggtcce gtgccecctgg ggtgtgacca 8400
ccgteecceg tttettettyg ggeggetggg gcgacggggyg cggtgectet teccatggtta 8460
gaagcggegg cgaggacgeg cgecgggedyg caggggcegge teggggeceg gaggcagggyg 8520
cggcagggge acgteggege cgcgcegeggg taggttetgg tactgegecce ggagaagact 8580
ggcgtgageg acgacgcgac ggttgacgtc ctggatctga cgcctcectggg tgaaggccac 8640
gggacccgtyg agtttgaacce tgaaagagag ttcgacagaa tcaatctcgg tatcgttgac 8700
ggcggcctge cgcaggatct cttgcacgtce geccgagttg tectggtagg cgatctcecggt 8760
catgaactgc tcgatctecct cctcecttgaag gtctceccgegg ccggecgeget ccacggtgge 8820
cgcgaggtceg ttggagatgce ggcccatgag ctgcgagaag gcgttcatge ccgecctegtt 8880
ccagacgegg ctgtagacca cgacgcccte gggatcegecyg gegegcatga ccacctggge 8940
gaggttgagc tccacgtgge gcgtgaagac cgcgtagttyg cagaggcgct ggtagaggta 9000
gttgagcgtyg gtggcgatgt gcteggtgac gaagaaatac atgatccagc ggcggagcegg 9060
catctegetg acgtecgccca gegcectceccaa acgttccatg gectecgtaaa agtccacgge 9120
gaagttgaaa aactgggagt tgcgcgccga gacggtcaac tcctcectcecca gaagacggat 9180
gagctcggeg atggtggcge gcacctegeg ctcgaaggec cccgggagtt cctecactte 9240
ctecttettee tecteccacta acatctette tacttectee tcaggcggca gtggtggegg 9300
gggaggggygce ctgegtcegee ggcggegcac gggcagacgg tcgatgaage getcgatggt 9360
ctegecgege cggegtegea tggtcteggt gacggegege cegtectege ggggecgcag 9420
cgtgaagacg ccgecgegca tctcecaggtyg geecggggggy teccegttgyg gcagggagag 9480
ggcgctgacyg atgcatctta tcaattgccce cgtagggact ccgcgcaagg acctgagegt 9540
ctecgagatcee acgggatctg aaaaccgetg aacgaagget tcegagccagt cgcagtcegca 9600
aggtaggctg agcacggttt cttctggcgg gtcatgttgg ttgggagcgg ggcgggcgat 9660
gctgetggtyg atgaagttga aataggceggt tcectgagacgg cggatggtgg cgaggagcac 9720
caggtctttg ggccecggett getggatgceg cagacggtcg gccatgceccce aggcgtggte 9780
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ctgacacctg gccaggtect tgtagtagtc ctgcatgage cgctccacgg gcacctcecte 9840

ctegeccgeg cggecgtgca tgcgegtgag cecgaagecyg cgetgggget ggacgagege 9900

caggtcggceg acgacgcgcet cggcgaggat ggcttgetgg atctgggtga gggtggtctg 9960

gaagtcatca aagtcgacga agcggtggta ggctccggtg ttgatggtgt aggagcagtt 10020
ggccatgacg gaccagttga cggtctggtg gecccggacge acgagctcegt ggtacttgag 10080
gcgegagtag gcegegegtgt cgaagatgta gtcgttgcag gtgcgcacca ggtactggta 10140
gccgatgagg aagtgcggcg gcggctggeg gtagagcegge catcgctegg tggeggggge 10200
gcecgggcegeg aggtcectcecga gcatggtgeg gtggtageeg tagatgtacce tggacatcca 10260
ggtgatgcceg gcggceggtgg tggaggcegeg cgggaactceg cggacgcggt tccagatgtt 10320
gcgcagcgge aggaagtagt tcatggtggg cacggtctgg cccgtgaggce gcgegcagte 10380
gtggatgctc tatacgggca aaaacgaaag cggtcagcgg ctcgactccg tggectggag 10440
gctaagcgaa cgggttggge tgcgcgtgta ccccggtteg aatctcgaat caggctggag 10500
ccgcagctaa cgtggtattg gcactceccegt ctcgacccaa gcectgcacca accctecagg 10560
atacggaggc gggtcgtttt gcaacttttt tttggaggcce ggatgagact agtaagcgeg 10620
gaaagcggcec gaccgcgatg gctegectgece gtagtectgga gaagaatcgce cagggttgeg 10680
ttgcggtgtyg cccecggtteg aggccggcecg gattccgegg ctaacgaggg cgtggetgee 10740
ccgtegttte caagacccca tagccagcecg acttctecag ttacggagceg ageccectcectt 10800
ttgttttgtt tgtttttgcc agatgcatcc cgtactgcgg cagatgcgcce cccaccacce 10860
tccaccgcaa caacagcccece ctceccacagec ggcgcttetg ccecccecgecce agcagcaact 10920
tccagecacg accgecgegg ccgccgtgag cggggctgga cagagttatg atcaccaget 10980
ggccttggaa gagggcgagg ggctggegeg cctgggggeyg tcegtcecgeegg ageggcacce 11040
gcgegtgcag atgaaaaggg acgctcgcga ggcctacgtg cccaagcaga acctgttcag 11100
agacaggagc ggcgaggagc ccgaggagat gcgcgcggcece cggttccacg cggggceggga 11160
gctgeggege ggcctggace gaaagagggt gctgagggac gaggatttcg aggceggacga 11220
gctgacgggg atcagccccg cgcegcgegca cgtggecgeg gccaacctgg tcacggcegta 11280
cgagcagacc gtgaaggagg agagcaactt ccaaaaatcc ttcaacaacc acgtgcgcac 11340
cctgategeg cgcgaggagg tgacccetggg cctgatgcac ctgtgggacce tgctggagge 11400
catcgtgcag aaccccacca gcaagcecgct gacggcgcag ctgttectgg tggtgcagca 11460
tagtcgggac aacgaagcgt tcagggaggc gctgctgaat atcaccgage ccgagggcceg 11520
ctggctectg gacctggtga acattcectgca gagcatcgtg gtgcaggage gegggcetgee 11580
gctgtccgag aagcectggcegg ccatcaactt ctcecggtgctg agtttgggca agtactacge 11640
taggaagatc tacaagaccc cgtacgtgcce catagacaag gaggtgaaga tcgacgggtt 11700
ttacatgcge atgaccctga aagtgctgac cctgagcgac gatctggggg tgtaccgcaa 11760
cgacaggatg caccgtgcgg tgagcgccag caggcggcgce gagctgagceg accaggaget 11820
gatgcatagt ctgcagcggg ccctgaccgg ggccgggace gagggggaga gctactttga 11880
catgggcgceg gacctgcact ggcagcccag ccgccgggcece ttggaggcecgg cggcaggacce 11940
ctacgtagaa gaggtggacg atgaggtgga cgaggagggc gagtacctgg aagactgatg 12000
gcgecgacegt atttttgcta gatgcaacaa caacagccac ctcecctgatcce cgcgatgegg 12060
gcggegcectge agagccagcece gtecggcatt aactectcecgg acgattggac ccaggccatg 12120
caacgcatca tggcgctgac gacccgcaac cccgaagcect ttagacagca gecccaggece 12180
aaccggctcet cggccatcct ggaggcecgtg gtgeccctege gctceccaacce cacgcacgag 12240
aaggtccectgg ccatcgtgaa cgcgcetggtg gagaacaagg ccatccgcegg cgacgaggece 12300
ggcetggtgt acaacgcgct gctggagecge gtggcccgcet acaacagcac caacgtgcag 12360
accaacctgg accgcatggt gaccgacgtg cgcgaggccg tggcccagceg cgageggtte 12420
caccgcgagt ccaacctggg atccatggtg gcgctgaacg ccttectcag cacccagcecce 12480
gccaacgtge cccggggcca ggaggactac accaacttca tcagcgcecct gcgectgatg 12540
gtgaccgagg tgccccagag cgaggtgtac cagtccggge cggactactt cttcecagacce 12600
agtcgecagg gcttgcagac cgtgaacctg agccaggctt tcaagaactt gcagggcctg 12660
tggggcegtge aggccccggt cggggaccgce gcgacggtgt cgagecctget gacgcecgaac 12720
tcgegectge tgctgcectget ggtggecccee ttcacggaca gcggcagcat caaccgcaac 12780
tcgtacctgg gcectacctgat taacctgtac cgcgaggcca tcggccaggce gcacgtggac 12840
gagcagacct accaggagat cacccacgtg agccgcgcecec tgggccagga cgacccggge 12900
aacctggaag ccaccctgaa ctttttgcetg accaaccggt cgcagaagat cccgecccag 12960
tacgcgcectca gcaccgagga ggagcgcatce ctgcgttacg tgcagcagag cgtgggcctg 13020
ttectgatge aggagggggce cacccccagce gccgcgeteg acatgaccge gegcaacatg 13080
gagcccagca tgtacgccag caaccgcccg ttcatcaata aactgatgga ctacttgcat 13140
cgggcggccg ccatgaacte tgactatttce accaacgcca tcecctgaatce ccactggcecte 13200
ccgeccgecgg ggttctacac gggcgagtac gacatgcccg accccaatga cgggttectg 13260
tgggacgatg tggacagcag cgtgttctcece ccccgaccgg gtgctaacga gegccecttg 13320
tggaagaagg aaggcagcga ccgacgcccg tcctceggege tgtcecggecg cgagggtget 13380
gcecgeggegyg tgcccgagge cgcecagtect ttcecccgaget tgccecttecte gctgaacagt 13440
atccgcagca gcgagctggg caggatcacg cgcccgegcet tgctgggcga agaggagtac 13500
ttgaatgact cgctgttgag acccgagcgg gagaagaact tccccaataa cgggatagaa 13560
agcctggtgg acaagatgag ccgctggaag acgtatgcge aggagcacag ggacgatcce 13620
cgggcgtege agggggccac gagcceggggce agcgccgcece gtaaacgcecg gtggcacgac 13680
aggcagcggg gacagatgtg ggacgatgag gactccgecg acgacagcag cgtgttggac 13740
ttgggtggga gtggtaaccc gttcgctcac ctgcgcccce gtatcgggeg catgatgtaa 13800
gagaaaccga aaataaatga tactcaccaa ggccatggceg accagcgtgce gttegtttet 13860
tctetgttgt tgttgtatcet agtatgatga ggcgtgcgta cccggagggt cctcectceccet 13920
cgtacgagag cgtgatgcag caggcgatgg cggcggceggce gatgcagccce ccgctggagg 13980
cteccttacgt gecceccgegg tacctggege ctacggaggg gcggaacagce attcgttact 14040
cggagctggce acccttgtac gataccacce ggttgtacct ggtggacaac aagtcggcgg 14100
acatcgecctce gcectgaactac cagaacgacc acagcaactt cctgaccacc gtggtgcaga 14160
acaatgactt cacccccacg gaggccagca cccagaccat caactttgac gagcgctcge 14220
ggtggggcegyg ccagctgaaa accatcatgce acaccaacat gcccaacgtg aacgagttca 14280
tgtacagcaa caagttcaag gcgcgggtga tggtctcccg caagaccccce aatggggtga 14340
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cagtgacaga ggattatgat ggtagtcagg atgagctgaa gtatgaatgg gtggaatttg 14400
agctgcccga aggcaacttce tcggtgacca tgaccatcga cctgatgaac aacgccatca 14460
tcgacaatta cttggcggtyg gggcggcaga acggggtgct ggagagcgac atcggcegtga 14520
agttcgacac taggaacttc aggctgggct gggacccegt gaccgagctg gtcatgcceg 14580
gggtgtacac caacgaggct ttccatcceg atattgtctt getgcecccgge tgcggggtgg 14640
acttcaccga gagccgcecte agcaacctgce tgggcattcg caagaggcag cccttecagg 14700
aaggcttcca gatcatgtac gaggatctgg aggggggcaa catccccgeg ctcectggatg 14760
tcgacgecta tgagaaaagc aaggaggatg cagcagctga agcaactgca gccgtagcecta 14820
ccgectetac cgaggtcagg ggcgataatt ttgcaagege cgcagcagtg gcageggcceg 14880
aggcggctga aaccgaaagt aagatagtca ttcagccggt ggagaaggat agcaagaaca 14940
ggagctacaa cgtactaccg gacaagataa acaccgccta ccgcagctgg tacctagect 15000
acaactatgg cgaccccgag aagggcgtgce gctecctggac gctgctcacce accteggacg 15060
tcacctgegg cgtggagcaa gtctactggt cgctgcccga catgatgcaa gacccggtca 15120
cctteegete cacgcgtcaa gttagcaact acceggtggt gggcegecgag ctectgeceg 15180
tctactccaa gagcttctte aacgagcagg ccgtctacte gcagcagctg cgcgecttca 15240
cctegettac gecacgtctte aaccgcettcee ccgagaacca gatcctegte cgccegecceg 15300
cgcccaccat taccaccgtce agtgaaaacg ttcecctgctcet cacagatcac gggaccctge 15360
cgctgegcag cagtatcegg ggagtcecage gcgtgaccegt tactgacgcc agacgcecgca 15420
cctgececta cgtctacaag gecctgggca tagtcgegee gecgegtecte tcecgagecgca 15480
ccttctaaat gtccattcte atctcecgecca gtaataacac cggttgggge ctgcgegege 15540
ccagcaagat gtacggaggc gctcgccaac gctccacgca acaccceccgtg cgegtgegeg 15600
ggcactteceg cgctceectgg ggegeccctceca agggcecgcegt geggtcegege accaccgteg 15660
acgacgtgat cgaccaggtg gtggccgacg cgcgcaacta cacccccgece gecgegeceg 15720
tcteccacegt ggacgccecgte atcgacagceg tggtggcegga cgcgcgcecgg tacgeccgeg 15780
ccaagagccg gcggcggcege atcgeccgge ggcaccggag cacccccgece atgcgegegg 15840
cgcgagectt gectgcgcagg gecaggcgca cgggacgcag ggccatgcte agggeggcca 15900
gacgcgcgge ttcaggcgcee agcegccggca ggacccggag acgcgcggcece acggcggcegg 15960
cagcggccat cgccagcatg tecccgeccge ggcgagggaa cgtgtactgg gtgcgecgacg 16020
ccgccaccgg tgtgegegtyg ceccgtgegca cccgceccece tcgcacttga agatgttcac 16080
ttecgcgatgt tgatgtgtcec cagcggcgag gaggatgtce aagcgcaaat tcaaggaaga 16140
gatgctccag gtcatcgege ctgagatcta cggcectgeg gtggtgaagg aggaaagaaa 16200
gcceccgcaaa atcaagceggg tcaaaaagga caaaaaggaa gaagaaagtg atgtggacgg 16260
attggtggag tttgtgcgeg agttcgeccce ccggcggcege gtgcagtgge gegggceggaa 16320
ggtgcaaccyg gtgctgagac ccggcaccac cgtggtctte acgecccggceg agegectceccecgg 16380
caccgcttee aagcgctect acgacgaggt gtacggggat gatgatattc tggagcagge 16440
ggccgagege ctgggcgagt ttgcttacgg caagcgcagce cgttccgcac cgaaggaaga 16500
ggcggtgtec atcccecgetgg accacggcaa ccccacgceceg agectcaagce ccgtgacctt 16560
gcagcaggtyg ctgccgaccg cggcgccgeg ccgggggtte aagecgcgagg gcgaggatct 16620
gtaccccacc atgcagctga tggtgcccaa gecgccagaag ctggaagacg tgctggagac 16680
catgaaggtg gacccggacg tgcagcccga ggtcaaggtg cggcccatca agcaggtgge 16740
ccegggectyg ggcgtgcaga ccgtggacat caagattcce acggagccca tggaaacgca 16800
gaccgagcecec atgatcaagce ccagcaccag caccatggag gtgcagacgg atccctggat 16860
gccatcecgget cctagtcgaa gaccccggeg caagtacgge gceggccagcece tgctgatgee 16920
caactacgcg ctgcatccectt ccatcatccce cacgccggge taccgeggca cgcgettcta 16980
ccgecggtecat accagcagec gecgecgcaa gaccaccact cgecgecgece gtecgecgcac 17040
cgeccgetgeca accacccectg cegeectggt gcggagagtg taccgecgeg gecgegcace 17100
tctgaccctg cecgcegegege gctaccacce gagcatcgee atttaaactt tegccagett 17160
tgcagatcaa tggccctcac atgccgectt cgcgttcecca ttacgggcta ccgaggaaga 17220
aaaccgcgcece gtagaaggct ggcggggaac gggatgcgte gccaccacca ccggeggcgg 17280
cgecgcecatca gcaagceggtt ggggggaggce ttecctgeccg cgctgatcce catcatcgee 17340
gcggcegateg gggcgatcce cggcattget teccgtggcegg tgcaggcctce tcagegceccac 17400
tgagacacac ttggaaacat cttgtaataa acccatggac tctgacgctc ctggtectgt 17460
gatgtgtttt cgtagacaga tggaagacat caatttttcg tcecctggectce cgcgacacgg 17520
cacgcggccg ttcatgggca cctggagcga catcggcacce agccaactga acgggggcge 17580
cttcaattgg agcagtctct ggagcgggct taagaatttce gggtccacgce ttaaaaccta 17640
tggcagcaag gcgtggaaca gcaccacagg gcaggcgctg agggataagce tgaaagagca 17700
gaacttccag cagaaggtgg tcgatgggcet cgccteggge atcaacgggg tggtggacct 17760
ggccaaccag gccgtgcage ggcagatcaa cagccgcectg gacccggtgce cgeccgecgg 17820
ctecegtggag atgccgcagg tggaggagga gctgcctcece ctggacaagce ggggcgagaa 17880
gcgaccceege cccgatgegg aggagacgct gcectgacgcac acggacgagce cgceccccgta 17940
cgaggaggcg gtgaaactgg gtctgcccac cacgcggcece atcgcgcecce tggccaccgg 18000
ggtgctgaaa cccgaaaagce ccgcgacccect ggacttgecet cctecccage ctteccgece 18060
ctctacagtg gctaagccece tgccgecggt ggcecgtggee cgcgcgcecgac ccgggggcac 18120
cgecccgecct catgcgaact ggcagagcac tctgaacage atcgtgggtce tgggagtgca 18180
gagtgtgaag cgccgccgct gctattaaac ctaccgtage gcttaacttg cttgtctgtg 18240
tgtgtatgta ttatgtcgcc gecgecgetg tccaccagaa ggaggagtga agaggcgcegt 18300
cgccgagttg caagatggcc accccatcga tgctgcccca gtgggcgtac atgcacatcg 18360
ccggacagga cgcttcggag tacctgagtce cgggtctggt gcagtttgece cgcgcecacag 18420
acacctactt cagtctgggg aacaagttta ggaaccccac ggtggcgccce acgcacgatg 18480
tgaccaccga ccgcagccag cggctgacgce tgcgcttegt gecccgtggac cgcgaggaca 18540
acacctactc gtacaaagtg cgctacacgc tggccgtggg cgacaaccgce gtgctggaca 18600
tggccagcac ctactttgac atccgeggceg tgctggatcg gggccctage ttcaaaccct 18660
actccggcac cgcctacaac agtctggccce ccaagggagce acccaacact tgtcagtgga 18720
catataaagc cgatggtgaa actgccacag aaaaaaccta tacatatgga aatgcacccg 18780
tgcagggcat taacatcaca aaagatggta ttcaacttgg aactgacacc gatgatcagc 18840
caatctacgc agataaaacc tatcagcctg aacctcaagt gggtgatgct gaatggcatg 18900
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acatcactgg tactgatgaa aagtatggag gcagagctct taagcctgat accaaaatga 18960
agccttgtta tggttctttt geccaagecta ctaataaaga aggaggtcag gcaaatgtga 19020
aaacaggaac aggcactact aaagaatatg acatagacat ggctttcttt gacaacagaa 19080
gtgcggctge tgctggecta gctccagaaa ttgttttgta tactgaaaat gtggatttgg 19140
aaactccaga tacccatatt gtatacaaag caggcacaga tgacagcagc tcttctatta 19200
atttgggtca gcaagccatg cccaacagac ctaactacat tggtttcaga gacaacttta 19260
tcgggcetcat gtactacaac agcactggca atatgggggt gctggeccggt caggettcte 19320
agctgaatgce tgtggttgac ttgcaagaca gaaacaccga gctgtcctac cagctettge 19380
ttgactctct gggtgacaga acccggtatt tcagtatgtg gaatcaggcg gtggacaget 19440
atgatcctga tgtgcgcatt attgaaaatc atggtgtgga ggatgaactt cccaactatt 19500
gtttccctet ggatgectgtt ggcagaacag atacttatca gggaattaag gctaatggaa 19560
ctgatcaaac cacatggacc aaagatgaca gtgtcaatga tgctaatgag ataggcaagg 19620
gtaatccatt cgccatggaa atcaacatcc aagccaacct gtggaggaac ttcectctacg 19680
ccaacgtggce cctgtacctg cccgactcett acaagtacac gccggccaat gttaccctge 19740
ccaccaacac caacacctac gattacatga acggccgggt ggtggcgccce tegctggtgg 19800
actcctacat caacatcggg gecgcgcetggt cgctggatce catggacaac gtgaacccct 19860
tcaaccacca ccgcaatgeg gggctgegcet accgctceccat gectcectggge aacgggcget 19920
acgtgcectt ccacatccag gtgccccaga aatttttege catcaagage ctcecctgectcece 19980
tgccegggte ctacacctac gagtggaact tccgcaagga cgtcaacatg atcctgcaga 20040
gctecectegyg caacgacctg cgcacggacg gggcctcecat ctecttcacce agcatcaacce 20100
tctacgeccac cttcectteecee atggcecgcaca acacggecte cacgctcgag gecatgetge 20160
gcaacgacac caacgaccag tccttcaacg actacctcte ggcggccaac atgctctace 20220
ccatcecegge caacgccacce aacgtgcecca tcteccatcce ctegegcaac tgggecgect 20280
tcegeggetyg gtecttcacyg cgtctcaaga ccaaggagac gccctegetg ggcteegggt 20340
tcgaccecta cttegtctac tegggcetcecca tcecectacct cgacggcacce ttctacctca 20400
accacacctt caagaaggtc tccatcacct tcgactceccte cgtcagetgg cccggcaacyg 20460
accggctect gacgcccaac gagttcgaaa tcaagcgcac cgtcgacggce gagggctaca 20520
acgtggccca gtgcaacatg accaaggact ggttcctggt ccagatgctg gecccactaca 20580
acatcggcta ccagggcttce tacgtgccceg agggctacaa ggaccgcatg tactccttet 20640
tcegcaactt ccagecccatg agccgcecagg tggtggacga ggtcaactac aaggactacce 20700
aggccgtcac cctggcectac cagcacaaca actcgggcectt cgtceggctac ctcecgegeccca 20760
ccatgcgcca gggccagecce taccccegceca actaccecta cccgctcate ggcaagageg 20820
ccgtcaccag cgtcacccag aaaaagttcce tctgcgacag ggtcatgtgg cgcatccccect 20880
tctccagcaa cttcatgtec atgggcegcecge tcaccgacct cggccagaac atgctctatg 20940
ccaactccge ccacgcgcta gacatgaatt tcgaagtcga ccccatggat gagtccacce 21000
ttctectatgt tgtcttcgaa gtcecttegacg tcecgtccgagt gcaccagcecce caccgeggeg 21060
tcatcgaggce cgtctacctg cgcaccccect tcteggecgg taacgccacce acctaagcecte 21120
ttgcttettyg caagccatgg ccgcgggcte cggcgagcag gagctcaggg ccatcatceg 21180
cgacctgggce tgcgggccect acttectggg caccttegat aagcegettcece cgggattcat 21240
ggcececgeac aagctggect gcgecatcgt caacacggec ggccgcgaga ccgggggcga 21300
gcactggetg gecttegect ggaacccegeg ctcgaacacce tgctacctcet tcgacccecett 21360
cgggtteteg gacgagcgece tcaagcagat ctaccagttce gagtacgagg gectgetgeg 21420
ccgcagegece ctggccacceg aggaccgctg cgtcaccctg gaaaagtcca cccagaccgt 21480
gcagggteeg cgctceggecg cctgecggget cttcetgetge atgttectge acgecttegt 21540
gcactggcec gaccgcccca tggacaagaa ccccaccatg aacttgctga cgggggtgce 21600
caacggcatg ctccagtcge cccaggtgga acccaccctg cgcecgcaacce aggaggcgcet 21660
ctaccgcettce ctcaactcecc actccgecta ctttcecgetee caccgegege gcatcgagaa 21720
ggccaccgece ttcgaccgca tgaatcaaga catgtaaacc gtgtgtgtat gttaaatgte 21780
tttaataaac agcactttca tgttacacat gcatctgaga tgatttattt agaaatcgaa 21840
agggttcectge cgggtctegg catggceccge gggcagggac acgttgcgga actggtactt 21900
ggccagccac ttgaactcgg ggatcagcag tttgggcage ggggtgtcgg ggaaggagtce 21960
ggtccacage ttcecgecgtca gttgcaggge gecccagcagg tcegggcgegg agatcttgaa 22020
atcgcagttg ggacccgegt tetgcecgegeg ggagttgegg tacacggggt tgcagcactg 22080
gaacaccatc agggccgggt gcttcacget cgccagcacce gtcgegtegg tgatgctcete 22140
cacgtcgagg tccteggegt tggccatccee gaagggggte atcttgcagg tectgecttee 22200
catggtgggce acgcacccgg gettgtggtt gcaatcgcag tgcaggggga tcagcatcat 22260
ctgggectgg tcggcgttca tecccecgggta catggcectte atgaaagcect ccaattgect 22320
gaacgcctge tgggecttgg ctececteggt gaagaagacce ccgcaggact tgctagagaa 22380
ctggttggtyg gcgcaccegg cgtcgtgcac gcagcagege gcgtegttgt tggccagetg 22440
caccacgctg cgccecccage ggttetgggt gatcttggee cggteggggt tetcecttcag 22500
cgegegetge cegttcectege tegccacatce catctcgate atgtgectcect tetggatcat 22560
ggtggtceeg tgcaggcacce gcagcttgec ctcecggecteg gtgcaccegt gcagccacag 22620
cgecgcacceg gtgcactcecece agttettgtg ggcgatctgg gaatgegegt gcacgaagcece 22680
ctgcaggaag cggcccatca tggtggtcag ggtcttgttg ctagtgaagg tcagcggaat 22740
gcecgeggtge tectegttga tgtacaggtg gcagatgcgg cggtacacct cgecctgcete 22800
gggcatcagc tggaagttgg ctttcaggtc ggtctccacg cggtagcggt ccatcagcat 22860
agtcatgatt tccataccct tectcccagge cgagacgatg ggcaggctca tagggttcectt 22920
caccatcatc ttagcgctag cagccgcggce cagggggtcg ctctegtceca gggtctcaaa 22980
gcteegettyg cegtecttet cggtgatceg caccgggggg tagctgaagce ccacggcecge 23040
cagctectee teggectgte tttegtecte gcectgtectgg ctgacgtcect gcaggaccac 23100
atgcttggtce ttgcggggtt tettettggg cggcagegge ggcggagatg ttggagatgg 23160
cgagggggag cgcgagttct cgctcaccac tactatctcet tectettett ggtccgagge 23220
cacgcggcgg taggtatgte tetteggggg cagaggcgga ggcgacgggce tctcecgecgee 23280
gcgacttgge ggatggctgg cagagcccct teccgegtteg ggggtgcget ccecggeggeg 23340
ctctgactga cttcectcecege ggccggcecat tgtgttectcee tagggaggaa caacaagcat 23400
ggagactcag ccatcgccaa cctegccatce tgcccccace gceccgacgaga agcagcagca 23460
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gcagaatgaa agcttaaccg ccececgcecgec cagccceccgec acctceccgacg cggecgtece 23520
agacatgcaa gagatggagg aatccatcga gattgacctg ggctatgtga cgcccecgcgga 23580
gcacgaggag gagctggcag tgcgcttttc acaagaagag atacaccaag aacagccaga 23640
gcaggaagca gagaatgagc agagtcaggc tgggctcgag catgacggcg actacctcca 23700
cctgageggg ggggaggacg cgctcatcaa gcatctggcece cggcaggcca ccatcgtcaa 23760
ggatgcgetyg ctecgaccgca ccgaggtgec cctcagegtg gaggagctca gccgegecta 23820
cgagttgaac ctcttctege cgcgegtgcee ccccaagege cagcccaatg gcacctgcga 23880
gcccaacceeg cgcctcaact tctacceggt cttegeggtg cceccgaggcecce tggccaccta 23940
ccacatcttt ttcaagaacc aaaagatccc cgtctcctge cgcgccaacc gcaccegcege 24000
cgacgcectt ttcaacctgg gtccecggcege ccgectacct gatatcgect ccttggaaga 24060
ggttcccaag atcttcgagg gtcectgggcag cgacgagact cgggccgcga acgctctgca 24120
aggagaagga ggagagcatg agcaccacag cgccctggte gagttggaag gcgacaacgce 24180
gcggcetggeg gtgctcaaac gcacggtcga gcectgacccat ttcecgectacce cggctctgaa 24240
cctgeccecccece aaagtcatga gegcggtcat ggaccaggtg ctcatcaage gegcgtegee 24300
catctcecgag gacgagggca tgcaagactc cgaggagggce aagcccgtgg tcagcgacga 24360
gcagctggece cggtggctgg gtectaatge tagtccccag agtttggaag agcecggcgcaa 24420
actcatgatg gccgtggtec tggtgaccgt ggagctggag tgcctgcecgece gettettege 24480
cgacgcggag accctgcgca aggtcgagga gaacctgcac tacctcttca ggcacgggtt 24540
cgtgcgecag gectgcaaga tcetccaacgt ggagctgacce aacctggtcet cctacatggg 24600
catcttgcac gagaaccgcc tggggcagaa cgtgctgcac accaccctgce gecggggaggce 24660
ccggcegegac tacatccgeg actgcegtcta cctcectaccte tgccacacct ggcagacggg 24720
catgggcegtg tggcagcagt gtctggagga gcagaacctg aaagagctct gcaagectcct 24780
gcagaagaac ctcaagggtc tgtggaccgg gttcgacgag cgcaccaccg ccteggacct 24840
ggccgaccte attttceccecg agegectcag gectgacgctg cgcaacggcece tgcccgactt 24900
tatgagccaa agcatgttgc aaaactttcg ctcectttcate ctcgaacgct ccggaatcct 24960
gccegecace tgctecgege tgcectegga cttegtgeceg ctgaccttcece gecgagtgcece 25020
ccegecgetyg tggagcecact gcectacctgcet gcgectggcee aactacctgg cctaccacte 25080
ggacgtgatc gaggacgtca gcggcgaggg cctgctcecgag tgccactgcece gctgcaacct 25140
ctgcacgcecg caccgcteece tggcectgcaa cccccagetg ctgagcgaga cccagatcat 25200
cggcaccttce gagttgcaag ggcccagcga aggcgagggt tcagccgcca aggggggtcet 25260
gaaactcacc ccggggctgt ggacctcegge ctacttgcge aagttcecgtgce ccgaggacta 25320
ccatcectte gagatcaggt tctacgagga ccaatcccat ccgcccaagg ccgagetgte 25380
ggcctgegte atcacccagg gggcgatcct ggcccaattg caagccatcce agaaatcccg 25440
ccaagaattc ttgctgaaaa agggccgcgg ggtctaccte gacccccaga ccggtgagga 25500
gctcaaccee ggcttececccece aggatgcccce gaggaaacaa gaagctgaaa gtggagctge 25560
cgccecgtgga ggatttggag gaagactggg agaacagcag tcaggcagag gaggaggaga 25620
tggaggaaga ctgggacagc actcaggcag aggaggacag cctgcaagac agtctggagg 25680
aagacgagga ggaggcagag gaggaggtgg aagaagcagc cgccgccaga ccgtegtcect 25740
cggcggggga gaaagcaagc agcacggata ccatctcececge tceccgggtcegg ggtccecegcete 25800
gaccacacag tagatgggac gagaccggac gattcccgaa ccccaccacce cagaccggta 25860
agaaggagcg gcagggatac aagtcctggce gggggcacaa aaacgccatc gtctectget 25920
tgcaggcectyg cgggggcaac atctcecttca cccggcgcecta cctgetette caccgegggg 25980
tgaactttcc ccgcaacatc ttgcattact accgtcacct ccacagcccce tactacttcece 26040
aagaagaggc agcagcagca gaaaaagacc agcagaaaac cagcagctag aaaatccaca 26100
gcggeggceag caggtggact gaggatcgeg gcgaacgagce cggcgcaaac ccgggagctg 26160
aggaaccgga tctttcccac cctctatgece atcttceccage agagtcgggg gcaggagcag 26220
gaactgaaag tcaagaaccg ttctctgcge tcgctcaccee gcagttgtct gtatcacaag 26280
agcgaagacc aacttcagcecg cactctcgag gacgccgagg ctctecttcaa caagtactge 26340
gcgetcacte ttaaagagta gcccgcgeccece geccagtcge agaaaaaggce gggaattacg 26400
tcacctgtge ccttegecect ageccgectcece acccatcate atgagcaaag agattcccac 26460
gccttacatg tggagctacce agccccagat gggcctggec gcecggtgecg cccaggacta 26520
ctccacccge atgaattgge tcagcegecgg gcccgcgatg atctcacggg tgaatgacat 26580
ccgcgeccac cgaaaccaga tactcctaga acagtcagcg ctcaccgcca cgccecgcaa 26640
tcacctcaat ccgcgtaatt ggcccgecge cctggtgtac caggaaattc cccageccac 26700
gaccgtacta ctteccgecgag acgcccaggce cgaagtccag ctgactaact caggtgtcecca 26760
gctggeggge ggcgcecacce tgtgtcecgtca ccgcecceccget cagggtataa ageggctggt 26820
gatcecgggge agaggcacac agctcaacga cgaggtggtg agctcttege tgggtctgeg 26880
acctgacgga gtcttccaac tcgccggatce ggggagatct tecttcacge ctecgtcagge 26940
cgtecctgact ttggagagtt cgtcctegca gccceccgeteg ggtggcatceg gcactetcca 27000
gttcgtggag gagttcactce ccteggtecta cttcaaccee ttectcececgget ccececggeca 27060
ctacccggac gagttcatcc cgaacttcga cgccatcage gagteggtgg acggctacga 27120
ttgaatgtcc catggtggcg cagctgacct agctcggcett cgacacctgg accactgcceg 27180
ccgcttecge tgcttegete gggatctege cgagtttgee tactttgage tgcccgagga 27240
gcaccctecag ggcccggcece acggagtgeg gatcgtegte gaagggggcece tcgactccca 27300
cctgettegg atcttcagec agegtecgat cctggtcecgag cgcgagcaag gacagaccct 27360
tctgactectg tactgcatct gcaaccacce cggcectgcat gaaagtcettt gttgtetget 27420
gtgtactgag tataataaaa gctgagatca gcgactactc cggacttccg tgtgttcecctg 27480
aatccatcaa ccagtctttg ttcecttcaccg ggaacgagac cgagctccag ctccagtgta 27540
agccccacaa gaagtaccte acctggetgt tccagggcte cccgatcgec gttgtcaacce 27600
actgcgacaa cgacggagtc ctgctgagcg gccctgccaa ccttactttt teccacccgca 27660
gaagcaagct ccagctctte caacccttec tcecccecgggac ctatcagtgce gtcectegggac 27720
cctgccatca caccttccac ctgatcccga ataccacage gtcgctcecccce gctactaaca 27780
accaaactaa cctccaccaa cgccaccgte gcgaccttte tgaatctaat actaccaccce 27840
acaccggagg tgagctccga ggtcaaccaa cctcectgggat ttactacgge ccctgggagg 27900
tggttgggtt aatagcgcta ggcctagttg cgggtgggct tttggttcte tgctacctat 27960
acctcecttg ctgttecgtac ttagtggtge tgtgttgetg gtttaagaaa tggggaagat 28020
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caccctagtg agctgceggtg cgctggtgge ggtgttgett tcgattgtgg gactgggcgg 28080
tgcggetgta gtgaaggaga aggccgatcce ctgcttgcat ttcaatccca acaaatgcca 28140
gctgagtttt cagcccgatg gcaatcggtg cgcggtactg atcaagtgcg gatgggaatg 28200
cgagaacgtg agaatcgagt acaataacaa gactcggaac aatactctcg cgtcegtgtg 28260
gcagccecggg gacccecgagt ggtacaccgt ctcectgtceccee ggtgctgacg gcteccegeg 28320
caccgtgaat aatactttca tttttgcgca catgtgcgac acggtcatgt ggatgagcaa 28380
gcagtacgat atgtggccce ccacgaagga gaacatcgtg gtcttctcecca tcgettacag 28440
cctgtgcacg gecgctaatca ccgctatcegt gtgectgage attcacatge tcatcgctat 28500
tcgcececcaga aataatgccg aaaaagaaaa acagccataa cgtttttttt cacacctttt 28560
tcagaccatg gcctectgtta aatttttgcet tttatttgce agtctcattg ccgtcattca 28620
tggaatgagt aatgagaaaa ttactattta cactggcact aatcacacat tgaaaggtcc 28680
agaaaaagcc acagaagttt catggtattg ttattttaat gaatcagatg tatctactga 28740
actctgtgga aacaataaca aaaaaaatga gagcattact ctcatcaagt ttcaatgtgg 28800
atctgactta accctaatta acatcactag agactatgta ggtatgtatt atggaactac 28860
agcaggcatt tcggacatgg aattttatca agtttctgtg tctgaaccca ccacgectag 28920
aatgaccaca accacaaaaa ctacacctgt taccactatg cagctcacta ccaataacat 28980
ttttgccatg cgtcaaatgg tcaacaatag cactcaaccc accccaccca gtgaggaaat 29040
tceccaaatce atgattggca ttattgttge tgtagtggtg tgcatgttga tcatcgectt 29100
gtgcatggtyg tactatgcct tctgctacag aaagcacaga ctgaacgaca agctggaaca 29160
cttactaagt gttgaatttt aattttttag aaccatgaag atcctaggcc ttttaatttt 29220
ttctatcatt acctctgcte tatgcaattc tgacaatgag gacgttactg tcgttgtcgg 29280
atcaaattat acactgaaag gtccagcgaa gggtatgctt tcgtggtatt gectattttgg 29340
atctgacact acagaaactg aattatgcaa tcttaagaat ggcaaaattc aaaattctaa 29400
aattaacaat tatatatgca atggtactga tctgatactc ctcaatatca cgaaatcata 29460
tgctggcagt tacacctgcc ctggagatga tgctgacagt atgatttttt acaaagtaac 29520
tgttgttgat cccactactc cacctceccacc caccacaact actcacacca cacacacaga 29580
tcaaaccgca gcagaggagg cagcaaagtt agccttgcag gtccaagaca gttcatttgt 29640
tggcattacc cctacacctg atcageggtg tccggggctg ctagtcageg gcattgtegg 29700
tgtgctttcg ggattagcag tcataatcat ctgcatgttce atttttgctt gectgctatag 29760
aaggctttac cgacaaaaat cagacccact gctgaacctce tatgtttaat tttttceccaga 29820
gtcatgaagg cagttagcgc tctagttttt tgttctttga ttggcattgt tttttgcaat 29880
cctattccta aagttagctt tattaaagat gtgaatgtta ctgagggggg caatgtgaca 29940
ctggtaggtg tagagggtgc tgaaaacacc acctggacaa aataccacct caatgggtgg 30000
aaagatattt gcaattggag tgtattagtt tatacatgtg agggagttaa tcttaccatt 30060
gtcaatgcca cctcagctca aaatggtaga attcaaggac aaagtgtcag tgtatctaat 30120
gggtatttta cccaacatac ttttatctat gacgttaaag tcataccact gcctacgcect 30180
agcccaccta gcactaccac acagacaacc cacactacac agacaaccac atacagtaca 30240
ttaaatcagc ctaccaccac tacagcagca gaggttgcca gctcegtcectgg ggtccgagtg 30300
gcatttttga tgtgggccce atctagcagt cccactgcta gtaccaatga gcagactact 30360
gaatttttgt ccactgtcga gagccacacc acagctacct ccagtgcctt ctctagcacce 30420
gccaatctet cctegettte ctcectacacca atcagtcceg ctactactcecce tagecccecget 30480
cctettecca ctecectgaa gcaaacagac ggcggcatge aatggcagat caccctgcecte 30540
attgtgatcg ggttggtcat cctggcecgtg ttgctctact acatcttctg ccgcecgcatt 30600
cccaacgcgce accgcaagcec ggtctacaag cccatcattg tcgggcagece ggagecegcett 30660
caggtggaag ggggtctaag gaatcttctce ttctctttta cagtatggtg attgaactat 30720
gattcctaga caattcttga tcactattct tatctgccte cteccaagtct gtgcecaccct 30780
cgctectggtyg geccaacgcca gtccagactg tattgggecce ttcecgectcect acgtgetctt 30840
tgccttcace acctgcatcect getgetgtag catagtcetge ctgcttatca ccttettcecca 30900
gttcattgac tggatctttg tgcgcatcge ctacctgcge caccaccccce agtaccgcga 30960
ccagcgagtg gcgcggctge tcaggctcect ctgataagca tgcgggctcet gectacttcte 31020
gcgettetge tgttagtgct cccccgteccecce gtcgacccecee ggtcecccccac ccagtcccecce 31080
gaggaggtcc gcaaatgcaa attccaagaa ccctggaaat tcectcaaatg ctaccgccaa 31140
aaatcagaca tgcatcccag ctggatcatg atcattggga tcgtgaacat tctggectge 31200
accctcatcet cectttgtgat ttaccectge tttgactttg gttggaactce geccagaggceg 31260
ctctatctece cgcctgaacce tgacacacca ccacagcaac ctcaggcaca cgcactacca 31320
ccactacagc ctaggccaca atacatgccce atattagact atgaggccga gccacagcga 31380
cccatgetee cecgctattag ttacttcaat ctaaccggcg gagatgactg acccactgge 31440
caacaacaac gtcaacgacc ttctcecctgga catggacgge cgcgectcegg agcagcgact 31500
cgcccaactt cgcattcgec agcagcagga gagagccgte aaggagctgce aggatgeggt 31560
ggccatccac cagtgcaaga gaggcatctt ctgcctggtg aaacaggcca agatctceccta 31620
cgaggtcact ccaaacgacc atcgcectcte ctacgagcecte ctgcagcagce gccagaagtt 31680
cacctgectg gtcggagtca accccatcegt catcacccag cagtctggeg ataccaaggg 31740
gtgcatccac tgctcctgcg actceccccecga ctgcgtceccac actctgatca agaccctcetg 31800
cggcctecge gacctectece ccatgaacta atcacccect tatccagtga aataaagatc 31860
atattgatga tgattttaca gaaataaaaa ataatcattt gatttgaaat aaagatacaa 31920
tcatattgat gatttgagtt taacaaaaaa ataaagaatc acttacttga aatctgatac 31980
caggtctcectg tccatgtttt ctgccaacac cacttcacte ccctettece agectetggta 32040
ctgcaggccce cggcgggctg caaacttcect ccacacgctg aaggggatgt caaattccte 32100
ctgtcectca atcttcattt tatcttctat cagatgtcca aaaagcgcgt ccgggtggat 32160
gatgacttcg accccgtcta ccectacgat gcagacaacg caccgaccgt gcecttcate 32220
aaccceecct tegtetcette agatggattce caagagaage ccctgggggt gttgtecctg 32280
cgactggccg accccgtcecac caccaagaac ggggaaatca ccctcaaget gggagagggg 32340
gtggacctecg attccteggg aaaactcatc tccaacacgg ccaccaaggc cgcecgceccect 32400
ctcagttttt ccaacaacac catttccctt aacatggatc acccctttta cactaaagat 32460
ggaaaattat ccttacaagt ttctccacca ttaaatatac tgagaacaag cattctaaac 32520
acactagctt taggttttgg atcaggttta ggactccgtg gctcectgectt ggcagtacag 32580
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ttagtctcte cacttacatt tgatactgat ggaaacataa agcttacctt agacagaggt 32640
ttgcatgtta caacaggaga tgcaattgaa agcaacataa gctgggctaa aggtttaaaa 32700
tttgaagatg gagccatagc aaccaacatt ggaaatgggt tagagtttgg aagcagtagt 32760
acagaaacag gtgttgatga tgcttaccca atccaagtta aacttggatc tggccttage 32820
tttgacagta caggagccat aatggctggt aacaaagaag acgataaact cactttgtgg 32880
acaacacctg atccatcacc aaactgtcaa atactcgcag aaaatgatgc aaaactaaca 32940
ctttgcttga ctaaatgtgg tagtcaaata ctggccactg tgtcagtctt agttgtagga 33000
agtggaaacc taaaccccat tactggcacc gtaagcagtg ctcaggtgtt tctacgtttt 33060
gatgcaaacg gtgttctttt aacagaacat tctacactaa aaaaatactg ggggtatagg 33120
cagggagata gcatagatgg cactccatat accaatgctg taggattcat gcccaattta 33180
aaagcttatc caaagtcaca aagttctact actaaaaata atatagtagg gcaagtatac 33240
atgaatggag atgtttcaaa acctatgctt ctcactataa ccctcaatgg tactgatgac 33300
agcaacagta catattcaat gtcattttca tacacctgga ctaatggaag ctatgttgga 33360
gcaacatttg gggctaactc ttataccttc tcatacatcg cccaagaatg aacactgtat 33420
cccacccectge atgccaaccce ttcecccacccee actctgtgga acaaactctg aaacacaaaa 33480
taaaataaag ttcaagtgtt ttattgattc aacagtttta caggattcga gcagttattt 33540
ttecctecace ctcecccaggac atggaataca ccaccctete cccccgcaca gecttgaaca 33600
tctgaatgce attggtgatg gacatgettt tggtctccac gttccacaca gtttcagage 33660
gagccagtet cgggtcggte agggagatga aaccctccgg gcactccegce atctgcacct 33720
cacagctcaa cagctgagga ttgtcctcecgg tggtcgggat cacggttatc tggaagaagce 33780
agaagagcgg cggtgggaat catagtccgce gaacgggatce ggccggtggt gtcgcatcag 33840
gccecegcage agtecgectgcee gceccegecgete cgtcaagcetg ctgcectcaggg ggtecgggte 33900
cagggactcc ctcagcatga tgcccacggce cctcagcate agtcegtcectgg tgcggeggge 33960
gcagcagcege atgcggatct cgctcaggtce gectgcagtac gtgcaacaca gaaccaccag 34020
gttgttcaac agtccatagt tcaacacgct ccagccgaaa ctcatcgegg gaaggatgct 34080
acccacgtgg ccgtcgtacce agatcctcag gtaaatcaag tggtgccccce tccagaacac 34140
gctgeccacyg tacatgatct ccttgggcat gtggeggtte accacctceccce ggtaccacat 34200
caccctetgg ttgaacatge agccccggat gatcctgegg aaccacaggg ccagcaccgce 34260
ccegececgece atgcagcgaa gagaccccgg gtcccggcaa tggcaatgga ggacccaccg 34320
ctcgtacceg tggatcatct gggagctgaa caagtctatg ttggcacagce acaggcatat 34380
gctcatgcat ctcttcagca ctcectcaactce ctcgggggtce aaaaccatat cccagggcac 34440
ggggaactct tgcaggacag cgaaccccgce agaacagggce aatcctcgca cagaacttac 34500
attgtgcatg gacagggtat cgcaatcagg cagcaccggg tgatcctcca ccagagaagce 34560
gcgggtcecteg gtectectcac agegtggtaa gggggccggce cgatacgggt gatggcggga 34620
cgeggetgat cgtgttcecgeg accgtgtcat gatgcagttg cttteggaca ttttegtact 34680
tgctgtagca gaacctggtce cgggcgctge acaccgatcg ccggcggcegg tectcecggeget 34740
tggaacgctc ggtgttgaaa ttgtaaaaca gccactctct cagaccgtgce agcagatcta 34800
gggcctcagyg agtgatgaag atcccatcat gectgatgge tctgatcaca tcgaccaccg 34860
tggaatgggc cagacccagc cagatgatgc aattttgttg ggttteggtg acggeggggg 34920
agggaagaac aggaagaacc atgattaact tttaatccaa acggtctcgg agtacttcaa 34980
aatgaagatc gcggagatgg cacctctcecge cccecgcectgtg ttggtggaaa ataacagcca 35040
ggtcaaaggt gatacggttc tcgagatgtt ccacggtggce ttccagcaaa gcctccacge 35100
gcacatccag aaacaagaca atagcgaaag cgggagggtt ctctaattcc tcaatcatca 35160
tgttacactc ctgcaccatc cccagataat tttcattttt ccageccttga atgattcgaa 35220
ctagttcegtg aggtaaatcc aagccagcca tgataaagag ctcgcgcaga gcgcectcca 35280
ccggcattcect taagcacacc ctcataattc caagatattce tgctecctggt tcacctgcag 35340
cagattgaca agcggaatat caaaatctct gccgcgatce ctgagctcect cecctcagcaa 35400
taactgtaag tactctttca tatcctctec gaaattttta gccataggac caccaggaat 35460
aagattaggg caagccacag tacagataaa ccgaagtcct ccccagtgag cattgccaaa 35520
tgcaagactg ctataagcat gctggctaga cccggtgata tcttccagat aactggacag 35580
aaaatcgccce aggcaatttt taagaaaatc aacaaaagaa aaatcctcca ggtggacgtt 35640
tagagcctcg ggaacaacga tgaagtaaat gcaagcggtg cgttccagca tggttagtta 35700
gctgatctgt agaaaaaaca aaaatgaaca ttaaaccatg ctagcctggce gaacaggtgg 35760
gtaaatcgtt ctctccagca ccaggcaggce cacggggtcet ccggcgcgac cctcegtaaaa 35820
attgtcgcta tgattgaaaa ccatcacaga gagacgttce cggtggccgg cgtgaatgat 35880
tcgacaagat gaatacaccc ccggaacatt ggcgtccgceg agtgaaaaaa agcgcccgag 35940
gaagcaataa ggcactacaa tgctcagtct caagtccagce aaagcgatgc catgcggatg 36000
aagcacaaaa ttctcaggtg cgtacaaaat gtaattactc ccctecctgca caggcagcaa 36060
agcccecgat cecteccaggt acacatacaa agcctcageg tccatagcett accgagcage 36120
agcacacaac aggcgcaaga gtcagagaaa ggctgagctce taacctgtcc acccgetcte 36180
tgctcaatat atagcccaga tctacactga cgtaaaggcce aaagtctaaa aatacccgcece 36240
aaataatcac acacgcccag cacacgccca gaaaccggtg acacactcaa aaaaatacgce 36300
gcacttcete aaacgcccaa aactgccegtce atttecegggt tceccacgcta cgtcatcaaa 36360
acacgacttt caaattccgt cgaccgttaa aaacgtcacc cgccccgcecce ctaacggtceg 36420
ccegtetete agccaatcag cgccccegcat ccccaaatte aaacacctca tttgcatatt 36480

aacgcgcaca aaaagtttga ggtatattat tgatgatgg 36519
SEQ ID NO: 105 moltype = DNA length = 36604

FEATURE Location/Qualifiers

source 1..36604

mol type = genomic DNA
organism = Simian adenovirus 23
SEQUENCE: 105
catcatcaat aatatacctc aaacttttgg tgegegttaa tatgcaaatg agetgtttga 60

atttggggag ggaggaaggt gattggctge gggageggeg accgttaggg geggggeggyg 120
tgacgttttg atgacgtgge tatgaggegg ageeggtttg caagttcteg tgggaaaagt 180
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gacgtcaaac gaggtgtggt ttgaacacgg aaatactcaa ttttcccgeg ctectectgaca 240
ggaaatgagyg tgtttctggg cggatgcaag tgaaaacggg ccattttegce gcgaaaactg 300
aatgaggaag tgaaaatctg agtaatttcg cgtttatgge agggaggagt atttgccgag 360
ggccgagtag actttgaccg attacgtggg ggtttcegatt accgtatttt tcacctaaat 420
ttececgegtac ggtgtcaaag tccggtgttt ttacgtagge gtcagctgat cgccagggta 480
tttaaacctg cgctctcectag tcaagaggec actcecttgagt gcecagcgagt agagttttcet 540
ccteegegee gegagtcaga tctacacttt gaaagatgag gcacctgaga gacctgcccg 600
gtaatgtttt cctggctact gggaacgaga ttctggaatt ggtggtggac geccatgatgg 660
gtgacgacce tccagagcce cctaccccat ttgaggegece ttegetgtac gatttgtatg 720
atctggaggt ggatgtgccce gagagcgacce ctaacgagga ggcggtgaat gatttgttta 780
gegatgeege getgetgget gecgagcagg ctaatacgga ctetggetca gacagcgatt 840
ccteteteca taccecgaga cccggcagag gtgagaaaaa gatccccgag cttaaagggg 900
aagagctcga cctgegetge tatgaggaat gettgcectece gagegatgat gaggaggacyg 960
aggaggcgat tcgagetgceg gtgaaccagg gagtgaaaac tgcgggcgag agcetttagee 1020
tggactgtcce tactctgccce ggacacggct gtaagtcttg tgaatttcat cgcatgaata 1080
ctggagataa gaatgtgatg tgtgccctgt gctatatgag agcttacaac cattgtgttt 1140
acagtaagtg tgattaactt tagttgggaa ggcagagggt gactgggtgc tgactggttt 1200
atttatgtat atgttttttt atgtgtaggt cccgtctcectg acgtagatga gacccccact 1260
tcagagtgca tttcatcacc cccagaaatt ggcgaggaac cgcccgaaga tattattcat 1320
agaccagttg cagtgagagt caccgggcgg agagcagctg tggagagttt ggatgacttg 1380
ctacagggtg gggatgaacc tttggacttg tgtacccgga aacgccccag gcactaagtg 1440
ccacacatgt gtgtttactt aaggtgatgt cagtatttat agggtgtgga gtgcaataaa 1500
atccgtgttg actttaagtg cgtgttttat gactcagggg tggggactgt gggtatataa 1560
gcaggtgcag acctgtgtgg tcagttcaga gcaggactca tggagatctg gactgtcttg 1620
gaagactttc accagactag acagttgcta gagaactcat cggagggagt ctcttacctg 1680
tggagattct gectteggtgg gectctaget aagctagtct atagggccaa acaggattat 1740
aaggaacaat ttgaggatat tttgagagag tgtcctggta tttttgactc tctcaacttg 1800
ggccatcagt ctcactttaa ccagagtatt ctgagagccc ttgacttttce tactcctgge 1860
agaactaccg ccgcggtage cttttttgec tttattcttg acaaatggag tcaagaaacc 1920
catttcagca gggattaccg tcectggactgce ttagcagtag ctttgtggag aacatggagg 1980
tgccagegece tgaatgcaat ctccggctac ttgccagtac agceccggtaga cacgctgagg 2040
atcctgagte tccagtcacce ccaggaacac caacgccgece agcagccgca gcaggagcag 2100
cagcaagagg aggaccgaga agagaacccg agagccggte tggaccctece ggtggeggag 2160
gaggaggagt agctgacttg tttcccgage tgcgcegggt gcetgactagg tcectteccagtg 2220
gacgggagayg ggggattaag cgggagaggc atgaggagac tagccacaga actgaactga 2280
ctgtcagtct gatgagccgce aggcgcccag aatcggtgtg gtggcatgag gtgcagtcge 2340
aggggataga tgaggtctcg gtgatgcatg agaaatattc cctagaacaa gtcaagactt 2400
gttggttgga gcccgaggat gattgggagg tagccatcag gaattatgcc aagetggctce 2460
tgaagccaga caagaagtac aagattacca aactgattaa tatcagaaat tcctgctaca 2520
tttcagggaa tggggccgag gtggagatca gtacccagga gagggtggcce ttcagatgtt 2580
gtatgatgaa tatgtacccg ggggtggtgg gcatggaggg agtcaccttt atgaacacga 2640
ggttcagggg tgatgggtat aatggggtgg tctttatgge caacaccaag ctgacagtge 2700
acggatgctce cttcectttgge ttcaataaca tgtgcatcga ggectggggce agtgtttcag 2760
tgaggggatg cagcttttca gccaactgga tgggggtcegt gggcagaacc aagagcaagg 2820
tgtcagtgaa gaaatgcctg ttcgagaggt gccacctggg ggtgatgage gagggcgaag 2880
ccaaagtcaa acactgcgcc tctaccgaga cgggctgcectt tgtgctgatc aagggcaatg 2940
cccaagtcaa gcataacatg atctgtgggg cctcggatga gcgceggctac cagatgctga 3000
cctgegecgg tgggaacage catatgetgg ccaccgtgea tgtggecteyg cacccccgca 3060
agacatggcce cgagttcgag cacaacgtca tgacccgcectg caatgtgcac ctgggctccece 3120
gccgaggcecat gttcatgcecce taccagtgca acatgcaatt tgtgaaggtg ctgctggage 3180
ccgatgcecat gtccagagtg agcctgacgg gggtgtttga catgaatgtg gagctgtgga 3240
aaattctgag atatgatgaa tccaagacca ggtgccggge ctgcgaatgce ggaggcaagce 3300
acgccaggct tcagecccecgtg tgtgtggagg tgacggagga cctgcgaccce gatcatttgg 3360
tgttgtectyg caacgggacg gagttceggct ccagcgggga agaatctgac tagagtgagt 3420
agtgtttggg gctgggtgtyg agcctgcatg aggggcagaa tgactaaaat ctgtggtttt 3480
ctgtgtgttg cagcagcatg agcggaagcg cctecctttga gggaggggta ttcagccctt 3540
atctgacggg gcgtcectceecee tectgggcegg gagtgcgtca gaatgtgatg ggatccacgg 3600
tggacggceg gecegtgcag cccgcgaact cttcaaccct gacctacgeg accctgaget 3660
cctegteegt ggacgcaget gecgcecgeag ctgetgette cgecgecage gecegtgegeg 3720
gaatggcect gggcgccgge tactacaget ctctggtgge caactcgagt tccaccaata 3780
atccegecag cctgaacgag gagaagetge tgetgcetgat ggeccagetce gaggecctga 3840
cccagegect gggcegagetg acccageagg tggetcaget gcaggceggag acgcegggcecg 3900
cggttgccac ggtgaaaacc aaataaaaaa tgaatcaata aataaacgga gacggttgtt 3960
gattttaaca cagagtcttg aatctttatt tgattttteg cgcgcggtag gccecctggace 4020
accggteteg atcattgage acccggtgga tcttttecag gacccggtag aggtgggcett 4080
ggatgttgag gtacatgggc atgagcccgt cccgggggtyg gaggtagetce cattgcaggg 4140
cctegtgete ggggatggtyg ttgtaaatca cccagtcata gcaggggcgce agggegtggt 4200
gctgcacgat gteccttgagg aggagactga tggccacggg cagceccccttg gtgtaggtgt 4260
tgacgaacct gttgagctgg gagggatgca tgcgggggga gatgagatge atcttggecct 4320
ggatcttgag attggcgatg ttcccgecca gatccecgceeg ggggttcatg ttgtgcagga 4380
ccaccagcac ggtgtatcecg gtgcacttgg ggaatttgte atgcaacttg gaagggaagg 4440
cgtgaaagaa tttggagacg cccttgtgac cgcccaggtt ttccatgcac tcatccatga 4500
tgatggcgat gggcccgtgg geggceggcect gggcaaagac gttteggggg tcggacacat 4560
cgtagttgtg gtcctgggtyg agctcecgtcat aggccatttt aatgaatttg gggcggaggg 4620
tgccecgactyg ggggacgaag gtgccctcecga tcecceggggge gtagttgcece tegcagatcet 4680
gcatctceca ggecttgage tcggaggggg ggatcatgte cacctgcggg gcgatgaaaa 4740
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aaacggttte cggggcegggyg gagatgaget gggecgaaag caggttceegyg agcagetggg 4800
acttgcecgca accggtgggg ccgtagatga ccccgatgac cggctgcagg tggtagttga 4860
gggagagaca gctgecgtee tcgeggagga ggggggcecac ctegttcatce atctcegegea 4920
catgcatgtt ctcgegecacg agttccgeca ggaggcegete gecccccage gagaggaget 4980
cttgcagcga ggcgaagttt ttcagceggct tgagtccgte ggccatggge attttggaga 5040
gggtcectgttyg caagagttce agacggtccc agagctcggt gatgtgctct agggcatcte 5100
gatccagcag acctcctegt ttegegggtt ggggcgactyg cgggagtagg gcaccaggceg 5160
atgggegtee agcgaggcca gggtcceggte cttecaggge cgcagggtece gegtcagegt 5220
ggtctcecegte acggtgaagg ggtgcgcegece gggctgggeyg cttgcgaggg tgcgcttcag 5280
gectecatceegy ctggtcegaga accgetcecceg gteggegece tgegegtegg ccaggtageca 5340
attgagcatg agttcgtagt tgagcgcctc ggccgcegtgg cceccttggege ggagcecttace 5400
tttggaagtg tgtccgcaga cgggacagag gagggacttg agggcgtaga gcttggggge 5460
gaggaagacyg gactcggggg cgtaggcgtce cgcgcecgcag ctggcegcaga cggtctcegea 5520
ctccacgage caggtgaggt cggggceggtt ggggtcaaaa acgaggtttc ctccgtgett 5580
tttgatgegt ttcttacctce tggtctceccat gagectcegtgt cccecegetggg tgacaaagag 5640
gctgtecegtyg tececegtaga ccgactttat gggccggtec tcecgagcegggg tgccgeggte 5700
ctegtegtag aggaaccccg cccactecga gacgaaggece cgggtccagyg ccagcacgaa 5760
ggaggccacg tgggaggggt agcggtegtt gtccaccage gggtccacct tctecagggt 5820
atgcaagcac atgtcccecct cgtccacatc caggaaggtg attggettgt aagtgtagge 5880
cacgtgaccg ggggtecegg ccgggggggt ataaaagggyg gegggeccect getegtecte 5940
actgtcttcece ggatcgcectgt ccaggagcecgce cagcectgttgg ggtaggtatt ccctectcgaa 6000
ggcgggcatyg acctcggcac tcaggttgtce agtttctaga aacgaggagg atttgatatt 6060
gacggtgceg ttggagacgce ctttcatgag cccctegtec atttggtcag aaaagacgat 6120
ctttttgttg tcgagcttgg tggcgaagga gccgtagagg gcgttggaga gcagettgge 6180
gatggagcgce atggtctggt tcttttectt gtcggegcecge tecttggegg cgatgttgag 6240
ctgcacgtac tcgcgcgcca cgcacttcca ttcggggaag acggtggtga gectcecgteggg 6300
cacgattctg acccgccage cgcggttgtg cagggtgatg aggtccacge tggtggccac 6360
ctegecgege aggggetegt tggtccagca gaggegeceyg cecttgegeyg agcagaaggg 6420
gggcagegygy tcecagcatga getegteggg ggggteggeyg tecacggtga agatgccggg 6480
caggagctcg gggtcgaagt agctgatgca ggtgcccaga ttgtccageg ccgcttgecca 6540
gtegegeacy gecagegege gcetegtaggg getgagggge gtgccccagg gcatggggtyg 6600
cgtgagegeg gaggegtaca tgccgcagat gtegtagacyg tagagggget cctcecgaggac 6660
geegatgtag gtggggtage agcgecccce geggatgetg gegegcacgt agtcgtacag 6720
ctegtgegag ggcgcgagga gecccegtgee gaggttggag cgttgegget ttteggegeg 6780
gtagacgatc tggcggaaga tggcgtggga gttggaggag atggtgggcce tttggaagat 6840
gttgaagtgg gcgtggggca ggccgaccga gtccctgatg aagtgggcegt aggagtcecctg 6900
cagcttggeg acgagetegg cggtgacgag gacgtccagg gegcagtagt cgagggtcte 6960
ttggatgatg tcatacttga gctggccctt ctgctteccac agctcgceggt tgagaaggaa 7020
ctecttegegg tecttceccagt actcttecgag ggggaacccg tcecctgatcecgg cacggtaaga 7080
gcccaccatg tagaactggt tgacggectt gtaggcgcag cagceccttct ccacggggag 7140
ggcgtaaget tgcgeggect tgcgcaggga ggtgtgggtyg agggcgaagg tgtcegecgcac 7200
catgaccttg aggaactggt gcttgaagtc gaggtcgtcg cagccgccct gectcccagag 7260
ttggaagtcc gtgcgcttet tgtaggcggg gttaggcaaa gcgaaagtaa catcgttgaa 7320
gaggatcttg ccecgegeggg gcatgaagtt gcgagtgatg cggaaaggct ggggcacctce 7380
ggceceggttyg ttgatgacct gggcggcgag gacgatcteg tcgaagcegt tgatgttgtg 7440
ccecgacgatg tagagttcecca cgaatcgegg gcecggcccttg acgtggggca gettettgag 7500
ctegtegtag gtgagcectegg cggggteget gageccgtge tgctecgaggg cccagtegge 7560
gacgtgggygy ttggcgctga ggaaggaagt ccagagatcce acggccaggg cggtctgcaa 7620
gcggteccegyg tactgacgga actgttggec cacggceccatt ttttcecggggg tgacgcagta 7680
gaaggtgcgyg gggtegcecegt gccageggtce ccacttgage tggagggega ggtegtggge 7740
gagctcgacy ageggcegggt ccccggagag tttcatgace agcatgaagg ggacgagetg 7800
cttgccgaag gaccccatcce aggtgtaggt ttccacatcg taggtgagga agagcecttte 7860
ggtgcgagga tgcgagccga tggggaagaa ctggatctec tgccaccagt tggaggaatg 7920
gctgttgatg tgatggaagt agaaatgccg acggcgcgec gagcactcegt gettgtgttt 7980
atacaagcgt ccgcagtgct cgcaacgctg cacgggatge acgtgctgca cgagctgtac 8040
ctgggttect ttggcgagga atttcagtgg gcagtggage gctggeggct gcatctegtg 8100
ctgtactacg tcttggccat cggcgtggcece atcgtctgee tcgatggtgg tcatgetgac 8160
gagcccgege gggaggcagg tccagaccte ggctceggacyg ggtceggagag cgaggacgag 8220
ggcgegcagyg cceggagetgt ccagggtect gagacgetge ggagtcaggt cagtgggcag 8280
cggcggegeg cggttgactt gcaggagcett ttccagggcyg cgcgggaggt ccagatggta 8340
cttgatctece acggcgcegt tggtggctac gtccacggct tgcagggtge cgtgcccctg 8400
gggcgccacce accgtgecce gtttettett gggcgetget tcecatgtegg tcagaagcegg 8460
cggcgaggac gegcegecggg cggcagggge ggctegggge ccggaggcag gggcggcagyg 8520
ggcacgtegyg cgecgegege gggcaggtte tggtactgeg cecggagaag actggcgtga 8580
gegacgacge gacggttgac gtcctggatce tgacgectcet gggtgaaggce cacgggacce 8640
gtgagtttga acctgaaaga gagttcgaca gaatcaatct cggtatcgtt gacggcggcce 8700
tgccgcagga tctcecttgcac gtecgeccgag ttgtcctggt aggcgatcte ggtcatgaac 8760
tgctcgatct cctecteectyg aaggtcetcecceg cggeccggege gctcecgacggt ggccgcegagyg 8820
tcgttggaga tgcggcccat gagctgcgag aaggcgttca tgccggecte gttccagacg 8880
cggctgtaga ccacggetcee gteggggteg cgegegegea tgaccacctyg ggcgaggttyg 8940
agctcgacgt ggcgcgtgaa gaccgcegtag ttgcagagge gctggtagag gtagttgage 9000
gtggtggcga tgtgctcggt gacgaagaag tacatgatcc agcggcggag cggcatcteg 9060
ctgacgtcge ccagggctte caagegttcece atggcctegt agaagtccac ggcgaagttg 9120
aaaaactggg agttgcgege cgagacggtce aactcctect ccagaagacyg gatgagetcg 9180
gcgatggtgg cgcgcaccte gcgctcgaag gecceggggyg gctectette catctectee 9240
tcttectect ccactaacat ctcettectact tectectcag gaggeggtgg cgggggaggg 9300
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geectgegte gecggeggeg cacgggcaga cggtcgatga agegcetcegat ggtctcecceg 9360

cgecggegac gcatggtete ggtgacggeg cgeccgtect cgeggggecyg cagcatgaag 9420

acgcegecge gcatctecag gtggccgecg ggggggtete cgttgggcayg ggagagggeg 9480

ctgacgatgc atcttatcaa ttgacccgta gggactccge gcaaggacct gagcgtcteg 9540

agatccacgg gatccgaaaa ccgctgaacg aaggcttega gcecagtcegea gtcgcaaggt 9600

aggctgagcce cggtttcettg ttettegggt atttggtegg gaggcgggceg ggcgatgctg 9660

ctggtgatga agttgaagta ggcggtcctg agacggcgga tggtggcgag gagcaccagg 9720

tcettgggee cggcttgetyg gatgcecgcaga cggtcggceca tgccccaggce gtggtectga 9780

cacctggcga ggtcecttgta gtagtectge atgagccgct ccacgggcac ctcecctecteg 9840

cecegegegge cgtgecatgeg cgtgagecceg aacccgeget geggetggac gagegecagg 9900

tcggcgacga cgcgecteggt gaggatggcece tgctggatct gggtgagggt ggtctggaag 9960

tcgtcgaagt cgacgaagceg gtggtaggct ccggtgttga tggtgtagga gcagttggece 10020
atgacggacc agttgacggt ctggtggccg ggtcgcacga gctcegtggta cttgaggcge 10080
gagtaggcgce gcgtgtcgaa gatgtagtceg ttgcaggcge gcacgaggta ctggtatccg 10140
acgaggaagt gcggcggcegg ctggceggtag agcggccate gcecteggtgge gggggegcecg 10200
ggcgcgaggt cctecgagcat gaggcggtgg tagccgtaga tgtacctgga catccaggtg 10260
atgcecggegg cggtggtgga ggcgcgeggg aactcgegga cgcggttceca gatgttgege 10320
agcggcagga agtagttcat ggtggccgceg gtctggeccg tgaggcgcege gcagtegtgg 10380
atgctctaga catacgggca aaaacgaaag cggtcagcgg ctcgactccg tggcctggag 10440
gctaagcgaa cgggttggge tgcgcgtgta ccccggtteg aatctcgaat caggctggag 10500
ccgcagctaa cgtggtactg gcactceccegt ctcgacccaa gcectgctaac gaaacctcca 10560
ggatacggag gcgggtcegtt ttttggectt ggtcgetggt catgaaaaac tagtaagcge 10620
ggaaagcggce cgcccgcgat ggctcecgetge cgtagtctgg agaaagaatc gccagggttg 10680
cgttgeggtyg tgccccggtt cgagectcag cgctcecggege cggcecggatt ccgcggctaa 10740
cgtgggegtyg gectgeccegt cgtttcecaag accecttage cagcecgactt ctccagttac 10800
ggagcgagec cctetttttt tttettgtgt ttttgccaga tgcatccegt actgeggcag 10860
atgcgecceccce accctccacce acaaccgcecce ctaccgcage agcagcaaca gecggegett 10920
ctgcceecge cccagcagca gecagcecact accgcggegg ccgecgtgag cggagecgge 10980
gttcagtatg acctggcctt ggaagagggc gaggggctgg cgcggctggg ggcegtegteg 11040
ccggageggce acccgcgedt gcagatgaaa agggacgcte gcgaggcecta cgtgceccaag 11100
cagaacctgt tcagagacag gagcggcgag gagcccgagg agatgecgcege ctceccegette 11160
cacgcggggce gggagctgeg gegcggcectg gaccgaaage gggtgctgag ggacgaggat 11220
ttcgaggcgg acgagctgac ggggatcagce cccgcgegceg cgcacgtgge cgcggccaac 11280
ctggtcacgg cgtacgagca gaccgtgaag gaggagagca acttccaaaa atccttcaac 11340
aaccacgtgce gcacgctgat cgcgcgcgag gaggtgacce tgggcctgat gcacctgtgg 11400
gacctgctgg aggccatcgt gcagaacccce acgagcaagce cgctgacggce gcagetgttt 11460
ctggtggtgce agcacagtcg ggacaacgag acgttcaggg aggcgctgct gaatatcacce 11520
gagceccgagg gccgcetggcet cctggacctg gtgaacattt tgcagagcat cgtggtgcag 11580
gagcgcggge tgccgectgte cgagaagctg gecggccatca acttcteggt gctgagtcetg 11640
ggcaagtact acgctaggaa gatctacaag accccgtacg tgcccataga caaggaggtg 11700
aagatcgacg ggttttacat gcgcatgacc ctgaaagtgce tgaccctgag cgacgatctg 11760
ggggtgtacc gcaacgacag gatgcaccgce gcggtgageg ccagceccgcecg gcgcegagcetg 11820
agcgaccagg agctgatgca cagcctgcag cgggccctga ccggggcecgg gaccgagggg 11880
gagagctact ttgacatggg cgcggacctg cgctggcagce ccagccgcecg ggcecttggaa 11940
gctgecggeg gtteccecta cgtggaggag gtggacgatg aggaggagga gggcgagtac 12000
ctggaagact gatggcgcga ccgtattttt gctagatgca gcaacagcca ccgcegecge 12060
ctecctgatcece cgcgatgegg geggcgcetge agagccagcece gtcecggcatt aactectegg 12120
acgattggac ccaggccatg caacgcatca tggcgctgac gacccgcaat cccgaagect 12180
ttagacagca gcctcaggcec aaccggctcet cggccatcect ggaggeccgtg gtgcectcege 12240
gctcgaaccee cacgcacgag aaggtgctgg ccatcgtgaa cgcgcectggtg gagaacaagg 12300
ccatcegegg tgacgaggcece gggctggtgt acaacgcgct gctggagcege gtggeccget 12360
acaacagcac caacgtgcag acgaacctgg accgcatggt gaccgacgtg cgcgaggcgg 12420
tgtcgcageg cgageggtte caccgcgagt cgaacctggg ctcecatggtg gegctgaacg 12480
ccttectgag cacgcagceccecce gccaacgtgce cccggggcca ggaggactac accaacttca 12540
tcagcgeget geggctgatg gtggecgagg tgccccagag cgaggtgtac cagtcegggge 12600
cggactactt cttccagacc agtcgccagg gcttgcagac cgtgaacctg agccaggctt 12660
tcaagaactt gcagggactg tggggcgtgc aggccceggt cggggaccgce gcgacggtgt 12720
cgagcctget gacgccgaac tegcgectge tgctgctget ggtggegecce ttcacggaca 12780
gcggcagegt gagccgcgac tcgtacctgg gcectacctget taacctgtac cgcgaggcca 12840
tcggacaggce gcacgtggac gagcagacct accaggagat cacccacgtg agccgegcege 12900
tgggccagga ggacccgggce aacctggagg ccaccctgaa cttectgcetg accaaccggt 12960
cgcagaagat cccgccccag tacgcgctga gcaccgagga ggagcgcatce ctgcgetacg 13020
tgcagcagag cgtggggctg ttcecctgatge aggagggggce cacgcccagce geggegctceg 13080
acatgaccgce gcgcaacatg gagcccagca tgtacgcccg caaccgceccg ttcatcaata 13140
agctgatgga ctacttgcat cgggcggccg ccatgaactce ggactacttt accaacgcca 13200
tcttgaacce gecactggcte cecgceccgecceg ggttctacac gggcgagtac gacatgcceg 13260
accccaacga cgggttectg tgggacgacg tggacagcag cgtgttcteg ccgcgteccag 13320
gaaccaatgc cgtgtggaag aaagagggcg gggaccggceg gccgtcectceg gecgetgtecg 13380
gtcgegeggyg tgctgccgceg gcggtgeceg aggccgccag cccctteeccg agectgecect 13440
tttecgetgaa cagcegtgcege agcagcegagce tgggtcggct gacgcgaccg cgcectgetgg 13500
gcgaggagga gtacctgaac gactccttgt tgaggcccga gcgcgagaag aacttcccca 13560
ataacgggat agagagcctg gtggacaaga tgagccgctg gaagacgtac gcgcacgage 13620
acagggacga gccccgagcet agcagcegcag gcacccgtag acgccagcegg cacgacaggce 13680
agcggggact ggtgtgggac gatgaggatt ccgccgacga cagcagcgtg ttggacttgg 13740
gtgggagtgg tggtaacccg ttcgctcacce tgcgecccceg tatcgggegce ctgatgtaag 13800
aatctgaaaa aataaaagac ggtactcacc aaggccatgg cgaccagcgt gegttettet 13860
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ctgttgtttg tagtagtatg atgaggcgcg tgtacccgga gggtcctcect cectegtacg 13920
agagcgtgat gcagcaggcg gtggcggcgg cgatgcagcece cccgctggag gegcecttacg 13980
tgcceceegeg gtacctggeg cctacggagg ggcggaacag cattcgttac tecggagetgg 14040
cacccttgta cgataccacc cggttgtacc tggtggacaa caagtcggca gacatcgect 14100
cgctgaacta ccagaacgac cacagcaact tcctgaccac cgtggtgcag aacaacgatt 14160
tcacccececac ggaggccage acccagacca tcaactttga cgagecgcteg cggtggggeg 14220
gccagctgaa aaccatcatg cacaccaaca tgcccaacgt gaacgagttc atgtacagca 14280
acaagttcaa ggcgcgggtg atggtctcecge gcaagaccce caacggggtg gatgatgatt 14340
atgatggtag tcaggacgag ctgacctacg agtgggtgga gtttgagctg cccgagggca 14400
acttcteggt gaccatgacc atcgatctga tgaacaacgce catcatcgac aactacttgg 14460
cggtggggcyg gcagaacggg gtgctggaga gcgacatcgg cgtgaagttc gacacgcgca 14520
acttcegget gggctgggac cccgtgaccg agctggtgat geccgggegtg tacaccaacg 14580
aggccttecca cecccgacate gtectgetge cecggctgegg cgtggactte accgagagece 14640
gcctcagcaa cctgetggge atccgcaage ggcagcecctt ccaggagggce ttcecagatce 14700
tgtacgagga cctggagggg ggcaacatcc ccgcgctcett ggatgtcgaa gectacgaga 14760
aaagcaagga ggatagcacc gccgceggcga ccgcagecegt ggccaccgece tctaccgagg 14820
tgcggggcga taattttget agcgetgcegg cagcggcecga ggcggctgaa accgaaagta 14880
agatagtcat ccagccggtg gagaaggaca gcaaggacag gagctacaac gtgctecgegg 14940
acaagaaaaa caccgcctac cgcagcetggt acctggccta caactacggce gaccccgaga 15000
agggcgtgeg ctcectggacg ctgctcacca ccteggacgt cacctgcegge gtggagcaag 15060
tctactggtce gectgcccgac atgatgcaag acccggtcac cttcecgcectece acgcgtcaag 15120
ttagcaacta cccggtggtyg ggcgccgage tcctgccegt ctactccaag agecttettca 15180
acgagcaggce cgtctactecg cagcagctgce gcgecttcac ctcegectcacg cacgtettca 15240
accgcttece cgagaaccag atcctegtece gccecgcecege gceccaccatt accaccgtca 15300
gtgaaaacgt tcctgctcte acagatcacg ggaccctgec gctgcgcagce agtatccggg 15360
gagtccageg cgtgaccgte actgacgcca gacgccgcac ctgcccctac gtctacaagg 15420
ccetgggegt agtcegegeeg cgcgtectcet cgagccgcac cttctaaaaa atgtcecatte 15480
tcatctegee cagtaataac accggttggg gcctgcgege gcccagcaag atgtacggag 15540
gcgetegeca acgctceccacg caacaccceg tgcgegtgeg cgggcactte cgegetcecect 15600
ggggcgcect caagggccge gtgcgctecge gcaccaccgt cgacgacgtg atcgaccagg 15660
tggtggccga cgcgcgcaac tacacgcccg ccgecgegee cgtcectceccacce gtggacgeceg 15720
tcatcgacag cgtggtggcc gacgcgcgcece ggtacgcccg caccaagagce cggcggcgge 15780
gcatecgeeeg geggcaccgg agcacccecceg ccatgegcege ggcgcgagcece ttgetgcegca 15840
gggccaggceg cacgggacgce agggccatge tcagggcggce cagacgcgcg gcctccggca 15900
gcagcagcege cggcaggace cgcagacgcg cggccacggce ggcggcggcg gccatcgceca 15960
gcatgtceeg ccecgeggcge ggcaacgtgt actgggtgeg cgacgccgece accggtgtge 16020
gcgtgeccegt gegcacccge cceectegea cttgaagatg ctgacttege gatgttgatg 16080
tgtceccageg gecgaggagga tgtccaagcg caaatacaag gaagagatgce tccaggtcat 16140
cgegectgag atctacggec ccgcggcggce ggtgaaggag gaaagaaagce cccgcaaact 16200
gaagcgggtc aaaaaggaca aaaaggagga ggaagatgac ggactggtgg agtttgtgcg 16260
cgagttecgece cecccggcecgge gegtgcagtg gcgegggcegg aaagtgaaac cggtgetgeg 16320
gcceggcace acggtggtcet tcacgcccgg cgagegttec ggctceccgect ccaagecgcete 16380
ctacgacgag gtgtacgggg acgaggacat cctcgagcag gcggtcgagce gtctgggcga 16440
gtttgcgtac ggcaagcgca gccgcccecge geccttgaaa gaggaggcegg tgtcecatcce 16500
gctggaccac ggcaacccca cgcecgagect gaagceggtg accctgcagce aggtgctacce 16560
gagcgcggeg ccgegeceggg gcttcaageg cgagggcggce gaggatctgt acccgaccat 16620
gcagctgatg gtgcccaage gccagaagcet ggaggacgtg ctggagcaca tgaaggtgga 16680
ccecgaggtyg cagcccgagg tcaaggtgceg gcccatcaag caggtggcecce cgggectggg 16740
cgtgcagacc gtggacatca agatccccac ggagcccatg gaaacgcaga ccgageccgt 16800
gaagcccagce accagcacca tggaggtgca gacggatccec tggatgccag caccagctte 16860
caccagcact cgccgaagac gcaagtacgg cgcggccagce ctgctgatge ccaactacge 16920
gctgecatect tcecatcatce ccacgcecceggg ctaccgegge acgcgcttcet accgeggcta 16980
caccagcagce cgccgccgca agaccaccac ccgecgeegt cgtegcagece gecgcagcag 17040
caccgcgact tccgecttgg tgcggagagt gtatcgcage gggcgcgage ctctgacccet 17100
gcecgegegeg cgctaccace cgagcatcge catttaacta ccgectecta cttgcagata 17160
tggccectcac atgccgecte cgcgteccca ttacgggcta ccgaggaaga aagccgcgece 17220
gtagaaggct gacggggaac gggctgcgtce gccatcacca ccggcecggcegg cgcecgccatca 17280
gcaagcggtt ggggggaggc ttcectgcceg cgctgatcec catcatcgece gecggcgatceg 17340
gggcgatcece cggcatagct tcegtggegg tgcaggccte tcagcecgccac tgagacacaa 17400
aaaagcatgg atttgtaata aaaaaaaaaa tggactgacg ctcctggtcc tgtgatgtgt 17460
gtttttagat ggaagacatc aatttttcgt ccctggcacc gcgacacggce acgceggcecgt 17520
ttatgggcac ctggagcgac atcggcaaca gccaactgaa cgggggcgcce ttcaattgga 17580
gcagtctetyg gagegggctt aagaatttcg ggtccacgcet caaaacctat ggcaacaagg 17640
cgtggaacag cagcacaggg caggcgctga gggaaaagct gaaagaacag aacttccage 17700
agaaggtggt tgatggcctg gectcaggca tcaacggggt ggttgacctg gccaaccagg 17760
ccgtgcagaa acagatcaac agccgectgg acgcggtece gecccegegggg tecgtggaga 17820
tgcceccaggt ggaggaggag ctgccteccece tggacaagcg cggcgacaag cgaccgcegte 17880
ccgacgcegga ggagacgctg ctgacgcaca cggacgagcce gcccccgtac gaggaggcgg 17940
tgaaactggg cctgcccacc acgcggcccg tggcgcectcet ggccaccgga gtgctgaaac 18000
ccagcagcag ccagcccgeg accctggact tgcctceegee tcecgeccecctece acagtggcta 18060
agccectgee gecggtggee gtegegtege gcecgecceecg aggcecgceccee caggcgaact 18120
ggcagagcac tctgaacagce atcgtgggtc tgggagtgca gagtgtgaag cgccgceccget 18180
gctattaaaa gacactgtag cgcttaactt gecttgtcectgt gtgtatatgt atgtccgecg 18240
accagaagga ggagtgtgaa gaggcgcgtce gccgagttge aagatggcca ccccatcgat 18300
gctgecccag tgggcgtaca tgcacatcge cggacaggac gcttcggagt acctgagtce 18360
gggtctggtyg cagttcgcce gcgccacaga cacctactte agtctgggga acaagtttag 18420
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gaaccccacg gtggcgecca cgcacgatgt gaccaccgac cgcagccagce ggctgacget 18480
gcgettegtyg ceecgtggace gcgaggacaa cacctactceg tacaaagtgce gctacacget 18540
ggcegtggge gacaaccgcg tgctggacat ggccagcacce tactttgaca tccecgeggegt 18600
gctggacegg ggccctagcet tcaaacccta ctctggcacce gectacaaca gcctagcectece 18660
caagggagct cccaattcca gccagtggga gcaagcaaaa acaggcaatg ggggaactat 18720
ggaaacacac acatatggtg tggccccaat gggcggagag aatattacaa aagatggtct 18780
tcaaattgga actgacgtta cagcgaatca gaataaacca atttatgccg acaaaacatt 18840
tcaaccagaa ccgcaagtag gagaagaaaa ttggcaagaa actgaaaact tttatggcgg 18900
tagagctctt aaaaaagaca caaacatgaa accttgctat ggctcctatg ctagacccac 18960
caatgaaaaa ggaggtcaag ctaaacttaa agttggagat gatggagttc caaccaaaga 19020
attcgacata gacctggctt tetttgatac tcceggtgge accgtgaacg gtcaagacga 19080
gtataaagca gacattgtca tgtataccga aaacacgtat ttggaaactc cagacacgca 19140
tgtggtatac aaaccaggca aggatgatgc aagttctgaa attaacctgg ttcagcagtce 19200
tatgcccaac agacccaact acattgggtt cagggacaac tttatcggtc ttatgtacta 19260
caacagcact ggcaatatgg gtgtgcttgce tggtcaggcce tcccagctga atgctgtggt 19320
tgatttgcaa gacagaaaca ccgagctgtc ctaccagctce ttgcttgact ctttgggtga 19380
cagaacccgg tatttcagta tgtggaacca ggcggtggac agttatgacc ccgatgtgeg 19440
catcatcgaa aaccatggtg tggaggatga attgccaaac tattgcttcce ccttggacgg 19500
ctctggcact aacgccgcat accaaggtgt gaaagtaaaa gatggtcaag atggtgatgt 19560
tgagagtgaa tgggaaaatg acgatactgt tgcagctcga aatcaattat gtaaaggtaa 19620
cattttcgece atggagatta atctccaggce taacctgtgg agaagtttcce tctactcgaa 19680
cgtggeectg tacctgcceg actcctacaa gtacacgecg accaacgtca cgctgecgac 19740
caacaccaac acctacgatt acatgaatgg cagagtgaca cctcecctcege tggtagacge 19800
ctacctcaac atcggggcgce gctggteget ggaccccatg gacaacgtca accccttcaa 19860
ccaccaccgce aacgcgggcec tgcgctaccg ctceccatgete ctgggcaacg ggcgctacgt 19920
gcccttecac atccaggtge cccaaaagtt tttcegeccatce aagagcctcece tgctectgee 19980
cgggtectac acctacgagt ggaacttccg caaggacgtce aacatgatcc tgcagagctce 20040
cctaggcaac gacctgcgca cggacggggce ctccatcgece ttcaccagca tcaacctcta 20100
cgccacctte ttceccecccatgg cgcacaacac cgcctccacg ctcgaggcca tgctgegcaa 20160
cgacaccaac gaccagtcct tcaacgacta cctcectcecggceg gccaacatge tctaccccat 20220
cceggcecaac gcocaccaacg tgcccatcte catcccecteg cgcaactggg ccgcectteeg 20280
cggatggtcce ttcacgcgec tgaagacccg cgagacgccce tcgctegget ccgggttcga 20340
ccectactte gtctactegg getccatceccee ctacctagac ggcaccttet acctcaacca 20400
caccttcaag aaggtctcca tcaccttcga ctecctceegte agectggcecccg gcaacgaccg 20460
cctectgacg cccaacgagt tcgaaatcaa gcgcaccgte gacggagagg gatacaacgt 20520
ggcccagtge aacatgacca aggactggtt cctggtccag atgectggccce actacaacat 20580
cggctaccag ggcttctacg tgcccgaggg ctacaaggac cgcatgtact ccttettceg 20640
caacttccag cccatgagec gccaggtcegt ggacgaggtce aactacaagg actaccaggce 20700
cgtcaccctg gectaccage acaacaactc gggcttegte ggctaccteg cgcccaccat 20760
gcgecaggge cagcecctace ccgccaacta cccctacceg ctcatcggca agagcgecgt 20820
cgccagegte acccagaaaa agttcectcetg cgaccgggte atgtggcecgca tcecccettcte 20880
cagcaacttc atgtccatgg gcgcgctcac cgacctegge cagaacatgce tctacgccaa 20940
ctcecgeccac gecgctagaca tgaatttcga agtcgaccce atggatgagt ccacccettet 21000
ctatgttgtc ttcgaagtct tcgacgtcecgt ccgagtgcac cagccccacce geggegtcat 21060
cgaagccecgtce tacctgcgca cgcccttcete ggccggcaac gccaccacct aagccegcetet 21120
tgcttettge aagatgacgg cgggctccgg cgagcaggag ctcagggcca tectecgcega 21180
cctgggetge gggcecctget tectgggcac cttcecgacaag cgctteccctg gattcatgge 21240
ccegcacaag ctggectgeg ccatcgtgaa cacggccggce cgcgagaccg ggggcgagca 21300
ctggctggece ttcecgectgga acccgegcete ccacacatge tacctetteg acccecettegg 21360
gttctcggac gagcgcctca agcagatcta ccagttcgag tacgagggcece tgctgegteg 21420
cagcgceectg geccaccgagg accgctgegt caccctggaa aagtccaccce agaccgtgca 21480
gggtccgege teggecgect gcecgggcetett ctgctgcatg ttectgcacg ccttegtgeca 21540
ctggcceccgac cgccccatgg acaagaaccce caccatgaac ttactgacgg gggtgcccaa 21600
cggcatgctce cagtcgccece aggtggaacc caccctgege cgcaaccagg aagcgctcta 21660
ccgcttecte aatgcccact cecgectactt tcegectceccac cgcecgegcegca tcgagaagge 21720
caccgectte gaccgcatga atcaagacat gtaaaaaacc ggtgtgtgta tgtgaatget 21780
ttattcataa taaacagcac atgtttatgc caccttctct gaggctctga ctttatttag 21840
aaatcgaagg ggttctgceg getcteggca tggecccgegg gcagggatac gttgceggaac 21900
tggtacttgg gcagccactt gaactcgggg atcagcagct tgggcacggg gaggtcegggg 21960
aacgagtcgce tccacagett gegcgtgagt tgcagggcege ccagcaggtce gggcgeggag 22020
atcttgaaat cgcagttggg acccgcegtte tgcgcgcgag agttgeggta cacggggttg 22080
cagcactgga acaccatcag ggccgggtgce ttcacgettg ccagcaccgt cgegteggtg 22140
atgcccteca cgtccagate cteggegttg gccatcccga agggggtcat cttgcaggte 22200
tgccgeccca tgctgggcac gcagcecegggce ttgtggttge aatcgcagtg cagggggatce 22260
agcatcatct gggcctgcte ggagctcatg cccgggtaca tggcecttcat gaaagectcece 22320
agctggcegga aggcctgetg cgccttgecg ccecctecggtga agaagacccce gcaggacttg 22380
ctagagaact ggttggtggc gcagcceggceg tcgtgcacge agcagcgcegce gtegttgttg 22440
gccagctgeca ccacgctgceg cceccagegg ttcectgggtga tettggecccg gttggggtte 22500
tcettecageg cgcgetgecee gttectegete gccacatcca tcectcegatagt gtgctectte 22560
tggatcatca cggtcccecgtyg caggcaccgce agcttgcect cggcttcecggt gcagecegtge 22620
agccacagcg cgcagccggt gcactcecccag ttettgtggg cgatctggga gtgcgagtge 22680
acgaagccct gcaggaagceg gceccatcatce gcggtcaggg tecttgttget ggtgaaggte 22740
agcgggatgce cgcggtgcte ctegttcaca tacaggtgge agatgecggceg gtacacctceg 22800
ccetgetegg gecatcagetyg gaaggceggac ttcaggtege tcectcecacgeg gtaccggtcee 22860
atcagcagcg tcatcacttce catgcectte tcccaggecg aaacgatcgg caggctcagg 22920
gggttcttca ccgeccattgt catcttagtc geccgecgeeg aggtcagggg gtegttcecteg 22980
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tccagggtcect caaacacteg cttgcecegtcece ttctcgatga tgcgcacggg gggaaagctg 23040
aagcccacgg ccgccagete ctecteggece tgectttegt cctegetgte ctggetgatg 23100
tcttgcaaag gcacatgctt ggtcttgegg ggtttcetttt tgggcggcag aggcggcgge 23160
gatgtgctgg gagagcgcga gttcectegttce accacgacta tttettette ttggeccgteg 23220
tcecgagacca cgcggcggta ggcatgecte ttetggggca gaggcggagg cgacgggcte 23280
tcgeggtteg gegggcggcet ggcagagcecce cttecgegtt cgggggtgeg ctectggegg 23340
cgctgetetg actgacttece tecgeggcecg gccattgtgt tcectectaggg agcaacaaca 23400
agcatggaga ctcagccatc gtcgccaaca tcgeccatctg cccccgecge caccgecgac 23460
gagaaccagc agcagaatga aagcttaacc gcccecgcecge ccagcecccac ctecgacgee 23520
gcggecccag acatgcaaga gatggaggaa tccatcgaga ttgacctggg ctacgtgacg 23580
ccegeggage acgaggagga getggcagceg cgcttttcag ccccggaaga gaaccaccaa 23640
gagcagccag agcaggaagc agagaacgag cagaaccagg ctgggcacga gcatggcgac 23700
tacctgagcg gggcagagga cgtgctcatc aagcatctgg cccgccaatg catcatcgte 23760
aaggacgcgce tgctcgaccg cgccgaggtg cccctcageg tggcggaget cagccegegece 23820
tacgagcgca acctcecttete gecgegegtg ccccccaage gccagceccaa cggcacctgt 23880
gagcccaacce cgcgcectcaa cttectacceg gtcecttegegg tgcccgaggce cctggccace 23940
taccacctct ttttcaagaa ccaaaggatc cccgtctect geccgecgccaa ccgcacccge 24000
gccgacgecece tgctcaacct gggccccegge geccgectac ctgatatcac ctecttggaa 24060
gaggttccca agatcttcga gggtctggge agcgacgaga ctcgggccgce gaacgctcetg 24120
caaggaagcg gagaggagca tgagcaccac agcgccctgg tggagttgga aggcgacaac 24180
gcgegectgg cggtectcaa gcgcacggtce gagctgaccece acttcgecta cccecggegete 24240
aacctgcccce ccaaggtcat gagcgcecgte atggaccagg tgctcatcaa gegcgectceg 24300
ccectetegg aggaggagat gcaggacccee gagagttegg acgagggcaa geccgtggte 24360
agcgacgagce agctggcgeg ctggctggga gcgagtagca ccccccagag cctggaagag 24420
cggcgcaagce tcatgatgge cgtggtcecctg gtgaccgtgg agcectggagtg tetgegeccge 24480
ttetttgeecg acgcggagac cctgcgcaag gtcgaggaga acctgcacta cctcttcagg 24540
cacgggttcg tgcgccaggce ctgcaagatc tccaacgtgg agctgaccaa cctggtctcece 24600
tacatgggca tcctgcacga gaaccgcctg gggcaaaacg tgctgcacac caccctgcge 24660
ggggaggccc gccgcgacta catccgcgac tgcgtctace tgtacctcectg ccacacctgg 24720
cagacgggca tgggcgtgtg gcagcagtgce ctggaggagce agaacctgaa agagctctge 24780
aagctectge agaagaacct caaggccctg tggaccgggt tcgacgagcg taccaccgece 24840
tcggacctgg ccgacctcecat cttceccecgag cgcctgegge tgacgcectgeg caacgggctg 24900
ccecgacttta tgagccaaag catgttgcaa aactttecget ctttcatcct cgaacgctcece 24960
gggatcctge ccgecacctg cteegegetg cecteggact tegtgccget gaccttcecege 25020
gagtgcceee cgcecgetcectg gagecactge tacttgctge gectggccaa ctacctggee 25080
taccactcgg acgtgatcga ggacgtcage ggcgagggtce tgctggagtg ccactgccge 25140
tgcaacctct gcacgccgca cecgctecctg gecctgcaace cccagetget gagcgagace 25200
cagatcatcg gcaccttecga gttgcaaggce cccggcgacg gcgagggcaa ggggggtctg 25260
aaactcaccce cggggctgtg gacctceggece tacttgcgca agttegtgece cgaggactac 25320
catcccetteg agatcaggtt ctacgaggac caatcccage cgcccaaggce cgagcetgtceg 25380
gcctgegtea tcacccaggg ggccatcectg geccaattge aagccatcca gaaatcccecge 25440
caagaatttc tgctgaaaaa gggccacggg gtctacttgg acccccagac cggagaggag 25500
ctcaacccca getteccecca ggatgecceg aggaagcagce aagaagctga aagtggaget 25560
gccgecgeceg gaggatttgg aggaagactg ggagagcagt caggcagagg aggaggagat 25620
ggaagactgg gacagcactc aggcagagga ggacagcctg caagacagtc tggaggagga 25680
agacgaggtg gaggaggcag aggaagaagc agccgccgcece agaccgtcegt cctcecggegga 25740
gaaagcaagc agcacggata ccatctccge tccgggtcgg ggtecgceggceg gccgggcecca 25800
cagtaggtgg gacgagaccg ggcgcttccee gaaccccacce acccagaccg gtaagaagga 25860
gcggcaggga tacaagtcct ggcgggggca caaaaacgcec atcgtctect gcecttgcaage 25920
ctgcgggggce aacatctecct tcacceggeg ctacctgcete ttceccaccgeg gggtgaactt 25980
cceccgcecaac atcttgcatt actaccgtca cctceccacage ccctactact gtttceccaaga 26040
agaggcagaa acccagcagc agcagaaaac cagcggcagce agcagctaga aaatccacag 26100
cggcggcagg tggactgagg atcgcggcga acgagccggce gcagacccegg gagctgagga 26160
accggatctt tcccacccte tatgccatct tccagcagag tcgggggcag gagcaggaac 26220
tgaaagtcaa gaaccgttct ctgcgcectcege tcacccgcag ttgtctgtat cacaagagceg 26280
aagaccaact tcagcgcact ctcgaggacg ccgaggctct cttcaacaag tactgcgcge 26340
tcactcttaa agagtagccc gecgcccgece acacacggaa aaaggcggga attacgtcac 26400
cacctgegece cttcegcecccga ccatcatgag caaagagatt cccacgectt acatgtggag 26460
ctaccagccce cagatgggcec tggccgecgg cgccgcccag gactactcca cccgcatgaa 26520
ctggctcagt geccgggcceg cgatgatcte acgggtgaat gacatccgeg cccaccgaaa 26580
ccagatactc ctagaacagt cagcgatcac cgccacgcce cgccatcacc ttaatccgeg 26640
taattggccce gecgecctgg tgtaccagga aattccccag cccacgaccg tactacttcece 26700
gcgagacgec caggccgaag tccagctgac taactcaggt gtccagetgg ccggecggcege 26760
cgecectgtgt cgtcaccgece cecgctcaggg tataaagegg ctggtgatcce gaggcagagg 26820
cacacagctc aacgacgagg tggtgagctce ttcgctgggt ctgcgacctg acggagtctt 26880
ccaactcgcece ggatcgggga gatcttectt cacgectegt caggccgtece tgactttgga 26940
gagttcgtee tcgecagecce gctegggegg catcggcact ctceccagttcecg tggaggagtt 27000
cactceccecteg gtctacttca acccecttete cggctceccecce ggccactacce cggacgagtt 27060
catcccgaac ttcgacgcca tcagcgagtce ggtggacgge tacgattgaa tgtcccatgg 27120
tggcgcagct gacctagctce ggcttcegaca cctggaccac tgccgecget tecgetgett 27180
cgctecgggat ctcecgeccgagt ttgcectactt tgagctgcce gaggagcacce ctcagggcce 27240
agcccacgga gtgcggatca tegtcgaagg gggcctcgac tcccacctge ttecggatctt 27300
cagccagcga ccgatcctgg tcegagcegcga acaaggacag acccttcetta ctttgtactg 27360
catctgcaac caccccggece tgcatgaaag tctttgttgt ctgctgtgta ctgagtataa 27420
taaaagctga gatcagcgac tactccggac tcgattgtgg tgttecctget atcaaccggt 27480
ccetgttett caccgggaac gagaccgagce tccagctcecca gtgtaagccce cacaagaagt 27540
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acctcacctg gectgttceccag ggctecccga tcegecgttgt caaccactge gacaacgacg 27600
gagtcctget gagcggccct gccaacctta ctttttceccac ccgcagaagce aagctccage 27660
tctteccaace cttectecee gggacctate agtgcgtcete aggaccctge catcacacct 27720
tccacctgat cccgaatacc acagcgccgce tcceccgctac taacaaccaa actacccacce 27780
aacgccaccg tcgcgacctt tectctgaat ctaataccac taccggaggt gagctceccgag 27840
gtcgaccaac ctctgggatt tactacggcc cctgggaggt ggtggggtta atagcgctag 27900
gcctagttge gggtgggett ttggttcetet gectacctata cctecccttge tgttegtact 27960
tagtggtgct gtgttgctgg tttaagaaat ggggaagatc accctagtga gctgeggtge 28020
gctggtggeg gtgttgettt cgattgtggg actgggcggce gcecggctgtag tgaaggagaa 28080
ggccgatceec tgcttgcatt tcaatcccaa caaatgccag ctgagttttce agcecccgatgg 28140
caatcggtgce gcggtactga tcaagtgcgg atgggaatgce gagaacgtga gaatcgagta 28200
caataacaag actcggaaca atactctcgce gtcegtgtgg cagcececgggg accccecgagtyg 28260
gtacaccgte tcectgtccccecg gtgectgacgg ctceccececgcege accgtgaata atactttcat 28320
ttttgcgcac atgtgcaaca cggtcatgtg gatgagcaag cagtacgata tgtggccccce 28380
cacgaaggag aacatcgtgg tcecttcteccat cgcttacage ctgtgcacgg cgctaatcac 28440
cgctategtg tgcctgagca ttcacatgct catcgctatt cgccccagaa ataatgccga 28500
gaaagagaaa cagccataac acgttttttc acacaccttg tttttacaga caatgcgtct 28560
gttaaatttt ttaaacattg tgctcagtat tgcttatgcc tctggttatg caaacataca 28620
gaaaaccctt tatgtaggat ctgatggtac actagagggt acccaatcac aagccaaggt 28680
tgcatggtat ttttatagaa ccaacactga tccagttaaa ctttgtaagg gtgaattgcc 28740
gcgtacacat aaaactccac ttacatttag ttgcagcaat aataatctta cactttttte 28800
aattacaaaa caatatactg gtacttatta cagtacaaac tttcatacag gacaagataa 28860
atattatact gttaaggtag aaaatcctac cactcctaga actaccacca ccaccactac 28920
tgcaaagccce actgtgaaaa ctacaactag gaccaccaca actacagaaa ccaccaccag 28980
cacaacactt gctgcaacta cacacacaca cactaagcta accttacaga ccactaatga 29040
tttgatcgece ctgctgcaaa agggggataa cagcaccact tccaatgagg agatacccaa 29100
atccatgatt ggcattattg ttgctgtagt ggtgtgcatg ttgatcatcg ccttgtgcat 29160
ggtgtactat gccttctgct acagaaagca cagactgaac gacaagctgg aacacttact 29220
aagtgttgaa ttttaatttt ttagaaccat gaagatccta ggcecttttta gtttttctat 29280
cattacctct gectcectttgtg aatcagtgga tagagatgtt actattacca ctggttctaa 29340
ttatacactg aaagggccac cctcaggtat gctttcgtgg tattgectatt ttggaactga 29400
cactgatcaa actgaattat gcaattttca aaaaggcaaa acctcaaact ctaaaatctc 29460
taattatcaa tgcaatggca ctgatctgat actactcaat gtcacgaaag catatggtgg 29520
cagttattat tgccctggac aaaacactga agaaatgatt ttttacaaag tggaagtggt 29580
tgatcccact acaccaccca ccaccacaac tattcatacc acacacacag aacaaacacc 29640
agaggcaaca gaagcagagt tggccttcca ggttcacgga gattcctttg ctgtcaatac 29700
ccectacacce gatcageggt gtccggggece gctagtcage ggcattgteg gtgtgettte 29760
gggattagca gtcataatca tctgcatgtt catttttget tgctgctata gaaggcttta 29820
ccgacaaaaa tcagacccac tgctgaacct ctatgtttaa ttttttccag agccatgaag 29880
gcagttageg ctctagtttt ttgttctttg attggcattg tttttaatag taaaattacc 29940
agagttagct ttattaaaca tgttaatgta actgaaggag ataacatcac actagcaggt 30000
gtagaaggtg ctcaaaacac cacctggaca aaataccatc taggatggag agatatttgce 30060
acctggaatg taacttatta ttgcatagga gttaatctta ccattgttaa cgctaaccaa 30120
tctcagaatg ggttaattaa aggacagagt gttagtgtga ccagtgatgg gtactatacc 30180
cagcatagtt ttaactacaa cattactgtc ataccactgc ctacgcctag cccacctage 30240
actaccacac agacaaccac atacagtaca tcaaatcagc ctaccaccac tacagcagca 30300
gaggttgcca gctegtetgg ggtecgagtg gecatttttga tgttggcccce atctagcagt 30360
cccactgcta gtaccaatga gcagactact gaatttttgt ccactgtcga gagccacacc 30420
acagctacct ccagtgcctt ctctagcacc gccaatctcet cctegettte ctctacacca 30480
atcagcccecg ctactactcece tagccceccgcet cctettecca cteccctgaa gcaaacagac 30540
ggcggcatge aatggcagat caccctgctce attgtgatcg ggttggtcat cctggccegtg 30600
ttgctctact acatcttetg cecgccgecatt cccaacgecge accgcaagcece ggcctacaag 30660
cccategtta tcgggcagec ggagcecgcett caggtggaag ggggtctaag gaatcttcte 30720
ttctectttta cagtatggtyg attgaactat gattcctaga caattcttga tcactattct 30780
tatctgecte ctccaagtet gtgccaccct cgctctggtg gccaacgcca gtccagactg 30840
tattgggccce ttcgectect acgtgcetcett tgccttegte acctgecatct getgetgtag 30900
catagtctgce ctgcttatca ccttettcecca gttcattgac tggatctttg tgcgcatcge 30960
ctacctgcge caccacccec agtaccgcga ccagcgagtg gcgcagctge tcaggetceccect 31020
ctgataagca tgcgggctcect gcectacttcte gcegettetge tgttagtget ccccegtecce 31080
gtcgacceece ggtcecccceccac tcagtcceccece gaggaggttce gcaaatgcaa attccaagaa 31140
ccetggaaat tectcaaatg ctaccgccaa aaatcagaca tgcatcccag ctggatcatg 31200
atcattggga tcgtgaacat tcectggectge accctcatct cctttgtgat ttaccectge 31260
tttgactttg gttggaactc gccagaggcg ctctatctcece cgectgaacce tgacacacca 31320
ccacagcagc aacctcaggc acacgcacta ccaccaccac agcctaggcc acaatacatg 31380
cccatattag actatgaggc cgagccacag cgacccatge tccccgctat tagttactte 31440
aatctaaccg gcggagatga ctgacccact ggccaataac aacgtcaacg accttectcecct 31500
ggacatggac ggccgcgcect cggagcagceg actcgcecccaa cttecgcattce gtcagcagca 31560
ggagagagcc gtcaaggagce tgcaggacgg catagccatc caccagtgca agagaggcat 31620
cttctgectyg gtgaaacagg ccaagatctce ctacgaggtce acccagaccg accatcgect 31680
ctecctacgag ctectgcage agcgccagaa gttcacctge ctggtcggag tcaaccccat 31740
cgtcatcacc cagcagtcgg gcgataccaa ggggtgcatce cactgctcect gegactcccece 31800
cgactgecgtce cacactctga tcaagaccct ctgcggecte cgcgacctece tecccatgaa 31860
ctaatcaccc ccttatccag tgaaataaag atcatattga tgatgattta aataaaaaaa 31920
ataatcattt gatttgaaat aaagatacaa tcatattgat gatttgagtt taacaaaaat 31980
aaagaatcac ttacttgaaa tctgatacca ggtctctgte catgttttcect gccaacacca 32040
cctcacteccee ctettecccag ctetggtact gcaggccecg gcgggctgca aacttectee 32100
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acacgctgaa ggggatgtca aattcctcecct gtcecctcaat cttcatttta tcecttectatca 32160
gatgtccaaa aagcgcgtce gggtggatga tgacttcgac cccgtctacce cctacgatge 32220
agacaacgca ccgaccgtge ccttcatcaa cccecccectte gtctettcag atggattcca 32280
agagaagccce ctgggggtgt tgtccctgeg actggctgac cccgtcacca ccaagaacgg 32340
ggaaatcacc ctcaagctgg gagagggggt ggacctcgac tcgtcgggaa aactcatctce 32400
caacacggcce accaaggccg ccgccectcet cagtatttca aacaacacca tttcecttaa 32460
aactgctgcce cctttctaca acaacaatgg aactttaagce ctcaatgtcect ccacaccatt 32520
agcagtattt cccacattta acactttagg cataagtctt ggaaacggtc ttcagacttc 32580
aaataagttg ttgactgtac aactaactca tcctcttaca ttcagctcaa atagcatcac 32640
agtaaaaaca gacaaagggc tatatattaa ctccagtgga aacagaggac ttgaggctaa 32700
tataagccta aaaagaggac tagtttttga cggtaatgct attgcaacat atattggaaa 32760
tggcttagac tatggatctt atgatagtga tggaaaaaca agacccgtaa ttaccaaaat 32820
tggagcagga ttaaattttg atgctaacaa agcaatagct gtcaaactag gcacaggttt 32880
aagttttgac tccgctggtg ccttgacage tggaaacaaa caggatgaca agctaacact 32940
ttggactacc cctgacccaa gccctaattg tcaattactt tcagacagag atgccaaatt 33000
tactctetgt cttacaaaat gcggtagtca aatactaggce actgtggcag tggcggctgt 33060
tactgtagga tcagcactaa atccaattaa tgacacagtc aaaagcgcca tagttttcct 33120
tagatttgat tccgatggtg tactcatgtc aaactcatca atggtaggtg attactggaa 33180
ctttagggag ggacagacca ctcaaagtgt agcctataca aatgctgtgg gattcatgcecce 33240
aaatataggt gcatatccaa aaacccaaag taaaacacct aaaaatagca tagtcagtca 33300
ggtatattta actggagaaa ctactatgcc aatgacacta accataactt tcaatggcac 33360
tgatgaaaaa gacacaaccc cagttagcac ctactctatg acttttacat ggcagtggac 33420
tggagactat aaggacaaaa atattacctt tgctaccaac tcattctctt tttcctacat 33480
cgcccaggaa taatcccacc cagcaagcca acccectttte ccaccacctt tgtctatatg 33540
gaaactctga aacagaaaaa taaagttcaa gtgttttatt gaatcaacag ttttacagga 33600
ctcgagcagt tatttttecct ccaccctceccee aggacatgga atacaccacc ctcteccccece 33660
gcacagcctt gaacatctga atgccattgg tgatggacat gcettttggtce tccacgttece 33720
acacagtttc agagcgagcc agtctceggat cggtcaggga gatgaaaccce tccgggcact 33780
ccegecatetg cacctcacag ctcaacagcet gaggattgte ctcecggtggtce gggatcacgg 33840
ttatctggaa gaagcagaag agcggcggtg ggaatcatag tccgcgaacg ggatcggccg 33900
gtggtgtcege atcaggccce gcagcagteg ctgccgceccge cgctceccecgtca agetgetget 33960
cagggggttc gggtccaggg actccctcag catgatgcce acggccctca gcatcagtceg 34020
tctggtgegg cgggcgcage agcgcatgceg aatctcegete aggtcactge agtacgtgca 34080
acacaggacc accaggttgt tcaacagtcc atagttcaac acgctccagce cgaaactcat 34140
cgcgggaagg atgctaccca cgtggcecgte gtaccagatce ctcaggtaaa tcaagtggeg 34200
ctcecctecag aagacgctge ccatgtacat gatctcecttg ggcatgtgge ggttcaccac 34260
ctccecggtac cacatcacce tetggttgaa catgcagecce cggatgatcce tgcggaacca 34320
cagggccagce accgcccege ccgccatgca gcgaagagac cccggatcce ggcaatgaca 34380
atggaggacc caccgctegt acccgtggat catctgggag ctgaacaagt ctatgttgge 34440
acagcacagg catatgctca tgcatctctt cagcactcte agctecctcecgg gggtcaaaac 34500
catatcccag ggcacgggga actcttgcag gacagcgaac cccgcagaac agggcaatcce 34560
tcgcacataa cttacattgt gcatggacag ggtatcgcaa tcaggcagca ccgggtgatce 34620
ctccaccaga gaagcgcggg tetcecggtcete ctcacagegt ggtaaggggg ccggcecgata 34680
cgggtgatgg cgggacgcgg ctgatcegtgt tctcgaccgt gtcatgatge agttgettte 34740
ggacattttc gtacttgctg tagcagaacc tggtccggge gctgcacacc gatcgceccgge 34800
ggcggtcteg gegettggaa cgcteggtgt taaagttgta aaacagccac tctcectcagac 34860
cgtgcagcag atctagggcc tcaggagtga tgaagatccce atcatgcectg atagctctga 34920
tcacatcgac caccgtggaa tgggccaggc ccagccagat gatgcaattt tgttgggttt 34980
cggtgacggce gggggaggga agaacaggaa gaaccatgat taacttttaa tccaaacggt 35040
ctcggagcac ttcaaaatga aggtcacgga gatggcacct ctcgecccccg ctgtgttggt 35100
ggaaaataac agccaggtca aaggtgatac ggttctcgag atgttccacg gtggcttcecca 35160
gcaaagccte cacgcgcaca tccagaaaca agacaatagce gaaagcggga gggttctcta 35220
attcctcaac catcatgtta cactcctgca ccatccccag ataattttca tttttecage 35280
cttgaatgat tcgaactagt tcctgaggta aatccaagcce agccatgata aaaagctcge 35340
gcagagcacc ctccaccggce attcttaagce acaccctcat aattccaaga tattctgcte 35400
ctggttcacc tgcagcagat tgacaagcgg aatatcaaaa tctcectgccge gatcectgag 35460
cteccteecte agcaataact gtaagtactce tttcatatcg tctcecgaaat ttttagccat 35520
aggaccceccca ggaataagag aagggcaagc cacattacag ataaaccgaa gtccccccca 35580
gtgagcattyg ccaaatgtaa gattgaaata agcatgctgg ctagacccgg tgatatcttc 35640
cagataactg gacagaaaat cgggtaagca atttttaaga aaatcaacaa aagaaaaatc 35700
ttccaggtge acgtttaggg cctcgggaac aacgatggag taagtgcaag gggtgcegtte 35760
cagcatggtt agttagctga tctgtaaaaa aacaaaaaat aaaacattaa accatgctag 35820
cctggcgaac aggtgggtaa atcgttctcet ccagcaccag gcaggccacg gggtcecteccgg 35880
cgcgacccte gtaaaaattg tcgctatgat tgaaaaccat cacagagaga cgttcccggt 35940
ggccggcegtyg aatgattcga gaagaagcat acacccccgg aacattggag tccecgtgagtg 36000
aaaaaaagcg gccgaggaag caatgaggca ctacaacgct cactctcaag tccagcaaag 36060
cgatgccatg cggatgaagc acaaaatttt caggtgcgta aaaaatgtaa ttactcccct 36120
cctgcacagg cagcgaagct cccgatccect ccagatacac atacaaagcc tcagegtcca 36180
tagcttaccg agcggcagca gcagcggcac acaacaggcg caagagtcag agaaaagact 36240
gagctctaac ctgtccgcce gctetectget caatatatag ccccagatct acactgacgt 36300
aaaggccaaa gtctaaaaat acccgccaaa taatcacaca cgcccagcac acgcccagaa 36360
accggtgaca cactcagaaa aatacgcgca cttcecctcaaa cggccaaact gecgtcattt 36420
ccgggttece acgctacgtce atcaaaacac gactttcaaa ttceccgtcgac cgttaaaaac 36480
atcaccecgece cecgceccctaa cggtcegecge tceccgcagee aatcacctte ctceccecctecece 36540
aaattcaaac agctcatttg catattaacg cgcaccaaaa gtttgaggta tattattgat 36600
gatg 36604
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SEQ ID NO: 106 moltype = AA length = 948
FEATURE Location/Qualifiers
REGION 1..948
note = Description of Artificial Sequence: Synthetic
polypeptide
source 1..948

mol type = protein

organism = synthetic construct
SEQUENCE: 106
ELRSRYWAIR TRSGRVKREL RSRHWAIRTR SGRVKRELRS RYWASRTRSG RVKRFMYSDF 60
HFIRVKRFMY SDLHFIRVKR FMYTDFHFIR VKRFMFSDFH FIRVKRGTFE FTSFFYRVKR 120
GTFEFTSYFY RVKRILKGKF QTARVKRIIK GKFQTARVKR ILKGKFQIAR VKRILRGSIA 180
HKRVKRILRG SVAHKRVKRV LRGSIAHKRV KRLIFLARSA LRVKRLVFLA RSALRVKRLT 240
FLARSALRVK RYSHGTGTGY RVKRYSHWTG TGYRVKRYSH GSGTGYRVKR FLARSALILR 300
GSVAHKRVKR FLARSALVLR GSVAHKRVKR IAYERMCNIL KGKFQTAARV KRVAYERMCN 360
ILKGKFQTAA RVKRVAYERM CNIIKGKFQT AARVKRVAYE RMCNILKGKF KTAARVKRVA 420
YERMCNILKG KFQIAARVKR VAYERMCNIL KGKFQTAVRV KRDVVNFVSM EFSLTDPRLR 480
VKRDVVNFVS MEFSLTYPRL RVKRDVVNFV SMEFSLTDQR LRVKRFLARS ALILRGSVAH 540
KSRVKRFLAR SALVLRGSVA HKSRVKRKWG MEMRRCLLQS LQOQIRVKRKL GMEMRRCLLQ 600
SLOQIRVKRK WGMEMRRCLL QSLQQVRVKR KWGMELRRCL LQSLQQIRVK RFQGRGVFEL 660
RVKRGQISIQ PTFSRVKRSQ ISVQPTFSRV KRGQVSVQPT FSRVKRGQIS VQPTFSRVKR 720
WHSNLNDATY QRTRALVRTG MDPRMRVKRW HSNLNDTTYQ RTRALVRTGM DPRMRVKRWH 780
SNLNDSTYQR TRALVRTGMD PRMRVKRWHS NLNDATYQRK RALVRTGMDP RMRVKRWHSN 840
LNDATYQRTR SLVRTGMDPR MRVKRWHSNL NDATYQRTRA IVRTGMDPRM RVKRWHSNLN 900

DATYQRTRAL VRSGMDPRMR VKRWHSNLND ATYQRTRALV RTGRDPRM 948

SEQ ID NO: 107 moltype = AA length = 50

FEATURE Location/Qualifiers

REGION 1..50
note = Description of Artificial Sequence: Synthetic
polypeptide

REGION 1..50

note = MISC_FEATURE - This sequence may encompass 1-10 ’'Gly
Gly Gly Gly Ser’ repeating units
source 1..50
mol type = protein
organism = synthetic construct
SEQUENCE: 107

GGGGSGGGGS GGGGSGGGGES GGGGSGGGGES GGGGSGGGEGS GGGGSGGGGES 50

SEQ ID NO: 108 moltype = AA length = 100

FEATURE Location/Qualifiers

REGION 1..100
note = Description of Artificial Sequence: Synthetic
polypeptide

REGION 1..100

note = MISC_FEATURE - This sequence may encompass 1-20 ’'Glu
Ala Ala Ala Lys’ repeating units
source 1..100
mol type = protein
organism = synthetic construct
SEQUENCE: 108
EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK 60

EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK EAAAKEAAAK 100

SEQ ID NO: 109 moltype = AA length = 40

FEATURE Location/Qualifiers

REGION 1..40
note = Description of Artificial Sequence: Synthetic
polypeptide

REGION 1..40

note = MISC_FEATURE - This sequence may encompass 1-20 ’'Xaa
Pro’ repeating units
source 1..40
mol type = protein
organism = synthetic construct
SEQUENCE: 109

XPXPXPXPXP XPXPXPXPXP XPXPXPXPXP XPXPXPXPXP 40
SEQ ID NO: 110 moltype = AA length = 4
FEATURE Location/Qualifiers
REGION 1..4
note = Description of Artificial Sequence: Synthetic peptide
source 1..4

mol type = protein
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organism = synthetic construct
SEQUENCE: 110
RVKR 4
SEQ ID NO: 111 moltype = AA length = 6
FEATURE Location/Qualifiers
REGION 1..6

note = Description of Artificial Sequence: Synthetic peptide
MOD_RES 1

note = S-[2,3-bis(palmitoyloxy) - (2-R,S)-propyl]-N-palmitoyl

- (R) -cysteine

source 1..6

mol type = protein

organism = synthetic construct
SEQUENCE: 111
CSKKKK 6
SEQ ID NO: 112 moltype = AA length = 5
FEATURE Location/Qualifiers
REGION 1..5

note = Description of Artificial Sequence: Synthetic peptide
MOD_RES 1

note = Tripalmitoyl-S-glyceryl-cysteine
source 1..5

mol type = protein

organism = synthetic construct
SEQUENCE: 112
CSSNA 5
SEQ ID NO: 113 moltype = AA length = 6
FEATURE Location/Qualifiers
REGION 1..6

note = Description of Artificial Sequence: Synthetic peptide
MOD_RES 1

note = Tripalmitoyl-S-glyceryl-cysteine
source 1..6

mol type = protein

organism = synthetic construct
SEQUENCE: 113
CSKKKK 6
SEQ ID NO: 114 moltype = AA length = 6
FEATURE Location/Qualifiers
REGION 1..6

note = Description of Artificial Sequence: Synthetic peptide
MOD_RES 1

note = Dipalmitoyl-S-glyceryl-cysteine
source 1..6

mol type = protein

organism = synthetic construct
SEQUENCE: 114
CSKKKK 6
SEQ ID NO: 115 moltype = AA length = 16
FEATURE Location/Qualifiers
REGION 1..16

note = Description of Artificial Sequence: Synthetic peptide
source 1..1e

mol type = protein

organism = synthetic construct
SEQUENCE: 115
GALNNRFQIK GVELKS 16
SEQ ID NO: 116 moltype = AA length = 560
FEATURE Location/Qualifiers
source 1..560

mol type = protein

organism = Influenza B virus
SEQUENCE: 116
MSNMDIDGIN TGTIDKTPEE ITSGTSGTTR PIIRPATLAP PSNKRTRNPS PERATTSSED 60
DVGRKTQKKQ TPTEIKKSVY NMVVKLGEFY NQMMVKAGLN DDMERNLIQN AHAVERILLA 120
ATDDKKTEFQ KKKNARDVKE GKEEIDHNKT GGTFYKMVRD DKTIYFSPIR ITFLKEEVKT 180
MYKTTMGSDG FSGLNHIMIG HSQMNDVCFQ RSKALKRVGL DPSLISTFAG STVPRRSGAT 240
GVAIKGGGTL VAEAIRFIGR AMADRGLLRD IKAKTAYEKI LLNLKNKCSA PQQKALVDQV 300
IGSRNPGIAD IEDLTLLARS MVVVRPSVAS KVVLPISIYA KIPQLGFNVE EYSMVGYEAM 360
ALYNMATPVS ILRMGDDAKD KSQLFFMSCF GAAYEDLRVL SALTGTEFKP RSALKCKGFH 420
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VPAKEQVEGM GAALMSIKLQ FWAPMTRSGG NEVGGDGGSG QISCSPVFAV ERPIALSKQA 480
VRRMLSMNIE GRDADVKGNL LKMMNDSMAK KTSGNAFIGK KMFQISDKNK TNPIEIPIKQ 540
TIPNFFFGRD TAEDYDDLDY 560
SEQ ID NO: 117 moltype = AA length = 560
FEATURE Location/Qualifiers
source 1..560

mol type = protein

organism = Influenza B virus
SEQUENCE: 117
MSNMDIDGIN TGTIDKTPEE ITSGTSGTTR PIIRPATLAP PSNKRTRNPS PERATTSSEA 60
DVGRKTQKKQ TPTEIKKSVY NMVVKLGEFY NQMMVKAGLN DDMERNLIQN AHAVERILLA 120
ATDDKKTEFQ KKKNARDVKE GKEEIDHNKT GGTFYKMVRD DKTIYFSPIR ITFLKEEVKT 180
MYKTTMGSDG FSGLNHIMIG HSQMNDVCFQ RSKALKRVGL DPSLISTFAG STLPRRSGAT 240
GVAIKGGGTL VAEAIRFIGR AMADRGLLRD IKAKTAYEKI LLNLKNKCSA PQQKALVDQV 300
IGSRNPGIAD IEDLTLLARS MVVVRPSVAS KVVLPISIYA KIPQLGFNVE EYSMVGYEAM 360
ALYNMATPVS ILRMGDDAKD KSQLFFMSCF GAAYEDLRVL SALTGTEFKP RSALKCKGFH 420
VPAKEQVEGM GAALMSIKLQ FWAPMTRSGG NEVGGDGGSG QISCSPVFAV ERPIALSKQA 480
VRRMLSMNIE GRDADVKGNL LKMMNDSMAK KTNGNAFIGK KMFQISDKNK TNPVEIPIKQ 540
TIPNFFFGRD TAEDYDDLDY 560
SEQ ID NO: 118 moltype = AA length = 560
FEATURE Location/Qualifiers
source 1..560

mol type = protein

organism = Influenza B virus
SEQUENCE: 118
MSNMDIDGIN TGTIDKTPEE ITSGTSGTTR PIIRPATLAP PSNKRTRNPS PERATTSSED 60
DVGRKTQKKQ TPTEIKKSVY NMVVKLGEFY NQMMVKAGLN DDMERNLIQN AYAVERILLA 120
ATDDKKTEFQ KKKNARDVKE GKEEIDHNKT GGTFYKMVRD DKTIYFSPIR ITFLKEEVKT 180
MYKTTMGSDG FSGLNHIMIG HSQMNDVCFQ RSKALKRVGL DPSLISTFAG STVPRRSGAT 240
GVAIKGGGTL VAEAIRFIGR AMADRGLLRD IKAKTAYEKI LLNLKNKCSA PQQKALVDQV 300
IGSRNPGIAD IEDLTLLARS MVVVRPSVAS KVVLPISIYA KIPQLGFNVE EYSMVGYEAM 360
ALYNMATPVS ILRMGDDAKD KSQLFFMSCF GAAYEDLRVL SALTGTEFKP RSALKCKGFH 420
VPAKEQVEGM GAALMSIKLQ FWAPMTRSGG NEAGGDGGSG QISCSPVFAV ERPIALSKQA 480
VRRMLSMNIE GRDADVKGNL LKMMNDSMAK KTSGNAFIGK KMFQISDKNK TNPIEIPIKQ 540
TIPNFFFGRD TAEDYDDLDY 560

1. A polypeptide comprising a sequence that comprises a

first sequence, second sequence, and third sequence,
wherein each of the first sequence, second sequence and
third sequence must be a different SEQ ID NO and com-
prises at least 55% identity to a sequence selected from the
sequences set forth in the group consisting of SEQ ID NOs:
40, 58, 61, 43, 51, 93, 22, 49, 82, 88, and 34, and wherein
the sequence is from the influenza virus.

2. The polypeptide of claim 1, wherein:

the first sequence comprises at least 55% sequence iden-

tity to the sequence if SEQ ID NO: 51;

the second sequence comprises at least 55% sequence

identity to the sequence of SEQ ID NO: 58; and

the third sequence comprises at least 55% sequence

identity to the sequence of SEQ ID NO: 93.
3. The polypeptide of claim 2, wherein the polypeptide
further comprises a fourth sequence comprising at least 55%
sequence identity to the sequence of SEQ ID NO: 61, 22, 49,
34, 40, or 82.
4. The polypeptide of claim 2, wherein the polypeptide
further comprises:
a fourth sequence comprises at least 55% sequence iden-
tity to the sequence of SEQ ID NO: 61;

a fifth sequence comprising at least 55% sequence identity
to the sequence of SEQ ID NO: 22;

a sixth sequence comprising at least 55% sequence iden-
tity to the sequence of SEQ ID NO: 49;

a seventh sequence comprising at least 55% sequence
identity to the sequence of SEQ ID NO: 34;

an eighth sequence comprising at least 55% sequence
identity to the sequence of SEQ ID NO: 40;

a ninth sequence comprising at least 55% sequence iden-

tity to the sequence of SEQ ID NO: 43; and

a tenth sequence comprising at least 55% sequence iden-

tity to the sequence of SEQ ID NO: 82.

5. The polypeptide of claim 1, wherein the polypeptide
comprises:

at least 3 sequences comprising at least 55% sequence

identity to the sequence of SEQ ID NO: 51;

at least 3 sequences comprising at least 55% sequence

identity to the sequence of SEQ ID NO: 58; and

at least 4 sequences comprising at least 55% sequence

identity to the sequence of SEQ ID NO: 93.

6. The polypeptide of claim 1, wherein the first sequence
and second sequence are directly linked.

7. The polypeptide of claim 1, wherein at least two of the
first, second, third, and fourth sequence are linked by a
linker.

8. The polypeptide of claim 7, wherein the linker com-
prises the sequence RVKR (SEQ ID NO: 110).

9. The polypeptide of claim 1, wherein the polypeptide is
an isolated polypeptide.

10. The polypeptide of claim 1, wherein the polypeptide
comprises the sequences of SEQ ID NOs: 51, 58, 61, 93, 22,
49, and 34.

11. A polynucleotide encoding the polypeptide of claim 1.

12. A composition comprising the polynucleotide of claim
11.
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13. A vector comprising the polynucleotide of claim 11.

14. A composition comprising the vector of claim 13.

15. A virus comprising the polynucleotide of claim 11.

16. The virus of claim 15, wherein the virus is an
adenovirus.

17. A composition comprising the virus of claim 15.

18. A pharmaceutical composition comprising the virus of
claim 15, and a pharmaceutically acceptable carrier or
excipient.

19. A method comprising administering to a subject the
composition of claim 12.

20. A method comprising administering to a subject the
pharmaceutical composition of claim 18.
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