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IMMUNOPOTENTIATOR-LINKED
OLIGOMERIC INFLUENZA IMMUNOGENIC
COMPOSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C.
§119(e) to U.S. Provisional Patent Application No. 61/250,

442 filed Oct. 9, 2009, the entire contents of which 1s
incorporated by reference herein.

FIELD OF THE INVENTION

The present disclosure relates to the field of immunogenic
compositions for the prevention of influenza infection.

BACKGROUND OF THE INVENTION

The Influenza A virus, which belongs to the Orthomyxo-
virtdae family, can cause influenza i humans, birds or
domesticated food animals. The virus can be classified mto
different subtypes based on their surface glycoproteins,
hemagglutinin (HA) and neuraminidase (NA). Of the 16
known HAs and nine NAs, three HA subtypes (H1, H2, and
H3) and two NA subtypes (N1 and N2) are most commonly
found 1n humans. HIN1 and H3N2 are the major subtypes
that cause human seasonal flu and global pandemics of

influenza. The nfluenza pandemic in 2009 1s caused by
influenza A virus HIN1 of swine origin. This has led to a
growing concern regarding the pandemic potential of the
highly pathogenic avian influenza (HPAI) H5N1 viruses.
Thus the development of an effective and safe vaccine
against divergent intluenza A virus strains 1s urgently needed
for the prevention of future outbreaks of influenza.

SUMMARY OF THE INVENTION

Disclosed herein are immunogenic compositions for the
prevention of infection with influenza viruses. The disclosed
Immunogenic compositions are trimeric proteins compris-
ing: 1) an immunogen, such as an influenza hemagluttinin
sequence; 2) a trimerization or stabilization sequence; and 3)
an 1mmunopotentiator sequence. The three sequences are
contiguous and expressed as a single protein 1n a mamma-
lian expression system or the immunogen and the immuno-
gen and the immunopotentiator are chemically linked and
stabilized.

In one embodiment, disclosed herein 1s an immunogenic
composition for imnduction of an 1immune response against
influenza virus, the immunogenic composition comprising a
polypeptide comprising an immunogen and an 1mmunopo-
tentiator. In another embodiment, the polypeptide further
comprises a stabilization sequence.

In other embodiments, the immunogen 1s a hemagglutinin
sequence of an influenza virus, a neuraminidase sequence of
an 1nfluenza virus or a membrane protein sequence of an
influenza virus. In another embodiment, the immunogen 1s a
fragment of said hemagglutinin sequence selected from the
group consisting ol HA1l, HA2 and RBD. In another
embodiment, the immunopotentiator 1s selected from the
group consisting of the Fc fragment of human IgG, C3d,
Onchocerca volvulus ASP-1, cholera toxin and muramyl
peptides.

In another embodiment, the stabilization sequence 1s
toldon or GCN4.
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In yet another embodiment, the polypeptide 1s a fusion
protein. In another embodiment, the polypeptide 1s produced
in a mammalian expression system.

In another embodiment, the polypeptide 1s selected from
the group consisting of HAI1-hFc, HA-hFc, HA1+3-259-
hFc, HA1-Fd-hFc, HA-Fd-hFc, HA2-Fd-hFc, HA-RBD-Fd-
hFc, and HA1+3-259-Fd-hFc.

In another embodiment, the immunogen 1s linked to said
stabilization sequence and wherein said stabilization
sequence 1s linked to the immunopotentiator in a single
polypeptide. In yet another embodiment, the immunogen
and the immunopotentiator are chemically stabilized by
2,2-bipyridine-5-carboxylic acid (BPY).

In still another embodiment, the immunogenic composi-
tion further comprises an adjuvant.

Also disclosed herein 1s a method of inducing a protective
immune response against an influenza virus, the method
comprising administering the immunogenic composition of
claim 1 to a host in need thereof and wherein the immuno-
genic composition mduces a protective immune response
against challenge with an infectious agent in the host. In
another embodiment, the immunogenic composition further
comprises an adjuvant.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the structure of the hemagluttinin (HA)
protein of an influenza A H5N1 virus [A/Anhui/1/2005
(H3N1)] and the construction of the recombinant HA1-hFc¢
and HA1-Fd-hFc proteins containing the HA1 fragment
(amino acids [aa] +3-322), and the recombinant HA-3-259-
Fd-hFc protein including HA1 fragment of aa +3-259 of
H5N1 virus HA fused to human IgG Fc (hFc), with or
without the Fd sequence. The protease cleavage site
RERRRKR between HA1 and HA2 i1s set forth as SEQ ID
NO:41.

FIG. 2 depicts the sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) (FIG. 2a) and Western blot
(FIG. 2b) analyses of the expressed HA1-hFc and HA1-Fd-
hFc proteins.

FIG. 3 depicts Fast Protein Ligquid Chromatography
(FPLC) analysis of the expressed HAI1-hFc and HAI1-Fd-
hFc proteins. The molecular weight of the proteins was
indicated on each peak, with the structure corresponding to
calculated standard proteins.

FIG. 4 depicts the immunization scheme of BALB/c mice
with recombinant HA1l-hFc, HA1-Fd-hFc¢ and HA-3-259-
Fd-hFc proteins, detection of induced antibodies and neu-
tralizing activity, and challenge of the vaccinated mice with
live H5N1 virus for cross-protection evaluation.

FIG. 5 depicts the binding reactivity of mouse sera
(1:3,000 dilution) collected at day O (pre-immune) and 10
days post the 1%, 274 and 3" boosts with recombinant
HA1-hFc¢ and HA1-Fd-hFc proteins.

FIG. 6 depicts the ability of IgG antibody (Ab) to bind to
HA1-hFc, HAl1-Fd-hFc and HA-3-259-Fd-hFc fusion pro-
teins detected in sera of mice collected 10 days post last
vaccination with HA1-hFc, HA1-Fd-hFc and HA-3-259-Fd-
hFc proteins.

FIG. 7 depicts the mean anti-HA1-hFc¢, anti-HA1-Fd-hFc
and anti-HA-3-239-Fd-hFc¢ IgG Ab ftiter of mouse sera
collected 10 days post last vaccination.

FIG. 8 depicts the ability of IgG Ab to bind to an HAI
protein without Fd and Fc, detected 1n senally diluted sera
of mice collected 10 days post last vaccination with HA1-

hFc, HA1-Fd-hFc and HA-3-259-Fd-hFc¢ proteins.
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FIG. 9 depicts the ability of IgG Ab binds to A/VietNam/
1194/2004 (VN/1194)-mactivated H5N1 virus, detected 1n
serially diluted sera of mice collected 10 days post last
vaccination with HA1-hFc¢, and HA1-Fd-hFc.

FIG. 10 depicts ability of 1gG1 subtype Ab to bind to the
HA1 protein, detected in serially diluted sera of mice
collected 10 days post last vaccination with HA1-hFc, and

HA1-Fd-hFc.
FIG. 11 depicts ability of IgGG2a subtype Ab to bind to the
HA1 protein, detected in serially diluted sera of mice

collected 10 days post last vaccination with HA1-hFc, and
HA1-Fd-hFc.

FIG. 12 depicts the comparison of IgG1l and IgG2a Ab
responses 11 HA1-hFc- and HA1-Fd-hFc-vaccinated mice.

FIG. 13 depicts the neutralizing Ab titers (NT;,) of sera
from mice after each boost vaccination with HAI-hFc
against H5N1 pseudovirus expressing XJ-HA, QH-HA, AH-
HA and HK-HA as measured by pseudovirus neutralization
assay.

FIG. 14 depicts the neutralizing Ab titers (NT.,) of sera
from mice after each boost vaccination with HA1-Fd-hFc
against H5N1 pseudovirus expressing XJ-HA, QH-HA, AH-
HA and HK-HA as measured by pseudovirus neutralization
assay.

FIG. 15 depicts the neutralizing Ab titers (NT,) of sera
from mice after each boost vaccination with HA1-hFc and
HA1-Fd-hFc against HSN1 pseudovirus expressing homolo-
gous AH-HA as measured by pseudovirus neutralization
assay.

FIG. 16 depicts the neutralizing Ab titers (NT,,) against
HA of heterologous (HK-HA, 1194-HA, QH-HA and XI-
HA) and homologous (AH-HA) strains of H5N1 pseudovi-
rus, detected 1n sera of mice at 10 days post last vaccination
with HA1-hFc, and HA1-Fd-hFc.

FIG. 17 depicts the neutralizing Ab titers (NT,) against
HA of heterologous (HK-HA, 1194-HA) and homologous
(A{ HA) strains of H5N1 pseudovirus, detected 1n sera of
mice at 10 days post last vaccination with HA-3-259-Fd-hFc
protein.

FIG. 18 depicts the neutralizing Ab titers (NT.,) against
heterologous strains A/Hong Kong/156/97 (HK/156),
VN/1194 and A/Shenzhen/406H/06 (57/406H) of HSNI
live virus, detected 1n sera of mice at 10 days post last
vaccination with HA1-hFc, and HA1-Fd-hFc.

FIG. 19 depicts the hemagglutination inhibition (HI)
antibody fiters against heterologous stramns (HK/156,
VN/1194 and S7Z/406H) of H5N1 live virus, detected 1n sera
of mice at 10 days post last vaccination with HA1-hFc, and
HA1-Fd-hFc.

FIG. 20 depicts the cross-protection of HA1-hFc- and
HA1-Fd-hFc-vaccinated mice against lethal H5N1 wvirus
challenge, indicated by survival rate (%) of mice challenged
with HK/156 strain (clade 0) of H3N1 live virus,

FIG. 21 depicts the cross-protection of HAIl-hFc- and
HA1-Fd-hFc-vaccinated mice against lethal H3N1 wvirus
challenge, indicated by survival rate (%) of mice challenged
with VN/1194 strain (clade 1) of H5N1 live virus.

FIG. 22 depicts the cross-protection of HAIl-hFc- and
HA1-Fd-hFc-vaccinated mice against lethal H5N1 wvirus
challenge, indicated by survival rate (%) of mice Challenged
with SZ/406H strain (clade 2.3.4) of H5N1 live virus.

FIG. 23 depicts the quantification of viral RNA 1n lung
tissue of HS5NI1 wvirus-challenged mice by quantitative
reverse transcription PCR (QRT-PCR). Viral titers of
HK/156, VN/1194 and SZ/406H strains of H5N1 virus were
determined 1n lung tissues of the mice vaccinated with
HA1-hFc and HA1-Fd-hFc proteins.
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FIG. 24 depicts the evaluation of histopathological
changes in the lung tissues of HA1-hFc- and HA1-Fd-hFc-
vaccinated mice following lethal challenge with heterolo-
gous strains of HS5N1 virus. Lung tissues from mice 1njected
with PBS and those of uninfected mice were used as
negative and normal controls, respectively. All sections of
lung tissues were stained with hematoxylin and eosin (H&E)
and observed under a light microscope (magnification,
100x). Representative 1mages ol histopathological damage
from vaccinated mice challenged with H5N1 strains HK/156
(a), VN/1194 (b), and SZ/406H (c) are depicted.

DEFINITION OF TERMS

To facilitate an understanding of the following Detailed
Description, Examples and appended claims 1t may be
usetul to refer to the following definitions. These definitions
are non-limiting 1 nature and are supplied merely as a
convenience to the reader.

Gene: A “gene” as used herein refers to at least a portion
of a genetic construct having a promoter and/or other
regulatory sequences required for, or that modify the expres-
sion of, the genetic construct.

Host: As used herein “host” refers to the recipient of the
present immunogenic compositions. Exemplary hosts are
mammals 1ncluding, but not limited to, primates, rodents,
cows, horses, dogs, cats, sheep, goats, pigs and elephants. In
one embodiment of the present mmvention the host 1s a
human. For the purposes of this disclosure host 1s synony-
mous with “vaccinee.”

Immunogen: As used herein the term “immunogen” refers
to any substrate that elicits an immune response 1n a host.
Immunogens of the present disclosure include, but are not
limited to hemaglutinins of influenza viruses.

Immunogenic Composition: As used herein an “immuno-
genic composition” refers to an expressed protein or a
recombinant vector, with or without an adjuvant, which
expresses and/or secretes an immunogen in vivo and
wherein the immunogen elicits an immune response 1n the
host. The immunogenic compositions disclosed herein may
or may not be immunoprotective or therapeutic. When the
Immunogenic compositions may prevent, ameliorate, palli-
ate or eliminate disease from the host then the immunogenic
composition may optionally be referred to as a vaccine.
However, the term immunogenic composition 1s not
intended to be limited to vaccines.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Development of an eflective and safe vaccine against
divergent influenza A viruses 1s urgently needed for the
prevention of future outbreak of influenza, especially the
pandemic potential of the divergent strains of highly patho-
genic avian influenza (HPAI) HSN1 wviruses. The present
disclosure describes the development of a subunit influenza
vaccine based on the surface hemagglutinin (HA) proteins of
an 1fluenza A virus. This candidate vaccine uses mamma-
lian cell-expressed recombinant proteins encoding the HA1
fragment of HA. It induced strong immune responses, potent
neutralizing antibodies and extensive cross-protective
immunity in vaccinated animals. The elicited neutralizing
antibodies were proven to be eflective against at least five
strains of pseudotyped influenza A virus 1solates represent-
ing clades 0, 1, 2.2, and 2.3, and neutralize and cross-protect
against at least three strains of live H5N1 influenza viruses
covering clade O, 1 and 2.3.4.
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In one embodiment disclosed herein, provided 1s a subunit
influenza vaccine (immunogenic composition) comprising a
hemagglutinin (HA) of an influenza virus, a stabilization
sequence and an immunopotentiator. In another embodi-
ment, the immunogenic composition 1s expressed 1n a mam-
malian expression system.

A unmiversal influenza vaccine that could provide hetero-

subtypic immunity would be a tremendous advance for
public health. Disclosed herein 1s a candidate influenza

vaccine, using mammalian 293T cell-expressed fusion pro-

teins encoding the HA1 fragment (residues +3-322, SEQ 1D
NO. 2, and residues +3-259, SEQ ID NO. 30, respectively)
of an influenza A H3N1 virus [A/Anhui/1/2005(HS5N1)].
The expressed recombinant protein was fused with a foldon
(Fd) sequence (SEQ ID NO. 6) and the Fc fragment (SEQ
ID NO. 7) of human IgGl (hFc), with the purpose to
maintain the trimerization structure of native HA proteins
and to increase the stability and immunogenicity. Foldon 1s
a trimerization or oligomerization motif from the T4 bacte-
riophage fibritin. HA 1s a homotrimeric integral membrane
glycoprotein. It 1s shaped like a cylinder, and 1s approxi-
mately 13.5 nanometers long. The three identical monomers
that constitute HA are constructed into a central a helix coil;
three spherical heads contain the sialic acid binding sites.
HA monomers are synthesized as precursors that are then
glycosylated and cleaved into two smaller polypeptides: the
HA1 and HA2 subunits. Each HA monomer consists of a
long, helical chain anchored in the membrane by HA2 and
topped by a large HA1 globule.

In one embodiment, the immunopotentiator 1s an 1mmu-
noglobulin Fc fragment. The immunoglobulin molecule
consists of two light (L) chains and two heavy (H) chains
held together by disulfide bonds such that the chains form a
Y shape. The base of the Y (carboxyl terminus of the heavy
chain) plays a role 1n modulating immune cell activity. This
region 1s called the Fc (fragment, crystallizable) region, and
1s composed of two heavy chains that contribute two or three
constant domains depending on the class of the antibody. By
binding to specific proteins, the Fc region ensures that each
antibody generates an appropriate immune response for a
given antigen. The Fc region also binds to various cell
receptors, such as Fc receptors, and other immune mol-
ecules, such as complement proteins. By doing this, it
mediates different physiological effects including opsoniza-
tion, cell lysis, and degranulation of mast cells, basophils
and eosinophils.

The disclosed immunogenic compositions have high efli-
cacy 1n inducing potent immune responses 1n tested animals.
They are able to elicit highly potent neutralizing antibodies
that could neutralize not only homologous A/Anhui/1/20035
(AH, clade 2.3) strains but also heterologous A/Hong Kong/
156/97 (HK, clade 0), A/VietNam/1194/2004 (1194, clade
1), A/Xinjiang/1/2006 (X1, clade 2.2), and A/Qinghai/59/05
(QH, clade 2.2) stramns of H5N1 viruses expressing HA
proteins 1n a cell culture-based pseudovirus neutralizing
assay. In addition, the disclosed immunogenic compositions
highly neutralize and completely cross-protect against at

least three divergent strains of H3N1 live viruses, including
clade O0: A/Hong Kong/156/97 (HK/136), clade 1: A/Viet-

Nam/1194/2004 (VN/1194) and clade 2.3.4: A/Shenzhen/
406H/06 (S57/406H). The above features demonstrate that
the expressed fusion proteins have a high potential to be
developed into a universal influenza vaccine for the preven-
tion of future flu outbreaks.

Previously designed influenza HA-based vaccines could
not induce highly potent and broad neutralizing responses in
the hosts, most likely because these vaccines could not
properly maintain the stable and soluble trimeric conforma-
tion, or they lack eflicient immunogenicity to mduce high
levels of neutralizing antibodies. The presently described
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immunogenic compositions have solved these problems by:
1) addition of Fd, a trimerization motif, to HA1 allows the
HA1 to properly maintain the stable and soluble trimeric
conformation; and 2) fusion of Fc fragment of IgG to
HA1-Fd which results 1n enhanced immunogenicity of HAI-
trimer to mduce high levels of neutralizing antibodies and
cross-protection against a broad spectrum of influenza
viruses. In addition, the Fc fragment has tendency to form a
non-covalent dimer through its disulfide bond, which may
allow the fusion protein to form a dimmer, hexamer or other
form of oligomer, resulting in a more immunogenic mol-
ecule.

The ability to induce antibodies against divergent strains
ol a particular virus would solve the one strain-one vaccine
problem that has been a significant hurdle for all manufac-
turers of flu vaccines. Furthermore, the described formula-
tion does not utilize chicken eggs to grow the virus—a major
advantage that not only significantly reduces manufacturing
time and cost but also allows pregnant women and persons
allergic to chicken egg proteins to receive the vaccine.

TABLE 1

Components that can be used for design of immunopotentiator-
linked oligomeric Influenza vaccines

Stabilization molecule
or method to form
trimer or oligomer

mmunopotentiators or
I modulators

Proteins of influenza
viruses®

cholera toxin
immunomodulators (such

as cytokines)
bacterial LPS

GCN4
Foldon

Hemagglutinin (HA)
HAI1

HA?2 2,2-bipyridine-3-
carboxylic acid (BPY)
Peptides from HAI Disulfide bonds Synthetic LPS mimetic
RC529

muramyl peptides

Monophosphoryl lipid A

Peptides from HA?2
Neuraminidase (NA)

Facile ligation

(MPL)
Peptides from NA dsRNA complexes
Membrane protein (M) CpG ODN, CTA1-DD
Peptides from M IeG Fc
HA receptor binding C3d
domain (RBD) ASP-1

TGE-P or Th2 cytokines

*including different subtypes.

In one embodiment, the influenza virus component of the
instant Immunogenic composition can comprise a sequence
selected from the group consisting of the HA sequence of
influenza virus H3N1; the HA sequence of influenza virus
HI1N1; the HA sequence of influenza virus H3N2; the HA1
sequence of mnfluenza virus H5NI1; the HA1 sequence of
influenza virus HIN1; the HA1 sequence of influenza virus
H3N2; the HA2 sequence of influenza virus H5N1; the HA2
sequence of ifluenza virus HINI1; the HA2 sequence of
influenza virus H3N2; the NA sequence of influenza virus
H5N1; the NA sequence of influenza virus HINI1; the NA
sequence of influenza virus H3N2; the M1/M2 sequence of
influenza virus H5N1; the M1/M2 sequence of influenza
virus HIN1; the M1/M2 sequence of influenza virus H3N2;
the HA-NA sequence of influenza virus H5N1; the HA-NA
sequence of ifluenza virus HIN1; the HA-NA sequence of
influenza virus H3N2; the HA-M1/M2 sequence of influenza
virus H3N1; the HA-M1/M2 sequence of influenza virus
HINI1; the HA-M1/M2 sequence of influenza virus H3N2;
the HA NA-M1/M2 sequence of influenza virus H5N1; the
HA-NA-M1/M2 sequence of influenza virus HIN1; and the
HA-NA-M1/M2 sequence of influenza virus H3N2 Amino
acid and nucleic acid sequences for each of the above
domains can be found in the Influenza Research Database.
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TABLE 2

Amino acid and DNA sequences of immunopotentiator-linked
oligomeric influenza immunogenic compositions
(Note: SEQ ID NO. 40 and
42-48 are DNA sequences, while others
are amino acild sequences)

SEQ ID NO. 1 [A/Anhui/1/2005(H5N1) HA]:
MEKIVLLLAIVSLVKSDOQICIGYHANNSTEQVDTIMEKNVTVITHAQD ILEKTHNGKLCDLDGVKPL
ILRDCSVAGWLLGNPMCDEFINVPEWSY IVEKANPANDLCYPGNFNDYEELKHLLSRINHFEKI
QIIPKSSWSDHEASSGVSSACPYOQGTPSEFEFRNVVWLIKKNNTYPTIKRSYNNTNOQEDLLILWGIH
HSNDAAEQTKLYONPTTYISVGTSTLNOQRLVPKIATRSKVNGONGRMDEFEWTI LKPNDAINEFES
NGNF IAPEYAYKIVKKGDSAIVKSEVEYGNCNTKCOQTPIGAINSSMPEFHNIHPLTIGECPKYVEKSN
KLVLATGLRNSPLRERRRKRGLFGAIAGE I EGGWOGMVDGWYGYHHSNEQGSGYAADKEST
QKAIDGVTNKVNSI IDKMNTOQFEAVGREFNNLERRI ENLNKKMEDGFLDVWTYNAELLVLMENE
RTLDEFHDSNVEKNLYDKVRLOLRDNAKELGNGCFEEFYHKCDNECMESVRNGTYDYPQYSEEAR
LKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLOQCRICI

SEQ ID NO. 2 [A/Anhui/1/2005(H5N1) HAl1l +3-322]:
ICIGYHANNSTEQVDTIMEKNVTVTHAQDI LEKTHNGKLCDLDGVKPLI LRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNENDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNOQRLVPKIATRSKVNGONGRMDEFEWT ILKPNDAINFESNGNFIAPEYAYKIVKKG
DSAIVKSEVEYGNCNTKCOTPIGAINSSMPFHNIHPLTIGECPKYVKSNKLVLATGLRNSPL

SEQ ID NO. 2 [A/Anhui/1/2005(H5N1) HA2]:

GLEFGAIAGF I EGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSI IDKMNTOQ
FEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVIMENERTLDEFHDSNVEKNLYDKVRLQ
LRDNAKELGNGCEFEEFYHKCDNECMESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILST

YSTVASSLALAIMVAGLSLWMCSNGSLOQCRICIT

SEQ ID NO. 4 [A/Anhui/1/2005(H5N1) HA-RBD]:
LSRINHFEKIQIIPKSSWSDHEASSGVSSACPYQGTPSEFERNVVWLIKKNNTYPTIKRSYNNTNQ
EDLLILWGIHHSNDAAEQTKLYQNPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFWTILK
PNDAINFESNGNFIAPEYAYKIVKK

SEQ ID NO. 5 [IL2gss signal peptide]:
MYRMOLLSCIALSLALVTNS

SEQ ID NO. 6 |[Foldon (Fd), also see SEQ ID NO. 36]:
GYIPEAPRDGOAYVRKDGEWVLLSTFEL

SEQ ID NO. 7 [human IgG Fc (hFc)]:

RSDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY KCKVSNKALPAPIEKTISKAKGQOPR
EPOVYTLPPSREEMTKNQVSLTCLVKGFYPSD IAVEWESNGOPENNYKTTPPVLDSDGSEFELY

tttttttttttttttttttt

SEQ ID NO. 8 [HA-Fd]:
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKTHNGKLCDLDGVKPL
ILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPANDLCYPGNFNDYEELKHLLSRINHFEKI
QIIPKSSWSDHEASSGVSSACPYQGTPSFFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIH
HSNDAAEQTKLYQNPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMDFFWTILKPNDAINFES
NGNFIAPEYAYKIVKKGDSAIVKSEVEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSN
KLVLATGLRNSPLRERRRKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKEST
QKAIDGVTNKVNSI IDKMNTQFEAVGREFNNLERRI ENLNKKMEDGFLDVWTYNAELLVLMENE
RTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEAR
LKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLQCRICIGYIPEAPRDGQ
AYVRKDGEWVLLSTFL

SEQ ID NO. 9 [HAl-Fd]:

ICIGYHANNS TEQVDTIMEKNVTVTHAQDI LEKTHNGKLCDLDGVKPLILRDC SVAGWLLGNPM
CDEFINVPEWSYIVEKANPANDLCYPGNFNDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGV
SSACPYQGTPSFFRNVVWLIKKNNTYPTIKRS YNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTS TLNQRLVPKIATRSKVNGONGRMDFFWTILKPNDAINFESNGNFIAPEYAYKIVKKG
DSAIVKSEVEYGNCNTKCQTPIGAINS SMPFHNIHPLTIGECPKYVKSNKLVLATGLRNSPL-GYI
PEAPRDGQAYVRKDGEWVLLSTFL
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TABLE 2-continued

L1

Amino acid and DNA sequences of immunopotentiator-linked
oligomeric influenza immunogenic compositions
(Note: SEQ ID NO. 40 and
42-48 are DNA sequences, while others

are amino acild sequences)

SEQ ID NO. 10 [HA2-Fd]:
GLEFGAIAGF I EGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS I IDKMNTOQ

FEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVIMENERTLDEFHDSNVEKNLYDKVRLQ
LRDNAKELGNGCEFEFYHKCDNECMESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILST
YSTVASSLALAIMVAGLSLWMCSNGSLOQCRICI-GY IPEAPRDGOQAYVRKDGEWVLLSTEL

SEQ ID NO. 11 [HA-RBD-Fd]:
LSRINHFEKIQIIPKSSWSDHEASSGVSSACPYQGTPSEFERNVVWLIKKNNTYPTIKRSYNNTNQ
EDLLILWGIHHSNDAAEQTKLYQNPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFWTILK
PNDAINFESNGNFIAPEYAYKIVKK-GYIPEAPRDGOQAYVRKDGEWVLLSTEL

SEQ ID NO. 12 [HA-hFc]:
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKTHNGKLCDLDGVKPL
ILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPANDLCYPGNFNDYEELKHLLSRINHFEKI
QIIPKSSWSDHEASSGVSSACPYQGTPSFFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIH
HSNDAAEQTKLYQNPTTYISVGTSTLNQRLVPKIATRS KVNGONGRMDFFWTILKPNDAINFES
NGNF IAPEYAYKIVKKGDSAIVKSEVEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSN
KLVLATGLRNSPLRERRRKRGLFGAIAGFIEGGWQCGMVDGWYGYHHSNEQGSGYAADKEST
QKAIDGVTNKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLMENE
RTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECME SVRNGTYDYPQYSEEAR
LKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLQCRICI -RSDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
QQGNVFSCSVMHEALHNHY TQKSLSLSPGK

SEQ ID NO. 13 [HAl-hFc]:
ICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKTHNGKLCDLDGVKPLILRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNFNDY EELKHLLSRINHFEKIQI IPKSSWSDHEASSGV
SSACPYQGTPSEFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFEWIT ILKPNDAINFESNGNEF IAPEYAYKIVKKG
DSAIVKSEVEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSNKLVLATGLRNSPL-RS
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREP
QVYITLPPSREEMTKNOVSLTCLVKGEYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEFELYSK

--------------------
bbbbbbbbbbbbbbbbbbbbbb

SEQ ID NO. 14 [HA2-hFc]:
GLEFGAIAGFIEGGWOQGMVDGWYGYHHSNEQGSGYAADKESTOKAIDGVTNKVNS I IDKMNTO
FEAVGREFNNLERRIENLNKKMEDGEF LDVWITYNAELLVLMENERTLDFHDSNVKNLYDKVRLQ
LRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILST
YSTVASSLALAIMVAGLSLWMCSNGSLOCRICI -RSDKTHTCPPCPAPELLGGPSVELEFPPKPK
DILMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQ
DWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSREEMTKNQVSLTCLVKGEFYP
SDIAVEWESNGOPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWOQOGNVESCSVMHEALHNHY

llllllllllllllllllll

hhhhhhhhhhhhhhhhhhhhhh

SEQ ID NO. 15 [HA-RBD-hFc]:
LSRINHFEKIQIIPKSSWSDHEASSGVSSACPYQGTPSEFFRNVVWLIKKNNTYPTIKRSYNNTNQ
EDLLILWGIHHSNDAAEQTKLYONPTTY ISVGTSTLNQRLVPKIATRSKVNGONGRMDEEFWTILK
PNDAINFESNGNFIAPEYAYKIVKK-RSDKTHTCPPCPAPELLGGPSVELEFPPKPKDTLMISRTP
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSREEMTKNQVSLTCLVKGEFYPDIAVEWES

bbbbbbbbbbbbbbbbbb

hhhhhhhhhhhhhhh

hhhhh
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TABLE 2-continued

L1

Amino acid and DNA sequences of immunopotentiator-linked
oligomeric influenza immunogenic compositions
(Note: SEQ ID NO. 40 and
42-48 are DNA sequences, while others
are amino acid sequences)

SEQ ID NO. 16 [HA-Fd-hFc]:
MEKIVLLLAIVSLVKSDOQICIGYHANNSTEQVDTIMEKNVIVTHAQDI LEKTHNGKLCDLDGVKPL
ILRDCSVAGWLLGNPMCDEEF INVPEWSY IVEKANPANDLCYPGNFNDYEELKHLLSRINHEFEKT
QIIPKSSWSDHEASSGVSSACPYQGTPSFERNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIH
HSNDAAEQTKLYQNPTTY ISVGTSTLNOQRLVPKIATRSKVNGONGRMDEFEWIT ILKPNDAINEFES
NGNF IAPEYAYKIVKKGDSAIVKSEVEYGNCNTKCOQTPIGAINSSMPFHNIHPLTIGECPKYVKSHN
KLVLATGLRNSPLRERRRKRGLEFGAIAGEFI EGGWOGMVDGWYGYHHSNEQGSGYAADKEST
QKAIDGVINKVNSI IDKMNTQFEAVGREFNNLERRIENLNKKMEDGEFLDVWTYNAELLVLMENE
RTLDFHDSNVEKNLYDKVRLOLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEAR
LKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLORICI -GYIPEAPRDGO
AYVRKDGEWVLLSTFL-RSDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVITCVVVD
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY KCKVSNK
ALPAPIEKTISKAKGOPREPOQVYTLPPSREEMTKNOQVSLTCLVKGEFYPSDIAVEWESNGQPENN

kkkkkkkkkkkkkkkkkkkk

SEQ ID NO. 17 [HAl-Fd-hFc]:
ICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKTHNGKLCDLDGVKPLILRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNFNDY EELKHLLSRINHFEKIQI IPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFEWIT ILKPNDAINFESNGNEF IAPEYAYKIVKKG
DSAIVKSEVEYGNCNTKCQTPIGAINSSMPFHNIHPLTIGECPKYVKSNKLVLATGLRNSPL-GYI
PEAPRDGQAYVRKDGEWVLLSTFL-RSDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVKEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLITVLHODWLNGKE
YKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWE

bbbbbbbbbbbbbbbbbbbbbbbb

lllllllll

hhhhhhh

SEQ ID NO. 18 [HA2-Fd-hFc]:

GLEFGAIAGEF I EGGWOGMYVDGWYGYHHSNEQGSGYAADKESTOKAIDGVTNKVNS I IDKMNTO
FEAVGREFNNLERRIENLNKKMEDGEF LDVWTYNAELLVLMENERTLDFHDSNVKNLYDKVRLQ
LRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILST
YSTVASSLALAIMVAGLSLWMCSNGSLOCRICI -GY IPEAPRDGOQAYVRKDGEWVLLSTEL-RS
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKRNWYVDGVE
VHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY KCKVSNKALPAPIEKTISKAKGOPREP
QVYTLPPSREEMTKNOQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELYSK
LTVDKSRWQOGNVEF SCSVMHEALHNHYTQKSLSLSPGR

Ay w o m m o m mom omoE E moEE N mE kk E
bbbbbbbbbbbbbbbbbbbbbb

SEQ ID NO. 19 [HA-RBD-Fd-hFc]:
LSRINHFEKIQIIPKSSWSDHEASSGVSSACPYQGTPSEFERNVVWLIKKNNTYPTIKRSYNNTNQ
EDLLILWGIHHSNDAAEQTKLYQNPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFWTILK
PNDAINFESNGNFIAPEYAYKIVKK-GYIPEAPRDGOAYVRKDGEWVLLSTEL-RSDKTHTCPP
CPAPELLGGPSVEFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTI SKAKGOPREPQVYTLPPS
REEMTKNOVSLTCLVKGEYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSEFFLYSKLTVDKSRW
QOGNVESCSVMHEALHNHYTOKSLSLSPGK

SEQ ID NO. 20 |mouse IgG Fc {(mFc)|:
R5SPRGPTIKPCPPCKCPAPNLLGGPSVEFIFPPKIKDVLMISLSPIVTCVVVDVSEDDPDVOQISWEY
NNVEVHTAQTQTHREDYNSTLRVVSALPIQHODWMSGKEFKCKVNNKDLPAPIERTISKPKGS
VRAPQVYVLPPPEEEMTKKOVTLTCMVTDEMPED IYVEWTNNGKTELNYKNTEPVLDSDGSYE
MYSKLRVEKKNWVERNSYSCSVVHEGLHNHHTTKSESRTPGK

SEQ ID NO. 21 [HA-Fd-mFc]:
MEKIVLLLAIVSLVKSDOQICIGYHANNSTEQVDTIMEKNVTVITHAQD ILEKTHNGKLCDLDGVKPL
ILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPANDLCYPGNFNDYEELKHLLSRINHFEKI
QIIPKSSWSDHEASSGVSSACPYOQGTPSEFEFRNVVWLIKKNNTYPTIKRSYNNTNOQEDLLILWGIH
HSNDAAEQTKLYOQNPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFEFWTI LKPNDAINFES
NGNF IAPEYAYKIVKKGDSAIVKSEVEYGNCNTKCOTPIGAINSSMPEFHNIHPLTIGECPKYVEKSN
KLVLATGLRNSPLRERRRKRGLFGAIAGEF I EGGWOGMVDGWYGYHHSNEQGSGYAADKEST
QKAIDGVTNKVNSI IDKMNTOQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLMENE
RTLDFHDSNVEKNLYDKVRLOLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEAR
LKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLOQCRICI-GY IPEAPRDGO
AYVRKDGEWVLLSTEFL-RSPRGPTIKPCPPCKCPAPNLLGGPSVEIFPPKIKDVLMISLSPIVTCV
VVDVSEDDPDVQISWEVNNVEVHTAQTOQTHREDYNSTLRVVSALPIQHQDWMSGKEFKCKVN
NKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKOVTLTCMVTIDEMPEDI YVEWTNNGKTE
LNYKNTEPVLDSDGSYEFMYSKLRVEKKNWVERNSYSCSVVHEGLHNHHTTKSESRTPGK

SEQ ID NO. 22 |HAl-Fd-mFc]:
ICIGYHANNSTEQVDTIMEKNVITVTHAQDI LEKTHNGKLCDLDGVKPLI LRDCSVAGWLLGNPM

CDEFINVPEWSY IVEKANPANDLCYPGNENDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNOQRLVPKIATRSKVNGONGRMDEFEWT ILKPNDAINFESNGNFIAPEYAYKIVKKG
DSAIVKSEVEYGNCNTKCOTPIGAINSSMPFHNIHPLTIGECPKYVKSNKLVLATGLRNSPL-GY1I
PEAPRDGQAYVRKDGEWVLLSTFL-RSPRGPTIKPCPPCKCPAPNLLGGPSVEIFPPKIKDVLMI
SLSPIVTCVVVDVSEDDPDVQISWEFVNNVEVHTAQTQTHREDYNSTLRVVSALPIQHQDWMSG
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TABLE 2-continued

L1

Amino acid and DNA sequences of immunopotentiator-linked
oligomeric influenza immunogenic compositions
(Note: SEQ ID NO. 40 and
42-48 are DNA sequences, while others
are amino acid sequences)

KEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKOVTLTCMVTDEFMPEDIYVE
WINNGKTELNYKNTEPVLDSDGSYFMY SKLRVEKKNWVERNSYSCSVVHEGLHNHHTTKSES

RTPGK

SEQ ID NO. 23 |HA2-Fd-mFc]:
GLEFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS I IDKMNTO
FEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVIMENERTLDEFHDSNVEKNLYDKVRLQ
LRDNAKELGNGCEFEEFYHKCDNECMESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILST
YSTVASSLALAIMVAGLSLWMCSNGSLOCRICI-GY IPEAPRDGQAYVRKDGEWVLLSTEFL-RS
PRGPTIKPCPPCKCPAPNLLGGPSVEFIFPPKIKDVLMISLSPIVTCVVVDVSEDDPDVQISWEVN
NVEVHTAQTOQTHREDYNSTLRVVSALPIQHODWMSGKEFKCKVNNKDLPAPIERTISKPKGSV
RAPOVYVLPPPEEEMTKKOVTLTCMVTDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFE
MYSKLRVEKKNWVERNSYSCSVVHEGLHNHHTTKSEFSRTPGK

SEQ ID NO. 24 [HA-RBD-Fd-mFc]:
LSRINHFEKIQIIPKSSWSDHEASSGVSSACPYQGTPSEFERNVVWLIKKNNTYPTIKRSYNNTNQ
EDLLILWGIHHSNDAAEQTKLYQNPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFWTILK
PNDAINFESNGNFIAPEYAYKIVKK-GYIPEAPRDGOQAYVRKDGEWVLLSTEFL-RSPRGPTIKPC
PPCKCPAPNLLGGPSVEFIFPPKIKDVLMISLSPIVTCVVVDVSEDDPDVOQISWEVNNVEVHTAQT
QTHREDYNSTLRVVSALPIQHODWMSGKEFKCKVNNKDLPAPIERTI SKPKGSVRAPQVYVLP
PPEEEMTKKOVITLTCMVITDEFMPEDI YVEWTNNGKTELNYKNTEPVLDSDGSYEFMYSKLRVEKK
NWVERNSYSCSVVHEGLHNHHTTKSEFSRTPGK

SEQ ID NO. 25 |rabbit IgG Fc (rFc)]:
RSSKPTCPPPELLGGPSVEFIFPPKPKDTLMISRTPEVITCVVVDVSQDDPEVOETWY INNEQVRT
ARPPLREQOQFNSTIRVVSTLPIAHODWLRGKEFKCKVHNKALPAPIEKTISKARGOPLEPKVYT
MGPPREELSSRSVSLTCMINGEYPSDISVEWEKNGKAEDNYKTTPAVLDSDGSYFLYSKLSVP
TSEWQRGDVEFTCSVMHEALHNHY TOKS ISRSPGK

SEQ ID NO. 26 [HA-Fd-rFc]:
MEKIVLLLAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQD ILEKTHNGKLCDLDGVKPL
ILRDCSVAGWLLGNPMCDEFINVPEWSY IVEKANPANDLCYPGNEFNDYEELKHLLSRINHEFEKI
QIIPKSSWSDHEASSGVSSACPYQGTPSEFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIH
HSNDAAEQTKLYOQNPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFEWTI LKPNDAINEFES
NGNF IAPEYAYKIVKKGDSAIVKSEVEYGNCNTKCOTPIGAINSSMPEFHNIHPLTIGECPKYVEKSN
KLVLATGLRNSPLRERRRKRGLFGAIAGE I EGGWOGMVDGWYGYHHSNEQGSGYAADKEST
QKAIDGVTNKVNSI IDKMNTOQFEAVGREFNNLERRI ENLNKKMEDGFLDVWTYNAELLVLMENE
RTLDEFHDSNVEKNLYDKVRLOLRDNAKELGNGCFEEFYHKCDNECMESVRNGTYDYPQYSEEAR

LKREEISGVKLESIGTYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLOCRICI-GY IPEAPRDGO

AYVRKDGEWVLLSTFL-RSSKPTCPPPELLGGPSVEIFPPKPKDTLMISRTPEVTCVVVDVSQD
DPEVQFTWYINNEQVRTARPPLREQOQFNSTIRVVSTLPIAHODWLRGKEFKCKVHNKALPAPIE
KTISKARGOQPLEPKVYTMGPPREELSSRSVSLTCMINGEFYPSDISVEWEKNGKAEDNY KTTPAV
LDSDGSYFLYSKLSVPTSEWQRGDVETCSVMHEALHNHYTQKS ISRSPGK

SEQ ID NO. 27 [HAl-Fd-rFc¢]:

ICIGYHANNSTEQVDTIMEKNVTVTHAQDI LEKTHNGKLCDLDGVKPLI LRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNEFNDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNOQRLVPKIATRSKVNGONGRMDEEWT ILKPNDAINFESNGNEFIAPEYAYKIVEKKG
DSAIVKSEVEYGNCNTKCOTPIGAINSSMPFHNIHPLTIGECPKYVKSNKLVLATGLRNSPL-GY1I
PEAPRDGOQAYVREKDGEWVLLSTEFL-RSSKPTCPPPELLGGPSVEIFPPKPKDTLMISRTPEVTC
VVVDVSQDDPEVOQFTWY INNEQVRTARPPLREQOQFNSTIRVVSTLPIAHODWLRGKEFKCKVH
NKALPAPIEKTISKARGOQPLEPKVY TMGPPREELSSRSVSLTCMINGEYPSDISVEWEKNGKAER
DNYKTTPAVLDSDGSYFLYSKLSVPTSEWQRGDVETCSVMHEALHNHYTQKSISRSPGK

SEQ ID NO. 28 |HA2-Fd-rFc]:

GLEFGAIAGF I EGGWOQGMVDGWYGYHHSNEQGSGYAADKESTOQKAIDGVTNKVNS I IDKMNTOQ
FEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVIMENERTLDEFHDSNVEKNLYDKVRLQ
LRDNAKELGNGCEFEEFYHKCDNECMESVRNGTYDYPQYSEEARLKREEISGVKLESIGTYQILST
YSTVASSLALAIMVAGLSLWMCSNGSLOCRICI-GY IPEAPRDGOAYVRKDGEWVLLSTEL-RS
SKPTCPPPELLGGPSVFIFPPKPKDTLMISRTPEVTCVVVDVSQDDPEVQEFTWY INNEQVRTAR
PPLREQOFNSTIRVVSTLPIAHODWLRGKEFKCKVHNKALPAPIEKTISKARGOPLEPKVYTMG
PPREELSSRSVSLTCMINGFYPSDISVEWEKNGKAEDNYKTTPAVLDSDGSYFLYSKLSVPTSE
WOQRGDVFEFTCSVMHEALHNHYTQKSISRSPGK

SEQ ID NO. 29 |[HA-RBD-Fd-rFc]:
LSRINHFEKIQIIPKSSWSDHEASSGVSSACPYQGTPSEFERNVVWLIKKNNTYPTIKRSYNNTNQ
EDLLILWGIHHSNDAAEQTKLYQNPTTYISVGTSTLNQRLVPKIATRSKVNGONGRMDEFWTILK
PNDAINFESNGNFIAPEYAYKIVKK-GYIPEAPRDGOQAYVRKDGEWVLLSTEFL-RSSKPTCPPPE
LLGGPSVFIFPPKPKDTLMISRTPEVTCVVVDVSQDDPEVQETWY INNEQVRTARPPLREQQEFN
STIRVVSTLPIAHODWLRGKEFKCKVHNKALPAPIEKTISKARGOPLEPKVYTMGPPREELSSRS
VSLTCMINGEFYPSDISVEWEKNGKAEDNYKTTPAVLDSDGSYFLYSKLSVPTSEWQRGDVETC
SVMHEALHNHYTQKSISRSPGK

14
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Amino acid and DNA sequences of immunopotentiator-linked
oligomeric influenza immunogenic compositions

(Note: SEQ ID NO. 40 and

42-48 are DNA sequences,
are amino acid sequences)

SEQ ID NO. 20 [A/Anhui/1/2005(H5N1) HAl +3-259]:

while others

ICIGYHANNSTEQVDTIMEKNVTVTHAQDI LEKTHNGKLCDLDGVKPLI LRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNEFNDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNOQRLVPKIATRSKVNGONGRMDEFEWT ILKPNDAINFESNGNFIAPEYAYKIVEKK

SEQ ID NO. 31 HAl +3-259-Fd]:

ICIGYHANNSTEQVDTIMEKNVITVTHAQDI LEKTHNGKLCDLDGVKPLI LRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNEFNDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNOQRLVPKIATRSKVNGONGRMDEFEWT ILKPNDAINFESNGNFIAPEYAYKIVEKK -

GYIPEAPRDGOAYVRKDGEWVLLSTEL

SEQ ID NO. 32[HAl +32-259-hFc]:

ICIGYHANNSTEQVDTIMEKNVIVTHAQDILEKTHNGKLCDLCGVKPLILRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNFNDY EELKHLLSRINHFEKIQI IPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNQRLVPKIATRS KVNGONGRMDEFEWT ILKPNDAINFESNGNEF IAPEYAYKIVKK -
RSDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKEFNWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY KCKVSNKALPAPIEKTISKAKGOPR
EPOVYTLPPSREEMTKNOQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSEFELY

lllllllllllllllllllllllllllllllllllllllllll

SEQ ID NO. 33 [HAl +3-259-Fd-hFc] :

ICIGYHANNSTEQVDTIMEKNVIVTHAQDI LEKTHNGKLCDLDGVKPLILRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNEFNDYEELKHLLSRINHFEKIQI IPKSSWSDHEAASS GV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSSYNNTNQEDLLILWGIHHSNDAAEREQTKLYQNP'T
TYISVGTSTLNQRLVPKIATRS KVNGONGRMDEFEWT ILKPNDAINFESNGNEF IAPEYAYKIVKK -
GY IPEAPRDGOQAYVRKDGEWVLLSTEFL-RSDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTLMIS
RTPEVICVVVDVSHEDPEVKFNWYVDGVEHNAKTKPREEQYNSTYRVVSVLTVLHQODWLNG
KEPKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSREEMTKNOQVSLTCLVKGEFYPSDIAVE

aaaaaaaaaaaaaa

SEQ ID NO. 34 |[HAl +3-259-Fd-mFc]|:

******************

ICIGYHANNSTEQVDTIMEKNVTVTHAQDI LEKTHNGKLCDLDGVKPLI LRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNENDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNOQRLVPKIATRSKVNGONGRMDEFEWT ILKPNDAINFESNGNEFIAPEYAYKIVEKEK -
GYIPEAPRDGOQAYVRKDGEWVLLSTEFL-RSPRGPTIKPCPPCKCPAPNLLGGPSVEFIFPPKIKDV
LMISLSPIVITCVVVDVSEDDPDVOQISWEVNNVEVHTAQTOTHREDYNSTLRVVSALPIQHQDW
MSGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKOVTLTCMVTDEMPEDI
YVEWTNNGKTELNYKNTEPVLDSDGSYEFMY SKLRVEKKNWVERNSYSCSVVHEGLHNHHT TK

SEFSRTPGK

SEQ ID NO. 35 [HAl +3-259-Fd-rFc]:

ICIGYHANNSTEQVDTIMEKNVTVTHAQDI LEKTHNGKLCDLDGVKPLI LRDCSVAGWLLGNPM
CDEFINVPEWSY IVEKANPANDLCYPGNENDYEELKHLLSRINHFEKIQIIPKSSWSDHEASSGV
SSACPYQGTPSFEFRNVVWLIKKNNTYPTIKRSYNNTNQEDLLILWGIHHSNDAAEQTKLYQNPT
TYISVGTSTLNOQRLVPKIATRSKVNGONGRMDEFEWT ILKPNDAINFESNGNEFIAPEYAYKIVEKEK -
GYIPEAPRDGOAYVRKDGEWVLLSTEFL-RSSKPTCPPPELLGGPSVEFIFPPKPKDTLMISRTPE
VICWVDVSQODDPEVQEFTWY INNEQVRTARPPLREQOQFNSTIRVVSTLPIAHODWLRGKEFKC
KVHNKALPAPIEKTISKARGOPLEPKVYTMGPPREELSSRSVSLTCMINGEFYPSDI SVEWEKNG
KAEDNYKTTPAVLDSDGSYFLYSKLSVPTSEWQRGDVETCSVMHEALHNHYTOKSISRSPGK

In one embodiment, the stabilization sequence comprises
a sequence that stabilizes the HA sequence in the trimer or
oligomer configuration. As used herein, the terms stabiliza-
tion sequence, trimeric motif and trimerization sequence are

interchangeable and equvalent. Suitable stabilization

sequences 1nclude, but are not limited to, foldon a 27 amino
acid region of the C-terminal domain of T4 fibritin (GYI-

GSGYIPEAPRDGQAYVRKDGEWVLLSTFL, SEQ ID
NO:36), GCN4 (MKQIEDKIEEILSKIYHIENEIARIKKILI-
GEV; SEQ ID NO. 37), IQ (RMKQIEDKIEEIES KQKKIE-
NEIARIKK; SEQ ID NO. 38) or IZ (IKKEIEAIKKEQEAI-

KKIEAIEK; SEQ ID NO. 39). Other suitable stabilization
methods include, but are not limited to, 2,2-bipyridine-5-
carboxylic acid (BPY), disulfide bonds and facile ligation.

55

PEAPRDGQAYVRKDGEWVLLSTFL, SEQ ID NO:6 or 60

65

In another embodiment, the immunopotentiator com-
prises a sequence to enhance the immunogenicity of the
immunogenic composition. Suitable immunopotentiators
include, but are not limited to, the Fc fragment of human

IgG, C3d (a complement fragment that promotes antibody
formation binding to antigens enhancing their uptake by
dendritic cells and B cells), ASP-1 (Onchocerca volvulus
homologue of the activation associated secreted gene fam-
1ly) (see US 20060039921, which is imncorporated by refer-
ence herein for all 1t discloses regarding ASP-1 adjuvants),
cholera toxin, muramyl peptides and cytokines.

In one embodiment, the claimed fusion proteins can be

constructed using overlapping primers. In another embodi-
ment, the DNA sequence (GGCTATATTCCG GAAGCGC-

COCGTGATOGGCCAGGCGTATGTGCGTAAAGATGGC-
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GAATGGGTGCTG CTGTCTACCTTTCTG; SEQ 1D
NO:40) encoding Fd 1s synthesized first. Separate PCR
products of HA1 and HA-3-259 and Fd are generated and
the HA1-Fd and HA-3-259-Fd fusion fragment 1s amplified
by one-round PCR using an HA1 or HA-3-259 Forward
primer and Fd Reverse primer with HA1 and Fd DNA (PCR
products) as templates. The amplified HAI1-Fd and HA-3-
259-Fd PCR products are then inserted into the hFc vector,
to produce HA1-Fd-hFc and HA-3-259-Fd-hFc recombinant
plasmids encoding HAI-Fd-hFc¢ and HA-3-259-Fd-hFc
fusion proteins, respectively.

In one embodiment, pFUSE-hlgG1-Fc (human Fc, hFc),
pFUSE-mlgG2a-Fc2 (murine Fc, mFc), or pFUSE-rIgG2-
Fc2 (rabbit Fc, rFc¢) vectors are used for construction of the
disclosed fusion proteins. In another embodiment, the fusion
proteins can be expressed from other mammalian cell
expression vectors, including, but not limited to, pcDNA3.1,
pcDNAG6-His, PEE13.1, PEEl1.41, pCMV-NEO-BAM,
pSV2, and pCMV1, 2, 3,4, 3, 6. In another embodiment, the
fusion proteins can be expressed from 1nsect cell expression
vectors including, but not limited to, pAcGP67, pFastBac
Dual, and pMT/V3-His-TOPO. In yet another embodiment,
the fusion proteins can be expressed from F. coli expression
vectors including, but not limited to, pE'T, pET-SUMO, and
pGEX vectors with GST.

The following expression systems are suitable for use in
expressing the disclosed fusion proteins: mammalian cell
expression systems such as, but not limited to, the pcDNA
and GS Gene expression systems; insect cell expression
systems such as, but not limited to, Bac-to-Bac, baculovirus
and DES expression systems; and E. coli expression systems
including, but not limited to, pET, pSUMO and GST expres-
s10n systems.

Advantages of proteins expressed i mammalian cell
expression systems include the follows. The mammalian cell
expression system 1s a relatively mature eukaryotic system
for expression of recombinant proteins. It 1s more likely to
achieve correctly folded soluble proteins with proper gly-
cosylation, making the expressed protein maintain its native
conformation and keep suilicient bioactivity. This system
can either transiently or stably express recombinant anti-
gens, and promote signal synthesis. Recombinant proteins
expressed 1n this way may keep good antigenicity and
immunogenicity. However, both insect and bacterial expres-
s10n systems provide mexpensive and eflicient expression of
proteins which may be appropriate under certain conditions.

The punfication systems are dependent on whether a tag
1s linked or fused with the HA proteins. When the fusion
proteins are fused with IgG Fc vectors, Protein A or Protein
G aflinity chromatography 1s used for the purification. If the
fusion proteins are fused with GST proteins, the GST
columns will be used for the purification. If the fusion
proteins link with 6xHis tag at the N- or C-terminal, the
expressed proteins are be purified using His tag columns. If
no tag 1s linked with recombinant proteins, the expressed
proteins could be purified using Fast protein liquid chroma-
tography (FPLC), High performance liquid chromatography
(HPLC) or other chromatography.

In certain embodiments, the immunogenic compositions
turther comprise or are administered with an adjuvant.
Adjuvants suitable for use 1n amimals 1nclude, but are not
limited to, Freund’s complete or incomplete adjuvants,
Sigma Adjuvant System (SAS), and Rib1 adjuvants. Adju-
vants suitable for use in humans include, but are not limited
to, MF59 (an oil-in-water emulsion adjuvant), Montanide
ISA 351 or 720 (a mineral oil-based or metabolizable o1il-
based adjuvant), aluminum hydroxide, -phosphate or -oxide,
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HAVLOGEN® (an acrylic acid polymer-based adjuvant,
Intervet Inc., Millsboro, Del.), polyacrylic acids, oil-in-

water or water-in-o1l emulsion based on, for example a
mineral o1l, such as BAYOL™ or MARCOL™ (Esso Impe-
rial O1l Limited, Canada), or a vegetable o1l such as vitamin
E acetate, saponins, and Onchocerca volvulus activation-
associated protein-1 (ASP-1) (see US 20060039921, which
1s 1ncorporated by reference herein for all 1t discloses
regarding ASP-1 adjuvants). However, components with
adjuvant activity are widely known and, generally, any
adjuvant may be utilized that does not adversely interfere
with the eflicacy or safety of the vaccine and/or immuno-
genic composition.

Vaccine and immunogenic compositions according to the
various embodiments disclosed herein can be prepared and/
or marketed 1n the form of a liquid, frozen suspension or 1n
a lyophilized form. Typically, vaccines and/or immunogenic
compositions prepared according to the present disclosure
contain a pharmaceutically acceptable carrier or diluent
customarily used for such compositions. Carriers include,
but are not limited to, stabilizers, preservatives and buflers.
Suitable stabilizers are, for example SPGA, Tween compo-
sitions (such as are available from A.G. Scientific, Inc., San
Diego, Calif.), carbohydrates (such as sorbitol, mannitol,
starch, sucrose, dextran, glutamate or glucose), proteins
(such as dried milk serum, albumin or casein) or degradation
products thereof. Non-limiting examples of suitable buflers
include alkali metal phosphates. Suitable preservatives are
thimerosal, merthiolate and gentamicin. Diluents include
water, aqueous builer (such as buflered saline), alcohols and
polyols (such as glycerol).

Also disclosed herein are methods for inducing an
immune response to an influenza virus using the disclosed
fusion proteins. Generally, the vaccine or immunogenic
composition may be administered subcutaneously, intrader-
mally, submucosally, or intramuscularly m an eflfective
amount to prevent infection from the influenza virus of
interest and/or treat an infection from the influenza virus. An
cllective amount 1s defined as an amount of 1mmunizing
fusion protein that will induce immunity 1n the vaccinated
amimals, against challenge by a virulent virus. Immunity 1s
defined herein as the induction of a significant higher level
of protection 1n a population of the animal after vaccination
compared to an unvaccinated group.

Further, 1n various formulations of the vaccines and/or
immunogenic compositions, suitable excipients, stabilizers

and the like may be added.

EXAMPLES

Example 1

Construction and Expression of Recombinant HA
Proteins of H5N1 Virus

Construction of recombinant plasmids encoding HAI1-
hFc, HA1-Fd-hFc and HA-3-259-Fd-hFc. The genes encod-
ing the fragment containing 320 amino acid (aa) (+3-322) of
the HA1 fragment (SEQ ID NO. 2) of the H5N1 HA protein
were amplified by PCR with a plasmid containing codon-
optimized full-length HA (SEQ ID NO. 1) of influenza A
H5N1 virus [A/Anhu1/1/2005(H5N1), GenBank accession
number ABD28180.1)] as the template, and fused in frame
into the pFUSE-hIgG1-Fc2 (human IgG Fc, hFc) expression
vector (InvivoGen, San Diego, Calif.). The constructed
recombinant plasmid was thus named pHAI1-hFc. The Fd
sequence were added at the 3' end by PCR using overlapping
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primers covering Fd, followed by imsertion into the above
hFc¢ expression vector, which was named pHA1-Fd-hFc. The
plasmid coding HA-3-2359-Fd-hFc (SEQ ID NO:33) was
constructed by insertion of genes encoding the fragment
contaiming residues +3-259 of the above HA1 fragment
(SEQ ID NO. 2) of H5N1 HA protein plus the above Fd
sequence 1nto the above hFc expression vector. The con-
structed recombinant plasmids were confirmed by sequenc-
ing analysis. The aa sequences of the HSN1 HA proteins, Fd
and hFc fragments are listed 1n the Table 1.

The HA protein of A/Anhui/1/2005(H3N1) virus contains
fragments of the signal peptide (SP), HA1 (+1-329 aa) and
HA2 (+330-551 aa) spanned by a specific sequence of
protease cleavage site RERRRKR (SEQ ID NO:41) between
HA1l and HA2. In the construction of the recombinant
HA1-hFc plasmid, the original signal peptide of the HA
protein of H3N1 virus was replaced by the IL2ss signal
sequence (SEQ ID NO:5), which was followed by HAI
fragment of H5N1 (+3-322 aa) fused imto the above hFc
vector. The Fd sequence was mserted between HA1 and hlc,
becoming HA1-Fd-hFc (SEQ ID NO:17). HA-3-259-Fd-
hFc contains +3-259 aa of the above HA1 fragment of H5N1
plus the Fd sequence, fusing ito the above hFc vector.

Expression, purification and characterization of recombi-
nant HAI1-hFc, HAI1-Fd-hFc¢ and HA-3-2359-Fd-hFc pro-
teins. The recombinant HA1-hFc, HA1-Fd-hFc and HA-3-
259-Fd-hFc proteins were expressed as previously described
(Du L et al. Biochem Biophys Res Commun 384, 486-490,
2009). In brief, recombinant plasmids encoding HA1-hFc,
HA1-Fd-hFc¢ and HA-3-259-Fd-hFc proteins were trans-
fected into mammalian 293T cells (ATCC, Manassas, Va.)
seeded 24 hr prior to transfection using the calcium phos-
phate method. Culture medium was replaced by fresh OPTI-
MEM 1 Reduced-Serum Medium (Invitrogen, Carlsbad,
Calif.) 10 hr later, and supernatant was collected 72 hr
post-translation. The recombinant HAI1-hFc¢, HA1-Fd-hFc
and HA-3-259-Fd-hFc¢ proteins in the supernatant were
purified by Protein A aflinity chromatography (GE Health-
care, Piscataway, N.J.). Conformational and characteristic
analyses of HA1-hFc, HA1-Fd-hFc and HA-3-259-Fd-hFc
proteins were performed by FPLC using AKTApurifier Core
Systems and Unicon 5.11 software according to manufac-
turer’s protocols (GE Healthcare Life Sciences).

Detection of protein expression by SDS-PAGE and West-
ern blot. The purified proteins were analyzed by SDS-PAGE
and Western blot as our previously described protocols (Du
L et al. Virology. 393, 144-130, 2009) using HA-specific
monoclonal antibodies (mAbs). In brief, 10 ug of purified
proteins was separated by 10-20% Tricine SDS-PAGE gels
(Invitrogen) and transferred to nitrocellulose membranes
(Bio-Rad Laboratories, Hercules, Calif.). After blocking
overnight at 4° C., the blots were incubated with a HA-
specific mAb at 1:1,000 dilution for 1 hr at room tempera-
ture. After three washes with PBS containing 0.1% Tween-
20 (PBST), the blots were then incubated with horseradish
peroxidase (HRP)-conjugated goat anti-mouse I1gG (1:5,000,
Zymed, Carlsbad, Calif.) for 1 hr at room temperature.
Signals were visualized with ECL Western blot substrate
reagents and Amersham Hyperfilm (GE Healthcare).

As shown 1in FIG. 2, the recombinant HA1l-hFc and
HA1-Fd-hFc¢ proteins could be expressed at a very high level
in the secreted form in the culture supernatant of transiected
293T cells and were purified with high punty (FIG. 2a).
They were recognized by the conformation-specific mAb
against HA protein of H5N1 viruses as detected by Western
blot (FIG. 2b), indicating that these proteins are specific to
HA of influenza A H5N1 virus, suggesting that these fusion
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proteins maintained proper conformation and antigenicity of
H5N1 viral protein HA. Further characterization of these
proteins by FPLC analysis demonstrated that the majority of
HA1 protein fused with Fc¢ (HAI1-hFc¢) mainly formed a
trimer with a molecule size of ~440 kDa, while HA1 protein
tused with Fd and Fc (HA1-Fd-hFc) mainly constituted an

oligomeric structure with higher molecular weight at ~669
kDa (FIG. 3).

Example 2

Detection of Humoral Immune Responses Induced
by Recombimant HA Fusion Proteins

Groups of female BALB/c mice, age 4-6 weeks, were
vaccinated subcutaneously (s.c.) with 20 ug/mouse of puri-
fied HA fusion proteins re-suspended 1in PBS in the presence
of Sigma Adjuvant System (SAS, Sigma) and boosted three
times with 10 ug/mouse of immunogen containing SAS at
approximate 3-week intervals. PBS plus SAS was used as
the negative control. Serum samples were collected before
immunization and 10 days post-each vaccination to detect
the generation of HA- and/or H5N1 wvirus-specific IgG
antibodies and subtypes using ELISA. The immunization
scheme 1s described 1n Table 2 and FIG. 4.

Enzyme-linked immunosorbent assays (ELISA) was used
to evaluate IgG antibody responses and subtypes induced by
HA proteins as previously described (Du L et al. Vaccine 25,
2832-2838, 2007; Du L et al. Virology 393:144-150, 2009).
Brietly, 96-well microtiter plates were pre-coated respec-
tively with the recombinant HAIl-hFc, HA1-Fd-hFc and
HA-3-259-Fd-hFc¢ proteins, HA1 protein without Fd and
hFc, and/or mnactivated H5N1 virus A/VietNam/1194/2004
(VN/1194) overnight at 4° C. and blocked with 2% non-fat
milk at 37° C. for 2 hr. Senially diluted mouse sera were
added to the plates and incubated at 37° C. for 1 hr, followed
by four washes with PBST. Bound antibodies were then
reacted with HRP-conjugated goat anti-mouse 1gG (Zymed),
IgG1 (Invitrogen), and/or IgG2a (Bethyl Laboratories,
Montgomery, Tex.) for 1 hr at 37° C. After four washes, the
substrate 3,3",5,5'-tetramethylbenzidine (ITMB) (Zymed)
was added to the plates, and the reaction was stopped by
adding 1 N H,SO,. The absorbance at 450 nm (A450) was
measured by an ELISA plate reader (Tecan, San Jose,
Calif.).

Antibody levels induced by HA1-hFc, HA1-Fd-hFc and
HA-3-259-Fd-hFc¢ proteins were detected by ELISA against
HA fusion proteins. As shown in FIG. 5, both HA1-hFc¢ and
HA1-Fd-hFc¢ proteins induced IgG antlbody responses spe-
cific to the punified HA1-hFc and HA1-Fd-hFc proteins,
quickly reaching a high level after the first boost vaccina-
tion, then slightly increasing antibody binding after each
boost (sera were tested at a dilution of 1:3,000), while only
background levels of antibody responses was detected in
sera collected from prior immunization (pre-immune) and
those from PBS control. An average end-point antibody titer
of 1:2.1x10® was detected in mouse sera collected at 10 days
post last boost (FIG. 6). The mean titer of the IgG antibodies
in the sera, collected after the last boost, of the mice
immunized with HA1-hFc, HA1-Fd-hFc and HA-3-259-Fd-
hFc reached 1:3.9x107+2.2x107, 1:1.5x10°+£8.6x10’, and
1:2.1x10°, respectively (FIG. 7). The data in FIGS. 5-7 are
expressed as MeanzxStandard Deviation (SD).

Antibody levels were further detected by ELISA against
a HA1 protein without Fd and hFc¢ to eliminate the antibody
response potentially induced by the fusion tag Fd and/or hFc
and, 1n addition against an inactivated heterologous H5N1
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virus (VN/1194). As 1illustrated in FIG. 8, sera of mice
vaccinated with these HA fusion proteins, particularly HA1-
Fd-hFc, reacted strongly with HA1 proteins without Fd
and/or Fc, reaching an end-point titer of 1:1.3x10’, which
suggests the high specificity of the antibody responses to the

HA1 protein. It was further shown that the induced IgG
antibodies could also react with an mnactivated H5N1 virus

(VN/1194), reaching a similar end-point titer of 1:1.3x10’
(FIG. 9). However, no IgG antibody response was detectable
in the sera of control mice mjected with PBS (FIGS. 8 and
9).

The evaluation of IgG subtypes induced by HA1-hFc¢ and
HA1-Fd-hFc proteins showed that IgGl and IgG2a were
detectable 1n the mouse sera collected at 10 days post last
vaccination. Both HA1-hFc and HA1-Fd-hFc proteins elic-
ited similar levels of IgG1 (Th2-associated, FIG. 10) and
IgG2a (Thl-associated, FIG. 11) antibody responses specific
to the HA1 proteins, reaching an end-point titer of 1:2.1x
10°. FIG. 12 further demonstrated that the IgG2a antibody
titer was significantly higher than IgG1 (P<<0.05), suggesting,
that both HA1-hFc¢ and HA1-Fd-hFc fusion proteins have a
tendency to stimulate Thl-associated antibody responses.
However, no I1gG1 or IgG2a antibody responses were found
in sera ol PBS control mice (FIGS. 10-12).

The above data suggest that expressed HA1-hFc, HAI-
Fd-hFc and HA-3-259-Fd-hFc¢ proteins are able to elicit high
titers of antibody responses specific to the HA1 proteins of
homogeneous and/or heterogeneous H5N1 viruses, imply-
ing their strong immunogenicity in stimulating highly potent
humoral immune responses in the vaccinated mice. The data
in FIGS. 8-12 are expressed as Mean+SD.

TABLE 2

Immunization scheme of recombinant HA fusion
proteins for detection of antibody responses®

10

15

20

25

22
Groupl2B (HAI1-Fd-hFc) and Groupl9C (HA-3-259-Fd-
hFc) were tested for generation of neutralizing antibody

activity against H5N1 pseudovirus expressing HAs of five

1solates covering four clades, including the homologous
strain A/Anhui/1/2005 (AH-HA, clade 2.3), and heterolo-

gous strains, such as A/Hong Kong/156/97 (HK-HA, clade
0), A/VietNam/1194/2004 (1194-HA, clade 1), A/Qinghai/

59/05 (QH-HA, clade 2.2) and A/Xinjiang/1/2006 (XJ-HA,
clade 2.2).

H5N1 pseudovirus production. The generation of H3N1

pseudovirus was done as previously described (Du L et al.
Virology. 393:144-150, 2009; Du L et al. Biochem Biophys
Res Commun 384:486-490, 2009; Du L et al. Biochem
Biophys Res Commun 397:580-385, 2010) with some modi-
fications. In briel, 293T cells were co-transfected with a
plasmid encoding the HA of influenza A virus H5N1 1solates
HK, 1194, QH, XIJ, and AH, and a plasmid encoding the
Env-defective, luciferase-expressing HIV-1 genome (pINL4-
3.Juc.RE) using the calcium phosphate method. The
medium, Dulbecco’s Modified Eagle Medium (DMEM)
containing 10% {fetal bovine serum (FBS), was changed 10
hr later and neuraminidase (NA) (Sigma) was added to the
culture medium 26 and 50 hr post-transiection at concen-
trations of 0.5-5 ug/ml. Supernatants were harvested 72 hr
post-transiection and used for single-cycle infection o1 29371
cells.

Neutralizing antibody activity detected by H5NI
pseudovirus. In the detection of neutralizing activity of
vaccinated mouse sera, all serum samples were heat-inacti-
vated at 56° C. for 30 min and diluted 1n serial dilutions. An
equal volume of samples and H5N1 pseudovirus were added

1¥ immunization Boost 1 Boost 2
Group (Day 0) (Day 21) (Day 42)
12A (N = 3) 20 pg protein in~ 10 pg protemn 1n 10 pg protein in
4 doses PBS + PBS + PBS +
HA1-hFc 100 puL. SAS 100 uL. SAS 100 ul. SAS
12B (N =5) 20 pg protein in~ 10 pg protemn 1n 10 pg protein in
4 doses PBS + PBS + PBS +
HA1-Fd-hFc 100 L. SAS 100 puL. SAS 100 ul. SAS
12C (N = 5) 20 ug protemn 10 pg protein in 10 ug protein in
4 doses PBS + PBS + PBS +
HA336-89Fd-Fc 100 pLL SAS 100 uL. SAS 100 ul. SAS
12D (N = 3) 20 pg protein in~ 10 pg protemn 1n 10 pg protein in
4 doses PBS + PBS + PBS +
HA2-89F¢ 100 puL. SAS 100 puL. SAS 100 uL. SAS
12E (N = 4) 20 pug protein in~ 10 pg protemn in 10 pg protein in
4 doses PBS + PBS + PBS +
HA2-89Fd-Fc 100 L. SAS 100 puL. SAS 100 ul. SAS
19C (N = 5) 20 ug protemn 10 pg protein in 10 ug protein in
4 doses PBS + PBS + PBS +

HA-3-259-Fd-hFc 100 pLL SAS

100 pl. SAS

100 ul. SAS

Boost 3

(Day 63)

10 pg protein 1n
PBS +

100 pl. SAS

10 pg protein 1n
PBS +

100 pl. SAS

10 pg protein in
PBS +

100 pl. SAS

10 pg protein 1n
PBS +

100 pl. SAS

10 pg protein 1n
PBS +

100 pl. SAS

10 pg protein in
PBS +

100 pl. SAS

*All immumizations were in 200 uL total volume; SAS = Sigma Adjuvant System (Si1gma). Blood samples were
collected on day 0 (pre-immune) and 10 days after each boost for detection of antibody responses.

Example 3

Detection of Neutralizing Antibody Activity
Induced by Recombinant HA Fusion Proteins Using
H5N1 Pseudovirus Neutralization Assay

The fusion proteins HA1-hFc¢ and HA1-Fd-hFc were then
evaluated for generation of neutralizing antibodies against
highly pathogenic avian influenza (HPAI) H3N1 wviruses

based on a pseudotype neutralization assay. Sera were
collected at pre-immunization and 10 days after each vac-

cination. Sera collected from Groupl2ZA (HAI1-hFc),
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to each well and icubated for 1 hr at 37° C. Then 100 L
of this mixture was added to each well of a 96-well tissue
culture plate plated with 293T cells 6-8 hr previously.
Twenty-four hours later, 80 ul/well of fresh DMEM con-
tamning 10% FBS was added to the wells and luciferase
activity was detected 72 hr later. Cells were lysed using cell
lysis bufller (Promega, Madison, Wis.). After addition of
luciferase substrate (Promega), relative luciferase activity

was determined 1n Ultra 384 luminometer (Tecan). The 50%

neutralizing antibody ftiter (NT.,) was calculated using
Calcusyn program (Chou, T. C. Pharmacol Rev 38:621-681,

2006).
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The experimental results for the detection of neutralizing
activity against H5N1 pseudovirus showed that these fusion
proteins were able to induce highly potent specific I1gG
antibodies with neutralizing activity agaimnst HSNI
pseudovirus. Starting from 10 days post 1° boost vaccina-
tion, neutralizing antibodies were detected 1n mouse sera
vaccinated with both HA1-hFc (FIG. 13) and HA1-Fd-hFc
(FIG. 14). No, or low (NT.,=<1:50), levels of neutralizing
antibodies were detected i1n pre-vaccinated mouse sera
(FIGS. 13 and 14). Serum levels of these neutralizing
antibodies increased rapidly at each time post-boost vacci-

nation, reaching the highest level at 10 days post last
vacciation (FIG. 15). The data in FIGS. 13-15 are
expressed as MeanxSD.

The above mduced high titers of neutralizing antibodies
could not only neutralize homologous strain of AH-HA
(FIG. 15), but also neutralized heterologous HK-HA, 1194-
HA, XJ-HA, and even QH-HA stains (FIGS. 13, 14, and 16),
suggesting their potential ability in inducing cross-protec-
tion against divergent H5N1. In general, both proteins fused
with Fc of hlgGGl (HA1-hFc and HA1-Fd-hFc) could induce
potent neutralizing antibodies against H5N1 pseudovirus
infection 1 2937T cells (FIGS. 14-16, Table 3), suggesting
that IgG Fc may play a key role in the formation of oligomer
structures of HA proteins and the enhancement of the
immunogenicity ol the fusion proteins. In addition, the
HA1-Fd-hFc¢ fusion protein with Fd sequences could induce
higher titers of pseudovirus neutralizing antibodies than

HA1-hFc protein without Fd, showing a significantly higher
level of mhibition against infection by 1194-HA, QH-HA,

XJ-HA and AH-HA H5NI1 pseudoviruses (FIG. 16, P<<0.05).
The induction of high ftiters of neutralizing antibodies
against infections of HK-HA, 1194-HA, and AH-HA H5NI1
pseudoviruses were also detected in the sera of mice col-
lected at 10 days post last vaccination of HA-3-259-Fd-hFc
protein (FIG. 17), furthering confirming the importance of
Fd sequences 1n the induction of highly potent neutralizing
antibodies against divergent strains of H5N1 pseudoviruses.
The Fd sequences may be helpful to form trimer structures
of HA proteins, thus increasing neutralizing ability. The
above results also suggest that in addition to the HAI
fragment containing residues +3-322, a shorter HA1 frag-
ment of H5N1 covering residues +3-2359 contains important
neutralizing epitopes that induce highly potent neutralizing
antibodies against multiple strains of HS5N1 wviruses. In
contrast, the PBS control group only elicited a background

level of neutralizing antibody titers against the tested H5N1
pseudoviruses (FIG. 16). The data in FIGS. 16 and 17 are
expressed as MeanxSD.

TABLE 3

Pseudovirus neutralizing antibody titer (NT5,) 1n
sera of mice vaccinated with HA fusion proteins®

Influenza A virus NT-<, of sera of mice vaccinated with

H35N1 strain HA1-hFc HA1-Fd-hFc
HK-HA 3,323 = 1,677 3,353 £ 1,476
1194-HA 443 = 300 5,341 = 1,475
XIJ-HA 126 = 119 6,963 + 5,270
QH-HA 50 £ 3 350 = 254
AH-HA 4,024 + 996 38,177 + 14,896

*Samples were from sera of mice collected at 10 days post last vaccination. The data are
expressed as Mean = SD of three to five mouse sera per group.
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Example 4

Detection of Neutralizing Antibody Activity and
Inhibition Induced by Recombinant HA Fusion
Proteins Using H5N1 Live Virus Neutralization
Assay and Hemagglutination Inhibition Assay

The fusion proteins HAl-hFc and HA1-Fd-hFc were
further evaluated for generation of neutralizing antibodies
against highly pathogenic H5N1 viruses based on a live
virus neutralization assay and hemagluttinin inhibition. Sera
collected from Groupl2A (HA1-hFc¢) and Groupl12B (HA1-
Fd-hFc) at 10 days post last vaccination were applied for
detection of neutralizing antibody activity against H3N1 live
VIruses.

H5N1 virus neutralization assay. Titers of neutralizing
antibodies of vaccinated mice were further detected by live
neutralization assay. In brief, serial two-fold diluted mouse
sera were mixed with 20 plaque forming units (PFU) of
clade 0: A/Hong Kong/156/97 (HK/156), clade 1: A/Viet-
Nam/1194/2004 (VN/1194) and clade 2.3.4: A/Shenzhen/
406H/06 (8Z/406H) (H5N1) and incubated at 37° C. for 1 hr
before adding to Madin-Darby canine kidney (MDCK) cells.
Medium was replaced with fresh DMEM 1 hr later, and cell
culture was continued for 72 hr at 37° C. The viral cyto-
pathic effect (CPE) was observed daily and recorded on day
3 post-infection. The neutralizing antibody titer was deter-
mined based on the highest dilution of each serum, which
completely suppressed CPE induced by the virus in >50% of
the wells.

The hemagglutination inhibition (HI) assay. This assay
was carried out as follows. In brief, serial dilutions of mouse
sera at 10 days post last vaccination were incubated with
equal volumes of HK/156, VN/1194 and/or SZ/406H H5N1
virus, for 1 hr at room temperature, followed by addition of
equal volumes of 0.5% chicken red blood cells for 30 min
at room temperature. The HI antibody titers were expressed
as the highest serum dilution that completely inhibited
hemagglutinating activity.

The experimental results for the detection of neutralizing
activity against H5N1 live virus showed that the iduced
antibodies could neutralize infections of at least three het-
erologous strains covering three clades of H5N1 live
viruses, such as HK/136 (clade 0), VN/1194 (clade 1) and
S7Z/406H (clade 2.3.4) (FIG. 18). In addition, the antibodies
were able to inhibit the hemagglutination of these three
H5N1 live viruses, with the average HI titer=1:1.0x10°
(F1G. 19). Notably, the neutralizing antibodies induced by
HA1-Fd-hFc¢ were generally greater than those induced by
HA1-hFc. In contrast, the PBS control group only elicited a

background level of neutralizing and HI antibody titers in
the tested H3N1 live viruses (FIGS. 18 and 19). The data in

FIGS. 18 and 19 are expressed as Mean+SD.

Example 5

H5N1 Virus Challenge and Cross-Protection
Evaluation Induced by Recombinant HA Fusion
Proteins Against Divergent Strains of H3N1 Virus

The fusion proteins HA1-hFc and HA1-Fd-hFc were then
evaluated for inducing cross-protective immunity against
highly pathogenic H5N1 viruses by observation of the
survival rate of animals after H5N1 virus challenge, and
detection of the viral load and histopathological changes 1n
lung tissues collected from the mice at day 5 post-virus
challenge.
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H5N1 live wvirus challenge and sample collection.
BALB/c female mice, 6-8 weeks old, were kept 1n biosatety
level-3 (BSL-3) housing and given access to standard pellet
feed and water ad libitum. All experimental protocols fol-
lowed the standard operating procedures of the approved
BSL-3 animal facilities and were approved by the Animal
Ethics Committee. Mice (45 mice/group) were subcutane-
ously (s.c.) primed-vaccinated with 20 ug/mouse of purified
HA1-hFc or HA1-Fd-hFc¢ resuspended 1n PBS in the pres-
ence of SAS and boosted twice with 10 ug/mouse of
immunogen containing SAS at 3-week intervals. Control
mice were s.c. injected with the same volume of PBS-SAS.
Mice were challenged intranasally (1.n.) with 10 LD, (50%
Lethal Dose) of one of three clades of H3N1 virus, 1.e., clade
0: HK/156, clade 1: VIN/1194, and clade 2.3.4: SZ/406H.,
respectively (15 mice/group), at 10-12 days after the last
vaccination. Infected mice were observed daily for 21 days
or until the death of the mice for the survival rate detection.
Five mice/group were sacrificed on day 5 post-challenge,
and lung samples were collected for virological and histo-
pathological detection. The immunization and virus chal-

lenge scheme 1s described in Table 4 and FIG. 4.

TABLE 4
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Immunization scheme of recombinant HA fusion proteins

for detection of cross-protective immunity

26

embedded 1n parathn wax. Sections 4-6 um in thickness
were made and mounted on slides. Histopathological
changes caused by H5N1 virus infection were examined by

H&E staining and viewed under a light microscope as
previously described (Du L et al. J Immunol 180:948-956.

2008; Zheng B I et al. Proc Natl Acad Sc1 USA 1035:8091-
8096. 2008).

The experimental results for the evaluation of cross-
protection induced by recombinant HA {fusion proteins

against H3N1 live virus showed that all vaccinated mice

survived challenge with HK/136 (clade 0, FIG. 20) and
S7Z/406H (clade 2.3.4, FIG. 22), suggesting that these two
proteins may completely protect mice against challenges
with different clades of H5N1 wvirus. All mice vaccinated
with HA1-Fd-hFc also survived challenge with VIN/1194
(clade 1), whereas about 10% of HA1-hFc-vaccinated mice
did not survive challenge with this virus (FIG. 21). In
contrast, no control mice injected with PBS survived the
challenge with HK/156, VN/1194 and SZ/406H H5NI1
viruses (FIGS. 20-22). These results demonstrated that vac-

-

cination with these fusion proteins, particularly HA1-Fd-

Lung
tissues 5
Vaccine Virus challenge days post-
Group Dosage 10-12 days post last vaccine challenge
1A (N =45) Vaccine A/Hong A/Vietnam/  A/Shenzhen/ 5 mice/
3 doses as Table 2 Kong/156/97 1194/04 406H/06 oroup
HA1-hFc 3 doses (15 mice) (15 mice) (15 mice) for viral
load and
1B (N =45) Vaccine A/Hong A/Vietnam/  A/Shenzhen/ histopa-
3 doses as Table 2 Kong/156/97 1194/04 406H/06 thology
HA1-Fd-hFc 3 doses (15 mice) (15 mice) (15 mice) analysis
1C (N =45) Vaccine A/Hong A/Vietnam/  A/Shenzhen/
3 doses as Table 2 Kong/156/97 1194/04 406H/06
PBS 3 doses (15 mice) (15 mice) (15 mice)

Virological tests. Viral RNA 1n lung tissues was quantified
by Q-RT-PCR as previously described (Zheng B J et al. Proc
Natl Acad Sc1 USA 105:83091-8096. 2008). In bnet, total

RNA 1 lysed lung tissues was extracted by using RNeasy
Mim kit ((Q1agen, Valencia, Calif.) and reverse transcribed to
cDNA by using applied SuperScript 11 Reverse Transcriptase
(Invitrogen). Viral cDNA was synthesized by Superscript RT
II (Invitrogen) using Uni112 primer (AGCAAAAGC; SEQ
ID NO:42). Real-time PCR was performed on the LightCy-
cler 480 system (Roche Applied Sciences) using SYBR
Green I Master (Roche) with gene-specific primer pairs (for

HK/156, forward primer: 53'-TGTCAAGAAAGGA-
GACTCAGC-3' [SEQ ID NO:43], reverse primer: 5'-AC-
CATCTACCATTCCCTGC-3" [SEQ ID NO:44]; f{or
VN/1194, 1forward primer: 5'-ATACACCCTCTCAC-
CATCGG-3' [SEQ ID NO:45], reverse primer: 5'-ACCATC-
TACCATTCCCTGCC-3' [SEQ ID NO:46]; for SZ/406H,
forward primer: 5'-ATACACCCTCTCACCATCGG-3'
[SEQ ID NO:47], reverse primer: 5'-ACCATCTACCATTC-
CCTGC-3' [SEQ ID NO:48]) targeting the H1 gene of
different strains of H5N1 wvirus. The pcDNA3.1 plasmid,
which contains the cloned H1 gene of the virus, was used as
the standard.

Histopathological analysis. The lung tissues of challenged
mice were immediately fixed 1n 10% buflered formalin and
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hFc, could provide cross-clade protection against divergent
strains of H5N1 virus infection.

The experimental results for the evaluation of cross-
protection induced by recombinant HA {fusion proteins

against H5N1 live virus also demonstrated that viral RNA
was undetectable 1n the HA1-hFc- and HA1-Fd-hFc-vacci-

nated mice challenged with VN/1194 virus, but a high level
of viral RNA (8.6x10° copies) was detected in the control
mice 1njected with PBS. Lung tissues of mice vaccinated
with HA1-hFc and HA1-Fd-hFc¢ also exhibited significantly
lower levels of viral RNA than the PBS control group after
challenge with HK/156 and SZ/406H virus, respectively
(P<<0.05) (FIG. 23). The data in FIG. 23 are expressed as
Meanx5SD.

Examination of the H&E-stained lung tissues from virus-
challenged mice revealed that all of the control mice injected
with PBS developed a high degree of histopathological
damage, including serious interstitial pneumonia and sig-
nificant inflammation, which were characterized by pre-
dominant lymphocyte infiltration, epithelial cell degenera-
tion, broadened interstitial spaces, pulmonary vascular
dilatation and congestion, and focal hemorrhage and exu-
dation. In contrast, mice receiving HA1-hFc and HA1-Fd-
hFc vaccination neither developed significant pulmonary
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injury nor severe inflammation atter challenge with all three
H5N1 viruses covering different clades, showing lung struc-
tures similar to those of normal mice (FIG. 24). These results
suggest that the immunity induced by the recombinant HA

fusion proteins 1s able to highly suppress virus replication 1n

vaccinated mouse lungs, indicating that vaccinations of
HA1-hFc and HA1-Fd-hFc¢ proteins reduced virus replica-
tion and limited lung damage 1n the mice infected by
divergent strains of H5N1 virus.

The above results indicate the potential of the above
tested candidate influenza vaccine in developing into a
universal flu vaccine against divergent influenza viruses,
suggesting 1ts ability 1n prevention of future flu outbreak.

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, properties such as molecular weight,
reaction conditions, and so forth used in the specification
and claims are to be understood as being modified in all
instances by the term “about.” Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the
specification and attached claims are approximations that
may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical
parameter should at least be construed 1n light of the number
of reported significant digits and by applying ordinary
rounding techniques. Notwithstanding that the numerical
ranges and parameters setting forth the broad scope of the
invention are approximations, the numerical values set forth
in the specific examples are reported as precisely as possible.
Any numerical value, however, mnherently contains certain
errors necessarilly resulting from the standard deviation
found 1n their respective testing measurements.

The terms ““a,” “an,” “the” and similar referents used 1n
the context of describing the ivention (especially in the
context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. Recitation of
ranges ol values herein 1s merely mtended to serve as a
shorthand method of referring individually to each separate
value falling within the range. Unless otherwise indicated
herein, each 1individual value 1s 1incorporated into the speci-
fication as 11 1t were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein 1is
intended merely to better 1lluminate the imnvention and does
not pose a limitation on the scope of the mnvention otherwise
claimed. No language in the specification should be con-
strued as indicating any non-claimed element essential to the
practice of the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 48
«<210> SEQ ID NO 1

<211l> LENGTH: 567

<212> TYPE: PRT

<212> QORGANISM: Influenza wvirus

<400> SEQUENCE: 1

5

10

15

20

25

30

35

40

45

28

Groupings of alternative elements or embodiments of the
invention disclosed herein are not to be construed as limi-
tations. Each group member may be referred to and claimed
individually or 1n any combination with other members of
the group or other elements found herein. It 1s anticipated
that one or more members of a group may be included 1n, or

deleted from, a group for reasons of convenience and/or
patentability. When any such inclusion or deletion occurs,
the specification 1s deemed to contain the group as modified
thus fulfilling the written description of all Markush groups
used 1n the appended claims.

Certain embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the mvention. Of course, variations on these
described embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing descrip-
tion. The mventor expects skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than specifically
described herein. Accordingly, this mvention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible vaniations thereof 1s encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

Specific embodiments disclosed herein may be further
limited 1n the claims using consisting of or consisting
essentially of language. When used 1n the claims, whether as
filed or added per amendment, the transition term “‘consist-
ing of” excludes any element, step, or ingredient not speci-
fied 1n the claims. The transition term “consisting essentially
of” limits the scope of a claim to the specified materials or
steps and those that do not materially aflect the basic and
novel characteristic(s). Embodiments of the mnvention so
claimed are inherently or expressly described and enabled
herein.

Furthermore, numerous references have been made to
patents and printed publications throughout this specifica-
tion. Each of the above-cited references and printed publi-
cations are individually incorporated herein by reference 1n
their entirety.

In closing, 1t 1s to be understood that the embodiments of
the ivention disclosed herein are illustrative of the prin-
ciples of the present invention. Other modifications that may
be employed are within the scope of the invention. Thus, by
way ol example, but not of limitation, alternative configu-
rations ol the present invention may be utilized in accor-
dance with the teachings herein. Accordingly, the present

invention 1s not limited to that precisely as shown and
described.

Met Glu Lys Ile Val Leu Leu Leu Ala Ile Val Ser Leu Val Lys Ser

1 5 10

15

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
30

20 25



ASp

Leu

Pro

65

Pro

Glu

ASp

Ser
145

ATrg

Gly

Asn

Leu

225

ATrg

Phe

Val

Asn

Met

305

Pro

Gly

Ser

385

Tle

Asn

Phe

Agn

Thr
Glu
50

Leu

Met

Ile

130

Gly

Agn

Arg

Tle

Pro

210

Val

Met

Glu

Cys

290

Pro

Val

Leu

Phe

His

370

Thr

ASpP

Leu

Leu

Glu

Tle
35

Tle

Ala

Glu

115

Gln

Val

Val

Ser

His

195

Thr

Pro

ASP

Ser

Lys

275

Agn

Phe

Tle
355

His

Gln

Glu

ASP
435

ATrg

Met

Thr

Leu

ASP

Agn

100

Glu

Ile

Ser

Val

Tyr

180

His

Thr

Phe

Agn

260

Gly

Thr

Hig

Ser

Glu

340

Glu

Ser

Met
ATg
420

Val

Thr

Glu

His

Arg

Glu

85

Pro

Leu

Ile

Ser

Trp

165

Asn

Ser

ITle
Phe
245

Gly

Asp

Asn

Asn

325

Arg

Gly

AsSn

Ala

AsSn

405

Arg

Trp

Leu

Asn
ASpP
70

Phe

Ala

Pro

Ala

150

Leu

Asn

Agn

ITle

Ala

230

Trp

Asn

Ser

Cys

ITle

310

ATrg

Gly

Glu

Tle

390

Thr

ITle

Thr

ASpP

29

AsSn

Gly

55

Ile

Asn

Hig

Lys

135

Tle

Thr

Asp

Ser

215

Thr

Thr

Phe

bAla

Gln

295

Hig

Leu

Arg

Trp

Gln
375

Asp

Gln

Glu

Phe

Val

40

Ser

Agn

ASP

Leu

120

Ser

Pro

Agn

Ala

200

Val

Arg

Tle

Ile

Tle

280

Thr

Pro

Val

Gln
260

Gly

Gly

Phe

Agn

Agh

440

His

Thr

Leu

Val

Val

Leu

105

Leu

Ser

Gln

185

Ala

Gly

Ser

Leu

Ala

265

Val

Pro

Leu

Leu

ATrg

345

Gly

Ser

Val

Glu

Leu

425

Ala

ASDP

Val

2la

Pro

S0

Ser

Trp

Gln

Agn

170

Glu

Glu

Thr

Lys
250

Pro

Tle

Thr

2la

330

Gly

Met

Gly

Thr

2la
4710

Agn

Glu

Ser

Thr

ASp

Gly

75

Glu

ATrg

Ser

Gly

155

Agn

ASD

Gln

Ser

Val

235

Pro

Glu

Ser

Gly

Ile

315

Thr

Leu

Val

Asn
395

Val

Leu

Agnh

-continued

Hig

Leu

60

Trp

Trp

Pro

Tle

ASP

140

Thr

Thr

Leu

Thr

Thr

220

Agnh

ASn

Glu

Ala

300

Gly

Gly

Phe

ASDP

Ala
380

Leu

Val

Ala Gln Asp

45

Asp

Leu

Ser

Gly

ASn

125

His

Pro

Leu

Lys

205

Leu

Gly

Asp

Ala

val

285

Tle

Glu

Leu

Gly

Gly

365

Ala

Val

Arg

Met

Val
445

Gly

Leu

Agn

110

His

Glu

Ser

Pro

Ile

120

Leu

Agn

Gln

Ala

Tyr

270

Glu

Agn

ATrg

Ala

350

Trp

ASP

AgSh

Glu

Glu
430

Leu

Agn

Val

Gly

Ile

S5

Phe

Phe

ala

Phe

Thr

175

Leu

Gln

AgSh

Tle
255

Ser

Pro

Agn

335

Tle

Ser

Phe
415

ASP

Met

Leu
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Tle

Agn

80

Val

Agn

Glu

Ser

Phe

160

Tle

Trp

Gln

ATrg

Gly

240

Agn

Ile

Gly

Ser

Lys

320

Ser

b2la

Gly

Glu

ITle
400

Agn

Gly

Glu

30



ASp
465

Gly

Val

Leu

Ala
545

Leu

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

<400>

450

Lys

Gln
520

Tle

Gln

Val

Phe

AgSh

ATrg

515

Ile

Met

ATrg

Glu

Gly

500

Glu

Leu

Val

ATg

PRT

ORGANISM :

SEQUENCE :

Ile Cys Ile Gly

1

Tle

ITle

Cys

65

Ala

Glu

Gln

Val

Val

145

Ser

His

Thr

Pro

ASP
225

Ser

Met

Thr

Leu

50

ASp

Agn

Glu

Tle

Ser

130

Val

Hig

Thr

Lys

210

Phe

Agn

Glu

His

35

ATg

Glu

Pro

Leu

Tle

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Phe

Gly

Lys

20

Agn

ASP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn

180

Tle

Ala

Trp

Agn

Leu

Phe

485

Thr

Glu

Ser

Ala

Ile
565

SEQ ID NO 2
LENGTH:
TYPE :

320

Gln
470

Tle

ITle

Gly
550

31

455

Leu
His
Asp
sSer
Tyr
535

Leu

Ile

ATrg

Gly
520

Ser

Ser

Influenza wvirus

Tle

AsSn
85

His

ITle

Thr
165

Asp

Ser

Thr

Thr

Phe
245

His

Val

Ser

Agn

70

ASpP

Leu

Ser

Pro

Lvs

150

Agn

Ala

Vval

ATrg

ITle

230

Tle

Ala

Thr

Leu

Val

55

Val

Leu

Leu

Ser

Tvyr

135

Gln

Ala

Gly

Ser

215

Leu

bAla

Agn

Val

Cys

40

Ala

Pro

Ser

Trp

120

Gln

Agh

Glu

Glu

Thr
200

Pro

ASDP

Pro
505
Val

Thr

Leu

Agn

Thr

25

ASP

Gly

Glu

Arg

105

Ser

Gly

AgSh

ASDP

Gln
185

Ser

Val

Pro

Glu

Asn
ASpP
490

Gln

Val

Trp

Ser

10

His

Leu

Trp

Trp

Pro

S0

Tle

ASp

Thr

Thr

Leu

170

Thr

Thr

Agn

Agn

Tyr
250

Ala
475

Asn

Leu

Ala

Met
555

Thr

Ala

ASpP

Leu

Ser

75

Gly

AgSn

His

Pro

Tyr

155

Leu

Leu

Gly

ASDP

235

Ala

-continued

460

Glu

Ser

Glu

Ser
540

Glu

Gln

Gly

Leu

60

AsSn

His

Glu

Ser

140

Pro

Tle

Leu

AsSn

Gln
220

Ala

Glu

Glu
Ser
525

Ser

Ser

Gln

Asp

Val

45

Gly

Tle

Phe

Phe

Ala

125

Phe

Thr

Leu

Tvr

Gln
205

AsSn

Ile

Lys

Leu

Met

Glu

510

Tle

Leu

Agn

Val

Tle

30

Agn

Val

Agn

Glu

110

Ser

Phe

Tle

Trp

Gln
190

ATrg

Gly

Agn

Tle

Gly

Glu

495

Ala

Gly

ala

Gly

ASP

15

Leu

Pro

Pro

Glu

ASpP

S5

Ser

Arg

Gly
175

Agn

Leu

Arg

Phe

Val
255
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Agn
480

Ser

Thr

Leu

Ser
560

Thr

Glu

Leu

Met

Lys

80

ITle

Gly

Agn

Arg

160

Tle

Pro

Val

Met

Glu
240

32



Asn

Phe

Lys
305

Gly

Thr

His

290

Ser

ASP
Lys
275

Agn

Agn

Ser
260

Tle

2la

Gln

His

Leu

«<210> SEQ ID NO 3

<211> LENGTH:

«212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gly Leu Phe Gly

1

Met

Gly

Thr

Ala

65

Asn

Glu

Ser

Asn

ASpP

145

Gln

Val

Trp

<210>
<211>

<212>
<213>

<400>

Val

Agn
50

Val

Leu

Agn

2la

130

AgSh

Leu

2la

Met
210

ASP

Ala
35

Leu

Val

115

Glu

Ser

Glu

Ser
195

Gly

20

Ala

Val

ATrg

Met

Val

100

Glu

Glu

Ser
180

Ser

Ser

PRT

ORGANISM:

SEQUENCE :

222

Tle

Thr

Pro

Val
210

33

Val
Pro
Leu

295

Leu

Ile
280

Thr

2la

Influenza wvirus

Ala

Trp

AsSp

Asn

Glu

Glu

85

Leu

AsSn

Leu

Met

Glu

165

Ile

Leu

AsSn

SEQ ID NO 4
LENGTH:

TYPE:

155

ITle

Ser

Phe
70

ASpP

Met

Leu

Gly

Glu

150

Ala

Gly

Ala

Gly

Ala

Gly

Glu

ITle

55

Asn

Gly

Glu

Asn

135

Ser

Arg

Thr

Leu

Ser
215

Gly

Ser

40

Ile

Agn

Phe

Agn

ASP

120

Gly

Val

Leu

Ala
200

Leu

Influenza wvirus

4

Leu Ser Arg Ile Asn His Phe Glu

1

5

Ser Trp Ser Asp His Glu Ala Ser

20

Tyr Gln Gly Thr Pro Ser Phe Phe

35

40

Ser
265
Gly

Tle

Thr

Phe

Hisg

25

Thr

ASP

Leu

Leu

Glu
105

Gln
185

Tle

Gln

Glu

2la

Gly

Gly

Ile
10

His

Gln

Glu

ASp

S0

Arg

Val

Phe

AgSh

Arg

170

Ile

Met

Val

Ile

Glu

Leu
315

Glu

Ser

Met

Arg

75

Val

Thr

ATrg

Glu

Gly

155

Glu

Leu

Val

ATrg

-continued

Glu

Asn

Cys

300

AYg

Gly

AsSn

Ala

Asn

60

ATYg

Trp

Leu

Leu

Phe

140

Thr

Glu

Ser

Ala

Tle
220

Tyr
ser
285

Pro

Asn

Gly

Glu

Tle

45

Thr

Tle

Thr

Asp

Gln

125

Tvyr

Tyr

Tle

Ile

Gly

205

Cys

Tle Gln Tle TIle

10

Gly Val Ser Ser

Asn Val Val Trp

45

Gly
270
Ser

Lys

Ser

Trp

Gln

30

ASP

Gln

Glu

Phe

110

Leu

His

ASP

Ser

Tyr

120

Leu

Tle

Agn

Met

Pro

Gln

15

Gly

Gly

Phe

Agn

Agn

S5

Hig

Arg

Gly
175

Ser

Ser
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Pro

Val

Leu
320

Gly

Ser

Val

Glu

Leu

80

b2la

ASpP

ASDP

Pro
160
Val

Thr

Leu

Pro Lys Ser

15

Ala Cys Pro

30

Leu Ile Lys

34



Gln

65

Ala

Gly

Ser

Leu

Ala
145

<210>
<211>
<212 >
<213>
<220>
<223>

<400>

Agn
50

Glu

Glu

Thr

Lys
130

Pro

Agn

ASP

Gln

Ser

Val

115

Pro

Glu

Thr

Leu

Thr

Thr

100

Agn

Agn

PRT

SEQUENCE :

20

Leu

Lys

85

Leu

Gly

AsSp

Ala

SEQ ID NO b
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

5

Pro

ITle

70

Leu

Asn

Gln

Ala

Tyr
150

35

Thr
55

Leu

Gln
Asn

Tle
135

Tle

Trp

Gln

ATy

Gly

120

Agn

Ile

Gly

Agn

Leu

105

ATy

Phe

Val

Arg

Ile

Pro

50

Val

Met

Glu

Ser

His

75

Thr

Pro

ASD

Ser

Lys
155

-continued
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Tyr Asn Asn Thr Asn

60

Hig

Thr

Phe

ASn
140

Ser

Tyr

Ile

Phe

125

Gly

Agn

Tle

Ala

110

Trp

Agn

Interleukin 2 signal sequence

Asp Ala

Ser
o5

80

Val

Thr Arg

Thr

Phe

Ile

Tle

Met Tyr Arg Met Gln Leu Leu Ser Cys Ile Ala Leu Ser Leu Ala Leu

1

Val Thr Asn Serxr

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

<400>

20

PRT

SEQUENCE :

277

5

SEQ ID NO o
LENGTH :
TYPE :
ORGANISM: Bacteriophage T4

6

10

15

Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val Arg Lys

1

5

10

Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu

20

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPERE:

<213>

PRT

ORGANISM :

<400> SEQUENCE:

Arg Ser Asp Lys

1

Leu

Leu

Ser

Glu

65

Thr

Agn

Gly

Met

His
50

Val

Gly

Gly

Ile
35
Glu

His

ATg

Pro
20

Ser

ASDP

Agn

Val

Glu
100

229

Homo sapiens

7

Thr

Ser

ATy

Pro

2la

Val
85

Hisg

Val

Thr

Glu

Lys
70

Ser

Lys

Thr

Phe

Pro

Val
55

Thr

Val

Leu

Glu
40

Leu

25

Pro

Phe
25

Val

Phe

Pro

Thr

Val
105

Pro
10

Pro

Thr

Agn

Arg

Val

S0

Ser

Pro

Trp

Glu
75

Leu

Asnh

Pro

Val

Tvyr

60

Glu

His

Ala

Pro

Val

45

val

Gln

Gln

Ala

Pro

Lys
30
Val

ASP

ASP

Leu
110

15

Glu
15

ASP

ASP

Gly

Agn

Trp
S5

Pro

Leu

Thr

Val

Val

Ser

80

Leu

Ala



Pro

Gln

Val

145

Val

Pro

Thr

Val

Leu
225

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Ile

Val
120

Ser

Glu

Pro

Val

Met

210

Ser

Glu
115

Leu

Trp

Val

ASP

195

His

Pro

Thr

Thr

Glu

Leu

180

Glu

Gly

PRT

SEQUENCE :

Met Glu Lys Ile

1

ASP

ASp

Leu

Pro

65

Pro

Glu

ASp

Ser
145

ATg

Gly

AsSn

Leu
225

Gln

Thr

Glu

50

Leu

Met

Tle
120

Gly

Agn

Arg

Tle

Pro

210

Val

Ile

Tle
35

Tle

Ala

Glu
115
Gln

Val

Val

Ser

His

195

Thr

Pro

Cys

20

Met

Thr

Leu

ASDP

Agn

100

Glu

Tle

Ser

Val

Tyr
180

His

Thr

Thr

Leu

Ser
165

AsSp

Ser

2la

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-Fd fusion protein

594

8

Val

5

Ile

Glu

His

Arg

Glu

85

Pro

Leu

Tle

Ser

Trp
165

Asn

Ser

Tle

ITle

Pro

Leu

150

ASh

Ser

ATg

Leu

Leu

Gly

Asn
ASP
70

Phe

Ala

Pro

Ala
150

Leu

Agn

Agn

ITle

Ala
230

37

Ser

Pro

135

Val

Gly

AsSp

Trp

Hisg
215

Leu

ASn

Gly

55

Tle

Asn

Hisg

Lys

135

ITle

Thr

AsSp

Ser

215

Thr

Lys
120

Ser

Gln

Gly

Gln

200

Agn

Leu

Hig

Val

40

Ser

Agn

ASP

Leu

120

Ser

Pro

Agn

Ala
200

Val

Arg

Ala

Arg

Gly

Pro

Ser

185

Gln

His

Ala

Ala

25

Thr

Leu

Val

Val

Leu

105

Leu

Ser

Gln
185
Ala

Gly

Ser

Glu

Phe

Glu

170

Phe

Gly

Tyr

Tle
10

Agn

Val

Ala

Pro
S0

Ser

Trp

Gln

Agn
170
Glu

Glu

Thr

Gly

Glu

Tyr

155

AgSn

Phe

Agnhn

Thr

Val

Agnh

Thr

ASDP

Gly

75

Glu

Arg

Ser

Gly
155

Agnh

ASp

Gln

Ser

Val
235

-continued

Gln

Met

140

Pro

Agnh

Leu

Val

Gln
220

Ser

Ser

Hig

Leu

60

Trp

Trp

Pro

Tle

ASpP

140

Thr

Thr

Leu

Thr

Thr

220

AsSn

Pro
125
Thr

Ser

Phe
205

Leu

Thr

Ala

45

Asp

Leu

Ser

Gly

AsSn

125

His

Pro

Leu

Lys
205

Leu

Gly

ATy

Ser
190

Ser

Ser

Val

Glu
20

Gln

Gly

Leu

Agn
110

His

Glu

Ser

Pro

Tle
190

Leu

Agn

Gln

Glu

Agn

Ile

Thr
175

Leu

Lys

15

Gln

ASP

Val

Gly

Tle

o5

Phe

Phe

2la

Phe

Thr
175

Leu

Gln

Agn

US 9,592,287 B2

Pro

Gln

2la

160

Thr

Leu

Ser

Ser

Ser

Val

Tle

Agh

80

Val

Agn

Glu

Ser

Phe
160

Ile

Trp

Gln

ATrg

Gly
240

38



ATy

Phe

Val

ASh

Met

305

Pro

Gly

Ser

385

Ile

ASh

Phe

AsSn

ASp

4165

Gly

Val

Leu

Ala
545

Leu

Gly

Phe

<210>
<211>
«212>
<213>
<220>
<223 >

<400>

Met

Glu

Cys

290

Pro

Val

Leu

Phe

Hig

370

Thr

ASpP

Leu

Leu

Glu
450

Gln
530
Tle

Gln

Gln

Leu

ASP

Ser

Lys

275

AgSh

Phe

Arg
Ile
355

Hig

Gln

Glu

ASP

435

ATg

Val

Phe

AgSh

ATrg

515

Ile

Met

Ala

Phe

Agn

260

Gly

Thr

His

Ser

Glu

340

Glu

Ser

Met

ATy

420

Val

Thr

ATrg

Glu

Gly

500

Glu

Leu

Val

ATrg

Tyr
580

PRT

SEQUENCE :

Phe
245
Gly

Asp

AsSn

Asn

325

Arg

Gly

Asn

Ala

Asn

405

Arg

Trp

Leu

Leu

Phe

485

Thr

Glu

Ser

Ala

Tle

565

Val

SEQ ID NO 9
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl-Fd fusion protein

347

5

Trp

Agn

Ser

Tle
310

ATrg

Gly

Glu

Tle

390

Thr

Tle

Thr

ASP

Gln
470

Tle

ITle

Gly

550

Cys

ATg

39

Thr
Phe
Ala
Gln
295
Hisg
Leu
Arg
Trp
Gln
375
AsSp

Gln

Glu

Phe
455
Leu
Hisg
Asp
Ser
Tvyr
535

Leu

Tle

Ile

Tle

Ile

280

Thr

Pro

Val

Gln

360

Gly

Gly

Phe

Agh

Agn

440

Hig

Arg

Gly

520

Ser

Ser

Gly

ASP

Leu

Ala

265

Val

Pro

Leu

Leu

Arg

345

Gly

Ser

Val

Glu

Leu

425

Ala

ASP

ASDP

Pro
505
Val

Thr

Leu

Gly
585

Lys
250

Pro

Tle

Thr

2la

330

Gly

Met

Gly

Thr

2la

410

AgSh

Glu

Ser

Agn

ASp

490

Gln

Val

Trp

Tle

570

Glu

Pro

Glu

Ser

Gly

ITle

315

Thr

Leu

Val

Agnh
395

Val

Leu

Agnh

Ala

475

Agn

Leu

Ala

Met

555

Pro

Trp

-continued

AsSn

Glu

Ala

300

Gly

Gly

Phe

ASDP

Ala
280

Leu

Val

460

Glu

Ser

Glu

Ser

540

Glu

Val

Asp

Ala

Val

285

ITle

Glu

Leu

Gly

Gly

365

Ala

Vval

Arg

Met

Val

445

Glu

Glu

Ser

525

Ser

Ser

Ala

Leu

Ala
Tyr
270

Glu

AgSh

ATg

Ala

350

Trp

ASP

Agn

Glu

Glu

430

Leu

Agn

Leu

Met

Glu

510

Tle

Leu

AgSh

Pro

Leu
590

Ile
255

Ser

Pro

Agn

335

Tle

Ser

Phe

415

ASpP

Met

Leu

Gly

Glu

495

Ala

Gly

2la

Gly

Arg

575

Ser

US 9,592,287 B2

Agn

Tle

Gly

Ser

Lys

320

Ser

Ala

Gly

Glu

Tle

400

Agn

Gly

Glu

Agn
480

Ser

Thr

Leu

Ser

560

ASDP

Thr

40



Ile

Cvs

65

Ala

Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

ASP

225

Ser

AsSn

Phe

Lys

305

Gly

ASp

<210>
<211>
<212 >
<213>
«220>
<223 >

<400>

Met

Thr

Leu

50

ASpP

Agn

Glu

Tle

Ser

130

Val

His

Thr

Lys

210

Phe

Agn

Gly

Thr

His

290

Ser

Gly

Tle

Glu

His

35

Glu

Pro

Leu

Tle

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Phe

Gly

ASP

Lys

275

Agn

Agn

Tle

Glu

Gly

Lys

20

Agn

ASP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn

180

Tle

Ala

Trp

Agn

Ser

260

Tle

Pro

Trp
340

PRT

SEQUENCE :

Ile
AsSn
85

His

Ile

Thr

165

Asp

Ser

Thr

Thr

Phe

245

2la

Gln

His

Leu

Glu

325

Vval

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA2-Fd fusion protein

249

10

His

Val

Ser

AsSn

70

ASpP

Leu

Ser

Pro

Lys

150

Agn

Ala

Val

ATrg

ITle

230

Tle

Tle

Thr

Pro

Val

310

Ala

Leu

41

Ala
Thr
Leu
Val
55

Val
Leu
Leu
Ser
Tvyr
135
Gln
Ala
Gly
Ser

215

Leu
bAla
Val
Pro
Leu
295
Leu

Pro

Leu

Agn

Val

Cys

40

2la

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Ile

280

Thr

Ala

Arg

Ser

Agn

Thr

25

ASDP

Gly

Glu

ATg

105

Ser

Gly

Agn

ASDP

Gln

185

Ser

Val

Pro

Glu

Ser

265

Gly

Tle

Thr

ASP

Thr
345

Ser

10

His

Leu

Trp

Trp

Pro

50

Ile

ASp

Thr

Thr

Leu

170

Thr

Thr

Agn

Agn

Tyr

250

Glu

ala

Gly

Gly

Gly

330

Phe

Thr

Ala

ASp

Leu

Ser

75

Gly

Asn

His

Pro

Tvyr

155

Leu

Leu

Gly

ASDP

235

Ala

Val

Ile

Glu

Leu

315

Gln

Leu

-continued

Glu Gln Val Asp

Gln

Gly

Leu

60

ASn

Hisg

Glu

Ser

140

Pro

Tle

Leu

Agnh

Gln

220

Ala

Glu

AsSn

Cys

300

ATYg

Ala

Asp

Vval

45

Gly

Ile

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

ASn

Ile

Ser
285

Pro

AsSn

Ile

30

Agn

Val

Agn

Glu

110

Ser

Phe

Ile

Trp

Gln

190

Arg

Gly

Agn

Ile
Gly
270

Ser

Ser

Val

15

Leu

Pro

Pro

Glu

ASP

o5

Ser

Arg

Gly

175

Agn

Leu

Arg

Phe

Val

255

Agn

Met

Pro

Arg
335
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Thr

Glu

Leu

Met

Lys

80

Ile

Gly

Agn

ATrg

160

Tle

Pro

Val

Met

Glu
240

Pro

Val

Leu
320

Gly Leu Phe Gly Ala Ile Ala Gly Phe Ile Glu Gly Gly Trp Gln Gly

1

5

10

15

42



Met

Gly

Thr

Ala

65

AsSn

Glu

Ser

Agn

ASpP

145

Gln

Val

Trp

Tle
225

Glu

<210>
<211>
«212>
<213>
<220>
<223>

Val

Agn
50

Val

Leu

Agn

2la

130

Agn

Leu

2la
Met
210

Pro

Trp

ASP

Ala
35

Leu

Val

115

Glu

Ser

Glu

Ser

195

Glu

Val

Gly

20

Ala

Val

ATg

Met

Val

100

Glu

Glu

Ser

180

Ser

Ser

Ala

Leu

PRT

<400> SEQUENCE:

Leu Ser Arg Ile

1

Ser

Gln
65
Ala

Gly

Ser

Trp

Gln

Agn

50

Glu

Glu

Thr

Ser

Gly
35

Agn

ASP

Gln

Ser

Val
115

ASP
20
Thr

Thr

Leu

Thr

Thr

100

Agn

Trp

Asp

Asn

Glu

Glu

85

Leu

Asn

Leu

Met

Glu

165

Tle

Leu

Agh

Pro

Leu
245

SEQ ID NO 11
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-RBD-Fd fusion proteiln

182

11

Asn
5

His

Pro

Leu

Lys
85

Leu

Gly

Ser

Phe

70

ASP

Met

Leu

Gly

Glu

150

Ala

Gly

Ala

Gly

ATrg

230

Ser

His

Glu

Ser

Pro

Tle
70

Leu

AsSn

Gln

43

Gly
Glu
Tle
55

Asn

Gly

Glu

Asn
135
Ser
Arg
Thr
Leu
Ser
215

AsSp

Thr

Phe
Ala
Phe

Thr
55

Leu

Gln

Asn

Tyr

Ser

40

Tle

Agn

Phe

Agn

ASP

120

Gly

Val

Leu

2la
200
Leu

Gly

Phe

Glu

Ser

Phe
40

Ile

Trp

Gln

ATy

Gly
120

His

25

Thr

ASDP

Leu

Leu

Glu
105

Gln

185

Ile

Gln

Gln

Leu

Ser
25

ATrg

Gly

Agn

Leu

105

Arg

His

Gln

Glu

ASDP

50

Val

Phe

Agn

ATrg

170

Tle

Met

2la

Ile
10
Gly

Agn

Arg

Tle

Pro

50

Val

Met

Ser

Met

ATYg

75

Val

Thr

ATg

Glu

Gly

155

Glu

Leu

Val

Arg

Tyr
235

Gln

Val

Val

Ser

His

75

Thr

Pro

ASp

-continued

Asn Glu Gln Gly

Ala

AsSn

60

AYg

Trp

Leu

Leu

Phe

140

Thr

Glu

Ser

Ala

Tle

220

Val

Ile

Ser

Val

60

Hig

Thr

Phe

Ile

45

Thr

Ile

Thr

Asp

Gln
125

Ile

Tle

Gly

205

Arg

Ile

Ser

Trp
45

Asn

Ser

Ile

Phe
125

30

ASP

Gln

Glu

Phe

110

Leu

His

ASP

Ser

Tyr

120

Leu

Tle

Pro
Ala
30

Leu

Agn

Agn

Tle

Ala

110

Trp

Gly

Phe

Agn

Agn

55

His

Arg

Gly

175

Ser

Ser

Gly

ASP

Lys
15

Tle

Thr

ASpP

Ser

55

Thr

Thr

US 9,592,287 B2

Ser

Val

Glu

Leu

80

Ala

ASDP

ASpP

Pro
160
Val

Thr

Leu

Gly
240

Ser

Pro

Agn

Ala
80

Val

ATrg

Tle

44



Leu

Ala
145

Ala

Leu

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Lys
120
Pro

Pro

Leu

Pro

Glu

Ser

Asn Asp Ala

Tyr

ASDP

Thr

180

PRT

SEQUENCE :

Met Glu Lys Ile

1

ASpP

ASp

Leu

Pro

65

Pro

Glu

ASp

Ser
145

ATrg

Gly

Agn

Leu

225

Arg

Phe

Val

Agn

Gln

Thr

Glu

50

Leu

Met

Tle

130

Gly

Agn

Arg

Tle

Pro

210

Val

Met

Glu

Cys
290

Ile
Tle

35

Tle

Ala

Glu

115

Gln

Val

Val

Ser

His

195

Thr

Pro

ASP

Ser

Lys

275

Agn

Cys

20

Met

Thr

Leu

ASP

Agn

100

Glu

Tle

Ser

Val

Tyr

180

His

Thr

Phe
Agn
260

Gly

Thr

Ala

Gly
165

Phe

SEQ ID NO 12
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-hFc fusion protein

796

12
Val
5
Ile

Glu

His

Glu

85

Pro

Leu

Tle

Ser

Trp

165

Asn

Ser

Ile
Phe
245

Gly

Asp

Tyr
150
Gln

Leu

Leu

Gly

Asn
ASP
70

Phe

Ala

Pro

Ala

150

Leu

Asn

ASh

Tle

Ala
230
Trp

Agn

Ser

45

Tle
135

Ala

Leu

ASn

Gly

55

Tle

Asn

Hisg

Lys

135

Tle

Thr

Asp

Ser

215

Thr

Thr

Phe

Ala

Gln
295

2sn Phe Glu

Ile Val Lys

Tyr Val Arg

Leu

Hig

Val

40

Ser

Agn

ASP

Leu

120

Ser

Pro

Agn
Ala
200

Val

ATy

Tle

Tle

Ile

280

Thr

Ala

Ala

25

Thr

Leu

Val

Val

Leu

105

Leu

Ser

Gln

185

Ala

Gly

Ser

Leu

Ala
265

Val

Pro

170

Ile
10

Agn

Val

Ala

Pro

90

Ser

Trp

Gln

Agn

170

Glu

Glu

Thr

Lys
250

Pro

Tle

-continued

Ser Asn Gly Asn Phe

Lys
155

Liys

Val

Asnhn

Thr

ASD

Gly

75

Glu

Arg

Ser

Gly

155

Agnh

ASDP

Gln

Ser

Val
235

Pro

Glu

Ser

Gly

140

Gly Tyr Ile Pro

Asp Gly Glu Trp

Ser

Ser

Hig

Leu

60

Trp

Trp

Pro

Tle

ASpP

140

Thr

Thr

Leu

Thr

Thr

220

AsSn

AsSn

Glu

Ala
200

Leu

Thr

Ala

45

Asp

Leu

Ser

Gly

AsSn

125

His

Pro

Leu
Lys
205

Leu

Gly

Asp

Ala

Val

285

Tle

Val

Glu

30

Gln

Gly

Leu

Agn

110

His

Glu

Ser

Pro

Ile

120

Leu

Agn

Gln

Ala

Tyr

270

Glu

Agn

175

Lys

15

Gln

ASP

Val

Gly

Tle

o5

Phe

Phe

2la

Phe

Thr

175

Leu

Gln

Agn

Tle
255

Ser
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Tle
Glu
160

Val

Ser

Val

Tle

Agh

80

Val

Agn

Glu

Ser

Phe
160
Tle

Trp

Gln

Gly

240

Agn

Tle

Gly

Ser

46



Met

305

Pro

Gly

Ser

385

ITle

Agn

Phe

Asn

ASp

4165

Gly

Val

Leu

Ala

545

Leu

Pro

Pro

Thr

ASh

625

ATrg

Val

Ser

Glu
7065

Phe

Pro

Val

Leu

Phe

Hig

370

Thr

ASpP

Leu

Leu

Glu
450

Gln
530
Tle

Gln

Pro
Cys
610

Trp

Glu

Leu

Agn

Gly

690

Glu

Phe

Ile
355

Hig

Gln

Glu

ASP

435

ATrg

Val

Phe

AgSh

ATrg

515

Ile

Met

Pro

Lys
595

Val

Glu

His

Lys

675

Gln

Met

Pro

His

Ser

Glu
240
Glu

Ser

Met

ATrg

420

Val

Thr

ATrg

Glu

Gly

500

Glu

Leu

Val

ATg

Ala

580

Pro

Val

Val

Gln

Gln

660

Ala

Pro

Thr

Ser

AsSn

Asn

325

Gly

Asn

Ala

Asn

405

Trp

Leu

Leu

Phe

485

Thr

Glu

Ser

2la

Tle

565

Pro

Val

AsSp

Tvr
645
AsSp

Leu

Arg

AsSp

Tle

310

ATrg

Gly

Glu

Tle

390

Thr

Tle

Thr

ASP

Gln
470

Tle

ITle

Gly

550

Glu

ASpP

ASpP

Gly

630

Agn

Trp

Pro

Glu

ASh

710

Tle

47

Hisg

Leu

Arg

Trp

Gln

375

AsSp

Gln

Glu

Phe

455

Leu

His

Asp

Ser

Tvyr

535

Leu

Tle

Leu

Thr

Val

615

Val

Ser

Leu

Ala

Pro

695

Gln

Ala

Pro

Val

Gln

360

Gly

Gly

Phe

Agn

Agn

440

Hig

Arg

Gly

520

Ser

Ser

ATrg

Leu

Leu

600

Ser

Glu

Thr

Agh

Pro

680

Gln

Val

Val

Leu

Leu

Arg

345

Gly

Ser

Val

Glu

Leu

425

Ala

ASP

ASDP

Pro

505

Val

Thr

Leu

Ser

Gly

585

Met

His

Val

Gly

665

Tle

Val

Ser

Glu

Thr

2la

330

Gly

Met

Gly

Thr

ala

410

Agn

Glu

Ser

Agn

ASpP

490

Gln

Val

Trp

ASp

570

Gly

Tle

Glu

His

Arg
650

Glu

Leu

Trp

ITle
315
Thr

Leu

Val

Agnh
395

Val

Leu

Agnh

Ala

475

Agnh

Leu

Ala

Met

555

Pro

Ser

ASpP

AgSn

635

Val

Glu

Thr

Thr
715

Glu

-continued

Gly Glu Cys Pro

Gly

Phe

ASDP

Ala
280

Leu

Val
460

Glu

Ser

Glu

Ser
540

Thr

Ser

ATYg

Pro
620

Ala

Val

Thr

Leu
700

Ser

Leu

Gly

Gly

365

Ala

Vval

Arg

Met

Val

445

Glu

Glu

Ser

525

Ser

Ser

His

Val

Thr

605

Glu

Ser

Tle
685
Pro

Leu

ASn

ATg

Ala

350

Trp

ASP

Agn

Glu

Glu

430

Leu

Agn

Leu

Met

Glu

510

Tle

Leu

Agn

Thr

Phe

590

Pro

Val

Thr

Val

Cys

670

Ser

Pro

Val

Gly

Agn
335

Tle

Ser

Phe

415

ASpP

Met

Leu

Gly

Glu

495

Ala

Gly

2la

Gly

Cys

575

Leu

Glu

Leu
655

Ser

Gln

US 9,592,287 B2

Lys

320

Ser

Ala

Gly

Glu

Tle

400

Agn

Gly

Glu

Agn
480

Ser

Thr

Leu

Ser

560

Pro

Phe

Val

Phe

Pro

640

Thr

Val

Ala

ATrg

Gly

720

Pro

48



Glu

Phe

Gly

Tyr
785

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Agn

Phe

Agn
770

Thr

Agn

Leu

755

Val

Gln

Tyr
740

Phe

PRT

SEQUENCE :

Ile Cys Ile Gly

1

ITle

Ile

Cvs

65

Ala

Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

ASpP

225

Ser

ASh

Phe

Met

Thr

Leu

50

ASp

Agn

Glu

Tle

Ser

130

Val

His

Thr

Lys

210

Phe

Agn

Gly

Thr

His

Glu

His

35

ATrg

Glu

Pro

Leu

Tle

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Phe

Gly

ASP

Lys

275

Agn

Lys

20

Agn

ASP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn

180

Tle

Ala

Trp

Agn

Ser

260

Tle

725

Ser

Ser

Ser

SEQ ID NO 13
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl-hFc¢ fusion

549

13

ITle
AsSn
85

His

Ile

Thr

165

AsSp

Ser

Thr

Thr

Phe

245

Ala

Gln

His

Thr

Lys

Cvs

Leu
790

Hisg

Val

Ser

ASh

70

ASpP

Leu

Ser

Pro

Lys

150

Agn

Ala

Val

ATrg

Tle

230

Tle

ITle

Thr

Pro

49

Thr
Leu
Ser

775

Ser

Ala
Thr

Leu

Val
55

Val
Leu

Leu
Ser
Tvyr
135
Gln
Ala
Gly

Ser
215

Leu

Ala

Val

Pro

Leu

730

Pro Pro Val

745

Thr Val Asp

760

Val Met His

Leu Ser Pro

Agn

Val

Cys

40

2la

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Tle
280

Thr

Agn

Thr

25

ASDP

Gly

Glu

ATrg

105

Ser

Gly

Agn

ASDP

Gln

185

Ser

Val

Pro

Glu

Ser

265

Gly

Tle

Ser

10

Hig

Leu

Trp

Trp

Pro

90

Ile

ASp

Thr

Thr

Leu

170

Thr

Thr

Agn

AgSh

Tyr

250

Glu

Ala

Gly

Leu

Glu

Gly
795

-continued

ASp

Ser

Ala
780

protein

Thr

Ala

ASp

Leu

Ser

75

Gly

Agnh

His

Pro

Tyr

155

Leu

Leu

Gly

ASpP

235

Ala

Val

Ile

Glu

Glu

Gln

Gly

Leu

60

ASn

Hig

Glu

Ser

140

Pro

Tle

Leu

Agnh

Gln
220

Ala

Glu

Agnh

735

Ser Asp Gly

750

Arg Trp Gln

765

Leu His Asn

Gln

Asp

val

45

Gly

ITle

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

ASn

ITle

Ser
285

Pro

Val

Ile

30

Agn

Val

Agn

Glu

110

Ser

Phe

Ile

Trp

Gln

190

Arg

Gly

AgSh

Tle

Gly
270

Ser

ASpP

15

Leu

Pro

Pro

Glu

ASP

o5

Ser

Arg

Gly

175

Agn

Leu

Arg

Phe

Val
255

Agn

Met
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Ser

Gln

His

Thr

Glu

Leu

Met

Lys

80

Ile

Gly

Agn

ATrg

160

Tle

Pro

Val

Met

Glu
240

Pro

Val

50



Lys

305

ATg

Leu

Leu

Ser

Glu

385

Thr

AsSn

Pro

Gln

Val

4165

Val

Pro

Thr

Val

Leu
545

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

290

Ser

Ser

Gly

Met

Hig

370

Val

Gly

Tle

Val

450

Ser

Glu

Pro

Val

Met

530

Sexr

Agn

ASP

Gly

Tle

355

Glu

His

ATrg

Glu

435

Leu

Trp

Val

ASP

515

His

Pro

Pro

340

Ser

ASP

Agn

Val

Glu

420

Thr

Thr

Glu

Leu

500

Glu

Gly

PRT

SEQUENCE :

Gly Leu Phe Gly

1

Met

Gly

Thr

Ala

65

ASh

Glu

Val

Agn
50

Val

Leu

ASP

Ala
35

Leu

Gly

20

Ala

Val

ATg

Met

Val

Leu
Thr

325

Ser

Pro

Ala

Val

405

Thr

Leu

Ser
435

Asp

Ser

Ala

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA2-hFc¢ fusion

451

14

Ala
5

Trp

AsSp

AsSn

Glu

Glu

85

Leu

Val

310

Hisg

Val

Thr

Glu

Lys

390

Ser

Tle

Pro

Leu

470

Agn

Ser

ATrg

Leu

Tle

Ser

Phe
70

ASP

Met

51

295

Leu
Thr
Phe
Pro

Val
375
Thr

Val

Ser
Pro
455
Val
Gly
Asp

Trp

His
535

Ala
Gly
Glu

Tle
55

Asn

Gly

Glu

2la

Leu

Glu
360

Leu

Lys
440

Ser

Gln

Gly

Gln

520

Agn

Gly

Ser

40

Tle

Agn

Phe

Agn

Thr

Pro

Phe

345

Val

Phe

Pro

Thr

Val

425

Ala

ATrg

Gly

Pro

Ser

505

Gln

His

Phe

His

25

Thr

ASDP

Leu

Leu

Glu

Gly

Pro

330

Pro

Thr

Agn

Arg

Val

410

Ser

Glu

Phe

Glu

490

Phe

Gly

Tle
10

His

Gln

Glu

ASp
S0

Arg

Leu
315

Pro

Trp

Glu

395

Leu

Asnh

Gly

Glu

Tyr

475

Agn

Phe

Agnh

Thr

-continued

300

AYg

Pro

Val
Tyr
380

Glu

Hig

Gln

Met

460

Pro

AsSn

Leu

Val

Gln
540

protein

Glu

Ser

Met

ATYg

75

Val

Thr

Gly

ASn

Ala

ASn

60

AYg

Trp

Leu

ASn

Ala

Pro

Val

365

Val

Gln

Gln

Ala

Pro

445

Thr

Ser

Phe
525

Gly

Glu

ITle

45

Thr

Ile

Thr

Asp

Ser

Pro

Lys

350

Val

ASP

ASP
Leu

430

ATrg

Ser
510

Ser

Ser

Trp

Gln

30

ASP

Gln

Glu

Phe

Pro

Glu

335

ASpP

ASpP

Gly

Agn

Trp

415

Pro

Glu

Agn

Tle

Thr
495

Leu

Gln
15

Gly

Gly

Phe

Agn

AgSh

55

His
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Leu

320

Leu

Thr

Val

Val

Ser

400

Leu

Ala

Pro

Gln

Ala

480

Thr

Leu

Ser

Ser

Gly

Ser

Val

Glu

Leu

80

Ala

ASDP

52



Ser

Asn

ASpP

145

Gln

Val

Trp

ASpP

225

Gly

ITle

Glu

Hig

ATg

305

Glu

Leu

Trp

385

Val

ASpP

His

Pro

<210>
<211>
<212 >
<213>
<220>
<223 >

Agn
ala

130

AgSh

Leu

2la

Met

210

Pro

Ser

ASp

Agn

290

Val

Glu

Thr
Thr
370

Glu

Leu

Glu

Gly
450

Val

115

Glu

Ser

Glu

Ser

195

Thr

Ser

ATrg

Pro

275

Ala

Val

Thr

Leu

355

Ser

ASP

Ser

Ala
435

100

Glu

Glu

Ser

180

Ser

Ser

Hisg

Val

Thr

260

Glu

Ser

Ile

340

Pro

Leu

Agn

Ser

ATg

420

Leu

PRT

<400> SEQUENCE:

AsSn

Leu

Met

Glu

165

Ile

Leu

Asn

Thr

Phe

245

Pro

Vval

Thr

Val

Cvys

325

Ser

Pro

Vval

Gly

Asp

405

Trp

Hig

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-RBD-hFc¢ fusion protein

384

15

Leu

Gly

Glu

150

Ala

Gly

Ala

Gly

Cys

230

Leu

Glu

Leu
3210

Ser

Gln
390
Gly

Gln

AsSn

53

Asn
135
Ser
Arg
Thr
Leu
Ser
215
Pro
Phe
Val
Phe
Pro
295
Thr
Val
Ala
Arg
Gly
375
Pro
Ser

Gln

Hig

ASP
120
Gly

Val

Leu

2la

200

Leu

Pro

Pro

Thr

Agn

280

ATrg

Val

Ser

Glu

360

Phe

Glu

Phe

Gly

Tyr
440

105

Gln
185

Tle

Gln

Pro

Cys

265

Trp

Glu

Leu

ASn

Gly
345

Glu

Agn

Phe

Agn
425

Thr

Val

Phe

AgSh

Arg

170

Ile

Met

Pro
Lys
250

Val

Glu

Hisg

Lys

330

Gln

Met

Pro

Agn

Leu

410

Val

Gln

Arg

Glu

Gly

155

Glu

Leu

Val

ATYg

Ala

235

Pro

Val

Val

Gln

Gln

315

Ala

Pro

Thr

Ser

Tyr

395

Phe

-continued

Leu

Phe

140

Thr

Glu

Ser

Ala

Ile

220

Pro

Val

ASD

Tyr

300

ASP

Leu

AYg

ASpP

380

Ser

Ser

Ser

Gln
125

Tle

Ile

Gly

205

Glu

Asp

Asp

Gly

285

AsSn

Trp

Pro

Glu

Agh

365

Tle

Thr

Leu
445

110

Leu

His

ASP

Ser

Tyzr

120

Leu

Ile

Leu

Thr

Val

270

Val

Ser

Leu

Ala

Pro

350

Gln

Ala

Thr

Leu

Ser

430

Ser

ATrg

Gly

175

Ser

Ser

Arg

Leu

Leu

255

Ser

Glu

Thr

Agn

Pro

335

Gln

Val

Val

Pro

Thr
415

Val

Leu
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ASDP

Pro

160

Val

Thr

Leu

Ser

Gly

240

Met

Hig

Val

Gly

320

Tle

Val

Ser

Glu

Pro

400

Val

Met

Ser

Leu Ser Arg Ile Asn His Phe Glu Lys Ile Gln Ile Ile Pro Lys Ser

54



Gln

65

Ala

Gly

Ser

Leu

Ala

145

His

Val

Thr

Glu

Lys

225

Ser

Tle

Pro

Leu
205

Asn

Ser

ATg

Leu

<210>
<211>
<212>
<213>
<«220>
<223 >

Trp

Gln

AgSh

50

Glu

Glu

Thr

Lys
130

Pro

Thr

Phe

Pro

Val

210

Thr

Val

Ser

Pro
290

Val

Gly

ASpP

Trp

His
370

Ser

Gly
35

AgSh

ASP

Gln

Ser

Val

115

Pro

Glu

Leu

Glu
195

Leu

Lys
275

Ser

Gln

Gly

Gln
355

Agn

ASDP

20

Thr

Thr

Leu

Thr

Thr

100

Agn

ASn

Pro

Phe

180

Val

Phe

Pro

Thr

Val

260

Ala

ATg

Gly

Pro

Ser
340

Gln

His

PRT

His

Pro

Leu

Lys

85

Leu

Gly

Asp

Ala

Pro

165

Pro

Thr

Asn

Arg

Val

245

Ser

Glu

Phe

Glu

325

Phe

Gly

SEQ ID NO 1leo
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-Fd-hFc¢ fusion protein

823

Glu

Ser

Pro

Tle

70

Leu

Agn

Gln

Ala

Tyr

150

Pro

Trp

Glu

230

Leu

ASh

Gly

Glu

Tyr

310

Agn

Phe

AsSn

Thr

3

Ala
Phe
Thr

55

Leu

Gln
Asn

Ile
135

Pro

Val
Tvr
215

Glu

His

Gln
Met
295
Pro

Asn

Leu

Val

Gln
375

Ser

Phe

40

Tle

Trp

Gln

ATrg

Gly

120

Agn

Tle

2la

Pro

Val

200

Val

Gln

Gln

Ala

Pro

280

Thr

Ser

Phe
260

Ser
25

ATg

Gly

Agn

Leu

105

ATrg

Phe

Val

Pro

Lys

185

Val

ASP

ASP

Leu
265

ATrg

Ser
345

Ser

Ser

10

Gly

Agn

Tle

Pro

50

Val

Met

Glu

Glu

170

ASp

ASp

Gly

Agn

Trp

250

Pro

Glu

Agn

Tle

Thr
330

Leu

Val

Val

Ser

His

75

Thr

Pro

ASDP

Ser

Lys

155

Leu

Thr

Val

Val

Ser

235

Leu

Ala

Pro

Gln

Ala

315

Thr

Leu

Ser

Ser

-continued

Ser

Val

Tyr

60

Hig

Thr

Phe

AsSn

140

AYg

Leu

Leu

Ser

Glu

220

Thr

Asn

Pro

Gln

Val

300

Val

Pro

Thr

Val

Leu
380

ser
Trp
45

Agh

Ser

Tle

Phe

125

Gly

Ser

Gly

Met

His

205

Val

Gly

ITle

Vval

285

Ser

Glu

Pro

Val

Met
3665

Ser

Ala

30

Leu

AgSh

Agn

Ile

Ala

110

Trp

ASn

ASP

Gly

Tle

120

Glu

Hig

ATrg

Glu

270

Leu

Trp

Val

ASP

350

Hig

Pro

15

Ile

Thr

ASpP

Ser

55

Thr

Thr

Phe

Pro

175

Ser

ASpP

Agn

Val

Glu

255

Thr

Thr

Glu

Leu
335

Glu

Gly
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Pro

Agh

b2la

80

Val

Arg

Ile

Ile

Thr

160

Ser

Arg

Pro

Ala

Val

240

Thr

Leu

sSer
320
ASp

Ser

Ala

56



<400> SEQUENCE:

Met Glu Lys Ile

1

ASpP

ASpP

Leu

Pro

65

Pro

Glu

ASpP

Ser
145

Arg

Gly

Agn

Leu

225

ATrg

Phe

Val

Agn

Met
305

Pro

Gly

Ser
385

Tle

Gln

Thr

Glu

50

Leu

Met

Tle

130

Gly

Agn

Arg

Ile

Pro

210

Val

Met

Glu

Cys
290

Pro

Val

Leu

Phe

His

370

Thr

ASp

Ile
Tle

35

Ile

Ala

Glu

115

Gln

Val

Val

Ser

Hig

195

Thr

Pro

ASP

Ser

Lys

275

Agn

Phe

ATg

Tle
355

His

Gln

Cys

20

Met

Thr

Leu

ASDP

Agn

100

Glu

Tle

Ser

Val

Tyr

180

Hig

Thr

Phe

Agn

260

Gly

Thr

His

Ser

Glu
240

Glu

Ser

Met

16

Val

5

Ile

Glu

His

Arg

Glu

85

Pro

Leu

Tle

Ser

Trp

165

AsSn

Ser

Ile
Phe
245

Gly

Asp

AsSn

Asn
325

ATy

Gly

AsSn

Ala

Asn
405

Leu

Gly

Asn
ASP
70

Phe

Ala

Pro

Ala

150

Leu

Agn

AsSn

Tle

Ala

230

Trp

Agn

Ser

Tle
210

Lys

ATg

Gly

Glu

ITle
290

Thr

S7

Leu

Asnh
Gly
55

Tle
Asn
Hig
Lys
135
Tle
Thr
Asp
Ser
215
Thr
Thr
Phe
Ala
Gln
295
Hisg
Leu
Arg

Trp

Gln
375

Asp

Gln

Leu

His

Val

40

Ser

Agn

ASP

Leu

120

Ser

Pro

Agn

Ala

200

Val

ATy

Tle

Tle

Ile

280

Thr

Pro

Val

Gln
360
Gly

Gly

Phe

Ala

Ala

25

Thr

Leu

Val

Val

Leu

105

Leu

Ser

Gln

185

Ala

Gly

Ser

Leu

Ala

265

Val

Pro

Leu

Leu

ATg

345

Gly

Ser

Val

Glu

Tle
10

Agn

Val

ala

Pro

50

Ser

Trp

Gln

Agn

170

Glu

Glu

Thr

Lys
250

Pro

Tle

Thr

ala
330

Gly

Met

Gly

Thr

2la
4710

Val

Asn

Thr

ASpP

Gly

75

Glu

ATYg

Ser

Gly

155

Asnh

ASpP

Gln

Ser

Val

235

Pro

Glu

Ser

Gly

ITle

315

Thr

Leu

Val

Agnh
395

Val

-continued

Ser

Ser

His

Leu

60

Trp

Trp

Pro

Ile

ASpP

140

Thr

Thr

Leu

Thr

Thr

220

Asn

Agnh

Glu

Ala
200

Gly

Gly

Phe

ASD

Ala
380

Gly

Leu

Thr

Ala

45

Asp

Leu

Ser

Gly

AsSn

125

His

Pro

Leu

Lys

205

Leu

Gly

Asp

Ala

Val

285

Tle

Glu

Leu

Gly

Gly

365

Ala

Val

Arg

Val

Glu

30

Gln

Gly

Leu

Agn

110

Hisg

Glu

Ser

Pro

Tle

190

Leu

Agn

Gln

Ala

Tyr

270

Glu

Agn

ATg

Ala

350

Trp

ASP

Agn

Glu

Lys

15

Gln

ASpP

Val

Gly

Tle

o5

Phe

Phe

2la

Phe

Thr

175

Leu

Gln

Agn

Tle
255

Ser

Pro

Agn
335

Ile

Ser

Phe
415

US 9,592,287 B2

Ser

Val

ITle

Agn

80

Val

Agn

Glu

Ser

Phe

160

Tle

Trp

Gln

Gly

240

Agh

Tle

Gly

Ser

Lys

320

Ser

Ala

Gly

Glu

Ile

400

Agn

58



AsSn

Phe

Asn

ASpP

465

Gly

Val

Leu

Ala

545

Leu

Gly

Phe

Glu

ASP

625

ASp

Gly

ASh

Trp

Pro

705

Glu

Agn

ITle

Thr

Lys
785

Leu

Leu

Leu

Glu
450

Gln

530

Ile

Gln

Gln

Leu

Leu

610

Thr

Val

Val

Sexr

Leu

690

2la

Pro

Gln

ala

Thr

770

Leu

Ser

Ser

Glu

ASP

435

ATrg

Val

Phe

Agn

Arg

515

Ile

Met

2la

Arg

595

Leu

Leu

Ser

Glu

Thr

675

Agn

Pro

Gln

Val

Val

755

Pro

Thr

Val

Leu

ATy

420

Val

Thr

ATy

Glu

Gly

500

Glu

Leu

Val

ATrg

Tyr

580

Ser

Gly

Met

His

Val

660

Gly

Ile

Val

Ser

740

Glu

Pro

Val

Met

Ser
820

Arg

Trp

Leu

Leu

Phe

485

Thr

Glu

Ser

Ala

Tle

565

Val

AsSp

Gly

Ile

Glu

645

His

Glu
Tyvr
725

Leu

Trp

Vval

AsSp

Hig

805

Pro

ITle

Thr

ASP

Gln
470

Tle

ITle

Gly
550

Pro

Ser

630

ASpP

Agn

Val

Glu

Lys

710

Thr

Thr

Glu

Leu

Lys

790

Glu

Gly

59

Glu

Phe
455
Leu
Hisg
Asp
Ser
Tvyr
535

Leu

Tle

Thr
Ser
615
Arg
Pro
Ala
Val
Tvr
695

Thr

Leu

Ser

Asp
775

Ser

Ala

Agn
Agn
440

His

Arg

Gly

520

Ser

Ser

Gly

ASP

His

600

Val

Thr

Glu

Ser

680

Ile

Pro

Leu

Agn
760
Ser

ATrg

Leu

Leu
425
Ala

ASP

ASP

Pro
505
Val

Thr

Leu

Gly

585

Thr

Phe

Pro

Val

Thr

665

Val

Ser

Pro

Val
745

Gly

ASDP

Trp

Hig

Agn

Glu

Ser

Asn
ASp
490

Gln

Val

Trp

Tle
570

Glu

Leu

Glu

Lys
650

Leu

Ser
730

Gln

Gly

Gln

Agn
810

Leu

Agnhn
Ala
475

Agn

Leu

Ala

Met

555

Pro

Trp

Pro

Phe

Val

635

Phe

Pro

Thr

Val

Ala

715

Arg

Gly

Pro

Ser

Gln
795

His

-continued

Lys

Leu

Val

460

Glu

Ser

Glu

Ser

540

Glu

Val

Pro

Pro

620

Thr

AsSn

ATYg

Val

Ser

700

Glu

Phe

Glu

Phe
780

Gly

Met
Vval

445

Glu

Glu

Ser

525

Ser

Ser

Ala

Leu

Cys

605

Pro

Trp

Glu

Leu

685

ASn

Gly

Glu

Asn
765

Phe

AsSn

Thr

Glu

430

Leu

Agn

Leu

Met

Glu

510

Tle

Leu

Agn

Pro

Leu

590

Pro

Val

Glu
670

His

Gln

Met

Pro
750

Agn

Leu

Val

Gln

ASP

Met

Leu

Gly

Glu

495

2la

Gly

2la

Gly

Arg

575

Ser

Ala

Pro

Val

Val

655

Gln

Gln

2la

Pro

Thr

735

Ser

Phe

Lys
815

US 9,592,287 B2

Gly

Glu

Agh

480

Ser

ATrg

Thr

Leu

Ser

560

ASDP

Thr

Pro

Val
640

ASp

ASp

Leu

ATrg
720

Ser

Ser
g00

Ser

60



<210>
<211>
<212 >
<213>
<220>
<223 >

PRT

<400> SEQUENCE:

Tle Cys Ile Gly

1

Tle

Tle

Cys

655

Ala

Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

ASp

225

Ser

Agn

Phe

Lys

305

Gly

ASP

Hig

Met

Thr

Leu

50

ASpP

Agn

Glu

Ile

Sexr

130

Val

His

Thr

Lys

210

Phe

Agn

Gly

Thr

Hig

290

Ser

Gly

Thr

Glu

His

35

Arg

Glu

Pro

Leu

Ile

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Phe

Gly

ASP

Lys

275

Agn

Agn

Tle

Glu

Cys
355

Lys

20

Agn

ASDP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn

180

Tle

Ala

Trp

Agn

Ser

260

Ile

Pro

Trp
340

Pro

SEQ ID NO 17
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl-Fd-hFc

576

17

Ile
Asn
85

His

Tle

Thr

165

Asp

Ser

Thr

Thr

Phe

245

Ala

Gln

Hig

Leu

Glu
325

Val

Pro

His

Val

Ser

Asn

70

ASP

Leu

Ser

Pro

Lys

150

AsSn

Ala

Val

ATrg

Tle

230

ITle

Tle

Thr

Pro

Vval
210

Ala

Leu

61

Ala
Thr
Leu
Val
55

Val
Leu
Leu
Ser
Tyr
135
Gln
bAla
Gly
Ser
215
Leu
Ala
Val

Pro

Leu
295
Leu
Pro

Leu

Pro

Agh

Val

Cys

40

Ala

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Tle
280

Thr

Ala

ATrg

Ser

Ala
260

AgSh

Thr
25

ASP

Gly

Glu

ATrg

105

Ser

Gly

Agn

ASP

Gln

185

Ser

Val

Pro

Glu

Ser
265
Gly

Ile

Thr

ASP

Thr

345

Pro

-continued

fusion protein

Sexr

10

His

Leu

Trp

Trp

Pro

50

Tle

ASpP

Thr

Thr

Leu

170

Thr

Thr

AgSh

Agn

Tyr

250

Glu

2la

Gly

Gly

Gly

330

Phe

Glu

Thr

Ala

ASp

Leu

Ser

75

Gly

Agnh

His

Pro

Tyr

155

Leu

Leu

Gly

ASpP

235

Ala

Val

ITle

Glu

Leu

315

Gln

Leu

Leu

Glu

Gln

Gly

Leu

60

AsSn

Hig

Glu

Ser

140

Pro

ITle

Leu

AsSn

Gln
220

Ala

Glu

ASn

Cys

300

ATYg

Ala

ATYJ

Leu

Gln

Asp

Val

45

Gly

Ile

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

Agh

Tle

Ser
285

Pro

AsSn

Ser

Gly
365

Val

Tle
30

Agn

Val

Agn

Glu

110

Ser

Phe

Tle

Trp

Gln

120

ATrg

Gly

Agn

Ile

Gly

270

Ser

Ser

Val

ASP
350

Gly

ASpP

15

Leu

Pro

Pro

Glu

ASP

55

Ser

Arg

Gly

175

Agn

Leu

Arg

Phe

Val

255

AgSh

Met

Pro

Arg
335

Pro

US 9,592,287 B2

Thr

Glu

Leu

Met

Lys

80

Tle

Gly

Agh

ATrg

160

Ile

Pro

Val

Met

Glu
240

Pro

Val

Leu
320

Thr

Ser

62



Val
Thr
385

Glu

Ser

ITle

465

Pro

Leu

Asn

Ser

ATrg

545

Leu

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

Phe
370

Pro

Val

Thr

Val

Cys

450

Ser

Pro

Val

Gly

ASp

530

Trp

His

Leu

Glu

Leu
435

Ser

Gln
515
Gly

Gln

AgSh

Phe

Val

Phe

Pro

420

Thr

Val

Ala

ATrg

Gly

500

Pro

Ser

Gln

His

PRT

SEQUENCE :

Gly Leu Phe Gly

1

Met

Gly

Thr

Ala

65

AsSn

Glu

Ser

AsSn

ASp
145

Val

Agn
50

Val

Leu

Agn

ala
120

Agn

ASP

Ala
35

Leu

Val
115

Glu

Gly

20

Ala

Val

ATrg

Met

Val
100

Glu

Pro

Thr

Asn

405

Val

Ser

Glu

485

Phe

Glu

Phe

Gly

Tyvr
565

SEQ ID NO 18
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA2-Fd-hFc

478

18

Ala

5

Trp

Asp

Agh

Glu

Glu

85

Leu

AsSn

Leu

Met

Pro

Cys

390

Trp

Glu

Leu

Agn

Gly

470

Glu

Asn

Phe

Asn
550

Thr

Tle

Ser

Phe
70

ASP

Met

Leu

Gly

Glu
150

63

Lys
375

Val

Glu
Hig
Lys
455
Gln
Met
Pro
Asn
Leu
535

Val

Gln

Ala
Gly
Glu
Tle
55

ASn

Gly

Glu

Asn
135

Ser

Pro

Val

Val

Gln

Gln

440

2la

Pro

Thr

Ser

Tyr

520

Phe

Gly

Ser
40
Tle

Agn

Phe

Agn

ASP

120

Gly

Val

Val

ASDP

Tyr

425

ASP

Leu

ATg

ASP

505

Ser

Ser

Ser

Phe

His

25

Thr

ASP

Leu

Leu

Glu
105

Arg

ASDp

ASpP

Gly

410

Agn

Trp

Pro

Glu

Agn

490

Tle

Thr

Leu
570

Thr

Val

395

Val

Ser

Leu

Ala

Pro

475

Gln

Ala

Thr

Leu

Ser

555

Ser

-continued

Leu Met TIle Serxr

380

Ser

Glu

Thr

AsSn

Pro

460

Gln

Val

Val

Pro

Thr

540

Val

Leu

His

Vval

Gly

445

Tle

Val

Ser

Glu

Pro

525

val

Met

Ser

fusion protein

Tle
10

His

Gln

Glu

ASpP

90

Arg

Val

Phe

Agn

Glu

Ser

Met

ATrg
75

Val

Thr

ATrg

Glu

Gly
155

Gly

ASn

Ala

Agnh

60

AYg

Trp

Leu

Leu

Phe

140

Thr

Gly

Glu

Ile

45

Thr

Tle

Thr

Asp

Gln
125

Glu

His

ATg

430

Glu

Leu

Trp

510

Val

ASP

His

Pro

Trp

Gln

30

ASP

Gln

Glu

Phe

110

Leu

Hig

ASP

ASP
Asn
415

Val

Glu

Thr
Thr
495

Glu

Leu

Glu

Gly
575

Gln

15

Gly

Gly

Phe

Agn

Agn
o5

His

Arg

US 9,592,287 B2

Arg
Pro
400

Ala

Val

Thr

Leu

480

Ser

ASpP

Ser

2la
560

Gly

Ser

Val

Glu

Leu

80

Ala

ASp

ASp

Pro
160

64



Gln

Val

Trp

ITle

225

Glu

Leu

Glu

Lys

305

Leu

Ser
385

Gln

Gly

Gln

Asn
465

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

Leu

2la

Met

210

Pro

Trp

Pro

Phe

Val

290

Phe

Pro

Thr

Val

2la

370

Arg

Gly

Pro

Ser

Gln

450

His

Ser

Glu

Ser

195

Glu

Val

Pro

Pro

275

Thr

Agn

Arg

Val

Ser

355

Glu

Phe

Glu

Phe

435

Gly

Glu

Ser

180

Ser

Ser

Ala

Leu

Cys

260

Pro

Trp

Glu

Leu

340

Agnh

Gly

Glu

Agn
420
Phe

Agn

Thr

PRT

SEQUENCE :

Glu

165

Ile

Leu

Asn

Pro

Leu

245

Pro

Val

Glu
325

His

Gln

Met

Pro

405

AsSn

Leu

Vval

Gln

SEQ ID NO 19
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-RBD-hFc

411

19

Ala

Gly

Ala

Gly

ATy

230

Ser

Ala

Pro

Val

Val

310

Gln

Gln

Ala

Pro

Thr

390

Ser

Phe

Lys
470

65

Arg
Thr
Leu
Ser
215
Asp

Thr

Pro

Val
295

Asp

Asp
Leu

Arg
375

Ser

Ser
455

Ser

Leu

2la

200

Leu

Gly

Phe

Glu

ASDP

280

ASP

Gly

Agn

Trp

Pro

360

Glu

Agn

Tle

Thr

Lys

440

Leu

Gln

185

Tle

Gln

Gln

Leu

Leu

265

Thr

Val

Val

Ser

Leu

345

Ala

Pro

Gln

Ala

Thr

425

Leu

Ser

Ser

Leu Ser Arg Ile Asn His Phe Glu Lys

1

5

Ser Trp Ser Asp His Glu Ala Ser Ser

20

25

Tyr Gln Gly Thr Pro Ser Phe Phe Arg

35

40

Arg
170
Ile

Met

ala

Arg

250

Leu

Leu

Ser

Glu

Thr

330

Agn

Pro

Gln

Val

Val

410

Pro

Thr

Val

Leu

Glu

Leu

Val

ATYg

Tyr

235

Ser

Gly

Met

His

Val

315

Gly

Ile

Val

Ser

395

Glu

Pro

Val

Met

Ser
475

-continued

Glu Ile Ser Gly

Ser

Ala

Ile

220

Val

ASpP

Gly

Tle

Glu

300

His

ATYg

Glu

Tvr

380

Leu

Trp

Val

ASP

Hig

460

Pro

Ile

Gly
205

Pro

Ser

285

Asp

Asn

val

Glu

Lys

365

Thr

Thr

Glu

Leu

Lys

445

Glu

Gly

fusion protein

Tle Gln Tle TIle

10

Gly Val Ser Ser

Asn Val Val Trp

45

Tyr
150

Leu

Ile

Thr

Ser

270

ATrg

Pro

Ala

Val

Tyr

350

Thr

Leu

Ser

ASP
430

Ser

Ala

175

Ser

Ser

Gly

ASP

His

255

Val

Thr

Glu

Ser

335

Tle

Pro

Leu

Agn

415

Ser

ATrg

Leu

US 9,592,287 B2

Val

Thr

Leu

Gly

240

Thr

Phe

Pro

Val

Thr

320

Val

Ser

Pro

Val

400

Gly

ASp

Trp

His

Pro Lys Ser

15

Ala Cys Pro

30

Leu Ile Lys

06



Gln
65

Ala

Gly

Ser

Leu

Ala

145

Ala

Leu

Pro

Cys

225

Trp

Glu

Leu

Agn

Gly
305

Glu

Asn

Phe

Agn
385

Thr

Agn
50
Glu

Glu

Thr

Lys

130

Pro

Pro

Leu

Pro

Lys

210

Val

Glu

His

Lys

290

Gln

Met

Pro

Agn

Leu

370

Val

Gln

Agn

ASP

Gln

Ser

Val

115

Pro

Glu

Ser
Ala

195

Pro

Val

Val

Gln

Gln

275

Ala

Pro

Thr

Ser

Tyr

355

Phe

Thr

Leu

Thr

Thr

100

Agn

Agn

ASDP
Thr

180

Pro

Val

ASP

Tyr

260

ASP

Leu

ATg

ASDP
340

Ser

Ser

Ser

Leu

Lys

85

Leu

Gly

AsSp

Ala

Gly

165

Phe

Glu

Asp

Asp

Gly

245

AsSn

Trp

Pro

Glu

Asn

325

Tle

Thr

Leu
405

«<210> SEQ ID NO 20

<211> LENGTH:

«212> TYPE:
<213> ORGANISM: Mus

PRT

<400> SEQUENCE:

234

20

Arg Ser Pro Arg Gly

1

5

Pro

ITle

70

Leu

Asn

Gln

Ala

Tyr

150

Gln

Leu

Leu

Thr

Val

230

Val

Ser

Leu

Ala

Pro

310

Gln

Ala

Thr

Leu

Ser
3290

Ser

musculug

67

Thr
55

Leu

Gln

Asn

Tle

135

bAla

Arg

Leu

Leu

215

Ser

Glu

Thr

Asn

Pro

295

Gln

Val

Val

Pro

Thr

375

Val

Leu

Tle

Trp

Gln

ATy

Gly

120

Agn

Ile

Ser

Gly

200

Met

His

Val

Gly

280

Tle

Val

Ser

Glu

Pro

360

Val

Met

Ser

Gly

Agn

Leu

105

ATy

Phe

Val

Val

ASP

185

Gly

Tle

Glu

His

ATrg

265

Glu

Leu

Trp

345

Val

ASP

His

Pro

Arg

Ile

Pro

50

Val

Met

Glu

Arg

170

Pro

Ser

ASpP

AgSh

250

Val

Glu

Thr
Thr
330

Glu

Leu

Glu

Gly
410

Ser

His

75

Thr

Pro

ASD

Ser

Lys

155

Thr

sSer

Arg

Pro

235

Ala

Val

Thr

Leu

315

Ser

ASpP

Ser

Ala
395

-continued

Tyr Asn Asn Thr

60

Hig

Thr

Phe

ASn

140

Gly

ASD

Hig

Val

Thr

220

Glu

Ser

Lys

Tle

300

Pro

Leu

AsSn

Ser

ATrg

380

Leu

Ser

Ile
Phe
125

Gly

Gly

Thr

Phe

205

Pro

Val

Thr

Vval

Cys

285

Ser

Pro

Val

Gly

Asp

365

Trp

His

Agn

Tle

Ala

110

Trp

Agn

Ile

Glu

Cys

120

Leu

Glu

Leu
270

Ser

Gln
350

Gly

Gln

Agn

ASP

Ser

55

Thr

Thr

Phe

Pro

Trp

175

Pro

Phe

Val

Phe

Pro

255

Thr

Val

2la

Arg

Gly

335

Pro

Ser

Gln

His

US 9,592,287 B2

Agn
2la
80

Val

Ile

Tle

Glu

160

Val

Pro

Pro

Thr

Agn

240

Val

Ser

Glu

320

Phe

Glu

Phe

Gly

Tyr
400

Pro Thr Ile Lys Pro Cys Pro Pro Cys Lys Cys

10

15

08



Pro

Val

Phe

65

Glu

Hig

Ser

Met
145

Pro

Asn

Met

Ser

Thr
225

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

ala

Tle

Val

50

Val

ASpP

Gln

ASp

Val

130

Thr

Glu

Tyr
210

Pro
Lys
35

Val

AgSh

ASP

Leu
115

Ser
165

Ser

Ser

Agn

20

ASDP

ASP

Agnh

Agn

Trp

100

Pro

Ala

Tle

Agn
180

Phe

PRT

SEQUENCE :

Met Glu Lys Ile

1

ASp

ASpP

Leu

Pro
65

Pro

Glu

ASP

Gln

Thr

Glu
50

Leu

Met

Tvyr

Tle
120

Tle

Tle
35

Ile

Ala

Glu
115

Gln

Cys
20

Met

Thr

Leu

ASDP

Agn

100

Glu

Tle

Leu

Vval

Val

Val

Ser

85

Met

2la

Pro

Gln

Tvr

165

Thr

Leu

Ser

Ser

SEQ ID NO 21
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-Fd-mFc¢ fusion protein

828

21

Val
5

Tle

Glu

Hig

ATy

Glu
85

Pro

Leu

Tle

Leu

Leu

Ser

Glu

70

Thr

Ser

Pro

Gln

Val

150

Val

Glu

ATrg

Val

ATg
230

Leu

Gly

AsSn

ASP
70

Phe

Ala

Pro

69

Gly
Met
Glu
55

Val
Leu
Gly
Tle
Val
135
Thr
Glu
Pro
Val
Val

215

Thr

Leu

Asn

Gly
55

Tle

Asn

Hig

Lys
135

Gly

Tle

40

ASP

His

ATrg

Glu

120

Leu

Trp

Val

Glu

200

His

Pro

Leu

His

Val
40

Ser

Agn

ASP

Leu

120

Ser

Pro

25

Ser

ASP

Thr

Val

Glu

105

Val

Thr

Thr

Leu

185

Glu

Gly

Ala
Ala
25

Thr

Leu

Val

Val

Leu

105

Leu

Ser

Ser

Leu

Pro

Ala

Val

90

Phe

Thr

Leu

Agn
170

ASpP

Ile
10

Agn

Val

ala

Pro
S0

Ser

Trp

Val

Ser

ASD

Gln

75

Ser

Tle

Pro

Met

155

Agnh

Ser

AgSn

Leu

Val

Asnh

Thr

ASDP

Gly
75

Glu

AYg

Ser

-continued

Phe

Pro

Val

60

Thr

Ala

Ser

Pro

140

Val

Gly

ASDP

Trp

Hig
220

Ser

Ser

Hig

Leu
60

Trp

Trp

Pro

ITle

ASD
140

Ile

Tle

45

Gln

Gln

Leu

Lys
125

Pro

Thr

Gly
Val
205

AsSn

Leu

Thr

Ala

45

Asp

Leu

Ser

Gly

Asn
125

His

Phe

30

Val

Ile

Thr

Pro

Val

110

Pro

Glu

ASP

Thr

Ser

120

Glu

His

Val

Glu

30

Gln

Gly

Leu

Agn
110

Hig

Glu

Pro

Thr

Ser

His

Tle

o5

Agn

Glu

Phe

Glu

175

Arg

His

Lys

15

Gln

ASpP

Val

Gly

Tle
o5
Phe

Phe

2la

US 9,592,287 B2

Pro

Gln

Agn

Gly

Glu

Met

160

Leu

Phe

Agh

Thr

Ser

Val

Tle

Agn

80

Val

Agn

Glu

Ser

70



Ser
145

Arg

Gly

Asn

Leu

225

Arg

Phe

Val

Agn

Met

305

Pro

Gly

Ser

385

Tle

Agn

Phe

ASh

ASp

465

Gly

Val

Leu

Ala
545

Gly

Agn

Arg

Tle

Pro

210

Val

Met

Glu

Cys
290

Pro

Val

Leu

Phe

His

370

Thr

ASp

Leu

Leu

Glu
450

Gln
5320

Tle

Val

Val

Ser

His

195

Thr

Pro

ASP

Ser

Lys

275

Agn

Phe

Ile
355

His

Gln

Glu

ASP

435

Arg

Val

Phe

Agn

ATrg

515

Ile

Met

Ser

Val

Tyr

180

His

Thr

Phe

Agn

260

Gly

Thr

His

Ser

Glu
340
Glu

Ser

Met

ATrg

420

Val

Thr

ATrg

Glu

Gly

500

Glu

Leu

Val

sSer
Trp
165

Asn

Ser

Ile
Phe
245

Gly

Asp

Asn

Agh

325

Gly

Asn

2la

Agh

405

Trp

Leu

Leu

Phe

485

Thr

Glu

Ser

2la

Ala

150

Leu

AsSn

ASh

Tle

Ala

230

Trp

Asn

Ser

ITle

310

ATrg

Gly

Glu

Tle

390

Thr

Tle

Thr

ASP

Gln
470

Tle

ITle

Gly
550

71

Tle
Thr
Asp
Ser
215
Thr
Thr
Phe
Ala
Gln
295
His
Leu
Arg
Trp
Gln
375
AsSp

Gln

Glu

Phe
455

Leu

Hig

Asp

Ser

535

Leu

Pro

Agn

Ala

200

Val

ATrg

Tle

Ile

Ile

280

Thr

Pro

Val

Gln

360

Gly

Gly

Phe

Agn

Agn

440

His

ATrg

Gly
520

Ser

Ser

Gln

185

Ala

Gly

Ser

Leu

Ala

265

Val

Pro

Leu

Leu

ATrg

345

Gly

Ser

Val

Glu

Leu

425

Ala

ASP

ASDP

Pro
505
Val

Thr

Leu

Gln

Agn

170

Glu

Glu

Thr

Lys
250

Pro

Tle

Thr

Ala

330

Gly

Met

Gly

Thr

Ala

410

Agn

Glu

Sexr

Agn

ASpP
490

Gln

Val

Trp

Gly
155

Asnh

ASD

Gln

Ser

Val

235

Pro

Glu

Ser

Gly

Ile

315

Thr

Leu

Val

Agn
395

Val

Leu

AgSn

Ala

4775

Agnh

Leu

Ala

Met
555

-continued

Thr

Thr

Leu

Thr

Thr

220

Asn

AsSn

Glu

Ala

300

Gly

Gly

Phe

ASP

Ala
380

Leu

Val
460

Glu

Ser

Glu

Ser
540

Pro

Leu

Lys

205

Leu

Gly

Asp

Ala

Val

285

Tle

Glu

Leu

Gly

Gly

365

Ala

Val

Arg

Met

Val

445

Glu

Glu
Ser
525

Ser

Ser

Ser

Pro

Ile

190

Leu

Agn

Gln

Ala

Tyr

270

Glu

Agn

Arg

Ala

350

Trp

ASP

Agn

Glu

Glu

430

Leu

AgSh

Leu

Met

Glu

510

Tle

Leu

Agn

Phe
Thr
175

Leu

Gln

Agn

Tle
255

Ser

Pro

AgSh

335

Tle

Ser

Phe

415

ASP

Met

Leu

Gly

Glu

495

2la

Gly

ala

Gly
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Phe

160

Tle

Trp

Gln

ATrg

Gly

240

Agn

Ile

Gly

Ser

Lys

320

Ser

b2la

Gly

Glu

Tle

400

Agh

Gly

Glu

Agn
4380

Ser

Arg

Thr

Leu

Ser
560

72



Leu

Gly

Phe

Pro

625

Thr

Ser

Hig

Tle

Asn

705

Glu

Phe

Glu

Tyr

785

Arg

Hig

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Gln

Gln

Leu

Cys

610

Pro

Trp

Arg

Gln

690

Agn

Gly

Glu

Met

Leu

770

Phe

Agn

Thr

Ala
Arg
595

Pro

Val

Phe

Glu

675

His

Ser

Met

Pro

755

Agn

Met

Ser

Thr

ATg

Tyr

580

Ser

Ala

Ile

Val

Val

660

ASDP

Gln

ASP

Val

Thr

740

Glu

Lys
820

PRT

SEQUENCE :

Ile Cys Ile Gly

1

ITle

Tle

Cys
65

Ala

Met

Thr

Leu

50

ASpP

Agn

Glu

His

35

ATrg

Glu

Pro

Lys

20

Agn

ASP

Phe

Ala

Tle
565
Val

Pro

Pro

Vval
645

Asn

AsSp

Leu

Arg
725

Ser

Ser
805

Ser

SEQ ID NO 22
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl-Fd-mFc

581

22

Ile

Asn
85

Cys

ATg

ATrg

Asn

ASP

630

ASpP

AsSn

Agn

Trp

Pro

710

Ala

Tle

Agn

Lys
790

Phe

His

Val

Ser

AsSn
70

ASpP

73

Tle

Gly
Leu
615
Val
Val
Val
Ser
Met
695
Ala

Pro

Gln

Thr
775
Leu

Ser

Ser

Ala

Thr
Leu
Val
55

Val

Leu

Gly

ASP

Pro

600

Leu

Leu

Ser

Glu

Thr

680

Ser

Pro

Gln

Val

Val

760

Glu

ATy

Val

ATrg

Agn

Val
Cys
40

Ala

Pro

Gly

585

Thr

Gly

Met

Glu

Val

665

Leu

Gly

Ile

Val

Thr

745

Glu

Pro

Val

Val

Thr
825

ASn

Thr
25

ASDP

Gly

Glu

Tle

570

Glu

Tle

Gly

Ile

ASp

650

His

Arg

Glu

Tyr

730

Leu

Trp

Val

Glu

His

810

Pro

Pro

Trp

Pro

Ser

635

ASpP

Thr

Val

Glu

ATrg

715

Val

Thr

Thr

Leu

Lys

795

Glu

Gly

-continued

Glu Ala Pro Arg

Val

Pro

Ser

620

Leu

Pro

Ala

Val

Phe

700

Thr

Leu

Agnh

ASpP
780

Leu

Cys

605

Val

Ser

Asp

Gln

Ser

685

Ile

Pro

Met

Agh

765

Ser

Asn

Leu

fusion protein

Ser
10

Hisg

Leu

Trp

Trp

Pro
S0

Thr

Ala

ASp

Leu

Ser

75

Gly

Glu

Gln

Gly

Leu
60

AsSn

Gln

Asp

val

45

Gly

Ile

Phe

Leu

590

Pro

Phe

Pro

Val

Thr

670

Ala

Ser

Pro

Val

750

Gly

ASP

Trp

His

Val

Ile
30

Agn

Val

Agn

575

Ser

Pro

Ile

Ile

Gln

655

Gln

Leu

Pro
735

Thr

Gly

Val

Agn
815

ASP
15

Leu

Pro

Pro

Glu

ASpP
55

US 9,592,287 B2

ASDP

Thr

Phe

Val

640

Tle

Thr

Pro

Val

Pro

720

Glu

ASpP

Thr

Ser

Glu

800

His

Thr

Glu

Leu

Met

Lys
80

74



Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

ASpP

225

Ser

Asn

Phe

Lys

305

Gly

ASp

Pro

Leu

Leu

385

Ser

Glu

Thr

Ser

Pro

465

Gln

Val

Val

Glu

Ile

Ser

130

Val

His

Thr

Lys

210

Phe

Agn

Gly

Thr

His

290

Ser

Gly

Thr

Gly

370

Met

Glu

Val

Leu

Gly

450

Tle

Val

Thr

Glu

Leu

Ile

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Phe

Gly

ASP

Lys

275

AgSh

Agn

Ile

Glu

Tle

355

Gly

Tle

ASP

His

ATrg
435

Glu

Leu

Trp

Lys
100

Pro

Ala

Leu

Agn

Agn

180

Ile

Ala

Trp

Agn

Ser

260

Tle

Pro

Trp

340

Pro

Ser

ASP

Thr

420

Val

Glu

ATrg

Val

Thr

500

Thr

His

Ile

Thr

165

AsSp

Ser

Thr

Thr

Phe

245

2la

Gln

His

Leu

Glu

325

Vval

Pro

Ser

Leu

Pro

405

Ala

Vval

Phe

Thr

Leu
485

AsSn

Leu

Ser

Pro

Lys

150

AsSn

Ala

Val

ATrg

Tle

230

ITle

Tle

Thr

Pro

Val

310

Ala

Leu

Val

Ser

390

ASpP

Gln

Ser

Tle
470

Pro

Met

Agn

7S

Leu

Ser

Tvyr

135

Gln

Ala

Gly

Ser

215

Leu

Ala

Val

Pro

Leu

295

Leu

Pro

Leu

Pro

Phe

375

Pro

Val

Thr

Ala

Cvs

455

Ser

Pro

Val

Gly

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Ile

280

Thr

2la

ATy

Ser

Pro

360

Ile

Tle

Gln

Gln

Leu
440

Pro

Thr

ATrg
105

Ser

Gly

Agn

ASP

Gln

185

Ser

Val

Pro

Glu

Ser

265

Gly

Tle

Thr

ASP

Thr

345

Phe

Val

Tle

Thr

425

Pro

Val

Pro

Glu

ASP

505

Thr

Tle

ASpP

Thr

Thr

Leu

170

Thr

Thr

Agn

Agn

Tyr

250

Glu

2la

Gly

Gly

Gly

330

Phe

Pro

Thr

Ser

410

His

Tle

AgSh

Glu
490

Phe

Glu

Agn

His

Pro

Tyr

155

Leu

Leu

Gly

ASpP

235

Ala

Val

Ile

Glu

Leu

315

Gln

Leu

Pro

Cys

395

Trp

Arg

Gln

AgSn

Gly

475

Glu

Met

Leu

-continued

Hig

Glu

Ser

140

Pro

ITle

Leu

Asn

Gln

220

Ala

Glu

Asn

Cvs

300

AYg

Ala

ATYg

Pro

Lys

380

Val

Phe

Glu

Hig

Lys

460

Ser

Met

Pro

ASn

Phe

Ala

125

Phe

Thr

Leu

Gln
205

AsSn

Tle

Ser
285

Pro

ASn

Ser

Ala

365

Ile

val

Val

Asp

Gln
445

Asp

Vval

Thr

Glu

Glu

110

Ser

Phe

Ile

Trp

Gln

120

ATg

Gly

Agn

Ile

Gly

270

Ser

Ser

Val

Pro

350

Pro

Val

Agn

Tyr
430
ASP

Leu

ATrg

ASP
510

Lys

Ser

Arg

Gly

175

Agn

Leu

Arg

Phe

Val

255

Agn

Met

Pro

Arg

335

Arg

Agn

ASP

ASpP

Agn

415

AgSh

Trp

Pro

2la

Lys
495

Tle

Agn
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Tle

Gly

Agn

ATrg

160

Ile

Pro

Val

Met

Glu
240

Pro

Val

Leu

320

Gly

Leu

Val

Val

400

Val

Ser

Met

Ala

Pro
480

Gln

Thr

76



Glu
ATg
545

Val

ATrg

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Pro

530

Val

Val

Thr

515

Val

Glu

His

Pro

Leu

Glu

Gly
580

PRT

SEQUENCE :

Gly Leu Phe Gly

1

Met

Gly

Thr

Ala

65

Agn

Glu

Ser

Asn

ASP

145

Gln

Val

Trp

Tle

225

Glu

Ile

Gly

Tle

Val

Agn
50

Val

Leu

Agn

2la

130

Agn

Leu

Ala

Met
210

Pro

Trp

Pro

Ser

ASP

Ala
35

Leu

Val
115

Glu

Ser

Glu

Ser
165

Glu

Val

Pro

Ser

275

Leu

Gly

20

Ala

Val

ATy

Met

Val

100

Glu

Glu

Ser
180

Ser

Ser

Ala

Leu

Cys

260

Val

Ser

AsSp

Gly
565

SEQ ID NO 23
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAZ2-Fd-mFc

483

23

2la

5

Trp

Asp

Asn

Glu

Glu

85

Leu

Asn

Leu

Met

Glu

165

Tle

Leu

AsSn

Pro

Leu

245

Pro

Phe

Pro

Ser
AsSn

550

Leu

Tle

Ser

Phe

70

ASpP

Met

Leu

Gly

Glu

150

Ala

Gly

Ala

Gly

ATrg

230

Ser

Pro

Tle

Tle

77

520

Asp Gly Ser

535

Trp Val Glu

His Asn His

Ala

Gly

Glu

Ile

55

Agnh

Gly

Glu

Asn

135

Ser

Arg

Thr

Leu

Ser
215

Asp

Thr

Phe

Val

Gly

Ser

40

Ile

Agh

Phe

Agn

ASDP

120

Gly

Val

Leu

Ala
200

Leu

Gly

Phe

Pro
280

Thr

Phe

Hig

25

Thr

ASP

Leu

Leu

Glu
105

Gln
185
Tle

Gln

Gln

Leu

Cys

265

Pro

Tyr

Phe

-continued

525

Met Tvr Ser

540

Arg Asn Ser Tyr Serx

His
570

555

Thr

Thr Lys Ser

fusion protein

Tle
10

Hig

Gln

Glu

ASp

90

Arg

Val

Phe

Agn

Arg

170

Tle

Met

Ala

Arg
250

Pro

Val

Glu

sSer

Met

Arg

75

Val

Thr

Arg

Glu

Gly

155

Glu

Leu

Val

ATrg

Tyr

235

Ser

Ala

Ile

Val

Gly

AsSn

Ala

Asn

60

ATrg

Trp

Leu

Leu

Phe

140

Thr

Glu

Ser

Ala

Tle
220

Val

Pro

Pro

Val

Gly

Glu

Tle

45

Thr

ITle

Thr

Asp

Gln
125

Tle

Tle

Gly
205

Arg

Arg

Asn

Asp

285

Asp

Trp

Gln

30

ASP

Gln

Glu

Phe

110

Leu

His

ASP

Ser

Tyr

190

Leu

Tle

Gly
Leu
270

Val

Val

Lys

Cys

Phe
575

Gln

15

Gly

Gly

Phe

AgSh

Agn

o5

His

Arg

Gly
175

Ser

Ser

Gly

ASpP

Pro

255

Leu

Leu

Ser
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Leu
Ser

560

Ser

Gly

Ser

Val

Glu

Leu

80

Ala

ASpP

ASp

Pro
160

Val

Thr

Leu

Gly

240

Thr

Gly

Met

Glu

78



ASp
305

Hisg

ATrg

Glu

Tyr

385

Leu

Trp

Val

Glu

Hig

4165

Pro

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

290

ASpP

Thr

Val

Glu

ATy

370

Val

Thr

Thr

Leu

Lys

450

Glu

Gly

Pro

Ala

Val

Phe

355

Thr

Leu

Agn

ASP
435

Lys

ASDP

Gln

Ser

340

Ile

Pro

Met

ASn

420

Ser

Agn

Leu

PRT

SEQUENCE :

Leu Ser Arg Ile

1

Ser

Gln
65

Ala

Gly

Ser

Leu

Ala
145

Ala

Trp

Gln

Agn

50

Glu

Glu

Thr

Lys
130

Pro

Pro

Ser

Gly

35

Agn

ASP

Gln

Ser

Val
115

Pro

Glu

ASDP

20

Thr

Thr

Leu

Thr

Thr
100

Agn

Agn

ASDP

Val
Thr
325

Ala

Ser

Pro

Val

405

Gly

AsSp

Trp

His

SEQ ID NO 24
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-RBD-Fd-mFc fusion protein

416

24

Asn
5

His

Pro

Leu

Lys
85

Leu

Gly

AsSp

Ala

Gly
165

Gln
210
Gln

Leu

Lys

Pro
3290

Thr

Gly

Val

Agn
4770

His

Glu

Ser

Pro

Tle

70

Leu

AsSn

Gln

Ala

Tvyr

150

Gln

79

295

Ile
Thr
Pro
Val
Pro
375
Glu
Asp
Thr

Ser

Glu
455

Hisg

Phe
Ala
Phe

Thr
55

Leu

Gln

Asn

Tle
135

bAla

Ser

His

Tle

Agn

360

Glu

Phe

Glu

Tyr

440

ATrg

His

Glu

Ser

Phe

40

Tle

Trp

Gln

ATy

Gly
120

Agn

Ile

Trp

ATg

Gln

345

Agn

Gly

Glu

Met

Leu

425

Phe

Agn

Thr

Ser
25

ATrg

Gly

Agn

Leu

105

Arg

Phe

Val

Val

Phe
Glu
330

His

Ser

Met

Pro

410

Agn

Met

Ser

Thr

Tle

10

Gly

Agn

Arg

Tle

Pro
S0

Val

Met

Glu

Arg
170

Val

315

ASDP

Gln

ASpP

Val

Thr

395

Glu

Liys
475

Gln

Val

Val

Ser

His

75

Thr

Pro

ASp

Ser

Lys
155

-continued

300

ASn

Tvr

ASDP

Leu

ATy
380

Ser
Ser
460

Ser

Tle

Ser

Val

Tvyr

60

Hig

Thr

Phe
AsSn
140

Gly

ASD

ASn

Asn

Trp

Pro

365

Ala

Ile

AsSn

Lys

445

Phe

ITle

Ser

Trp

45

AsSn

Ser

Ile
Phe
125

Gly

Gly

Val

Ser

Met

350

Ala

Pro

Gln

Thr
430
Leu

Ser

Ser

Pro

Ala

30

Leu

Agn

Agn

Ile

Ala

110

Trp

Agn

Ile

Glu

Glu

Thr

335

Ser

Pro

Gln

Val

Val

415

Glu

Arg

Val

Arg

Lys
15

Ile

Thr

ASpP

Ser
o5

Thr

Thr

Phe

Pro

Trp
175
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Val

320

Leu

Gly

Tle

Val

Thr

400

Glu

Pro

Val

Val

Thr
480

Ser

Pro

Agn

b2la
80

Val

ATrg

Tle

Tle

Glu

160

Val

80



Leu

Val

Ser

225

ASpP

Gln

Ser

Ile
205

Pro

Met

ASh

Ser

AsSn

385

Leu

Leu

Pro

Phe

210

Pro

Val

Thr

2la

Cys

290

Ser

Pro

Val

Gly

ASpP

370

Trp

His

Ser

Pro

195

Ile

Tle

Gln

Gln

Leu
275

Pro

Thr

Lys

355

Gly

Val

Agn

Thr

180

Phe

Val

Tle

Thr

260

Pro

Val

Pro

Glu

ASP

340

Thr

Ser

Glu

His

Phe

Pro

Thr

Ser

245

His

Tle

Asn

Glu
225
Phe

Glu

ATy

His
405

<210> SEQ ID NO 25

<211> LENGTH:

<212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Arg Ser Ser Lys

1

Ser

ATrg

Pro

Ala

65

Val

Phe

Thr

Met

Val

Thr

Glu
50

Arg

Ser

Tle

Gly

Phe

Pro
35

Val

Pro

Thr

Ser
115

Pro

Tle
20

Glu

Gln

Pro

Leu

Lys

100

Pro

225

Leu

Pro

Cvs

230

Trp

ATg

Gln

Asn

Gly

310

Glu

Met

Leu

Phe

AsSn

390

Thr

81

Arg
Pro
Lys
215
Val
Phe
Glu
Hisg
Lys
295
Ser
Met
Pro
Asnh
Met
375

Ser

Thr

Oryctolagus

25

Pro
5
Phe

Val

Phe

Leu

Pro

85

Val

Ala

Arg

Thr

Pro

Thr

Thr

ATrg

70

Tle

His

ATrg

Glu

Pro

Trp

55

Glu

Ala

Asn

Gly

Glu

Ser

2la

200

Ile

Val

Val

ASP

Gln

280

ASP

Val

Thr

Glu

Tyr
360

Pro
185

Pro

Val

Agn

Tyr

265

ASDP

Leu

ASP

345

Ser

Ser

Ser

ATrg

Agn

ASpP

ASp

Agn

250

Agn

Trp

Pro

Ala

Lys

330

Ile

AgSh

Phe
410

cuniculus

Pro

Gln

His

Gln
120

Leu

Pro

Pro
25

Val

Tle

Gln

Gln

Ala

105

Pro

Ser

Pro
10

Val

Agn

Phe

ASp

50

Leu

Leu

Ser

Gly

Leu

Val

Val

235

Val

sSer

Met

Ala

Pro

315

Gln

Thr

Leu

Ser

395

Ser

Glu

ASpP

ASpP

Agnh

AgSn

75

Trp

Pro

Glu

ATrg

-continued

Pro

Leu

Leu

220

Ser

Glu

Thr

Ser

Pro

300

Gln

Val

Val

Glu

ATYg

380

Val

ATYg

Leu

Thr

Val

Glu
60

Ser

Leu

Ala

Pro

Ser

Thr

Gly

205

Met

Glu

Val

Leu

Gly

285

Ile

Val

Thr

Glu

Pro

365

Val

Val

Thr

Leu

Leu

Ser
45

Gln

Thr

Arg

Pro

Lys

125

Vval

Ile

120

Gly

Ile

ASP

His

ATg

270

Glu

Leu

Trp

350

Val

Glu

Hig

Pro

Gly

Met
30

Gln

Val

Tle

Gly

Ile

110

Val

Ser

Lys

Pro

Ser

ASpP

Thr

255

Val

Glu

Arg

Val

Thr

335

Thr

Leu

Glu

Gly
415

Gly

15

Tle

ASpP

Arg

Arg

Lys
o5

Glu

Leu

US 9,592,287 B2

Pro

Ser

Leu

Pro

240

b2la

Val

Phe

Thr

Leu

320

Agn

ASp

Gly
400

Pro

Ser

ASp

Thr

Val
80

Glu

Thr

Thr

32



Cys

145

ASpP

Ser

Ala

Lys
225

<210>
<211>
<212 >
<213>
220>
<223 >

130

Met

Agn

Sexr

Glu

Leu
210

Tle

Gly

ASP

Trp

195

Hig

Agn

Gly
180

Gln

Agn

PRT

<400> SEQUENCE:

Met Glu Lys Ile

1

ASP

ASpP

Leu

Pro

65

Pro

Glu

ASP

Ser
145

ATrg

Gly

Agn

Leu

225

ATrg

Phe

Gln

Thr

Glu

50

Leu

Met

Tle

130

Gly

AgSh

ATrg

Tle

Pro
210
Val

Met

Glu

Ile
Tle

35

Ile

Ala

Glu

115

Gln

Val

Val

Ser

His

195

Thr

Pro

ASP

Ser

Cys

20

Met

Thr

Leu

ASDP

Agn

100

Glu

Tle

Ser

Val

Tyr

180

His

Thr

Phe

Agn

Gly
Ala
165

Ser

Hig

SEQ ID NO 26
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-Fd-rFc¢ fusion protein

819

26
Vval
5
Ile

Glu

His

Glu

85

Pro

Leu

Tle

Ser

Trp

165

AsSn

Ser

Ile

Phe
245

Gly

Phe

150

Glu

Tyr

Gly

Tyr

Leu

Gly

Asn
ASpP
70

Phe

Ala

Pro

Ala
150

Leu

Agn

ASh

Tle

Ala

230

Trp

Agn

83

135

Asp
Phe
AsSp

Thr
215

Leu

Asnh
Gly
55

Tle
Asn
Hig
Lys
135
Tle

Thr
Asp
Ser
215
Thr

Thr

Phe

Pro

Agn

Leu

Val

200

Gln

Leu

His

Val

40

Ser

Agn

ASP

Leu

120

Ser

Pro

Agn

Ala

200

Val

ATy

Tle

Tle

Ser

Tyr
185

Phe

Ala

Ala

25

Thr

Leu

Val

Val

Leu

105

Leu

Ser

Gln
185

Ala

Gly

Ser

Leu

Ala

ASDP

Lys

170

Sexr

Thr

Ser

Tle
10

Agn

Val

2la

Pro

50

Ser

Trp

Gln

AgSh

170

Glu

Glu

Thr

Lys
250

Pro

ITle
155

Thr

Ile

Val

Agnh

Thr

ASpP

Gly

75

Glu

AYg

Ser

Gly

155

AgSn

ASpP

Gln

Ser

Val
235

Pro

Glu

-continued

140

Ser

Thr

Leu

Ser

Ser
220

Ser

Ser

His

Leu

60

Trp

Trp

Pro

ITle

ASD

140

Thr

Thr

Leu

Thr

Thr

220

Asn

Agnh

Val

Pro

Ser

Val

205

Arg

Leu

Thr

Ala

45

Asp

Leu

Ser

Gly

Asn

125

His

Pro

Leu
Lys
205

Leu

Gly

Asp

Ala

Glu

Ala

Val

120

Met

Ser

Val

Glu

30

Gln

Gly

Leu

Agn

110

Hig

Glu

Ser

Pro

Tle
190

Leu

Agn

Gln

Ala

Trp

Val

175

Pro

His

Pro

Lys

15

Gln

ASpP

Val

Gly

Tle

55

Phe

Phe

2la

Phe

Thr

175

Leu

Gln

Agn

Tle
255

US 9,592,287 B2

Glu

160

Leu

Thr

Glu

Gly

Ser

Val

ITle

Agn

80

Val

Agn

Glu

Ser

Phe

160

ITle

Trp

Gln

Arg

Gly
240

Agh

Tle

34



Val

Asn

Met

305

Pro

Gly

Ser

385

Tle

Asn

Phe

Asn

ASP

465

Gly

Val

Leu

Ala

545

Leu

Gly

Phe

Gly

Tle
625
ASpP

ATg

Arg

Cys

290

Pro

Val

Leu

Phe

His

370

Thr

ASpP

Leu

Leu

Glu
450

Gln
5320

Ile

Gln

Gln

Leu

Pro

610

Ser

ASpP

Thr

Val

Lys
275

Agn

Phe

ATy
Ile
355

His

Gln

Glu

ASP

435

ATrg

Val

Phe

Agn

Arg

515

Tle

Met

Ala

ATg

595

Ser

Arg

Pro

Ala

Val
675

260

Gly

Thr

His

Ser

Glu
240
Glu

Ser

Met

ATg

420

Val

Thr

ATJg

Glu

Gly

500

Glu

Leu

Val

ATrg

Tyr

580

Ser

Val

Thr

Glu

ATJg

660

Ser

AsSp

Agh

AsSn

325

Arg

Gly

Asn

Ala

AsSn

405

Arg

Trp

Leu

Leu

Phe

485

Thr

Glu

Ser

Ala

Tle

565

Val

Ser

Phe

Pro

Val
645

Pro

Thr

Ser

Tle

310

ATy

Gly

Glu

Ile

390

Thr

ITle

Thr

ASpP

Gln
470

Tle

Tle

Gly
550

ITle

Glu

630

Gln

Pro

Leu

85

Ala
Gln
295
His
Leu
Arg
Trp
Gln
375
Asp

Gln

Glu

Phe
455
Leu
Hig
Asp
Ser
Tvr
535

Leu

Tle

Pro

Phe
615
Val
Phe

Leu

Pro

Tle
280
Thr

Pro

Val

Gln

360

Gly

Gly

Phe

Agn

Agn

440

His

ATy

Gly

520

Ser

Ser

Gly

ASP

Thr
600

Pro

Thr

Thr

ATy

Tle
680

265

Val

Pro

Leu

Leu

ATy

345

Gly

Ser

Val

Glu

Leu

425

Ala

ASP

ASP

Pro
505
Val

Thr

Leu

Gly
585

Pro

Trp

Glu
665

Ala

Ile

Thr

2la

330

Gly

Met

Gly

Thr

2la

410

Agn

Glu

Ser

Agn

ASp

490

Gln

Val

Trp

Tle

570

Glu

Pro

Val
Tyr
650

Gln

His

Ser

Gly

Ile

315

Thr

Leu

Val

Asnh
395

Val

Leu

Agn

Ala

475

Agnh

Leu

Ala

Met
555

Pro

Trp

Pro

Pro

Val

635

ITle

Gln

Gln

-continued

Glu

Ala

300

Gly

Gly

Phe

ASpP

Ala
380

Leu

Val
460

Glu

Ser

Glu

Ser
540

Glu

Val

Pro

Lys

620

Val

AsSn

Phe

ASD

Val

285

Ile

Glu

Leu

Gly

Gly

365

Ala

Val

Arg

Met

val

445

Glu

Glu

Ser

525

Ser

Ser

Ala

Leu

Glu
605

Asp

Asp

AsSn

Asn

Trp
685

270

Glu

Agn

ATrg

Ala

350

Trp

ASP

ASn

Glu

Glu

430

Leu

Agn

Leu

Met

Glu

510

Tle

Leu

Agn

Pro

Leu

590

Leu

Thr

Val

Glu

Ser

670

Leu

Ser

Pro

Agn

335

Ile

Ser

Phe

415

ASP

Met

Leu

Gly

Glu

495

2la

Gly

2la

Gly

Arg

575

Ser

Leu

Leu

Ser

Gln

655

Thr

Arg

US 9,592,287 B2

Gly

Ser

Lys

320

Ser

Ala

Gly

Glu

Ile

400

Agn

Gly

Glu

Agn

480

Ser

ATrg

Thr

Leu

Ser

560

ASp

Thr

Gly

Met

Gln
640
Val

Ile

Gly

86



Glu

705

Leu

Trp

Val

Pro

785

Hig

Pro

<210>
<211>
<212 >
<213>
<220>
<223 >

Glu

690

Thr

Thr

Glu

Leu

770

Thr

Glu

Gly

Phe

Thr

Met

Lys

755

ASP

Ser

Ala

Lys

Tle

Gly

Met

740

Agn

Ser

Glu

Leu

PRT

<400> SEQUENCE:

Ile Cys Ile Gly

1

ITle

Tle

Cvs

65

Ala

Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

Met

Thr

Leu

50

ASp

Agn

Glu

Tle

Ser

130

Val

His

Thr

Lys
210

Glu

His

35

Glu

Pro

Leu

Tle

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Lys

20

Agn

ASP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn

180

Ile

Ala

Ser

Pro

725

ITle

Gly

Asp

Trp

His
805

SEQ ID NO 27
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl-Fd-rFc

572

277

ITle

AsSn
85

His

Ile

Thr

165

AsSp

Ser

Thr

Lvs
Lys
710

Pro

ASh

Gly
Gln
790

Asn

Hisg

Val

Ser

ASh

70

ASpP

Leu

Ser

Pro

Lys

150

Agn

Ala

Val

ATrg

87

Val

695

Ala

Arg

Gly

Ala

Ser

775

Arg

His

Ala

Thr

Leu

Val
55

Val

Leu

Leu

Ser

Tvr
135

Gln

Ala

Gly

Ser
215

Hig

Arg

Glu

Phe

Glu
760

Agn

Val

Cys

40

Ala

Pro

ser
Trp
120

Gln

Agn

Glu

Glu

Thr
200

Agn

Gly

Glu

Tyr

745

ASP

Phe

ASDP

Thr

Agn

Thr

25

ASDP

Gly

Glu

ATrg
105
sSer

Gly

Agn

ASDP

Gln
185

Ser

Val

Gln

Leu

730

Pro

Agn

Leu

Val

Gln
810

Ala

Pro

715

Ser

Ser

Phe
795

-continued

Leu
700
Leu

Ser

ASDP

Ser
780

Thr

Ser

Pro

Glu

Arg

ITle

Thr
765

Ile

fusion protein

Ser

10

Hisg

Leu

Trp

Trp

Pro

90

Ile

ASp

Thr

Thr

Leu

170

Thr

Thr

Agn

Thr

Ala

ASp

Leu

Ser

75

Gly

Agnh

His

Pro

155

Leu

Leu

Gly

Glu

Gln

Gly

Leu
60

ASn

Hig

Glu

Ser
140

Pro

Tle

Leu

AsSn

Gln
220

Gln

Asp

val

45

Gly

ITle

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

AsSn

Ala

Pro

Ser

Ser

750

Thr

Leu

Ser

Ser

Val

Ile

30

Agn

Val

Agn

Glu

110

Ser

Phe

Ile

Trp

Gln
120

ATg

Gly

Pro

Val

735

Val

Pro

Ser

Val

Arg
815

ASpP
15
Leu

Pro

Pro

Glu

ASP
o5

Ser

Arg

Gly
175
Agn

Leu

Arg

US 9,592,287 B2

Ile
Val
720

Ser

Glu

b2la

Val

Met

800

Ser

Thr

Glu

Leu

Met

Lys

80

Ile

Gly

Agn

ATrg

160

Tle

Pro

Val

Met

88



ASp
225

Ser

Asn

Phe

Lys

305

Gly

ASp

Thr

Pro

Thr

385

Thr

ATrg

Tle

Hig

Arg

465

Glu

Phe

Glu

Gly
545

<210>
<211>
<212 >
<213>
«220>
<223 >

<400>

Phe

Agn

Gly

Thr

Hig

290

Ser

Pro

370

Trp

Glu

2la

Agn

450

Gly

Glu

ASp

Phe
520

ASp

Thr

Phe

Gly

ASP

Lys

275

Agn

Agn

Ile

Glu

Pro

355

Val

Gln

His

435

Gln

Leu

Pro

Agn

515

Leu

Val

Gln

Trp

Agn

Ser

260

Ile

Pro

Trp

340

Pro

Pro

Val

Ile

Gln

420

Gln

Ala

Pro

Ser

Ser
500

Phe

PRT

SEQUENCE :

Thr

Phe

245

2la

Gln

Hig

Leu

Glu

325

Vval

Pro

Vval

Asn

405

Phe

AsSp

Leu

Leu

Ser

485

Asp

Ser

Thr

Ser
565

SEQ ID NO 28
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAZ2-Fd-rFc

474

28

Tle

230

ITle

Tle

Thr

Pro

Val

310

Ala

Leu

Glu

ASP

ASpP

390

Asn

ASh

Trp

Pro

Glu

470

ATrg

ITle

Thr

Cvs
550

Tle

89

Leu

Ala

Val

Pro

Leu

295

Leu

Pro

Leu

Leu

Thr

375

Val

Glu

Ser

Leu

Ala

455

Pro

Ser

Ser

Thr

Leu

535

Ser

Ser

Pro

Ile

280

Thr

2la

ATy

Ser

Leu

360

Leu

Ser

Gln

Thr

ATrg

440

Pro

Val

Val

Pro

520

Ser

Val

ATrg

Pro

Glu

Ser

265

Gly

Ile

Thr

ASP

Thr

345

Gly

Met

Gln

Val

Tle

425

Gly

Ile

Val

Ser

Glu

505

Ala

Val

Met

Ser

Gly Leu Phe Gly Ala Ile Ala Gly Phe

1

5

Agn

Tyr

250

Glu

2la

Gly

Gly

Gly

330

Phe

Gly

Ile

ASp

Arg
410

Glu

Leu

490

Trp

Val

Pro

His

Pro
570

ASpP

235

Ala

Val

Ile

Glu

Leu

315

Gln

Leu

Pro

sSer

ASp

395

Thr

Val

Glu

Thr
475

Thr

Glu

Leu

Thr

Glu

555

Gly

-continued

Ala

Tvr

Glu

Asn

Cvys

300

AYg

Ala

ATYg

Ser

AYg

380

Pro

Ala

Val

Phe

Thr

460

Met

ASD

Ser
540

Ala

Ile Asn Phe

Ser
285

Pro

ASn

Ser

Val

365

Thr

Glu

Arg

Ser

Lys

445

Ile

Gly

Met

Asn

Ser

525

Glu

Leu

fusion protein

Ile
Gly
270

Ser

Ser

Val

Ser

350

Phe

Pro

Val

Pro

Thr
430

Ser

Pro

Tle

Gly

510

ASP

Trp

His

Val
255

Agn

Met

Pro

Arg

335

Tle

Glu

Gln

Pro

415

Leu

Pro

Agn

495

Gly

Gln

AgSh

US 9,592,287 B2

Glu
240

Pro

Val

Leu

320

Pro

Phe

Val

Phe

400

Leu

Pro

Val

2la

Arg

480

Gly

Ala

Ser

His
560

Tle Glu Gly Gly Trp Gln Gly

10

15

90



Met

Gly

Thr

Ala

65

AsSn

Glu

Ser

Agn

ASpP

145

Gln

Val

Trp

Tle

225

Glu

Pro

Val

Tyr
305

Gln

His

Gln

Leu

385

Pro

ASh

Leu

Val

Agn
50

Val

Leu

Agn

2la

130

Agn

Leu

2la

Met

210

Pro

Trp

Pro

Pro

Val

290

Tle

Gln

Gln

2la

Pro

370

Ser

Ser

ASP

Ala
35

Leu

Val

115

Glu

Ser

Glu

Ser

195

Glu

Val

Pro

Lys

275

Val

Agn

Phe

ASP

Leu
355

Leu

Ser

ASP

Ser

Gly

20

Ala

Val

ATg

Met

Val

100

Glu

Glu

Ser

180

Ser

Ser

Ala

Leu

Glu

260

ASP

ASP

Agn

Agn

Trp

340

Pro

Glu

ATrg

Ile

Thr
420

Trp

Asp

Asn

Glu

Glu

85

Leu

Asn

Leu

Met

Glu

165

Tle

Leu

Agh

Pro

Leu

245

Leu

Thr

Val

Glu

Ser

325

Leu

Ala

Pro

Ser

Ser

405

Thr

Leu

Ser

Phe

70

ASP

Met

Leu

Gly

Glu

150

Ala

Gly

Ala

Gly

ATrg

230

Ser

Leu

Leu

Ser

Gln

310

Thr

ATrg

Pro

Val
290
Val

Pro

Ser

91

Gly
Glu
Tle
55

Asn

Gly

Glu

Asn
135
Ser
Arg
Thr
Leu
Ser
215
AsSp
Thr
Gly
Met
Gln
295
Val
Tle
Gly

Tle

Val
375
Ser
Glu

Ala

Val

Ser

40

Tle

Agn

Phe

Agn

ASP

120

Gly

Val

Leu

2la

200

Leu

Gly

Phe

Gly

Tle

280

ASP

Arg

ATrg

Glu
360

Leu

Trp

Val

Pro

His

25

Thr

ASDP

Leu

Leu

Glu
105

Gln

185

Ile

Gln

Gln

Leu

Pro

265

Ser

ASP

Thr

Val

Glu
245

Thr

Thr

Glu

Leu

425

Thr

His

Gln

Glu

ASDP

50

Arg

Val

Phe

Agn

ATrg

170

Tle

Met

2la

Arg

250

Ser

Arg

Pro

2la

Val

330

Phe

Thr

Met

Lys
410

ASp

Ser

Ser

Met

ATYg

75

Val

Thr

ATg

Glu

Gly

155

Glu

Leu

Val

Arg

Tyr

235

Ser

Val

Thr

Glu

Arg

315

Ser

ITle

Gly

Met

395

Agnh

Ser

Glu

-continued

AsSn

Ala

AsSn

60

AYg

Trp

Leu

Leu

Phe

140

Thr

Glu

Ser

Ala

Tle

220

Val

Ser

Phe

Pro

Val

300

Pro

Thr

Ser

Pro

380

Tle

Gly

ASDP

Trp

Glu

Ile

45

Thr

Ile

Thr

Asp

Gln
125

Ile

Tle

Gly
205

Tle

Glu

285

Gln

Pro

Leu

Lys
365

Pro

ASn

Gly

Gln

Gln
30
ASP

Gln

Glu

Phe

110

Leu

His

ASP

Ser

Tyr

120

Leu

Tle

Pro

Phe

270

Val

Phe

Leu

Pro

Val

350

Ala

Arg

Gly

Ala

Ser

430

ATrg

Gly

Gly

Phe

Agn

Agn

55

His

Arg

Gly

175

Ser

Ser

Gly

ASP

Thr

255

Pro

Thr

Thr

Arg

Tle

335

His

Arg

Glu

Phe

Glu
415

Gly

US 9,592,287 B2

Ser

Val

Glu

Leu

80

Ala

ASDP

ASpP

Pro
160
Val

Thr

Leu

Gly
240

Pro

Trp

Glu

320

b2la

Agh

Gly

Glu

Tyr
400
ASpP

Phe

ASDP

92



435

93

440

-continued

445

US 9,592,287 B2

Val Phe Thr Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr

450

455

Gln Lys Ser Ile Ser Arg Ser Pro Gly Lys

465

<210>
<211>
«212>
<213>
«220>
<223>

PRT

<400> SEQUENCE:

Leu Ser Arg Ile

1

Ser

Gln

65

Ala

Gly

Ser

Leu

Ala

145

Ala

Leu

Glu

ASpP

ASpP

225

Agn

ASh

Trp

Pro

Glu
205

ATrg

Trp

Gln

Agn

50

Glu

Glu

Thr

Lys

130

Pro

Pro

Leu

Leu

Thr

210

Val

Glu

Sexr

Leu

2la

290

Pro

Ser

Ser

Gly

35

Agn

ASP

Gln

Ser

Val

115

Pro

Glu

ATrg

Ser

Leu

195

Leu

Ser

Gln

Thr

ATrg
275

Pro

Val

ASDP

20

Thr

Thr

Leu

Thr

Thr

100

Agn

Agn

ASP

Thr

180

Gly

Met

Gln

Val

Tle

260

Gly

Ile

Val

Ser

SEQ ID NO 29
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HA-RBD-Fd-rFc fusion protein

407

29

Asn
5

His

Pro

Leu

Lys

85

Leu

Gly

Asp

2la

Gly

165

Phe

Gly

Tle

AsSp

Arg
245

Glu

Leu

470

Hisg

Glu

Ser

Pro

Tle

70

Leu

ASh

Gln

Ala

Tyr

150

Gln

Leu

Pro

Ser

ASP

230

Thr

Val

Glu

Thr
210

Thr

Phe

bAla

Phe

Thr

55

Leu

Gln

ASn

Ile
135

Ala

Arg

Ser

Arg

215

Pro

Ala

Val

Phe

Thr

295

Met

Glu

Ser

Phe

40

Ile

Trp

Gln

Arg

Gly

120

Agn

Tle

Ser

Val

200

Thr

Glu

ATrg

Ser

Lys
280
Ile

Gly

Met

Gly

Agn

Leu

105

ATrg

Phe

Val

Val

Ser

185

Phe

Pro

Val

Pro

Thr

265

Ser

Pro

Tle

Ile

10

Gly

Agn

ATrg

Tle

Pro

S0

Val

Met

Glu

Arg

170

Tle

Glu

Gln

Pro
250

Leu

Pro

Agn

Gln

Val

Val

sSer

His

75

Thr

Pro

ASpP

Ser

Liys

155

Pro

Phe

Val

Phe

235

Leu

Pro

Val

Ala

Arg

315

Gly

460

ITle

Ser

Val

Tvr

60

Hig

Thr

Phe

Asn

140

Gly

ASpP

Thr

Pro

Thr

220

Thr

AYg

Tle

Hig

AYg
300

Glu

Phe

Ile

Ser

Trp

45

Asn

Ser

ITle
Phe
125

Gly

Pro
205

Trp

Glu

Ala
ASn
285

Gly

Glu

Pro

Ala

30

Leu

Agn

Agn

Ile

Ala

110

Trp

Agn

Tle

Glu

Pro

120

Val

Gln

His
270

Gln

Leu

Pro

Lys

15

Tle

Thr

ASpP

Ser

S5

Thr

Thr

Phe

Pro

Trp

175

Pro

Pro

Val

Tle

Gln
255

Gln

2la

Pro

Ser

Ser

Ser

Pro

Agn
Ala
80

Val

Tle

Ile

Glu

160

Val

Pro

Val

ASn
240

Phe

ASp

Leu

Leu

Ser

320

ASDP

94



Tle

Thr

Cys
385

ITle

Ser

Thr

Leu

370

Ser

Ser

Val

Pro

355

Ser

Val

ATy

Glu

340

Ala

Val

Met

Ser

325

Trp

Val

Pro

His

Pro
405

<210> SEQ ID NO 30

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ile Cys Ile Gly

1

Tle

Tle

Cys

65

Ala

Glu

Gln

Val

Val

145

Ser

His

Thr

Pro

ASp

225

Ser

Lys

Met

Thr

Leu

50

ASpP

Agn

Glu

Tle

Sexr

130

Val

His

Thr

Lys

210

Phe

Agn

Glu

His

35

Arg

Glu

Pro

Leu

Tle

115

Ser

Trp

Agn

Ser

Tyr

195

Ile

Phe

Gly

Lys

20

Agn

ASP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agnh

180

Tle

Ala

Trp

Agn

257

Glu

Leu

Thr

Glu

390

Gly

95

Asp

Ser
375

Ala

Agn

Ser

360

Glu

Leu

Influenza wvirus

30

Tle
Asn
85

His

Tle

Thr

165

AsSp

Ser

Thr

Thr

Phe
245

<210> SEQ ID NO 31

<211> LENGTH:

«212> TYPERE:

PRT

284

Hig

Val

Ser

Agn

70

ASP

Leu

Ser

Pro

Lys

150

Asn

Ala

Val

ATg

Tle
230

Tle

Ala

Thr

Leu

Val

55

Val

Leu

Leu

Ser

Tyr

135

Gln

Ala

Gly

Ser
215

Leu

Ala

Agn

Val

Cys

40

Ala

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Gly
345
ASP

Trp

His

ASn

Thr
25

ASP

Gly

Glu

Arg

105

Ser

Gly

ASn

ASP

Gln

185

Ser

Val

Pro

Glu

330

Lys

Gly

Gln

Agn

Ser

10

His

Leu

Trp

Trp

Pro

50

Tle

ASp

Thr

Thr

Leu

170

Thr

Thr

Agn

Agn

Tyr
250

Ala

Ser

Arg

His
395

Thr

Ala

ASD

Leu

Ser

75

Gly

Asnh

His

Pro

Tyr

155

Leu

Leu

Gly

ASp
235

Ala

-continued

Glu

Gly
380

Glu

Gln

Gly

Leu

60

AsSn

Hig

Glu

Ser

140

Pro

Ile

Leu

ASn

Gln
220

Ala

Asp
Phe
365

Asp

Thr

Gln

Asp

Val

45

Gly

Tle

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

Asn

Tle

Agn
350
Leu

Val

Gln

Val

Tle

30

AgSh

Val

Agn

Glu

110

Ser

Phe

Tle

Trp

Gln

120

ATrg

Gly

Agn

Tle

335

Phe

ASP

15

Leu

Pro

Pro

Glu

ASP

55

Ser

Arg

Gly
175
ASnh

Leu

ATrg

Phe

Val
255

US 9,592,287 B2

Ser

Thr

Ser
400

Thr

Glu

Leu

Met

Lys

80

Tle

Gly

Agh

Arg

160

Ile

Pro

Val

Met

Glu
240

96



97

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
«223> OTHER INFORMATION: HAl (+3-259)-Fd

<400> SEQUENCE:

Ile Cys Ile Gly

1

Ile

Tle

Cys

65

Ala

Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

ASpP

225

Ser

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

Met

Thr

Leu

50

ASpP

Agn

Glu

Ile

Ser

130

Val

His

Thr

Lys

210

Phe

Agn

Gly

ASpP

Glu

Hig

35

Glu

Pro

Leu

Ile

115

Ser

Trp

AgSh

Ser

Tyr

195

Tle

Phe

Gly

Gly
275

Lys

20

Agn

ASDP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agnh

Agn

180

Ile

Ala

Trp

Agn

Tle

260

Glu

PRT

SEQUENCE :

31

Ile
Asn
85

His

Ile

Thr

165

AsSp

Ser

Thr

Thr

Phe

245

Pro

Trp

SEQ ID NO 32
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl (+3-259)

486

32

His

Val

Ser

AsSn

70

ASpP

Leu

Ser

Pro

Lys

150

ASh

Ala

Val

ATrg

Tle

230

ITle

Glu

Val

Ala

Thr

Leu

Val

55

Val

Leu

Leu

Ser

Tvyr

135

Gln

Ala

Gly

Ser

215

Leu

Ala

bAla

Leu

Agn

Val

Cys

40

2la

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Pro

Leu
280

Agn

Thr
25

ASP

Gly

Glu

ATrg
105

Ser

Gly

Agn

ASP

Gln

185

Ser

Val

Pro

Glu

Arg

265

Ser

Ile Cys Ile Gly Tyr His Ala Asn Asn

1

5

Ile Met Glu Lys Asn Val Thr Val Thr

20

25

Lys Thr His Asn Gly Lys Leu Cys Asp

35

40

Ser

10

His

Leu

Trp

Trp

Pro

90

Tle

ASp

Thr

Thr

Leu

170

Thr

Thr

Agn

Agn

Tyr

250

ASp

Thr

-continued

fusion protein

Thr

Ala

ASD

Leu

Ser

75

Gly

Agn

His

Pro

Tyr

155

Leu

Leu

Gly

ASpP

235

Ala

Gly

Phe

Glu

Gln

Gly

Leu

60

AsSn

Hig

Glu

Ser

140

Pro

Tle

Leu

Asn

Gln
220

Ala

Gln

Leu

-hFc fusion

Ser Thr Glu

10

Hig Ala Gln

Leu Asp Gly

Gln

Asp

Val

45

Gly

Ile

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

AsSn

Tle

Ala

Val

Ile
20

Agn

Val

Agn

Glu

110

Ser

Phe

Ile

Trp

Gln

120

ATg

Gly

Agn

Ile

Tyr
270

protein

Gln

Asp

val
45

Val

Ile
30

Lys

ASpP

15

Leu

Pro

Pro

Glu

ASpP

o5

Ser

Arg

Gly
175

Agn

Leu

Arg

Phe

Val

255

Val

ASpP
15

Leu

Pro

US 9,592,287 B2

Thr

Glu

Leu

Met

Lys

80

Tle

Gly

Agn

ATrg

160

ITle

Pro

Val

Met

Glu
240

Thr

Glu

Leu

98



Tle

Cys

65

Ala

Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

ASP

225

Ser

Leu

Thr

Val

305

Val

Ser

Leu

Ala

Pro
385

Gln

Ala

Thr

Leu

Ser

Leu

50

ASpP

Agn

Glu

Ile

Ser

130

Val

His

Thr

Lys

210

Phe

AgSh

ATrg

Leu

Leu

290

Ser

Glu

Thr

Agn

Pro

370

Gln

Val

Val

Pro

Thr

450

Val

Arg

Glu

Pro

Leu

Ile

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Phe

Gly

Ser

Gly

275

Met

His

Val

Gly
355
Ile

Val

Ser

Glu

Pro

435

Val

Met

ASDP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn

180

Ile

Ala

Trp

Agnh

ASDP

260

Gly

Tle

Glu

Hig

ATrg

340

Glu

Leu

Trp

420

Val

ASP

His

Ile
Asn
85

His

Ile

Thr

165

AsSp

Ser

Thr

Thr

Phe

245

Pro

Ser

AsSp

Asn

325

Vval

Glu

Thr

Thr

405

Glu

Leu

Glu

Ser

Asn

70

ASpP

Leu

Ser

Pro

Lys

150

Agn

Ala

Val

ATrg

ITle

230

Tle

Thr

Ser

ATrg

Pro

310

Ala

Vval

Thr

Leu
3290

Ser

ASpP

Ser

Ala

99

Val

55

Val

Leu

Leu

Ser

Tvr

135

Gln

Ala

Gly

Ser

215

Leu

Ala

Hig

Val

Thr

295

Glu

Ser

Tle
375

Pro

Leu

ASn

Ser

Arg

455

Leu

2la

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Thr

Phe

280

Pro

Val

Thr

Val

Cys

360

Ser

Pro

Val

Gly

ASP

440

Trp

His

Gly

Glu

ATrg

105

Ser

Gly

Agn

ASDP

Gln

185

Ser

Val

Pro

Glu

Cys

265

Leu

Glu

Leu
345

Ser

Gln
425
Gly

Gln

ASn

Trp

Trp

Pro

50

Ile

ASDP

Thr

Thr

Leu

170

Thr

Thr

Agn

Agn

Tyr

250

Pro

Phe

Val

Phe

Pro

330

Thr

Val

Ala

Arg

Gly

410

Pro

Ser

Gln

His

Leu

sSer

75

Gly

Agnh

His

Pro

Tyr

155

Leu

Leu

Gly

ASDP

235

Ala

Pro

Pro

Thr

Agn

315

AYg

Val

Ser

Glu
395

Phe

Glu

Phe

Gly

-continued

Leu Gly Asn Pro

60

Tvr

AsSn

Hig

Glu

Ser

140

Pro

Tle

Leu

AsSn

Gln

220

Ala

Pro

Cys

300

Trp

Glu

Leu

AsSn

Gly

380

Glu

ASn

Phe

AsSh
460

Thr

Ile

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

AsSn

Ile

Pro
Lys
285

val

Glu

His

Lys

365

Gln

Met

Pro

ASn

Leu

445

Val

Gln

Val

Agn

Glu

110

Ser

Phe

Ile

Trp

Gln

120

ATrg

Gly

Agn

Tle

Ala

270

Pro

Val

Val

Gln

Gln

350

Ala

Pro

Thr

Ser

Tyr
430

Phe

Glu

ASpP

55

Ser

Arg

Gly

175

Agn

Leu

Arg

Phe

Val

255

Pro

Val

ASpP

Tyr

335

ASpP

Leu

Arg

ASpP

415

Ser

Ser

Ser

US 9,592,287 B2

Met

Lys

80

Ile

Gly

Agn

ATrg

160

Tle

Pro

Val

Met

Glu

240

Glu

ASpP

ASp

Gly

320

Agn

Trp

Pro

Glu

Agn
400

ITle

Thr

Leu

100



465

470

Ser Leu Ser Pro Gly Lys

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

PRT

SEQUENCE :

Ile Cys Ile Gly

1

ITle

Tle

Cys

65

Ala

Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

ASpP

225

Ser

Thr

Ser

305

ATrg

Pro

Met

Thr

Leu

50

ASp

Agn

Glu

Tle

Ser

130

Val

His

Thr

Lys

210

Phe

AgSh

Gly

ASp

His

290

Val

Thr

Glu

Glu

His

35

Glu

Pro

Leu

Tle

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Phe

Gly

Gly

275

Thr

Phe

Pro

Val

Lys

20

Agn

ASP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn

180

Ile

Ala

Trp

Agnh

Tle
260

Glu

Leu

Glu

485

SEQ ID NO 33
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl{+2-259) -Fd-hFc

513

33

Ile
Asn
85

His

Ile

Thr

165

AsSp

Ser

Thr

Thr

Phe

245

Pro

Trp

Pro

Phe

Val

325

Phe

His

Val

Ser

Asn

70

ASpP

Leu

Ser

Pro

Lys

150

Agn

Ala

Val

ATrg

Tle

230

Tle

Glu

Val

Pro

Pro

310

Thr

Agn

101

Ala

Thr

Leu

Val

55

Val

Leu

Leu

Ser

Tvr

135

Gln

Ala

Gly

Ser

215

Leu

Ala

Ala

Leu
Cvys
295

Pro

Trp

Agn

Val

Cys

40

Ala

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Pro

Leu
280

Pro

Val

ASn

Thr

25

ASDP

Gly

Glu

ATrg

105

Ser

Gly

Agn

ASDP

Gln

185

Ser

Val

Pro

Glu

ATrg

265

Ser

Ala

Pro

Val

Val

Ser

10

His

Leu

Trp

Trp

Pro

50

Ile

ASp

Thr

Thr

Leu

170

Thr

Thr

Agn

Agn

Tyr

250

ASp

Thr

Pro

Val
330

ASp

475

Thr

Ala

ASp

Leu

sSer

75

Gly

Agnh

His

Pro

Tyr

155

Leu

Leu

Gly

ASpP

235

Ala

Gly

Phe

Glu

ASDP
315

ASpP

Gly

-continued

fusion protein

Glu

Gln

Gly

Leu

60

AsSn

Hig

Glu

Ser

140

Pro

Tle

Leu

AsSn

Gln

220

Ala

Gln

Leu

Leu

300

Thr

Val

Val

Gln

Asp

val

45

Gly

Ile

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

AsSn

Tle

Ala

Arg

285

Leu

Leu

Ser

Glu

Val

Ile

30

Agn

Val

Agn

Glu

110

Ser

Phe

Ile

Trp

Gln

190

ATg

Gly

Agn

Tle

Tyr

270

Ser

Gly

Met

His

Val

ASP

15

Leu

Pro

Pro

Glu

ASpP

55

Ser

Arg

Gly

175

Agn

Leu

Arg

Phe

Val

255

Val

ASpP

Gly

Ile

Glu

335

His

US 9,592,287 B2

480

Thr

Glu

Leu

Met

Lys

80

Ile

Gly

Agn

ATrg

160

Tle

Pro

Val

Met

Glu
240

Pro
Ser
320

ASp

Agn

102



Ala

Val

Tyr

385

Thr

Leu

Ser

ASpP

465

Ser

Ala

Lys

<210>
<211>
«212>
<213>
<220>
<223>

<400>

Ser

370

Lys

Tle

Pro

Leu

Agn

450

Ser

ATrg

Leu

Thr
355

Val

Ser

Pro

Val

435

Gly

ASP

Trp

Hig

340

Leu

Ser

420

Gln

Gly

Gln

Agn
500

PRT

SEQUENCE :

Ile Cys Ile Gly

1

Tle

Ile

Cys
65
Ala

Glu

Gln

Val

Val

145

Ser

Hig

Met

Thr

Leu

50

ASp

Agn

Glu

Ile

Ser
130

Val

His

Glu

His

35

ATrg

Glu

Pro

Leu

Ile

115

Ser

Trp

Agn

Ser

Lys

20

Agn

ASP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn
180

Pro

Thr

Val

2la

405

Arg

Gly

Pro

Ser

Gln

485

Hig

SEQ ID NO 34
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl (+3-259)

518

34

Tle

AsSn
85

Hig

Tle

Thr
165

Asp

ATrg

Val

Ser

390

Glu

Phe

Glu

Phe

470

Gly

His

Val

Ser

Agn

70

ASpP

Leu

Ser

Pro

Lys

150

AsSn

Ala

103

Glu

Leu

375

Agnh

Gly

Glu

Asn
455
Phe

ASn

Thr

Ala

Thr

Leu

Val
55

Val

Leu

Leu

Ser

Tvyr

135

Gln

bAla

Glu
360

His

Gln

Met

Pro

440

Agn

Leu

Val

Gln

Agn

Val

Cys
40

2la

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

345

Gln

Gln

Ala

Pro

Thr
425

Ser

Phe

Lys
505

Agn

Thr

25

ASDP

Gly

Glu

ATg
105

Ser

Gly

Agn

ASP

Gln
185

Tyr Asn

Asp Trp

Leu Pro
3295

Arg Glu
410

Lys Asn

Asp Ile

Lys Thr

ser Lys
475

Ser Cys
490

Ser Leu

-Fd-mFc

Ser Thr
10

Higs Ala

Leu Asp

Trp Leu

Trp Ser
75

Pro Gly
90

Ile Asn

Asp His

Thy Pro

Thr Tvyr
155

Leu Leu
170

Thr Lys

-continued

Ser

Leu

380

Ala

Pro

Gln

Ala

Thr

460

Leu

Ser

Ser

Thr

365

Asn

Pro

Gln

Val

Vval

445

Pro

Thr

Vval

Leu

350

Gly

Tle

Val

Ser

430

Glu

Pro

Vval

Met

Ser
510

ATrg

Glu

Tyr

415

Leu

Trp

Val

ASP

His

495

Pro

fusion protein

Glu

Gln

Gly

Leu
60

AsSn

His

Glu

Ser
140

Pro

ITle

Leu

Gln

Asp

Vval

45

Gly

Tle

Phe

Phe

Ala
125
Phe

Thr

Leu

Val
Tle

30

Agn

Val

Agn

Glu
110

Ser

Phe

Tle

Trp

Gln
190

ASP

15

Leu

Pro

Pro

Glu

ASpP

S5

Ser

Arg

Gly
175

Agn

US 9,592,287 B2

Val

Glu

Lys

400

Thr

Thr

Glu

Leu

Lys

480

Glu

Gly

Thr

Glu

Leu

Met

Lys
80

Ile

Gly

Agn

ATrg

160

Ile

Pro

104



Thr

Pro

ASP

225

Ser

Gly

Leu

305

Val

Val

Val

Ser

Met

385

Ala

Pro

Gln

Thr
465
Leu

Ser

Ser

<210>
<211>
<«212>
<213>
<220>
<223 >

Thr

Lys

210

Phe

AgSh

Gly

ASpP

Pro

290

Leu

Leu

Ser

Glu

Thr

370

Ser

Pro

Gln

Val

Val

450

Glu

Arg

Val

ATrg

Tyzr
195
Ile

Phe

Gly

Gly

275

Thr

Gly

Met

Glu

Val

355

Leu

Gly

Ile

Val

Thr

435

Glu

Pro

Val

Val

Thr
515

Ile

Ala

Trp

Agnh

Tle

260

Glu

Tle

Gly

Ile

ASDP

340

His

ATy

Glu

Tyr

420

Leu

Trp

Val

Glu

His

500

Pro

PRT

<400> SEQUENCE:

Ser

Thr

Thr

Phe

245

Pro

Trp

Pro

Ser

325

AsSp

Thr

Val

Glu

ATy

405

Vval

Thr

Thr

Leu

Lys

485

Glu

Gly

SEQ ID NO 35
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HAl (+3-259)

509

35

Val

ATrg

ITle

230

Tle

Glu

Val

Pro

Ser

310

Leu

Pro

Ala

Val

Phe

390

Thr

Leu

ASh

ASpP
470

105

Gly
Ser
215

Leu

Ala

Ala

Leu

Cvys

295

Val

Ser

AsSp

Gln

Ser

375

ITle

Pro

Met

Agnh

455

Ser

Asn

Leu

Thr
200

Pro

Pro

Leu

280

Pro

Phe

Pro

Val

Thr

360

Ala

Ser

Pro

Val

440

Gly

ASP

Trp

His

Ser

Val

Pro

Glu

ATrg

265

Ser

Pro

Ile

Ile

Gln

345

Gln

Leu

Pro
425

Thr

Gly

Val

AgSh
505

Ile Cyg Ile Gly Tyr His Ala Asn Asn

1

5

Ile Met Glu Lys Asn Val Thr Val Thr

20

25

Thr

Agn

Agn

Tyr

250

ASp

Thr

Phe

Val

330

Tle

Thr

Pro

Val

Pro

410

Glu

ASp

Thr

Ser

Glu

490

His

Leu

Gly

ASD

235

Ala

Gly

Phe

Pro

315

Thr

Ser

His

Ile

Agn

395

Glu

Phe

Glu

Tyr

475

ATYg

His

-continued

AsSn
Gln
220

Ala

Gln

Leu

Cvys

300

Pro

Trp

AY(

Gln

380

AsSn

Gly

Glu

Met

Leu

460

Phe

Asn

Thr

Gln
205

AsSn

Ile

Ala
Arg
285

Pro

Val

Phe

Glu

365

His

Ser

Met

Pro

445

Agh

Met

Ser

Thr

ATy

Gly

Agn

Tle

Tyr

270

Ser

Ala

Ile

Val

Val

350

ASP

Gln

ASP

Val

Thr

430

Glu

Lys
510

Leu

Arg

Phe

Val

255

Val

Pro

Pro

Val
335

Agn

ASpP

Leu

ATrg
415

Ser

Ser
495

Ser

-Fd-rFc fusion protein

US 9,592,287 B2

Val

Met

Glu

240

ATrg

ATrg

Agn

ASpP

320

ASpP

Agn

Agn

Trp

Pro

400

Ala

Tle

Agh

Lys
480

Phe

Ser Thr Glu Gln Val Asp Thr

10

15

His Ala Gln Asp Ile Leu Glu

30

106



Tle

Cvys

65

Ala

Glu

Gln

Val

Val

145

Ser

Hig

Thr

Pro

ASpP

225

Ser

Pro

Phe

305

Val

Phe

Leu

Pro

Val
285

Ala

ATg

Gly

Thr

Leu

50

ASpP

AgSh

Glu

Ile

Ser

130

Val

His

Thr

Lys

210

Phe

Agn

Gly

ASpP

Thr

290

Pro

Thr

Thr

ATrg

Ile

370

His

Arg

Glu

Phe

Hig

35

Glu

Pro

Leu

Ile

115

Ser

Trp

Agn

Ser

Tyr

195

Tle

Phe

Gly

Gly
275

Pro

Trp

Glu
355

Ala

Agn

Gly

Glu

Tyr
435

Agn

ASDP

Phe

Ala

Lys

100

Pro

Ala

Leu

Agn

Agn

180

Ile

Ala

Trp

Agn

Tle

260

Glu

Pro

Val
Tyr
340

Gln

Hig

Gln

Leu
420

Pro

Gly

Ile
Asn
85

His

Ile

Thr

165

AsSp

Ser

Thr

Thr

Phe

245

Pro

Trp

Pro

Pro

Val

325

ITle

Gln

Gln

2la

Pro

405

Ser

Ser

Ser

AsSn

70

ASP

Leu

Ser

Pro

Lys

150

AsSn

Ala

Val

ATrg

Tle

230

ITle

Glu

Val

Pro

Lys

310

Val

ASh

Phe

ASP

Leu

390

Leu

Ser

ASpP

107

Leu

Val

55

Val

Leu

Leu

Ser

Tvr

135

Gln

Ala

Gly

Ser

215

Leu

Ala

bAla

Leu

Glu

295

AsSp

Asp

Agnh

ASn

Trp
375

Pro

Glu

Arg

Tle

Cys
40
Ala

Pro

Ser

Trp

120

Gln

Agn

Glu

Glu

Thr
200

Pro

Pro

Leu

280

Leu

Thr

Val

Glu

Ser

360

Leu

Ala

Pro

Ser

Ser
440

ASP

Gly

Glu

ATrg

105

Ser

Gly

Agn

ASP

Gln

185

Ser

Val

Pro

Glu

Arg

265

Ser

Leu

Leu

Ser

Gln

345

Thr

ATg

Pro

Val
425

Val

Leu

Trp

Trp

Pro

50

Tle

ASpP

Thr

Thr

Leu

170

Thr

Thr

AgSh

Agn

Tyr

250

ASp

Thr

Gly

Met

Gln

330

Val

Tle

Gly

Tle

Val

410

Ser

Glu

ASD

Leu

Ser

75

Gly

Agn

His

Pro

Tyr

155

Leu

Leu

Gly

ASpP

235

Ala

Gly

Phe

Gly

ITle

315

ASDP

Arg

ATrg

Glu
395

Leu

Trp

-continued

Gly

Leu

60

Agnh

Hig

Glu

Ser

140

Pro

Ile

Leu

Asn

Gln

220

Ala

Gln

Leu

Pro

300

Ser

ASDP

Thr

Val

Glu

380

Thr

Thr

Glu

Val

45

Gly

Ile

Phe

Phe

Ala

125

Phe

Thr

Leu

Gln
205

Agh

Tle

Ala

Arg

285

Ser

Arg

Pro

Ala

Vval

365

Phe

Thr

Met

Lys
445

Lys

Agn

Val

AgSh

Glu

110

Ser

Phe

Ile

Trp

Gln

120

ATrg

Gly

Agn

Ile

Tyr

270

Ser

Val

Thr

Glu

Arg

350

Ser

Tle

Gly

Met

430

Agn

Pro

Pro

Glu

ASpP

55

Ser

Arg

Gly

175

Agn

Leu

Arg

Phe

Val

255

Val

Ser

Phe

Pro

Val

335

Pro

Thr

Ser
Pro
415

Ile

Gly

US 9,592,287 B2

Leu

Met

Lys

80

Tle

Gly

Agn

ATrg

160

Ile

Pro

Val

Met

Glu
240

ITle

Glu

320

Gln

Pro

Leu

Lys
400

Pro

Agn

108



Ala
Ser
465

Arg

Hig

Glu Asp

450

Tvyr

Phe

Gly Asp

Tyr

Thr

Agn

Leu

Val

Gln
500

Phe
485

«<210> SEQ ID NO 36

<211> LENGTH:

«212> TYPERE:

<213> ORGANISM: Bacteriophage T4

PRT

<400> SEQUENCE:

29

36

Lys
sSer
4770

Thr

Ser

109

Thr
455

Ile

Thr

Leu

Ser

Ser

Pro

Ser

Val

ATrg
505

2la

Val

Met

490

Ser

US 9,592,287 B2

-continued

Val Leu Asp Ser Asp Gly

460

Pro Thr Ser Glu Trp Gln
475 480

His Glu Ala Leu Hig Asn
495

Pro Gly Lys

Gly Ser Gly Tyr Ile Pro Glu Ala Pro Arg Asp Gly Gln Ala Tyr Val

1

5

10

15

Arg Lys Asp Gly Glu Trp Val Leu Leu Ser Thr Phe Leu

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

20

PRT

SEQUENCE :

32

SEQ ID NO 37
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: GCN4 stabilization sequence

37

25

Met Lys Gln Ile Glu Asp Lys Ile Glu Glu Ile Leu Ser Lys Ile Tyr

1

5

10

15

Hig Ile Glu 2&sn Glu Ile Ala Arg Ile Lys Lys Leu Ile Gly Glu Val

<210>
<211>
<«212>
<213>
<220>
<223 >

20

PRT

<400> SEQUENCE:

28

SEQ ID NO 38
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

38

25

30

IQ stabilization sequence

Arg Met Lys Gln Ile Glu Asp Lys Ile Glu Glu Ile Glu Ser Lys Gln

1

5

10

15

Lys Lys Ile Glu Asn Glu Ile Ala Arg Ile Lys Lys

<210>
<211>
<212>
<213>
<220>
<223>

20

PRT

<400> SEQUENCE:

24

SEQ ID NO 39
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

39

25

IZ stabilization sequence

Ile Lys Lys Glu Ile Glu Ala Ile Lys Lys Glu Gln Glu Ala Ile Lys

1

5

Lys Lys Ile Glu Ala Ile Glu Lys

20

<210> SEQ ID NO 40

«<211> LENGTH:
«212> TYPE: DNA
<213> ORGANISM: Bacteriophage T4

81

10

15

110
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111

-continued

<400> SEQUENCE: 40
ggctatattc cggaagcgcce goecgtgatggce caggcgtatg tgcgtaaaga tggcgaatgg

gtgctgctgt ctacctttet g

«<210> SEQ ID NO 41

«211> LENGTH: 7

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: protease cleavage gite

<400> SEQUENCE: 41

Arg Glu Arg Arg Arg Lys Arg
1 5

<210> SEQ ID NO 42

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION: Primer

<400> SEQUENCE: 42

agcaaaagc

<210> SEQ ID NO 43

<211> LENGTH: 21

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer

<400> SEQUENCE: 43

tgtcaagaaa ggagactcag ¢

<210> SEQ ID NO 44

<211l> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION: Primer

<400> SEQUENCE: 44

accatctacc attceccecctgce

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

atacaccctc tcaccatcgg

<210> SEQ ID NO 46

<211l> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46

accatctacc attccctgcc

60

81

21

19

20

20

112
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114

-continued

113
<210> SEQ ID NO 47
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
«<223> QOTHER INFORMATION: Primer

<400> SEQUENCE: 47

atacaccctc tcaccatcgg

<210>
<211>
<212 >
<213>
220>
<223 >

SEQ ID NO 48

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

<400> SEQUENCE: 48

accatctacc attceccecctgce

What 1s claimed 1is:

1. An immmunogenic composition for induction of an
immune response against influenza virus comprising a
fusion polypeptide comprising:

an 1mmunogen sequence from an influenza virus;

an immunopotentiator sequence comprising the Fc frag-
ment of human IgG, or a muramyl peptide;

and a stabilization sequence, wherein said stabilization
sequence 1s foldon.

2. The immunogenic composition of claim 1, wherein said
immunogen sequence 1s a hemagglutimn sequence of said
influenza virus.

3. The immunogenic composition of claim 1, wherein said
immunogen sequence 1s a neuraminidase sequence of an

influenza virus.

25

30

35

20

19

4. The immunogenic composition of claim 1, wherein said
Immunogen sequence 1s a membrane protein sequence of an
influenza virus.

5. The immunogenic composition of claim 1, wherein said
fusion polypeptide 1s produced 1n a mammalian expression
system.

6. The immunogenic composition of claim 2, wherein said
hemagglutinin sequence 1s a fragment of a hemagglutinin
sequence selected from the group consisting of HA1 HA2
and RBD.

7. The immunogenic composition of claim 1, wherein said
fusion polypeptide is selected from the group consisting of
HA1-Fd-hFc, HA-Fd-hFc, HA2-Fd-hFc, HA-RBD-Fd-hFc,

nd HA1+3-259-Fd-hFc.

8. The immunogenic composition of claim 1, wherein said
immunogenic composition further comprises an adjuvant.

G ex x = e
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