
- 1 - DELETION MUTANTS OF FLAGELLIN AND METHODS OF USE RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Nos. 561/124,617, filed on April 18,
2008; 61/124,604, filed on April 18, 2008; 61/124,670, filed on April 18, 2008; 61/125,660, filed on
April 25, 2008; 61/126,993, filed on May 8, 2008; 61/126,978, filed on May 8, 2008; 61/132,594, filed
on June 20, 2008; 61/137,840, filed on August 4,2008; 61/199,793, filed on November 19, 2008 and
61/200,354, filed on November 26, 2008. The entire teachings of the above 10applications are
incorporated herein by reference. BACKGROUND OF THE INVENTION       Viral infection can lead to
disease and, in some cases, death. Strategies to prevent and manage disease associated with viral
infection, such as influenza viral infection, include the use of drugs and compositions of heat inactivate
viruses or 15influenza antigens in combination with adjuvants. The only adjuvant approved for use in
influenza vaccines in humans is alum, which is an aluminum based composition. Generally, influenza
vaccine compositions can include antigens at concentrations that, in combination with alum, in
humans, may have varying side effects, such as pain, inflammation and less than adequate efficacy.
In addition, current methods of 20manufacturing influenza vaccines are generally inadequate to meet
growing seasonal demand and changing influenza viruses to prevent disease consequent to influenza
infection. Thus, there is a need to develop new, improved and effective compositions for use in
methods of preventing and managing disease associated with or consequent to viral infection, in
particular, influenza viral infection.  - 2 - SUMMARY OF THE INVENTION       The present invention
relates to compositions, such as compositions that stimulate a protective immune response, and
methods of making proteins that stimulate a protective immune response in a subject. 5In an
embodiment, the invention is an amino acid sequence having at least about 50.0% identity to a
contiguous amino acid sequence as set forth in SEQ ID NO: 29 (an R3 construct), including any
insertions or deletions from SEQ ID NO: 29, wherein the isolated amino acid sequence activates a
Toll-like Receptor 5. In another embodiment, the invention is an amino acid sequence having at
10least about 50.0% identity to a contiguous amino acid sequence as set forth in SEQ ID NO: 30 (an
R3D0 construct), including any insertions or deletions from SEQ ID NO: 30, wherein the isolated
amino acid sequence activates a Toll-like Receptor 5. 



In a further embodiment, the invention is an amino acid sequence having at least about 60.0% identity
to a contiguous amino acid sequence as set forth in SEQ ID 15NO: 31 (an D3N construct), including
any insertions or deletions from SEQ ID NO: 31, wherein the isolated amino acid sequence activates a
Toll-like Receptor 5.       An additional embodiment of the invention is an amino acid sequence having
at least about 60.0% identity to a contiguous amino acid sequence as set forth in SEQ ID NO: 32 (an
D3NCs construct), including any insertions or deletions from SEQ ID 20NO: 32, wherein the isolated
amino acid sequence activates a Toll-like Receptor 5.       In still another embodiment, the invention is
an amino acid sequence as set forth in at least one member selected from the group consisting of
SEQ ID NO: 29 (an R3 construct), SEQ ID NO: 30 (an R3D0 construct), SEQ ID NO: 31 (an D3N
construct), SEQ ID NO: 32 (an D3NCs construct) and SEQ ID NO: 33 (an D1 25construct). Another
embodiment of the invention is a fusion protein comprising, in sequence, at least one amino acid
sequence as set forth in SEQ ID NO: 28 (an RO construct) and at least a portion of at least one
antigen, wherein at least one amino acid residue of SEQ ID NO: 28 selected from the group consisting
of 39, 46, 50, 378 and 30382 is substituted with an alanine residue and wherein the fusion protein
activates a Toll-like Receptor 5.  - 3 -        An additional embodiment, the invention is a fusion protein
comprising at least one amino acid sequence as set forth in SEQ ID NO: 29 (an R3 construct) and at
least a portion of at least one antigen, wherein the antigen is between amino acid residues 190 and
191 of SEQ ID NO: 29, and wherein the fusion protein activates a Toll-like 5Receptor 5. Another
embodiment of the invention is a fusion protein comprising, in sequence, at least one amino acid
sequence as set forth in SEQ ID NO: 29 (an D3 construct) and at least a portion of at least one
antigen, wherein the fusion protein activates a Toll-like Receptor 5. 10In still another embodiment, the
invention is a fusion protein comprising at least one amino acid sequence as set forth in SEQ ID NO:
30 (an R3D0 construct) and at least a portion of at least one antigen, wherein the antigen is between
amino acid residues 145 and 146 of SEQ ID NO: 30 and the fusion protein activates a Toll-like
Receptor 5. 15A further embodiment of the invention is a fusion protein comprising at least one amino
acid sequence as set forth in SEQ ID NO: 30 (an R03 construct) and at least a portion of at least two
antigens, wherein at least one antigen is between amino acid residues 145 and 146 of SEQ ID NO: 30
and at least one other antigen is fused to amino acid residue 318 of SEQ ID NO: 30, wherein the
fusion protein activates a 20Toll-like Receptor 5.        An additional embodiment of the invention is a
fusion protein comprising at least one amino acid sequence as set forth in SEQ ID NO: 29 (an
R3-2xAg construct) and at least a portion of at least two antigens, wherein at least one antigen is
between amino acid residues 190 and 191 of SEQ ID NO: 29 and at least one other antigen is 



25 fused to amino acid residue 405 of SEQ ID NO: 29, and wherein the fusion protein activates a
Toll-like Receptor 5.       In yet another embodiment, the invention is a fusion protein comprising, in
sequence, at least one amino acid sequence as set forth in SEQ ID NO: 31 (an D3N construct) and at
least a portion of at least one antigen, wherein the fusion protein 30activates a Toll-like Receptor 5.
Another embodiment of the invention is a fusion protein comprising, in sequence, at least one amino
acid sequence as set forth in SEQ ID NO: 32 (an D3NCs  - 4 - construct) and at least a portion of at
least one antigen, wherein the fusion protein activates a Toll-like Receptor 5. In still another
embodiment, the invention is a fusion protein comprising, in sequence, at least one amino acid
sequence as set forth in SEQ ID NO: 33 (an D1 5construct) and at least a portion of at least one
antigen, wherein the fusion protein activates a Toll-like Receptor 5.       An additional embodiment of
the invention is a method of stimulating an immune response in a human, comprising the step of
administering to the human a composition that includes at least one fusion protein selected from the
group 10consisting of SEQ ID NOs: 451-453, 455, 457, 460,463-465, 468, 470-474, 500-506,
511-518, 660, 664, 703, 705, 707, 709, 711, 713, 715, 



717, 719, 721, 723, 725, 729, 731, 733, 735, 737, 739, 741, 743, 745, 747, 749, 751, 753, 755, 757,
759, 761, 763  and 801-812, wherein the fusion protein is administered to the human in at least one
dose selected from the group consisting of about a 10.0 pg dose, about a 5.0 pg dose, 



15about a 3.0 pig dose, about a 2.5 pg dose, about a 1.0 pg dose, about a 0.5 big dose, about a 0.3
pg dose, about a 0.25 pg dose, about a 0.1 lig dose, about a 0.05 pg dose, about a 0.025 pg dose and
about a 0.01 pg dose. In a further embodiment, the invention is an isolated nucleic acid sequence
encoding an amino acid sequence of a flagellin construct (an RO construct, an R3 20 construct, an
R3D0 construct, an R3-2xAg construct, an D3N construct, an D3NCs construct and a D1 construct)
that activates Toll-like Receptor 5 agonists.        In yet another embodiment, the invention is an
isolated nucleic acid sequence encoding a fusion protein that includes an influenza antigen and a
flagellin construct that activates a Toll-like Receptor 5. 25In another embodiment, the invention is a
composition that includes a portion of a naturally occurring flagellin protein, wherein the portion
includes, in sequence, an amino-domain 0, an amino-domain 1, an amino-domain 2, a
carboxy-domain 2, a carboxy-domain 1 and a carboxy-domain 0 (an R3, an D3, an R3-2xAg
constructs). An additional embodiment of the invention is a composition that includes a 30portion of a
naturally occurring flagellin protein, wherein the portion includes, in sequence, an amino-domain 1, an
amino-domain 2, a carboxy-domain 2 and a carboxy-domain 1 (an R3D0 construct; an R03 construct).
- 5 - In still another embodiment, the invention is a composition that includes a portion of a naturally
occurring flagellin protein, wherein the portion includes, in sequence, an amino-domain 1, an
amino-domain 2, a carboxy-domain 2, a carboxydomain 1 and a carboxy-domain 0 (an D3N
construct). 5Another embodiment of the invention is a composition that includes a portion of a
naturally occurring flagellin protein, wherein the portion includes, in sequence, an amino-domain 1, an
amino-domain 2, a carboxy-domain 2, a carboxy-domain 1 and at least a portion of a carboxy-domain
0 (an D3NCs construct). A further embodiment of the invention is a composition that includes a portion
10of a naturally occurring flagellin protein, wherein the portion includes, in sequence, an
amino-domain 1, an amino-domain 2, a carboxy-domain 2 and a carboxy-domain 1 and wherein the
portion of the naturally occurring flagellin lacks a portion of a carboxy-domain 0 (an D3NCs construct).
In yet another embodiment, the invention is a composition that includes a 15portion of a naturally
occurring flagellin protein, wherein the portion includes, in sequence, an amino-domain 1 and a
carboxy-domain 1 (an D1 construct). 



An additional embodiment of the invention is a method of making a Toll-like Receptor 5 agonist,
comprising the steps of separating a portion of a protein from a naturally occurring flagellin to thereby
form a protein portion, wherein the protein 20 portion includes, in sequence, an amino-domain 0, an
amino-domain 1, an amino- domain 2, a carboxy-domain 2, a carboxy-domain 1 and a
carboxy-domain 0 (an R3 construct, an D3 construct, an R3-2xAg construct); transforming a nucleic
acid sequence encoding the protein portion into a host cell; and culturing the host cell to thereby make
the Toll-like Receptor 5 agonist. 25In still another embodiment, the invention is a method of making a
Toll-like Receptor 5 agonist, comprising the steps of separating a portion of a protein from a naturally
occurring flagellin to thereby form a protein portion, wherein the protein portion includes, in sequence,
an amino-domain 1, an amino-domain 2, a carboxydomain 2 and a carboxy-domain 1 (an R3D0
construct, an R03 construct); 30transforming a nucleic acid sequence encoding the protein portion into
a host cell; and culturing the host cell to thereby make the Toll-like Receptor 5 agonist.  - 6 -       In yet
another embodiment, the invention is a method of making a Toll-like Receptor 5 agonist, comprising
the steps of separating a portion of a protein from a naturally occurring flagellin to thereby form a
protein portion, wherein the protein portion includes, in sequence, an amino-domain 1, an
amino-domain 2, a carboxy- 5 domain 2, a carboxy-domain 1 and a cm-boxy-domain 0 (an D3N
construct); transforming a nucleic acid sequence encoding the protein portion into a host cell; and
culturing the host cell to thereby make the Toll-like Receptor 5 agonist.       Another embodiment of the
invention is a method of making a Toll-like Receptor 5 agonist, comprising the steps of separating a
portion of a protein from a 10naturally occurring flagellin to thereby form a protein portion, wherein the
protein portion includes, in sequence, an amino-domain 1, an amino-domain 2, a carboxydomain 2, a
carboxy-domain 1, and wherein the protein portion lacks a portion of a carboxy-domain 0 (an D3NCs
construct); transforming a nucleic acid sequence encoding the protein portion into a host cell; and
culturing the host cell to thereby 15make the Toll-like Receptor 5 agonist.       In a further embodiment,
the invention is a method of making a Toll-like Receptor 5 agonist, comprising the steps of separating
a portion of a protein from a naturally occurring flagellin to thereby form a protein portion, wherein the
protein portion includes, in sequence, an amino-domain 1 and a cm-boxy-domain 1 (an 20D1
construct); transforming a nucleic acid sequence encoding the protein portion into a host cell; and
culturing the host cell to thereby make the Toll-like Receptor 5 agonist.       Another embodiment of the
invention is a composition comprising at least one nanoparticle that includes at least a portion of at
least one Toll-like Receptor agonist 25and at least a portion of at least one antigen, wherein the
Toll-like Receptor agonist and the antigen are associated with the nanoparticle and a molar ratio of the
Toll-like Receptor agonist to the antigen is no greater than about 1.       In still another embodiment,
the invention is a composition comprising at least one nanoparticle that includes at least one Toll-like
Receptor 7 agonist, at least one 30Toll-like Receptor 5 agonist and at least one antigen, wherein the
Toll-like Receptor 7 



agonist and the antigen are contained within the nanoparticle and the Toll-like Receptors agonist is
associated with an outer surface of the nanoparticle.  - 7 -        In another embodiment, the invention is
a composition comprising at least one particle that includes at least a portion of at least one Toll-like
Receptor 5 agonist, at least a portion of at least one antigen, and at least a portion of at least one
additional Toll-like Receptor agonist selected from the group consisting of a Toll-like Receptor 7 5
agonist, a Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist, wherein the additional
Toll-like Receptor agonist and, optionally, the antigen are contained within the particle and the Toll-like
Receptor 5 agonist is associated with an outer surface of the particle. An additional embodiment of the
invention is a method of making a 10nanoparticle composition, comprising the steps of combining at
least a portion of at least one Toll-like Receptor agonist with at least a portion of at least one
nanoparticle to form an association between the Toll-like Receptor agonist and the nanoparticle; and
combining at least a portion of at least one antigen with the Toll-like Receptor agonist associated with
the nanoparticle, wherein a molar ratio of the Toll-like 15Receptor agonist to the antigen is no greater
than about 1, thereby forming the nanoparticle composition.        In yet another embodiment, the
invention is a method of making a nanoparticle composition, comprising the steps of associating at
least a portion of at least one Toll-like Receptor 5 agonist with a nanoparticle; contacting at least a
portion of at least one 20Toll-like Receptor agonist selected from the group consisting of a Toll-like
Receptor 7 agonist, a Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist within the
nanoparticle; and combining the nanoparticle containing the Toll-like Receptor agonist with at least a
portion of at least one antigen, thereby forming the nanoparticle composition. 25A further embodiment
of the invention is a method of stimulating an immune response in a subject, comprising the step of
administering to the subject a composition that includes at least one nanoparticle comprising at least a
portion of at least one Toll-like Receptor agonist and at least a portion of at least one antigen, wherein
the Toll-like Receptor agonist and the antigen are associated with the 30nanoparticle and the molar
ratio of the Toll-like Receptor agonist to the antigen is no greater than about 1.  - 8 -       An additional
embodiment of the invention is a method of stimulating an immune response in a subject, comprising
the step of administering to the subject a composition that includes at least one nanoparticle
comprising at least a portion of at least one Toll-like Receptor 7 agonist, at least a portion of at least
one Toll-like 5 Receptor 5 agonist and at least a portion of at least one antigen, wherein the Toll-like
Receptor 7 agonist and the antigen are contained within the nanoparticle and the Toll-like Receptor 5
agonist is associated with an outer surface of the nanoparticle.       Another embodiment of the
invention is a method of stimulating an immune response in a subject, comprising the step of
administering to the subject a 



10composition that includes at least one nanoparticle comprising at least a portion of at least one
Toll-like Receptor 5 agonist, at least a portion of at least one antigen and at least a portion of at least
one additional Toll-like Receptor agonist selected from the group consisting of a Toll-like Receptor 7
agonist, a Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist, wherein the additional
Toll-like Receptor agonist and, 15optionally, the antigen are contained within the nanoparticle and the
Toll-like Receptor 5 agonist is associated with a surface of the nanoparticle.       The methods and
compositions of the invention can be employed to stimulate an immune response, in particular, a
protective immune response in a subject. Advantages of the claimed invention include cost effective
methods and compositions 20that can be produced in relatively large quantities and employed in
relatively low doses that maximize an immunogenic response and minimize adverse side effects,
without the use of adjuvants. The claimed compositions and methods can be employed to prevent,
treat and manage disease associated with or consequent to viral infection and, thereby, avoid serious
illness and death consequent to influenza 25infection or exposure. BRIEF DESCRIPTION OF THE
FIGURES Figure 1 depicts a schematic of the STF2.HA1-2 fusion protein.       Figure 2 depicts
alternative placements of the HA globular head. The globular head is circled in each of the flagellin
constructs. 30Figure 3 depicts relative antigenicity of different Viet Nam (VN) constructs. ELISA plates
were coated with the indicated molar concentrations of the different  - 9 - proteins. Plates were probed
with ferret convalescent serum (1:1000). Mean absorbance for replicate wells are depicted. Figure 4
depicts relative reactivity of monoclonal antibody against alternative VN constructs. ELISA plates were
coated with about 4 mg/m1 of each protein in 5duplicates overnight, blocked and incubated with a
1:5000 dilution of each of the monoclonal antibodies for 2 hours at room temperature (one antibody
per plate), followed by a 30 minute incubation of a 1:10,000 dilution of HRP-goat anti-mouse IgG for
30 minutes and developed with TMB. Mean absorbance for replicate wells are depicted. 10Figure 5
depicts an induction of serum HAI antibodies in mice immunized with various VN constructs. BALB/c
mice were immunized either three times (3X) at a 2-week interval or twice (2X) at a 3-week interval.
Mouse serum samples (n=10-15) collected 12 days post the second (2)or third (3rd) boost were
treated with RDE, heat-inactivated, and subjected to an HAI test with influenza A/Vietnam/1203/04
(H5N1) 15virus. The HAI titers were plotted individually with GMT (horizontal lines) and 95% CI (bars).
Dashed line represents a 4-fold HAI titer over the baseline. Bracketed bars represent groups
compared in a statistical analysis. *,p <0.05, significant in ICruskalWallis/Dunns tests; **,p <0.01, very
significant; ***,p <0.001, extremely significant. 



20Figures 6A and 6B depict efficacy for the different globular head constructs following a three or two
dose regimen of 3 Mg. Six-week-old female BALB/c mice were vaccinated s.c. with 3 or 2
immunizations of the indicated construct prior to challenge. On day 0, the mice were infected i.n. with
influenza ANietnain/l 203/04 (VN04) with 6.8 X 104 TCID50/mouse. Clinical observations of disease
development 25and mortality were monitored at regular intervals from day 0 to day 21. The
percentage of survivors is shown in (Figure 6A), and the percentage change in body weight from
baseline on day 0 is shown in (Figure 6B). Legend Key: STF2.HA1-2 (VN) (SEQ ID NO: 451);
STF2RO.HA1-2 (VN) (SEQ ID NO: 453); STF2R3.HA1-2 (VN) (SEQ ID NO: 452). 30Figure 7 depicts
virus titers measured in the nasal wash of ferrets. Nasal wash samples were collected on days 3 and 5
post infection from animals immunized with buffer alone (placebo), STF2R3.HAl -2 VN (R3.HA I -2
VN) (SEQ ID NO: 452) or  - 10 - STF2R3.2x.HA1-2 VN (R3.2xHA1-2 VN) (SEQ ID NO: 455). Group
mean titers +SE are depicted.        Figures 8A and 8B depict temperature and food consumption
post-immunization with STF2.4xM2e. Figure 8A depicts temperatures measured on study 5 day 0,2 hr
post-immunization with the indicated dose of STF2.4xM2e (SEQ ID NO: 457). Mean + SD increases
for each group of 6 rabbits are depicted. Baseline temperatures are taken from the group receiving
buffer alone and were 102.5 F. Figure 88 depicts food consumption was monitored from day 0 to day
1. Data is presented as mean food consumption + standard deviation for 6 rabbits per group. 10Figure
9 depicts C reactive protein (CRP) levels post vaccination of rabbits. Groups of 6 rabbits were injected
i.m. with the indicated dose of STF2.4xM2e (SEQ ID NO: 457) on day 0. Rabbits were bled about 24
hours after vaccination, serum was prepared and C reactive protein was measured (Immunology
Consultants Laboratory, Newberg, OR). Data is presented as group mean CRP + SD. 15Figures
10A-10H depict relative reactogenicity for the STF2.HA1-2 (SEQ ID NO: 451), STF2R3.HA1-2 (SEQ
ID NO: 452) and the STF2R3.2x.HA1-2 VN (SEQ ID NO: 455) constructs. Groups of 6 New Zealand
White rabbits were immunized with the indicated dose of: the STF2.HA1-2 VN (native) (SEQ ID NO:
451), STF2R3.HA1-2 VN (R3) (SEQ ID NO: 452), STF2R3.2x.HA1-2 VN (R3 2x) (SEQ 20ID NO: 455)
protein or the formulation buffer alone. Sera were harvested 21 days post the priming immunization
and assessed for HA specific IgG by ELISA. IgG titers, reported in 12Wm1 IgG, are depicted in Figure
10A. Titers shown are for individual sera, group means are indicated with a bar. To allow for
comparison to the 'native' construct, group means 3 SD for food consumption, temperature and CRP
25levels are plotted against IgG levels for STF2.HA1-2 (SEQ ID NO: 451) and STF2R3.HA1-2 (SEQ
ID NO: 452) in Figures 10A-10D and for STF2.HA1-2 (SEQ ID NO: 451) and STF2R3.2x.HA1-2 (SEQ
ID NO: 455) in Figures 10E-10H.        Figures 11A-11C depict a comparison of STF2.HA1-2 PR8
(referred to as Native in the legend) (SEQ ID NO: 460) and STF2R3.HA1-2 PR8 (referred to as R3
30in the legend) (SEQ ID NO: 464) reactogenicity profiles. Groups of 6 rabbits were 



immunized i.m. with the indicated doses of vaccine. Food consumption was measured from the day of
immunization until 1 day after (Figure 11 A). Body temperature was  determined rectally at 10 hours
post-immunization (Figure 11B). Serum was measured for C reactive protein (CRP) at 24 hours
post-immunization (Figure 11C). Data points represent results of individual animals while bars
represent means. Figure 12 depicts protection against viral challenge by STF2.HA1-2 PR8 (SEQ 5 ID
NO: 460) and STF2R3.HA1-2 PR8 (SEQ ID NO: 464). Balb/c mice (10 per group) were immunized
with the indicated doses of either STF2.HA1-2 or STF2R3.HA1-2 PR8 on days 0 and 14. On day 42
mice were challenged with 1000 TCID50 of influenza H1N1 PR/34/8 i.n. Mice were monitored for
weight loss and survival daily. By protocol, mice were euthanized if they lost about >20% weight. 10
Figures 13A and 13B depict a comparison of STF2.HA1-2 SI (SEQ ID NO: 463) and STF2R3.HA1-2
SI (SEQ ID NO: 465) reactogenicity profiles. Rabbits (6 per group) were immunized i.m. with the
indicated doses of STF2-linked vaccine. Body temperature was recorded rectally 6 hours
post-immunization (Figure 13A). Food consumption was recorded from the day of immunization to one
day post- 15immunization (Figure 13B). Data are graphed as group mean with standard deviations
indicated by error bars.       Figures 14A and 14B depict an evaluation of STF2R3.HA1-2 B FLA (R3)
(SEQ ID NO: 470) and STF2R3.HA1-2 B FLA (R3.2x) (SEQ ID NO: 471) reactogenicity profiles.
Groups of 6 rabbits were immunized i.m. with the indicated 20 doses of vaccine. Food consumption
was measured from the day of immunization until 1 day after (Figure 14A). Serum was measured for C
reactive protein (CRP) at 24 hours post-immunization (Figure 14B). Data points represent results of
individual animals while bars represent means. Figure 15 depicts an evaluation of STF2R3.HA1-2 B
FLA (R3) (SEQ ID NO: 25 470) and STF2R3.2x.HA1-2 B FLA (R3.2x) (SEQ ID NO: 471)
immunogenicity. Groups of 6 rabbits were immunized twice i.m. with the indicated doses of vaccine.
Sera were harvested 7 days post the booster dose and evaluated for virus specific IgG by ELISA.
Data points represent results of individual animals while bars represent means. 30Figures 16A and
16B depict a comparison of STF2.4xM2e (SEQ ID NO: 457), STF2D2D3L.4xM2e (SEQ ID NO: 472),
STF2.HA1-2 SI (SEQ ID NO: 463) STF2D2D3L.HA I -2 SI (SEQ ID NO: 473) TLR5 activity.
TLR5-specific activity of  - 12 - fusion proteins was evaluated by measuring induction of 'INF
production. RAW/h5 cells were cultured overnight in 96-well microtiter plates. Cells were treated for 5
h with the indicated concentrations of protein. Supernatants were harvested and 'INF expression was
evaluated by ELISA. Absorbance is read and compared to a standard 5reference curve. Results are
reported in nWml.       Figures 17A and 17B depict food consumption and CRP levels
post-immunization with STF2.4xM2e (SEQ ID NO: 457) or STF2D2D3L.4xM2e (SEQ ID NO: 472).
Figure 17A depiucts food consumption was monitored from day 0 to day 1. Data is presented as mean
food consumption + standard deviation for 6 rabbits per 10 group. Figure 17B depicts CRP levels were
measured 24 hours after the immunization. Data is presented as mean CRP levels + standard
deviation for 6 rabbits per group.       Figures 18A and 18B depict immunogenicity and Efficacy of
STF2.4xM2e (SEQ ID NO: 457) and STF2D2D3L.4xM2e (SEQ ID NO: 472). Groups of BALB/c 15
mice (n=10) were immunized on days 0 and 14 with the indicated doses of STF2.4xM2e (SEQ ID NO:
457) or STF2D2D3L.4xM2e (or STF24.4xM2e) (SEQ ID NO: 472). Sera were collected 7 days post
the booster dose and tested for M2e specific IgG by ELISA (Figure 18A). On day 28 mice were
challenged with 1xLD90 of PR8 virus. Mice were monitored for survival for 21 days post the challenge
(Figure 2018B). 



Figures 19A and 19B depict CRP and food consumption post-immunization with STF2.HA1-2 SI (SEQ
ID NO: 463) versus STF2D2D3L.HA1-2 SI (SEQ ID NO: 473). Figure 19A depicts CRP levels were
measured 24 hours after the immunization. Data is presented as mean CRP levels + standard
deviation for 6 rabbits per group. 25Figure 19B depicts food consumption was monitored from day 0 to
day 1. Data is presented as mean food consumption + standard deviation for 6 rabbits per group.
Figure 20 depicts Solomon Islands HA specific IgG responses post- immunization with STF2.HAl -2 SI
(SEQ ID NO: 463) versus STF2D2D3.HA1-2 SI (SEQ ID NO: 473). CRP levels were measured 24
hours after the immunization. 30Data is presented as mean CRP levels + standard deviation for 6
rabbits per group.       Figure 21 depicts STF2RO.HA1-2 PR8 TLR5 Activity. Fusion proteins
STF2RO.HA1-2 PR8 (SEQ ID NO: 474) and STF2.HA1-2 SI (SEQ ID NO: 463)  - 13 - (open circles)
were diluted to the indicated concentrations and mixed with HE1C293 cells. Supernatant was
collected 24 hours later and analyzed for IL-8 using a sandwich ELISA (BD Pharmingen). Figures
22A-22C depict reactogenicity of STF2R0.HA1-2 PR8 (SEQ ID NO: 5 474) compared to STF2.HAI-2
PR8(SEQ ID NO: 460). Rabbits (6 per group) were immunized i.m. with the indicated dose equivalents
on Day 0. Figure 22A depicts body Temperature (measured 6 hours after immunization on Day 0,
degrees F). Figure 22B depicts food Consumption (in g) measured between Days 0 and 1. Figure 22C
depicts C reactive protein from serum at 24 hours (pg/mL). All data shown are 10 group means +
standard deviation.       Figure 23 depicts PR8-specific IgG after immunization with STF2RO.HA1-2
PR8 (SEQ ID NO: 474) compared to STF2.HA1-2 PR8 (SEQ ID NO: 460). Rabbits (6 per group) were
immunized i.m. with the indicated dose equivalents no Day 0. They were bled on Day 21 and serum
was analyzed for IgG to PR8 virus. ELISA 15plates were coated with virus (205 I-IAU/mL) alongside a
standard curve of polyclonal IgG. Virus-specific IgG was calculated using a standard curve fit with a
4-parameter logistic equation. Data are presented as group mean IgG (pg/mL) + standard deviation.
Figures 24A-24C depict Reactogenicity/Imuunogenicity Ratio of 20 STF2RO.HAI-2 PR8 (RO) (SEQ ID
NO: 474) compared to STF2.HA1-2 PR8 (Full Length) (SEQ ID NO: 460). PR8-specific IgG (X-axis) is
plotted against reactogencity measures. Figure 24A depicts specific IgG vs. Body temperature. Figure
24B depicts specific IgG vs. Food Consumption. Figure 24C depicts specific IgG vs. C reactive protein
(CRP). All results are shown as group means  standard 25deviations.       Figure 25 depicts survival of
vaccinated mice following change with A/PR/8/34 virus Groups of 10 BALB/c mice were immunized
S.C. with STFIHA1-2 PR8 (SEQ ID NO: 460), STF2RO.HA1-2 PR8 (SEQ ID NO: 474), or F147 buffer
at the indicated does on days 0 and 14, and challenged i.n. (intranasally) with LD90 of 



30 A/PR/8/34 on day 34. The animals were observed daily for weight loss and mortality for 21 days.
Figure 26 depicts neutralizing antibody titers of sera from mice immunized  - 14 - with STF2.HA I SI.
Results show the geometric mean  95% CI (Bars) of 15 individual sera per group as well as results of
individual mice.        Figure 27 depicts neutralizing antibody titers of post-boost sera from mice
immunized with STF2.HA I SI. Sera were harvested and evaluated for neutralizing 5titers using the
micro-neutralization assay. Results show the geometric mean of 15 individual sera per group. An
asterisk over the bar indicates significant responses as compared to the nave group using
ANOVA/Tukey test. Groups connected by brackets were also compared by ANOVA/Tukey test and
found to statistically differ. Asterisks indicate the level of significance with *=p< 0.05; **=p <0.01; and
***= p 10 <0.001 in the ANOVA. Figures 28A and 28B depict SI HA-specific IgG Response to
STF2.HA1 SI in rabbits. Six rabbits per group were given two immunizations with STF2.HA1 SI at
indicated doses on days 0 and 21. Serum was collected on day -1 (prebleed), day 21 (post-prime, top
panel) and day 28 (7 days post-boost, bottom panel). Sera were 15bound to plates coated with HA 1-1
(SI) (baculovirus,1 ug/mL), at dilutions ranging from 1:25 to 1:39,0625. OD values of HA-specific IgG
were converted to ug/m1 using a standard curve of polyclonal IgG fit with a 4-parameter logistic curve
(Softmax Pro 5.2, Molecular Devices). Prebleed values are subtracted from each group. Data shown
are means +/- standard deviations of 6 rabbits per group. 20Figure 29 depicts neutralizing Ab titers of
post-boost sera from rabbits immunized with STF2.HA1 SI (also known as STF2.HA1-2 (SI)) or
Fluvirin(r). Six rabbits per group were given two immunizations i.m. with STF2.HA1 SI or Fluvirin(r) at
indicated doses on days 0 and 21. Sera were harvested 7 days post the booster dose and evaluated
for neutralizing titers using the micro-neutralization assay. Results 25show the geometric mean of 6
individual sera per group. An asterisk over the bar indicates significant responses as compared to the
nave group using ANOVAJTukey test. Groups connected by brackets were also compared by the
same test and found to statistically differ. Asterisks indicate the level of significance with *=p< 0.05;
**-19 <0.01; and ***=p < 0.001 in the ANOVA/Tukey test. Ferret reference anti-sera 30obtained from
the CDC was included as a positive control and the titer is given at the bottom of the graph. Figure 30
depicts the effect of STF2.HA1 SI on food consumption in rabbits. 



- 15 - Groups of 6 rabbits were injected i.m. with the indicated dose of STF2.HA1 SI (also known as
STF2.HA1-2 (SI)) on day 0. Food consumption was monitored from day 0 to day 1. Data is presented
as the group mean food consumption + SD. Figure 31 depicts the effect of STF2.HA1 SI on CRP
levels in rabbits. 5 Groups of 6 rabbits were injected i.m. with the indicated dose of STF2.HAl SI (also
known as STF2.HA1-2 (SI)) on day 0 Rabbits were bled 24 hours after vaccination, serum was
prepared and CRP was measured (Immunology Consultants Laboratory, Newberg, OR). Data are
presented as the group mean CRP + SD. Figure 32 depicts the effect of STF2.HAl SI on temperature
in rabbits. 10Groups of 6 rabbits were injected i.m. with the indicated dose of STF2.HAl SI.
Temperature was monitored 2 hours post-vaccination. Data are presented as mean temperature +
standard deviation. Baseline temperatures are taken from the group receiving buffer alone and were
about 102.5F. Figure 33 depicts the temperature increase over time after immunization with
15STF2.HA1 SI. Rabbits were immunized i.m. with either F147 buffer or 150 mg of STF2.HA1 SI.
Temperature was measured at the indicated points using a subcutaneous chip system. Results are
presented as group means of 6 animals.       Figure 34 depicts the effect of STF2.HA1 SI on body
temperature. Rabbits were immunized i.m. with the indicated dose of STF2.HA1 SI. F147 buffer is 20
represented as 0. Temperature was measured rectally at 6 hours post-immunization. Data are shown
as group means plus standard deviation.       Figure 35 depicts neutralization of A/Solomon
Islands/3/06 by rabbit post-boost immune sera serially diluted, RDE-treated serum samples were
co-incubated with A/Solomon Islands/3/2006 virus, then with MDCK cells, and subjected to ELISA
25with anti-influenza A NP antibody. Neutralizing antibody titers are defined as the reciprocal dilutions
that are above the specific signal calculated from the OD values of negative and positive controls.
Data represented means  SDs of natural log (LN, neutralizing titer) with responder rates above (N=6).
Figure 36 depicts microneutralization titers for VAX125 clinical serum. 30 Serum samples were mixed
with Solomon Islands virus and then added to MDCK cells. After 20 hours incubation, virus replication
was quantified by lysing cells and staining for expression of nucleoprotein (NP). Microneutralization
titers were  - 16 - determined as the highest dilution which reduced virus replication by ?50%. Results
are shown as individual subject titers with the bar representing the group geometric mean. Figures
37A and 37B depict HA- and flagellin specific IgG by ELISA. Serum 5were diluted and incubated on
plates coated with either recombinant HA1-1 or STF2. Antigen-specific IgG was detected using
anti-human HRP and TMB. Specific IgG was calculated from a standard curve using a 4 parameter
logistic equation. Data are shown as group mean with error bars representing standard error of the
mean (SEM). 



Figures 38A and 38B depict M2e-specific IgG following in. administration of 10VAX102 or placebo in
individual subjects at 0.3 pg dose and 1.0 mg dose. Figure 39 depicts M2e antibody curve as defined
by Geometric Mean Titers (GMT) measured at day 42 after two doses of VAX102 given on Days 0 and
28.        Figure 40 depicts M2e-specific IgG GMT across multiple dose amounts and routes of
administration. 15Figures 41A-41C depict M2e-specific IgG (group means) in various routes of
administration and doses. i.d .= intradermal. s.c. = subcutaneous. i.m. = intramuscular.       Figures
42A-42C depict the IgG antibody response to STF2A.RSVG fusion proteins in Imrnunogenicity Study
#2. Figure 42A - Control-immunized mice. Figure 20 42B - Mice immunized with
STF2A.RSVG130-230 (SEQ ID NO: 621). Figure 42C - Mice immunized with STF2A.RSVG130-230
(SEQ ID NO: 621). ELISA plates were coated with RSVG peptide
HPEVFNFVPCSICSNNPTCWAICKRI (SEQ ID NO: 627) Figures 43A-43B depict the IgG antibody
response to STF2A.RSVG fusion 25 proteins in Study #2 using the whole-cell RSV ELISA assay
Figure 43A - Mice immunized with STF2A.RSVG130-230 (SEQ ID NO: 621) Figure 43B - Mice
immunized with STF2A.RSVG66-298 (SEQ ID NO: 571).       Figures 44A-44B depict the IgG antibody
response to RSVF.STF2His6 (SEQ ID NO: 615) in lmmunogenicity Study #3 in a whole cell ELISA
assay. 30Figure 45 depicts immunogenicity of RSVF.STF2His6 (SEQ ID NO: 615 ) in an RSV virus
neutralization assay.  - 17 -        Figures 46A-46D depict T-cell responses induced by
STF2A.RSVM2(SEQ ID NO: 625) in Immunogenicity Study #1 as determined by ELISPOT assay.
Figure 46A - IFNy(primary). Figure 46B - IL-4(primary). Figure 46C - IFNy (boost). Figure 46D - IL-5
(boost). 5Figures 47A through 47D depict serum IgG responses elicited in mice following
immunization with STF2A.DEN(1-4)EIII+ proteins (SEQ ID NO: 628); (SEQ ID NO: 630); (SEQ ID NO:
632) and (SEQ ID NO: 634) as determined by ELISA using DEN 80%EHisBv proteins (SEQ ID NO:
636); (SEQ ID NO: 638); (SEQ ID NO: 640) and (SEQ ID NO: 642). 10Figures 48A through 48D depict
immune serum IgG cross-reactivity with heterologous DEN 80%EHisBv proteins as determined by
ELISA. Figures 49A, 49B, 50A and 50B depcit serum IgG responses elicited in mice following
immunization with with STF2A.DEN(1-4)EIII+ proteins (SEQ ID NO: 628); (SEQ ID NO: 630); (SEQ ID
NO: 632) and (SEQ ID NO: 634) individually 15(monovalent formulation) or combined in a tetravalent
formulation. As determined by 



ELISA using DEN 80%EHisBv proteins (SEQ ID NO: 636); (SEQ ID NO: 638); (SEQ ID NO: 640) and
(SEQ ID NO: 642).         Figure 51 depicts dengue neutralizing antibodies elicited following
immunization with STF2A.DEN2EIII+ protein (SEQ ID NO: 630). As determined by 20 PRNT assay.
Figures 52A and 52B depict HPV16 E6 antigen-specific T cell responses in mice following a single
immunization with STF2.HPV16 E6 (SEQ ID NO: 679) by ELISPOT assay of IFN-y-positive cells
(Figure 52A) and IL-5-positive cells (Figure 52B). 25Figures 53A and 53B depict HPV16 E6
antigen-specific T cell responses in mice following two immunizations with STF2.HPV16 E6 (SEQ ID
NO: 679) by ELISPOT assay of IFN-y-positive cells (Figure 52A) and IL-5-positive cells (Figure 52B).
Figure 54 depicts the domains (DO, D1, D2, D3) of full length flagellin (FL) 30and a fusion protein that
includes Domains 0, 1,2 and 3 and an antigen (Ag) fused to the carboxy-terminus of the flagellin
(Yonekura, et al., Nature 424: 643-650 (2003)).  - 18 -       Figure 55 depicts the domains (DO, D1, D2,
D3) of a flagellin construct (SEQ ID NO: 28) and a fusion protein that includes, in sequence, the
amino-domain 1, the amino-domain 2, domain 3, the carboxy-domain 2 and the carboxy-domain 1 of
flagellin, fused to an antigen (Ag). The flagellin construct is referred to herein as "an 5RO construct."
Figure 56 depicts the domains (DO, D1, D2, D3) of a flagellin construct (SEQ ID NO: 29) and a fusion
protein that includes, in sequence, the amino-domain 0, the amino-domain 1, the amino-domain 2, the
carboxy-domain 2, the carboxy-domain 1 and the carboxy-domain 0 of flagellin. The antigen (Ag) is
inserted between the 10amino-terminus and carboxy-terminus of domain 2 of the flagellin construct.
The flagellin construct is referred to herein as "the R3 construct." SEQ ID NO: 29 is the amino acid
sequence of an R3 construct and an D3 construct, which differ by the location of the fused antigen.
Figure 57 depicts the domains (DO, DI, D2, D3) of a flagellin construct (SEQ 15 ID NO: 29) and a
fusion protein that includes, in sequence, the amino-domain 0, the amino-domain 1, the amino-domain
2, the carboxy-domain 2, the carboxy-domain 1 and the carboxy-domain 0 of flagellin fused to an
antigen (Ag). An antigen (Ag) is fused to the terminal amino acid of the carboxy-domain 0 of the
flagellin construct. The flagellin construct is referred to herein as "the D3 construct." 20Figure 58
depicts the domains (DO, D1, D2, D3) of a flagellin construct (SEQ ID NO: 30) and a fusion protein
that includes, in sequence, the amino-domain 1, the amino-domain 2, the carboxy-domain 2 and the
carboxy-domain 1 of flagellin. An antigen (Ag) is fused between the amino-domain 2 and the
carboxy-domain 2 of the flagellin construct. The flagellin construct is referred to herein as "the R3D0
25construct."       Figure 59 depicts the domains (DO, D1, D2, D3) of a flagellin construct (SEQ ID NO:
30) and a fusion protein that includes, in sequence, the amino-domain 1, the amino-domain 2, the
carboxy-domain 2 and the carboxy-domain 1. Two antigens (Ag) are in the fusion protein depicted in
SEQ ID NO: 30. An antigen is fused 30 between the amino-domain 2 and the carboxy-domain 2 of the
flagellin construct and another antigen is fused to the carboxy-domain 1 of the flagellin construct. The
flagellin construct is referred to herein as "the R03 construct." 



- 19 -        Figure 60 depicts the domains (DO, DI, D2, D3) of a flagellin construct (SEQ ID NO: 29) and
a fusion protein that includes, in sequence, the amino-domain 0, the amino-domain 1, the
amino-domain 2, the carboxy-domain 2, the carboxy-domain 1 and the carboxy-domain 0 of the
flagellin. Two antigens (Ag) are in the fusion 5 protein. An antigen is fused between the amino-domain
2 and the carboxy-domain 2 of the flagellin construct. Another antigen is fused to the carboxy-terminal
amino acid of the Domain 0 of the flagellin construct. The flagellin construct is referred to herein as
"the R3-2xAg construct." Figure 61 depicts the domains (DO, DI, D2, D3) of a flagellin construct (SEQ
10ID NO: 31) and a fusion protein that includes, in sequence, the amino-domain 1, the amino-domain
2, the carboxy-domain 2, the carboxy-domain 1 and the carboxydomain 0 of flagellin fused to an
antigen (Ag). The flagellin construct is referred to herein as "the D3N construct." Figure 62 depicts the
domains (DO, DI, D2, D3) of a flagellin construct (SEQ 15ID NO: 32) and a fusion protein that
includes, in sequence, the amino-domain 1, the amino-domain 2, the carboxy-domain 2, the
carboxy-domain I of flagellin. The flagellin construct lacks a portion of a carboxy-domain 0, for
example, the amino acid sequence VPQNVLSLLA (SEQ ID NO: 693). An antigen is fused to the
carboxyterminal amino acid of the flagellin construct. The flagellin construct is referred to 20 herein as
"the D3NCs construct."        Figure 63 depicts the domains (DO, D1, D2, D3) of flagellin construct
(SEQ ID NO: 33) and a fusion protein that includes, in sequence, the amino-domain 1 and the
carboxy-domain 1 of flagellin fused to an antigen (Ag). The antigen is fused to the carboxy-terminal
amino acid of the carboxy-domain 1 of the flagellin construct. The 25flagellin construct is referred to
herein as "the DOD2D3 construct" or "the DI construct."        Figure 64 depicts fusion proteins that
include flagellin and portions of RSV F protein.            Figure 65 depicts disulfide binds in an RSV F
protein (Smith, et at, Prot. Eng. 3015:365-371 (2001)). Figure 66 depicts an RSV G protein (SEQ ID
NO: 544). Figure 67 depicts the HPV16 genome.  - 20 -        Figure 68 depicts the HPV genome,
mRNA and proteins. DETAILED DESCRIPTION OF THE INVENTION       The features and other
details of the invention, either as steps of the invention or as combinations of parts of the invention,
will now be more particularly described 5and pointed out in the claims. It will be understood that the
particular embodiments of the invention are shown by way of illustration and not as limitations of the
invention. 



The principle features of this invention can be employed in various embodiments without departing
from the scope of the invention. The invention is generally directed to compositions that include viral
antigens, 10such as influenza viral antigens (e.g., hemagglutinin (HA) protein, matrix 2 (M2) protein,
neuraminidase), respiratory synctial virus (RSV) antigens (e.g., fusion protein, attachment
glycoprotein), papillomaviral antigens (e.g., human papilloma virus (HPV), such as an E6 protein, E7
protein, Li protein, L2 protein) and flavivirus viral antigens (e.g., Dengue viral antigens, West Nile viral
antigens), fusion proteins 15 that include the viral antigens and methods of stimulating an immune
response, such as a protective immune response, in a subject employing the compositions described
herein.        In an embodiment, the invention is an amino acid sequence having at least about 50.0%
identity to a contiguous amino acid sequence as set forth in SEQ ID NO: 2029 (an R3 construct),
including any insertions or deletions from SEQ ID NO: 29, wherein the isolated amino acid sequence
activates a Toll-like Receptor 5 (TLR5). Amino acid sequences that have, for example, at least about
50.0%, at least about 60.0%, at least about 70.0%, at least about 80.0%, at least about 85.0%, at least
about 88.0%, at least about 90.0%, at least about 95.0%, at least about 98.0% or at least 25 about
99.0% identity to SEQ ID NO: 29 can be employed in the compositions, fusion proteins and methods
of the invention. Exemplary amino acid sequences that have at least about 50.0% identity to SEQ ID
NO: 29 include SEQ ID NOs: 770-775.       At least one amino acid residue of SEQ ID NO: 29 selected
from the group consisting of 84, 91, 95, 322 and 326 can be substituted with an amino acid other than
30the naturally occurring amino acid, such as at least one member selected from the group consisting
of alanine, serine, glycine, aspartic acid, glutamic acid and lysine. It  -21 - is believed that the amino
acids substituted in the flagellin constructs described herein are involved in interactions (e.g., binding)
to TLR5.       "Contiguous," as used herein in reference to amino acid sequences that have identity to
the amino acid sequences described herein that activate Toll-like Receptor 55 (e.g., SEQ ID NOs: 29,
30, 31, 32 and 33), refers to an amino acid sequence that does not have any insertions or deletions in
any part of the amino acid sequence that shares the percent identity. For example, an amino acid
sequence that has at least 50% identity to SEQ ID NO: 29 would not have a gap (i.e., a deletion) in the
amino acid sequence when compared to SEQ ID NO: 29 nor would the amino acid sequence have
10additional amino acids (i.e., an insertion) when compared to SEQ ID NO: 29.       "Activates," when
referring to an amino acid sequence or a fusion protein, means that the amino acid sequence, fusion
protein or component of the fusion protein (e.g., an amino acid sequence) stimulates a response
associated with a TLR 5, for example, host inflammatory responses (Smith, K.D., et al., Nature
Immunology 



154:1247-1253 (2003)), such as Interleuken-8 (IL-8) production, tumor necrosis factor ('TNF)
production and NK-KB activation, as described herein. R3 constructs can be fused to at least one
antigen described herein. Exemplary R3 constructs (also referred to herein as "R3 flagellin constructs"
or "R3 form of flagellin") fused to, for example, an influenza viral HA antigen (SEQ ID NO: 499) are 20
shown below. The HA antigen sequence is underlined. STF2f1iC.R3HA1-2(SI) (SEQ ID NO: 500)
MAQVINTNSLSLLTQNNLNK S Q SALGTAI ERLS S GLRINSAKDDAAGQAI ANRF TAN I KGLTQAS
RNANDG I S I AQTTEGALNE INNNLQRVRELAVQ SANS TNS Q SDLDS I QA 25 E I TQ RLNE I
DRVSGQT QFNGVKVLAQDNTLT I QVGANDGET I DI DLKQ IN SQTLGLD TLNVQ
QKYKVSDTAATVTGKG I AP LQ LGNC SVAGW I LGNP ECEL L I SRESWSY IVEK PNPENGTCY
PGHFADYEELREQ LS SVS SF ERF EIF P KE S SWPNHTTTGVSASC SHNG ES
SFYKNLLWLTGKNGLYPNL SKS YANNKEKEVLVLWGVITHP PNIGDQRALYHKENA YVSVVS SHY
S RKF T PE I AKRP KVRDQEGRI NYYWT LL EPGDT1 I F EANGNL IAP RYA 30 FAL SRGF GS G I
INSNAD LT EAKAALTAAGVTGTAS VVKMS YTDNNGKT I DGGLAVKV GDDYYSATQNKDGS IS
INTTKYTADDGTSKTALNKLGGADGKTEVVS I GGKTYAAS K  - 22 -
AEGHNFKAQPDLAEAAATTTENPLQKIDAALAQVDTLRSDLGAVQNRFNSAITNLGN
TVNNLTSARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLR
STF2f1jER3.HA1-2(SI) (SEQ ID NO: 465) 5
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTAN
IKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQA
EITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEK
PNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNG 10
ESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENA
YVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
FALSRGFGSGIINSAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGY
ALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKT
YNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAI 15
TNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLL A
E.co/iR3.HA1-2(SI) (SEQ ID NO:501)
MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQATANRFTSN 



20 IKGLTQAARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTGTNSDSDLDSIQD
EIKSRLDEIDRVSGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGLN
GFNVNGSGTIANKAATISDKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEK
PNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNG
ESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENA 25
YVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
FALSRGFGSGIINSSVTMGGTTYNFKTGADAGAATANAGVSFTDTASKETVLNKVAT
AKQGTAVAANGDTSATITYKSGVQTYQAVFAAGDGTASAKYADNTDVSNATATYTDA
DGEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYAPKVGAEVYVSANGTLTTDATSE
GTVTKDPLKALDEAISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEAQSRIQDAD 30
YATEVSNMSKAQIIQQAGNSVLAKANQVPQQVLSLLQG Bacillus subti/is.R3HA1-2(SI) (SEQ ID
NO:502)  - 23 - MR INHNIAALNTS RQLNAG SDS AA.KNMEKLSSGLR INRAGDDAAGLAI S EKMRS
Q IR GLDMAS KNAQDGI S L I QTS EGALNETHS I LQRMS ELATQAANDTNTDS DRSELQKEM DQ
LAS EVTR I S TDTEFNTKKLLDGTAQNLTFQ I GANEGQTMS L S I NKMDS E S LKVGT
TYTVSGKGIAPLQLGNCSVAGWI LGNPECELL I SRESWSYIVEKPNPENGTCYPGHF 5 ADYEE
LREQLS SVS S F ERFE I FPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTG
KNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSWSSHYSRKF T PE I
AKRPKVRDQ EGR I NYYWTLLEPGDT I I FEANGNL I APRYAFALSRGF GSG I IN
SWADADDATNKPAGYYDAGGKVIASEKLAADSKVTKGIDI SS SAKA.AS SALTT I KTA I DTVS S
ERAKLGAVQNRLEHT INNLGTS S ENLTSAE SRI RDVDMASEMMEYTKNNIL 10
TQASQAMLAQANQ 1020304050 15f1iCR3HA1_2SI f1jER3HA1_2SI Eco1iR3HA1_2SI
BsubR3HA1_23I MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAI
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAI
MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAI
--MRINHNIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAGLAI ** *.*.******** * ***** **  20
60708090100 f1iCR3HA1_28I f1jBR3HA1_2SI 25Eco1iR3HA1_2SI EsubR3HA1_2SI 



ANRETANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA
ANRETANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA
ANRFTSNIKGLTQAARNANDGISVAQTTEGALSEINNNLQRIRELTVQAS
SEKMRSQIRGLDMASKNAQDGISLIQTSEGALNETHSILQRMSELATQAA * ***** ****** **** ****** *  -
24 -  110120130140150 NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNT-LTIQVG
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNT-LTIQVG
TGTNSDSDLDSIQDEIKSRLDEIDRVSGQTQFNGVNVLAKDGS-MKIQVG
NDTNTDSDRSELQKEMDQLASEVTRISTDTEFNTKKLLDGTAQNLTFQIG 160170180190200
ANDGETIDIDLKQINSQTLGLDTLNVQQKYKVSDTAATVTGKGIAPLQLG
ANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAKGIAPLQLG
ANDGQTITIDLKKIDSDTLGLNGFNVNGSGTIANKAATISDKGIAPLQLG
ANEGQTMSLSINKMDSESLKVGTTYTVSGKGIAPLQLG ...... *,:***********  210220230240250
NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELRE
NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELRE
NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELRE
NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELRE
************************************************** 



260270280290300  QLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGK
QLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGK
QLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGK
QLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGK
************************************************** 310320330340350
NGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS
NGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS
NGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS
NGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS  - 25 - 360370380390400
HYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
HYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
HYSRKFTPEIAKRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
HYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
************************************************** 410420430440450
FALSRGFGSGIINSNADLTEAKAALTAAGVTGTAS-----
FALSRGFGSGIINSAVVSADAKNALIAGGVDATDANGAE-
FALSRGFGSGIINSSVTMGGTTYNFKTGADAGAATANAGVSFTDTASKET FALSRGFGSGIINSWADA
************** 



460470480490500 20 f1iCR3HA1_2SIVVKMSYTDNNGKTIDGGLAVKVGDDYYSATQNK
fljBR3HA1_2SILVKMSYTDKNGKTIEGGYALKAGDKYYAADYDE EcoliR3HA1_23I
VLNKVATAKQGTAVAANGDTSATITYKSGVQTYQAVFAAGDGTASAKYAD BsubR3HA1_2SI 25
510520530540550 fliCR3HA1_2SID-GSISINTTKYTADDGTSKTALNKLGGADGKTEVVSIGGKTYAA
fljBR3HA1_2SIATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNA 30
Eco1iR3HA1_2SI N-TDVSNATATYTDADGEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYA
BsubR3HA1_25I--DDATNKPAGYYDAG  GKVIAS     560570580590600 35
f1iCR3HA1_2SISKAEGHNFKAQP----DLAEAAATTTENPLQKIDAALAQVDTLRSDLGAV
fljBR3HA1_2SISKAAGHDFKAQP----ELAEAAAKTTENPLQKIDAALAQVDALRSDLGAV
Eco1iR3HA1_2SI PKVGAEVYVSANGTLTTDATSEGTVTKDPLKALDEAISSIDKFRSSLGAI
BsubR3HA1_2SIEKLAADSKVTKG----IDISSSAKAASSALTTIKTAIDTVSSERAKLGAV  



- 26 -  5f11CR3HA1_2SI f1jBR3HA1_2SI Eco1iR3HA1_2SI BsubR3HA1_2SI 610620630640650
QNRFNSAITNLGNTVNNLTSARSRIEDSDYATEVSNMSRAQILQQAGTSV
QNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSV
QNRLDSAVTNLNNTTTNLSEAQSRIQDADYATEVSNMSKAQIIQQAGNSV
QNRLEHTINNLGTSSENLTSAESRIRDVDMASEMMEYTKNNILTQASQAM  .. . .. . .. ... ..... . 660
f1iCR3HA1_2SI LAQANQVPQNVLSLLR- (SEQ ID NO: 500)  f1jBR3HA1_25I
LAQANQVPQNVLSLLA- (SEQ ID NO: 465) EcoliR3HA1_25I LAKANQVPQQVLSLLQG (SEQ ID NO:
501)  BsubR3HA1_2SI LAQANQ 



(SEQ ID NO: 502)   20Alignment data :  Alignment length : 667 Identity (*) : 323 is 48.43 % Strongly
similar (:) : 75 is 11.24 % Weakly similar (.) : 44 is 6.60% 25Different : 225 is 33.73 % Sequence 0001
: fliCR3HA1_2SI ( 623 residues). Sequence 0002 : fljBR3HA1_25I ( 628 residues). Sequence 0003 :
EcoliR3HA1_2SI ( 665 residues). Sequence 0004 : BsubR3HA1_2SI ( 526 residues). 30       The
compositions and fusion proteins of the invention that activate a TLR5 can further include components
that activate at least one member selected from the group consisting of a TLR1, TLR2, TLR3, TLR4,
TLR6, TLR7, TLR8, TLR9, TLR10, TLR11 and TLR12. Bacterial lipopeptide activates TLR1;
Pam3Cys, Pam2Cys 35 activate TLR2; dsRNA activates TLR3; LBS (LPS-binding protein) and LPS  -
27 - (lipopolysaccharide) activate TLR4; imidazoquinolines (anti-viral compounds and ssRNA) activate
TLR7; and bacterial DNA (CpG DNA) activates TLR9. TLR I and TLR6 require heterodimerization with
TLR2 to recognize ligands (e.g., TLR agonists, TLR antagonists). TLR1/2 are activated by triacyl
lipoprotein (or a lipopeptide, such 5as Pam3Cys), whereas TLR6/2 are activated by diacyl lipoproteins
(e g., Pam2Cys), although there may be some cross-recognition. In addition to the natural ligands,
synthetic small molecules including the imidazoquinolines, with subclasses that are specific for TLR7
or TLR8 can activate both TLR7 and TLR8. There are also synthetic analogs of LPS that activate
TLR4, such as monophosphoryl lipid A [MPL]. 10Pathogen-associated molecular patterns (PAMPs),
such as a flagellin or a bacterial lipoprotein, refer to a class of molecules (e.g., protein, peptide,
carbohydrate, lipid, lipopeptide, nucleic acid) found in microorganisms that, when bound to a pattern
recognition receptor (PRR), can trigger an innate immune response. The PRR can be a Toll-like
Receptor (TLR). 15TLRs are the best characterized type of Pattern Recognition Receptor (PRR)
expressed on antigen-presenting cells (APC). APC utilize TLRs to survey the microenvironment and
detect signals of pathogenic infection by engaging the cognate ligands of TLRs, PAMPs. TLR
activation triggers the innate immune response, the first line of defense against pathogenic insult,
manifested as release of cytokines, 



20chemokines and other inflammatory mediators; recruitment of phagocytic cells; and important
cellular mechanisms which lead to the expression of costimulatory molecules and efficient processing
and presentation of antigens to T-cells: Toll-like Receptors were named based on homology to the
Drosophila melangogaster Toll protein. Toll-like Receptors (TLR) are type I transmembrane
25signaling receptor proteins characterized by an extracellular leucine-rich repeat domain and an
intracellular domain homologous to an interleukin 1 receptor. Toll-like Receptors include TLRI, TLR2,
TLR3, TLR4, TLR5, TLR6, TLR7, TLR 8, TLR9, TLRIO, TLR11 and TLR12. The binding of PAMPs to
TLRs activates innate immune pathways. Target 30cells can result in the display of co-stimulatory
molecules on the cell surface, as well as antigenic peptide in the context of major histocompatibility
complex molecules. The compositions and proteins of the invention include a TLR (e.g., TLR5), which
- 28 - promote differentiation and maturation of the APC, including production and display of
co-stimulatory signals. The proteins of the invention can be internalized by interaction with TLR and
processed through the lysosomal pathway to generate antigenic peptides, which are displayed on the
surface in the context of the major 5histocompatibility complex. The compositions and fusions proteins
of the invention can trigger cellular events resulting in the expression of costimulatory molecules,
secretion of critical cytokines and chemokines; and efficient processing and presentation of antigens
to T- cells. As discussed above, TLRs recognize PAMPs including bacterial cell wall 10components
(e.g., bacterial lipoproteins and lipopolysaccharides), bacterial DNA sequences that contain
unmethylated CpG residues and bacterial flagellin that act as initiators of the innate immune response
and gatekeepers of the adaptive immune response (Medzhitov, R., et al., Cold Springs Harb. Symp.
Quant. Biol. 64:429 (1999); Pasare, C., et aL, Semin, Immunol 16:23 (2004); Medzhitov, R., et aL,
Nature 15388:394 (1997); Barton, G.M., et al, Curr. Opin. Immunol 14:380 (2002); Bendelac, A., et aL,
J Exp. Med. 195:F19 (2002)).       The compositions and fusions proteins of the invention can trigger
signal transduction pathways of the innate and adaptive immune system of the subject to thereby
stimulate the immune system of a subject to generate antibodies and 20 protective immunity to the
antigen component of the composition, which, in turn may prevent infection by a virus, such as
influenza virus, a respiratory syncytial virus, a papillomavirus and a flavivirus, to thereby treat the
subject or prevent the subject from disease, illness and, possibly, death. 



In another embodiment, the invention is an amino acid sequence having at 25least about 50.0%
identity to a contiguous amino acid sequence as set forth in SEQ ID NO: 30 (an R3D0 construct),
including any insertions or deletions from SEQ ID NO: 30, wherein the isolated amino acid sequence
activates a Toll-like Receptor 5. Exemplary amino acid sequences that have at least about 50.0%
identity to SEQ ID NO: 30 include SEQ ID NOs: 776-781. 30At least one amino acid residue of SEQ
ID NO: 30 selected from the group consisting of 39, 46, 50, 277 and 281 can be substituted with an
alanine residue. Substitution of amino acid residues of the amino acid sequences and fusion proteins
- 29 - described herein are in regions of the amino acid sequences and fusion proteins that maintain
Toll-like Receptor 5 binding and hence activation of the Toll-like Receptor 5 by the amino acid
sequence and fusion protein of the invention. In an additional embodiment, the invention is an amino
acid sequence having 5at least about 60.0% identity to a contiguous amino acid sequence as set forth
in SEQ ID NO: 31 (an D3N construct), including any insertions or deletions from SEQ ID NO: 31,
wherein the isolated amino acid sequence activates a Toll-like Receptor 5. Exemplary amino acid
sequences that have at least about 60.0% identity to SEQ ID NO: 31 include SEQ ID NOs: 782-787.
10At least one amino acid residue of SEQ ID NO: 31 selected from the group consisting of 39, 46, 50,
277 and 281 can be substituted with an alanine residue.        In still another embodiment, the invention
is an amino acid sequence having at least about 60.0% identity to a contiguous amino acid sequence
as set forth in SEQ ID NO: 32 (an D3NCs construct), including any insertions or deletions from SEQ
ID NO: 1532, wherein the isolated amino acid sequence activates a Toll-like Receptor 5. Exemplary
amino acid sequences that have at least about 60.0% identity to SEQ ID NO: 32 include SEQ ID NOs:
788-793. At least one amino acid residue of SEQ ID NO: 32 selected from the group consisting of 39,
46, 50, 277 and 281 can be substituted with an alanine residue. 20In another embodiment, the
invention is an amino acid sequence having at least about 60.0% identity to a contiguous amino acid
sequence as set forth in SEQ ID NO:33 (an Dl construct), including any insertions or deletions from
SEQ ID NO: 33, wherein the isolated amino acid sequence activates a Toll-like Receptor 5. Exemplary
amino acid sequences that have at least about 60.0% identity to SEQ ID NO: 33 25 include SEQ ID
NOs: 794-799.        At least one amino acid residue of SEQ ID NO: 33 selected from the group
consisting of 38, 45, 49, 139 and 143 is substituted with an alanine residue.        In yet another
embodiment, the invention is an amino acid sequence as set forth in at least one member selected
from the group consisting of SEQ ID NO: 29 



30 (R3), SEQ ID NO: 30 (R3D0), SEQ ID NO: 31 (D3N), SEQ ID NO: 32 (D3NCs) and SEQ ID NO: 33
(D1).  - 30 -       In a further embodiment, the invention is a fusion protein comprising, in sequence, at
least one amino acid sequence as set forth in SEQ ID NO: 28 (RO construct) and at least a portion of
at least one antigen, wherein at least one amino acid residue of SEQ ID NO: 28 selected from the
group consisting of 39, 46, 50, 378 and 5382 is substituted with an alanine residue and wherein the
fusion protein activates a Toll-like Receptor 5.       Figure 55 depicts the domains (DO, D1, 132, D3) of
a flagellin construct (e.g., a flagellin component of a fusion protein) and a fusion protein (SEQ ID NO:
28) that includes, in sequence, the amino-domain 1 (also referred to herein as "DI N"), the  10
amino-domain 2 (also referred to herein as "D2N"), domain 3 (also referred to herein as "D3"), the
carboxy-domain 2 (also referred to herein as "D2C") and the carboxydomain 1 (also referred to herein
as "DI C"), fused to an antigen (Ag). The flagellin component of the fusion protein depicted in Figure
55 lacks the amino- and carboxyDO domains of flagellin (also referred to herein as "DON" and "DOC,"
respectively) 15and is referred to herein as an "RO construct" or "RU form of flagellin" or "RO flagellin
construct." "RO (Replace Domain 0) construct," as used herein, means that Domain 0 of the flagellin
has been Replaced with an antigen described herein. "Fusion proteins," as used herein, refers to a
protein that is generated by the joining of two components (also referred to herein as "fused" or
linked") (e.g., an 20amino acid sequence that activates a TLR5 and at least a portion of a viral
antigen). Fusion proteins of the invention can be generated by recombinant DNA technologies or by
chemical conjugation of the components of the fusion protein. Recombinant DNA technologies and
chemical conjugation techniques are well established procedures and known to one of skill in the art.
Exemplary techniques to generate 25fusion proteins that include Toll-like Receptor agonists are
described herein and in U.S. Application Nos: 11/714,684 and 11/714,873, the teachings of both of
which are hereby incorporated by reference in their entirety. In an embodiment, a carboxy-terminus of
the antigen component of the fusion protein is fused to an amino terminus of the amino acid sequence
that activates a 30 TLR5 or a flagellin component of the fusion protein. In another embodiment, an
amino-terminus of the antigen component of the fusion protein is fused to a carboxy-  - 31 - terminus
of the amino acid sequence that activates a TLR5 or a flagellin component of the fusion protein.
"Component," as used herein in reference to the fusion proteins described 



herein, refers to constituents of the fusion protein. For example, a "viral antigen 5component," as used
herein, refers to part of the viral antigen that includes at least a portion or the entirety of a viral antigen
protein. Likewise, for example, a "Toll-like Receptor agonist component," as used herein, refers to at
least part of the fusion protein that includes at least a portion of a Toll-like Receptor agonist. The
Toll-like Receptor agonist component can be a flagellin component, including, for example, an 10RO
construct, an R3 construct, an R3D0 construct, a D3N construct, a D3NCs construct and a DI
construct. "Flagellin component," as used herein, refers to at least part of the protein that includes at
least a portion of or the entirety of a flagellin.       Antigens for use in the fusion proteins of the
invention can include at least a portion of at least one viral protein antigen. The viral protein antigen
can include at 15least one member selected from the group consisting of an influenza viral protein
antigen (an influenza A viral protein antigen, an influenza B viral protein antigen, an influenza C viral
protein antigen), a flaviviral protein antigen (e.g., a West Nile flaviviral protein antigen, a Dengue
flaviviral protein antigen), a respiratory synctial viral protein antigen and a papillomaviral protein
antigen. 20"At least a portion," as used herein in reference to components of the fusion proteins or
compositions of the invention, means any part or the entirety of the component. "At least a portion" is
also referred to as "fragment."       Influenza antigens for use in the compositions and methods of the
invention can include at least one integral membrane protein antigen. The integral membrane
25protein antigen can include an influenza integral membrane protein antigen, such as at least a
portion of at least one member selected from the group consisting of a haemagglutinin membrane
protein, a neuraminidase membrane protein and a matrix 2 membrane protein. The integral membrane
protein can include at least a portion of at least one haemagglutinin membrane protein, such as at
least one member selected 30 from the group consisting of SEQ ID NOs: 228-281, 283-295, 454, 456,
481, 499, 662, 665, 813 and 826-831. The integral membrane protein can include at least a portion of
at least one matrix 2 membrane protein (e.g., at least four matrix 2  -32 - membrane proteins, such as
SEQ ID NO: 485), such as at least one member selected from the group consisting of SEQ ID NO:
296, 298, 300-321, 323-336, 507 and 666.        Fusion proteins of the invention can be designated by
the components of the fusion proteins separated by a ".". For example, "STF2R3.1-IA I -2 PR8" refers
to a 5 protein comprising one amino acid sequence of an R3 construct, such as SEQ ID NO: 29, fused
to a portion of a hemagglutinin protein, HAI-2 of the Puerto Rican 8 strain. Exemplary fusion proteins
of the invention include influenza antigens (SEQ ID NOs: 451-453, 465, 470, 471 and 474); respiratory
synctial virus antigens (SEQ ID NOs: 615, 621, 623 and 625); papillomaviral antigens (SEQ ID NOs.
157-180, 187-192, 10 204-209 and 216-227), flavivirus antigens (SEQ ID NOs: 628, 630, 632 amd
634) and fusion proteins described and listed in the Sequence Listing herein. 



Fusion proteins of the invention can include, for example, two, three, four, five, six or more amino acid
sequences that activate TLR 5, such as portions of flagellin (e.g., SEQ ID NOs: 28-34) or Toll-like
Receptor agonists (e.g., at least a 15portion of flagellin) and two, three, four, five, six or more antigen
proteins. When two or more TLR agonists and/or two or more proteins comprise proteins of the
invention, they are also referred to as "multimers." For example, a multimer of an M2 protein, such as
an influenza or RSV M2 protein, can be SEQ ID NOs: 485 and 551, respectively, which is referred to
herein as 4xM2. 20The proteins of the invention can further include a linker between at least one
component of the fusion protein (e.g., an antigen protein) and at least one other component of the
protein (e.g., amino acid sequence that activates a TLR5, a flagellin component) of the composition, a
linker (e.g., an amino acid linker) between at least two similar components of the protein (e.g.,
between two antigens) or any 25combination thereof. The linker can be between the antigen
component and Toll-like Receptor agonist component or flagellin component of a fusion protein.
"Linker," as used herein in reference to a protein of the invention, refers to a connector between
components of the protein in a manner that the components of the protein are not directly joined. For
example, one component of the fusion protein (e.g., amino acid 30sequence that activates TLR5, a
flagellin component) can be linked to a distinct component (e.g., antigen) of the fusion protein.
Likewise, at least two or more similar or like components of the fusion protein can be linked (e.g., two
amino acid sequences  -33 - that activate a TLR5, such as two (2) R3 sequences) by a linker; or two
antigen components can further include a linker between each antigen.       Additionally, or
alternatively, the fusion proteins of the invention can include a combination of a linker between distinct
components of the protein and similar or like 5components of the protein. For example, a fusion
protein can comprise at least two TLR agonists, such as flagellin or an RO, R3, R3DO, D3N, D3NCs
or D1 constructs, that further includes a linker between, for example, two or more flagellin constructs;
at least two antigen protein components that further include a linker between them; a linker between
one component of the protein (e.g., a flagellin construct) and another 10distinct component of the
fusion protein, such as the antigen, or any combination thereof       The linker can be an amino acid
linker. The amino acid linker can include synthetic or naturally occurring amino acid residues. The
amino acid linker employed in the proteins of the invention can include at least one member selected
from the 15group consisting of a lysine residue, a glutamic acid residue, a serine residue and an
arginine residue.       In still another embodiment, the invention is a fusion protein comprising at least
one amino acid sequence as set forth in SEQ ID NO: 29 (R3 construct) and at least a portion of at
least one antigen, wherein the antigen is between amino acid 



20residues 190 and 191 of SEQ ID NO: 29, and wherein the fusion protein activates a Toll-like
Receptor 5.        Figure 56 depicts the domains (DO, D1, D2, D3) of a flagellin construct (SEQ 113
NO: 29) and a fusion protein that includes, in sequence, the amino-domain 0, the amino-domain 1, the
amino-domain 2, the carboxy-domain 2, the carboxy-domain 1 25and the carboxy-domain 0 of
flagellin. An antigen (Ag) is fused between the amino- and carboxy-domain 2 of the flagellin construct.
The flagellin construct of the fusion protein depicted in Figure 56 lacks the D3 domain of flagellin and
is referred to herein as an "R3 construct" or the "R3 form of flagellin" or "R3 flagellin construct." "R3
(Replace Domain 3) construct," as used herein, means that Domain 3 of the flagellin 30 has been
Replaced with an antigen describe herein. An amino acid sequence that activates a TLR5 and has at
least about 50.0%, at least about 60.0%, at least about 80.0%, at least about 85.0%, at least about
90.0%, at least about 95.0%, at least about  - 34 - 98.0% and at least about 99.0% identity to a
contiguous amino acid sequence, without any insertions or deletions, as set forth in SEQ ID NO: 29
can be employed in the compositions, fusion proteins and methods of the invention. In another
embodiment, the invention is a fusion protein comprising, in 5sequence, at least one amino acid
sequence as set forth in SEQ ID NO: 29 (D3 construct) and at least a portion of at least one antigen,
wherein the fusion protein activates a Toll-like Receptor 5.       Figure 57 depicts the domains (DO, DI,
D2, D3) of an amino acid sequence of a portion of a flagellin (SEQ ID NO: 29) and a fusion protein
that includes, in 10sequence, the amino-domain 0, the amino-domain 1, the amino-domain 2, the
carboxy-domain 2, the carboxy-domain 1 and the carboxy-domain 0 of flagellin fused to an antigen
(Ag). The antigen is fused to the terminal amino acid of the carboxydomain 0 of the flagellin construct.
The flagellin component of the fusion protein depicted in Figure 57 lacks the D3 domain of flagellin
and is referred to herein as an 15"D3 construct" or the "D3 form of flagellin" or a "D3 flagellin
construct." "D3 construct," as used herein, means that Domain 3 of the flagellin is lacking in the
flagellin component and the antigen is linked to the carboxy-terminus of Domain 0 of the flagellin
component. In an additional embodiment, the invention is a fusion protein comprising at 20 least one
amino acid sequence as set forth in SEQ ID NO: 30 (R3D0 construct) and at least a portion of at least
one antigen, wherein the antigen is between amino acid residues 145 and 146 of SEQ ID NO: 30 and
the fusion protein activates a Toll-like Receptor 5. Figure 58 depicts the domains (DO, DI, D2, D3) of a
flagellin construct (SEQ 25ID NO: 30) and a fusion protein that includes, in sequence, the
amino-domain 1, the amino-domain 2, the carboxy-domain 2 and the carboxy-domain 1 of flagellin.
The antigen (Ag) is fused between the amino-domain 2 and the carboxy-domain 2 of flagellin. The
flagellin component of the fusion protein depicted in Figure 58 lacks the D3 domain of flagellin and is
referred to herein as an "R3D0 construct" or the 30 "R3D0 form of flagellin" or "R3D0 flagellin
construct." "R3D0 construct," as used herein, means that Domain 3 of the flagellin is Replaced with an
antigen and Domain 0 is lacking. An amino acid sequence that activates TLR5 and has at least about 



- 35 - 50.0%, at least about 60.0%, at least about 80.0%, at least about 85.0%, at least about 90.0%,
at least about 95.0%, at least about 98.0% and at least about 99.0% identity to a contiguous amino
acid sequence, without any insertions or deletions, as set forth in SEQ ID NO: 30 can be employed in
the compositions and fusion proteins of the 5invention.       In yet another embodiment, the invention is
a fusion protein comprising at least one amino acid sequence as set forth in SEQ ID NO: 30 (R03
construct) and at least a portion of at least two antigens, wherein at least one antigen is between
amino acid residues 145 and 146 of SEQ ID NO: 30 and at least one other antigen is fused to
10amino acid residue 318 of SEQ ID NO: 30, wherein the fusion protein activates a Toll-like Receptor
5.       Figure 59 depicts the domains (DO, D1, D2, D3) of a flagellin construct (SEQ ID NO: 30) and a
fusion protein that includes, in sequence, the amino-domain 1, the amino-domain 2, the
carboxy-domain 2 and the carboxy-domain 1 of flagellin. At 15least a portion of one antigen is fused
between the amino- and the carboxy-domain 2 of the flagellin construct and at least a portion of one
other antigen is fused to the carboxy-domain 1 of the flagellin construct. The flagellin construct
depicted in Figure 59 lacks the D3 and DO domains of flagellin and is referred to herein as an "R03
construct" or the "R03 form of flagellin" or "the R03 flagellin construct." "R03 20construct," as used
herein, means that Domain 3 of the flagellin is Replaced with an antigen and the carboxy-terminal
Domain 0 is Replaced with a second similar or distinct antigen.       Exemplary RO flagellin constructs
fused to an HA influenza antigen (HA 12(S1)(SEQ ID NO: 499) are shown below. The HA antigen
sequence is 25underlined. STF2fliCRO.HA1-2(SI) (SEQ ID NO:515) MGQA I ANRFTAN I KGLT QAS
RNANDG I S I AQTTE GALNE INNNLQRVRE LAVQ S AN S TNSQSDLDS I QAE I TQRLNE I DRVS
GQTQ FNGVKVLAQDNT LT I QVGANDGET ID ID 30 LKQ I NS Q
TLGLDTLNVQQKYKVSDTAATVTGYADTT I ALDNS TFKASATGLGGTDQK I DGDLKF
DDTTGKYYAKVTVTGGTGKDGYYEVSVDKTNGEVTLAGGATS PLTGGL PA  - 36 -
TATEDVKNVQVANADLTEAKAALTAAGVTGTASVVKMSYTDNNGKTIDGGLAVKVGD
DYYSATQNKDGSISINTTKYTADDGTSKTALNKLGGADGKTEVVSIGGKTYAASKAE
GENFKAQPDLAEAAATTTENPLQKIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTV
NNLTSARSRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYP 5
GHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLW
LTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYS
RKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSG TINS 



10 STF2f1jBRO.HA1-2(SI) (SEQ ID NO:516)
MGQATANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANS
TNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDID
LKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDVSGLDDAAIKAATGGTN
GTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTT 15
MPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTI
EGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTI
DGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRF
NSAITNLGNTVNNLSEARSRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVE
KPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHN 20
GESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKEN
AYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRY
AFALSRGFGSGIINS  E.c0/iRO.HA1-2(SI) (SEQ ID NO:517) 25
MGQATANRFTSNIKGLTQAARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTG
TNSDSDLDSIQDEIKSRLDEIDRVSGQTQFNGVNVLAKDGSMKIQVGANDGQTITID
LKKIDSDTLGLNGFNVNGSGTIANKAATISDLTAAKMDAATNTITTTNNALTASKAL
DQLKDGDTVTIKADAAQTATVYTYNASAGNFSFSNVSNNTSAKAGDVAASLLPPAGQ
TASGVYKAASGEVNFDVDANGKITIGGQEAYLTSDGNLTTNDAGGATAATLDGLFKK 30
AGDGQSIGFNKTASVTMGGTTYNFKTGADAGAATANAGVSFTDTASKETVLNKVATA
KQGTAVAANGDTSATITYKSGVQTYQAVFAAGDGTASAKYADNTDVSNATATYTDAD
GEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYAPKVGAEVYVSANGTLTTDATSEG  -37-
TVTKDPLKALDEAISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEAQSRKGIAPL
QLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSS
VSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSY
ANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRD 5
QEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  Bacillus subtilisRO.HA1-2(SI)
(SEQ ID NO:518)
MGLAISEKMRSQIRGLDMASKNAQDGISLIQTSEGALNETHSILQRMSELATQAAND
TNTDSDRSELQKEMDQLASEVTRISTDTEFNTKKLLDGTAQNLTFQIGANEGQTMSL 10
SINKMDSESLKVGTTYTVSGDQNTLTATDGSTATWADADDATNKPAGYYDAGGKVIA
SEKLAADSKVTKGIDISSSAKAASSALTTIKTAIDTVSSERAKLGAVQNRLEHTINN
LGTSSENLTSAESRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPEN
GTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFY
KNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVV 15
SSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSR GFGSGI INS
20fliCROHA1_2SI f1jBROHA1_2 BsubROHA1_2 EcoliR0HA1_2 25 fliCROHA1_2SI fljBROHA1_2 



30 BsubROHA1_2 Ec01iROHA1_2 1020304050
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVREL
MGQAIANAFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVREL
MGLAISEKMRSQIRGLDMASKNAQDGISLIQTSEGALNETHSILQRMSEL
MGQAIANRFTSNIKGLTQAARNANDGISVAQTTEGALSEINNNLQRIREL ** **::*:***::**:****:
**:****.****: ** 60708090100 AVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLA-QDNTL
AVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLA-QDNTL
ATQAANDTNTDSDRSELQKEMDQLASEVTRISTDTEFNTKKLLDGTAQNL
TVQASTGTNSDSDLDSIQDEIKSRLDEIDRVSGQTQFNGVNVLA-KDGSM :.*::..**::** ..:* *: . .*: *:* :*:**
-38-  TIQVGANDGETIDIDLKQINSQTLGLDTLNVQQKYKVSDTAATVTGYADT
TIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANN
TFQIGANEGQTMSLSINKMDSESLKVGTTYTVSG
KIQVGANDGQTITIDLKKIDSDTLGLNGFNVNGSGTIANKAATISDLTAA  *.::* 160170180190200
TIALDNSTFKASATGLGGTDQK--ID GTTLDVSGLDDAAIKAATGGTNGTASV--TG DQNTLTAT
KMDAATNTITTTNNALTASKALDQLKDGDTVTIKADAAQTATVYTYNASA *  



15210 f1iCROHA1_28I GDLKFDDTTGKYYAKV fljBROHA1_2 GAVKFDADNNKYFVTI
BsubROHA1_2 220230240250 IIII T-VTGG-TGKDGYYEVSVDK-- GGFTGADAAKNGDYEVNVA---
20 EcoliROHA1_2GNFSFSNVSNNTSAKAGDVAASLLPPAGQTASGVYKAASGEVNFDVDANG
25f1iCROHA1_2SI f1jBROHA1_2 BsubROHA1_2 Eco1iROHA1_2 260270280290300 TNG
-EVTLAGGATSPLTGGLPATATEDVKN--VQVAN
TUG--TVTLAAGATKTTMPAGATTKTEVQEL--KDTPA S- -TATWADADDATNKPAG
KITIGGQEAYLTSDGNLTTNDAGGATAATLDGLFKKAGDGQSIGENKTAS  30 f1iCROHA1_2SIADL
f1jBROHA1_2VVS 35 BsubROHA1_2   



310320330340350 IIIII TEAKAALTAAGVTGTAS----VVK-MSYTDNNGKTID
ADAKNALIAGGVDATDANGAELVK-MSYTDKNGKTIE YYDAGGK VIA
EcoliROHA1_2VTMGGTTYNFKTGADAGAATANAGVSFTDTASKETVLNKVATAKQGTAVA *..:
360370380390400  - 39 -  



fliCROHA1_28IGG f1jBROHA1_2GG BsubROHA1_2
LAVKVGDDYYSATQNKD-GSISINTTKYTADD---GTSKTAL
YALKAGDKYYAADYDEATGAIKAKTTSYTAAD---GTTKTAA EKLAAD
Eco1iROHA1_2ANGDTSATITYKSGVQTYQAVFAAGDGTASAKYADNTDVSNATATYTDAD 5
410420430440 11I1 NKLGGADGKTEVVSIGGKTYAASKAEGHNF
NQLGGVDGKTEVVTIDGKTYNASKAAGHDF SKVTKGIDIS
GEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYAPKVGAEVYVSANGTLT 460470480490500 111I1
DLAEAAATTTENPLQKIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTVN
ELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVN
-SSAKAASS---ALTTIKTAIDTVSSERAKLGAVQNRLEHTINNLGTSSE
TDATSEGTVTKDPLKALDEAISSIDKFRSSLGAIQNRLDSAVTNLNNTTT .**:*:.***:***::::.**..:
510520530540550  



NLTSARSRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPE
NLSEARSRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPE
NLTSAESRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPE
NLSEAQSRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPE 560570580590600 11111
NGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCS
NGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCS
NGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCS
NGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCS
**************************************************  - 40 - 11111
HNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGD
HNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGD
HNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGD
HNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGD
************************************************** 660670680690700 11I11
QRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRINYYWTLLEPG
QRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRINYYWTLLEPG
QRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPG
QRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPG
************************************************** 710720730 



111 DTIIFEANGNLIAPRYAFALSRGFGSGIINS (SEQ ID NO: 515)
DTIIFEANGNLIAPRYAFALSRGFGSGIINS (SEQ ID NO: 516)
DTIIFEANGNLIAPRYAFALSRGFGSGIINS (SEQ ID NO: 517)
DTIIFEANGNLIAPRYAFALSRGFGSGIINS (SEQ ID NO: 518) *******************************
25Alignment data :  Alignment length : 731 Identity (*) : 295 is 40.36 % Strongly similar (:) : 60 is 8.21
% Weakly similar (.) : 36 is 4.92 % 30Different : 340 is 46.51 % Sequence 0001 : fl1CR0HA1_2SI (
631 residues). Sequence 0002 : fljBROHA1_2 ( 642 residues). Sequence 0003 : BsubROHA1_2 ( 465
residues). Sequence 0004: EcoliROHA1_2 ( 730 residues).  -41 - When more than one antigen is
employed in the compositions and fusion proteins of the invention, the antigens can be distinct
antigens or similar antigens. "Distinct," as used herein in reference to antigens, means that the
antigens are different types of antigens. Distinct antigens, for example, can be antigens of different
5regions of a virus or different viruses. For example, a hemagglutinin influenza viral protein antigen
(e.g., SEQ ID NO: 499) and a matrix 2 influenza viral protein antigen (e.g., SEQ ID NO: 485) are
distinct antigens for use in the fusion proteins of the invention. Likewise, an influenza A antigen and an
influenza B antigen are distinct antigens. "Similar," as used herein in reference to antigens, means
that the antigens 10are antigens of a common type. For example, a hemagglutinin influenza viral
protein antigen of SEQ ID NO: 481 and a hemagglutinin influenza viral protein antigen of SEQ ID NO:
499 are similar antigens for use in the fusion proteins of the invention. Similar antigens employed in
the fusion proteins of the invention can also be antigens of the same or identical amino acid sequence.
15In yet another embodiment, the invention is a fusion protein comprising at 



least one amino acid sequence as set forth in SEQ ID NO: 29 (R3-2xAg construct) and at least a
portion of at least two antigens, wherein at least one antigen is between amino acid residues 190 and
191 of SEQ ID NO: 29 and at least one other antigen is fused to amino acid residue 405 of SEQ ID
NO: 29, and wherein the fusion protein 20activates a Toll-like Receptor 5.       Figure 60 depicts the
domains (DO, D1, D2, D3) of a flagellin construct (SEQ ID NO: 29) and a fusion protein that includes,
in sequence, the amino-domain 0, the amino-domain 1, the amino-domain 2, the carboxy-domain 2,
the carboxy-domain 1 and the carboxy-domain 0 of flagellin. The fusion protein depicted in SEQ ID
NO: 29 25has at least a portion of at least one antigen and at least a portion of at least one other
antigen. One antigen is fused between the amino-domain 2 and the carboxy-domain 2 of the flagellin
construct. The other antigen is fused to the carboxY-terminal amino acid of the domain 0 of the
flagellin construct. The flagellin construct depicted in Figure 60 lacks the D3 domain of flagellin and is
referred to herein as an "R3-2xAg 30construct" or the "R3-2xAg form of flagellin" or "R32x flagellin
construct" or "R32x" or the "R32x form of flagellin" or "2xR3" or the "2xR3 form of flagellin" or the
"R3/2x form of flagellin." "R3-2xAg construct," as used herein, means that Domain  - 42 - 3 of the
flagellin is Replaced with a one antigen and another antigen is fused to the earboxy-terminus of
Domain 0. Exemplary R32x flagellin constructs fused to an influenza antigen (HA1-2 (SI)     (SEQ ID
NO: 499)) are depicted below. The HA antigen sequence is underlined. 5 STF2f11C.E32xEA1-2(SI)
(SEQ ID NO:502) MAQVINTNS LS LLTQNNLNK S Q SALGTAI ERLS S GL RI NSAKDDAAGQAI
ANRFTAN I KGLTQAS RNANDGI S IAQTTEGALNE I NNNLQRVRELAVQ SANS TNS Q S DLDS I
QA E I TQRLNE I DRVS GQTQFNGVKVLAQDNTLTI QVGANDGET I D I DLKQ INS QTLGLD
TLNVQQKYKVSDTAATVTGKG IAPLQ LGNC SVAGWI LGNPECE LL I SRESWSYIVEK 10
PNPENGTCYPGHFADYEELREQLS SVS S FERFE I F PKESSWPNHTTTGVSASCSHNG  ES S
FYKNLLWL TGKNGLY PNL S KSYANNKEKEVLVLWGVHHP PN I GDQRALYHKENA YVSVVS SHY
S RKFT PE I AKR PKVRDQ EGRINYYWTL LE PGDT I I FEANGNL I APRYA FAL S RGFGS G I
INSNADL TEAKAALTAAGVTGTASVVKMSYTDNNGKT I DGGLAVKV GDDYYSATQNKDGS I S
INTTKYTADDGTSKTALNKLGGADGKTEVVS I GGKTYAASK 15 AEGHNFKAQ
PDLAEAAATTTENPLQK I DAALAQVDTLRS DLGAVQNRFNSAI TNLGN TVNNL TS ARSRI
EDSDYATEVSNMS RAQ I LQQAGTSVLAQANQVPQNVLS LLAKG IA PLQLGNCSVAGWI
LGNPECELL I SRESWSYIVEKPNPENGTCYPGHFADYEELREQL  S SVS S FERFE I F PKE S
SWPNHTTTGVSASCSHNGES SFYKNLLWLTGKNGLYPNLSK  SYANNKEKEVLVLWGVHH PPN I
GDQRALYHKENAYVSVVS SHYSRKFT PE IAKRPKV 20 RDQ EGR INYYWTLLE PGDT I I
FEANGNL I APRYAFALS RGFGSGI INS  STF2f1jBR32xHA1-2(SI) (SEQ ID NO:504)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLS SGLRINSAKDDAAGQAIANRFTAN I KGLTQAS
RNANDG I S I AQTTEGALNE I NNNLQRVRELAVQ SANS TNS Q S DLDS I QA 25 E I TQRLNE I
DRVS GQTQFNGVKVLAQDNTLT I QVGANDGET I D IDLKQ INS QTLGLD
SLNVQKAYDVKDTAVTTKAKGIAPLQLGNC SVAGW I LGN PEC ELL I S RE SWS Y I VEK
PNPENGTCYPGHFADYEELREQLS SVS S F ERFE I F PKE S SWPNHTTTGVSASCSHNG ES S FY
KNLLWLTGKNGLY PNL S KS YANNKEKEVLVLWGVHHP PNI GD Q RALYHKENA YVSVVS SHY
SRKFTPE IAKRPKVRDQEGRINYYWTLLE PGDT I I FEANGNLIAPRYA 30 FAL S RGF GS G I INS
AVVS ADAKNAL IAGGVDATDANGAE LVKMS YTDKNGKT I EGGY ALKAGDKYYAADYDEATGAI
KAKTTSYTAADGTTKTAANQ LGGVDGKTEVVTI DGKT
YNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAI  - 43 -
TNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLL
AKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEE
LREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLY
PNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIA 



5 KRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  E.co1iR32xHA1-2(SI)
(SEQ ID NO:505) MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAIANRFTSN
IKGLTQAARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTGTNSDSDLDSIQD 10
EIKSRLDEIDRVSGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGLN
GFNVNGSGTIANKAATISDKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEK
PNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNG
ESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENA
YVSVVSSHYSRKFTPEIAKRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA 15
FALSRGFGSGIINSSVTMGGTTYNFKTGADAGAATANAGVSFTDTASKETVLNKVAT
AKQGTAVAANGDTSATITYKSGVQTYQAVFAAGDGTASAKYADNTDVSNATATYTDA
DGEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYAPKVGAEVYVSANGTLTTDATSE
GTVTKDPLKALDEAISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEAQSRIQDAD
YATEVSNMSKAQIIQQAGNSVLAKANQVPQQVLSLLQGKGIAPLQLGNCSVAGWILG 20
NPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKE
SSWPNHTTTGVSASCSENGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWG
VHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLE
PGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  25 Bacillus subti/isR32xHA1-2(SI) (SEQ ID NO:506)
MRINHNIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAGLAISEKMRSQIR
GLDHASKNAQDGISLIQTSEGALNETHSILQRMSELATQAANDTNTDSDRSELQKEM
DQLASEVTRISTDTEFNTKKLLDGTAQNLTFQIGANEGQTMSLSINKMDSESLKVGT
TYTVSGKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHF 30
ADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTG
KNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKF
TPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIIN  -44-
SWADADDATNKPAGYYDAGGKVIASEKLAADSKVTKGIDI SSSAKAAS SALTTIKTA IDTVS S
ERAKLGAVQNRLEHT INNLGT S S ENLT SAE S R IRDVDMAS EMMEYTKNNI L
TQASQAMLAQANQKGIAPLQLGNCSVAGWI LGNPECELL I SRESWSYIVEKPNPENG
TCYPGHFADYEELREQLSSVSSFERFEI FPKESSWPNHTTTGVSASCSHNGESSFYK 5
NLLWLTGKNGLYPNL SKSYANNKEKEVLVLWGVHHP PN I GDQRALYHKENAYVSVVS
SHYSRKFTPEIAKRPKVRDQEGRINYYWTL LE PGDTI IFEANGNLIAPRYAFALSRG FGSGI INS
1020304050 MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAI
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAI
MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAI
--MRINHNIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAGLAI ** *:* *,.::*:*:************* **
60708090100 ANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA
ANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA
ANRFTSNIKGLTQAARNANDGISVAQTTEGALSEINNNLQRIRELTVQAS
SEKMRSQIRGLDMASKNAQDGISLIQTSEGALNETHSILQRMSELATQAA * *** ** ****** **** ******* 



110120130140150 NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVXVLAQDNT-LTIQVG
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNT-LTIQVG
TGTNSDSDLDSIQDEIKSRLDEIDRVSGQTQFNGVNVLAKDGS-MKIQVG
NDTNTDSDRSELQKEMDQLASEVTRISTDTEFNTKKLLDGTAQNLTFQIG ....  160170180190200 35
fliCR32xHA1_29IANDGETIDIDLKQINSQTLGLDTLNVQQKYKVSDTAATVTGKGIAPLQLG
fljBR32xHA1_2SIANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAKGIAPLQLG
EcoliR32xHA1_2SI ANDGQTITIDLKKIDSDTLGLNGFNVNGSGTIANKAATISDKGIAPLQLG  - 45 -
BsubR32xHA1_2SIANEGQTMSLSINKMDSESLKVGTTYTVSGKGIAPLQLG **********
210220230240250 NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELRE
NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELRE
NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELRE
NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELRE
************************************************** 260270280290300
QLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGK
QLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGK
QLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGK 



QLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGK
************************************************** 310320330340350
NGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS
NGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS
NGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS
NGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS
************************************************** 360370380390400
HYSRKFTPEIAKRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
HYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
HYSRKFTPEIAKRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
HYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYA
**************************************************  35410420430440450  f1iCR32xHA1_2SI
fljBR32xHA1_2SI Ec01iR32xHA1_2SI  TEAKAALTAAGVTGTAS ADAKNALIAGGVDATDANGAE-
FALSRGFGSGIINSSVTMGGTTYNFKTGADAGAATANAGVSFTDTASKET  - 46 - 



BsubR32xHA1_2SIFALSRGFGSGIINSWADA **************  f1iCR32xHA1_2SI fljER32xHA1_2SI
Eco1iR32xHA1_2SI BsubR32xHA1_2SI  480490500 LAVKVGDDYYSATQNK
YALKAGDKYYAADYDE VLNKVATAKQGTAVAANGDTSATITYKSGVQTYQAVFAAGDGTASAKYAD
510520530540550  fliCR32xHA1_2SID-CSISINTTKYTADDGTSKTALN 15
fljBR32xHA1_25IATGAIKAKTTSYTAADGTTKTAAN  KLGGADGKTEVVSIGGKTYAA
QLGGVDGKTEVVTIDGKTYNA  Eco1iR32xHA1_2SI
N-TDVSNATATYTDADGEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYA
BsubR32x1-IA1_2SI--DDATNKPAGYYDAG . *  GKVIAS *.: 



20 f1iCR32xHA1_2SI fljBR32xHA1_2SI EcoliR32xHA1_2SI 25 BsubR32xHA1 2SI
30fliCR32xHA1_25I f1jBR32xHA1_25I Ec01iR32xHA1_2SI BsubR32xHA1_25I 35 f1iCR32xHA1_23I
f1jB1132xHA1_2SI  560570580590600
SKAEGHNFKAQP----DLAEAAATTTENPLQKIDAALAQVDTLRSDLGAV
SKAAGHDFKAQP----ELAEAAAKTTENPLQKIDAALAQVDALRSDLGAV
PKVGAEVYVSANGTLTTDATSEGTVTKDPLKALDEAISSIDKERSSLGAI
EKLAADSKVTKG----IDISSSAKAASSALTTIKTAIDTVSSERAKLGAV 610620630640650
QNRENSAITNLGNTVNNLTSARSRIEDSDYATEVSNMSRAQILQQAGTSV
QNRENSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSV
QNRLDSAVTNLNNTTTNLSEAQSRIQDADYATEVSNMSKAQIIQQAGNSV
QNRLEHTINNLGTSSENLTSAESRIRDVDMASEMMEYTKNNILTQASQAM **:.*.***.* * *:*: ::*:
660670680690700 IIIII 



LAQANQVPQNVLSLLA-KGIAPLQLGNCSVAGWILGNPECELLISRESWS
LAQANQVPQNVLSLLA-KGIAPLQLGNCSVAGWILGNPECELLISRESWS  - 47 -  EcoliR32xHA1_2SI
LAKANQVPQQVLSLLQGKGIAPLQLGNCSVAGWILGNPECELLISRESWS
BsubR32x1-IA1_2SILAQAN -QKGIAPLQLGNCSVAGWILGNPECELLISRESWS
**:***********************************  710720730740750 1I11
YIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHT
YIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHT
YIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHT
YIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHT
************************************************** 760770780790800
TTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWG
TTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVIWG
TTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWG
TTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWG
************************************************** 810820830840850 1111 



VEMPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRIN
VEHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRIN
VEMPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRIN
VEMPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRIN
************************************************** 860870880890 1111
YYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS(SEQ ID
YYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS(SEQ ID
YYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS(SEQ ID
YYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS(SEQ ID ****************************************
-48 - Alignment data :  Alignment length : 890 Identity (*) :545 is 61.24% 5Strongly similar (:) : 76 is
8.54 % Weakly similar (.) : 44 is 4.94 % Different : 225 is 25.28 % Sequence 0001 : fliCR32xHA1_2SI
( 846 residues). Sequence 0002 : fljBR32xHAl2SI ( 851 residues). 10Sequence 0003 :
EcoliR32xHA1_2SI ( 888 residues). Sequence 0004 : BsubR32xHA1_2SI ( 749 residues). An
additional embodiment of the invention is a fusion protein comprising, in sequence, at least one amino
acid sequence as set forth in SEQ ID NO: 31 (D3N 15construct) and at least a portion of at least one
antigen, wherein the fusion protein 



activates a Toll-like Receptor 5.       Figure 61 depicts the domains (DO, DI, D2, D3) of a flagellin
construct (SEQ ID NO: 31) and a fusion protein that includes, in sequence, the amino-domain 1, the
amino-domain 2, the carboxy-domain 2, the carboxy-domain 1 and the carboxy- 20domain 0 of
flagellin fused to an antigen (Ag). The flagellin construct depicted in Figure 61 lacks the D3 domain
and amino-domain 0 of flagellin and is referred to herein as an "D3N construct" or the "D3N form of
flagellin" or "D3N flagellin construct." "D3N construct," as used herein, means that the
amino(N)-terminus of Domain 0 is lacking, the Domain 3 of the flagellin is lacking and the
carboxy-terminus 25of Domain 0 is fused to an antigen described herein. An amino acid sequence
that activates TLR5 and has at least about 50.0%, at least about 60.0%, at least about 80.0%, at least
about 85.0%, at least about 90.0%, at least about 95.0%, at least about 98.0% and at least about
99.0% identity to a contiguous amino acid sequence, without any insertions or deletions, as set forth in
SEQ ID NO: 31 can be employed in the 30compositions, fusion proteins and methods of the invention.
A further embodiment of the invention is a fusion protein comprising, in sequence, at least one amino
acid sequence as set forth in SEQ ID NO: 32 (an D3NCs  - 49 - construct) and at least a portion of at
least one antigen, wherein the fusion protein activates a Toll-like Receptor 5.       Figure 62 depicts the
domains (DO, Dl, D2, D3) of a flagellin construct (SEQ ID NO: 32) and a fusion protein that includes,
in sequence, the amino-domain 1, the 5amino-domain 2, the carboxy-domain 2, the carboxy-domain
1, and at least a portion of the carboxy-domain 0 of flagellin. In a particular embodiment, the amino
acid sequence VPQNVLSLLA (referred to as "DO-Cs"; SEQ ID NO: 693) is removed from the
carboxy-domain 0 of flagellin and the resulting flagellin construct fused to an antigen (Ag). The flagellin
construct depicted in Figure 62 lacks the amino-domain 0, 10lacks domain 3 of flagellin and has a
carboxy-domain 0 that lacks the carboxy- terminal amino acid sequence VPQNVLSLLA (SEQ ID
NO:693) of flagellin to which an antigen is linked. The resulting flagellin contstruct is referred to herein
as an "D3NCs construct" or the "D3NCs form of flagellin" or "D3NCs flagellin construct." "D3NCs
construct," as used herein, means that the amino(N)-terminus of Domain 0 is 15lacking, Domain 3 of
the flagellin is lacking, the amino acid sequence of SEQ ID NO: 693 is lacking from the
carboxy-domain 0 and the carboxy-terminus of the resulting portion of the flagellin is fused to an
antigen. An amino acid sequence that activates a TLR5 and has at least about 60.0%, at least about
70.0%, at least about 80.0%, at least about 85.0%, at least about 90.0%, at least about 95.0%, at least
about 98.0% and at 20 least about 99.0% identity to a contiguous amino acid sequence, without any
insertions or deletions, as set forth in SEQ ID NO: 32 can be employed in the compositions, fusion
proteins and methods of the invention.       Another embodiment of the invention is a fusion protein
comprising, in sequence, at least one amino acid sequence as set forth in SEQ ID NO: 33 (D1
25construct) and at least a portion of at least one antigen, wherein the fusion protein 



activates a Toll-like Receptor 5.       Figure 63 depicts the domains (DO, Dl, D2, D3) of a flagellin
construct (SEQ ID NO: 33) and a fusion protein that includes, in sequence, the amino-domain 1 and
the carboxy-domain 1 of flagellin fused to an antigen (Ag). The antigen is fused to the
30carboxy-terminal amino acid of the carboxy-domain 1 of the flagellin construct. The flagellin
construct depicted in Figure 63 lacks all domains (DO, D2, D3) except the amino- and carboxy-domain
1 and is referred to herein as an "Dl construct" or the  - 50 - "D1 form of flagellin" or "D1 flagellin
construct." "D1 construct," as used herein, means that the flagellin component consists of Domain'
fused to an antigen described herein. An amino acid sequence that activates a TLR5 and has at least
about 50.0%, at least about 60.0%, at least about 70.0%, at least about 80.0%, at least about 85.0%,
at 5 least about 90.0%, at least about 95.0%, at least about 98.0% and at least about 99.0% identity to
a contiguous amino acid sequence, without any insertions or deletions, as set forth in SEQ ID NO: 33
can be employed in the compositions, fusion proteins and methods of the invention. Exemplary fusion
proteins of the invention that include influenza antigens, 10such as SEQ ID NOs: 451-453, 455, 457,
460, 463-465, 468, 470-474, 500-506, 511- 518, 660, 664, 703, 705, 707, 709, 711, 713, 715, 717,
719, 721, 723, 725, 729, 731, 733, 735, 737, 739, 741, 743, 745, 747, 749, 751, 753, 755, 757, 759,
761, 763 and 801-812. In yet another embodiment, the invention is a composition that includes at
15least a portion of at least one antigen (e.g., an influenza antigen, an HPV antigen, and RSV antigen,
a flavivirus antigen) and at least one member selected from the group consisting of an RO construct,
an R3 construct, an R3D0 construct, an D3N construct, an D3NCs construct and an DOD2D3
construct. In still another embodiment, the invention is a method of stimulating an 20 immune
response in a subject, comprising the step of administering to the human a composition that includes a
fusion proteins of the invention. The subject can be administered fusion proteins that include at least
one member selected from the group consisting of SEQ ID NOs: 451-453, 455, 457, 460, 463-465,
468, 470-474, 500-506, 511-518,660,664,703,705,707,709,711,713,715,717,719,721,723,725,729,
25731,733,735,737,739,741,743,745,747,749,751,753,755,757,759,761,763 and 801-812. In a
particular embodiment, the fusion protein is administered to the human in at least one dose selected
from the group consisting of about a 10.0 pg dose, about a 5.0 pg dose, about a 3.0 lig dose, about a
2.5 pg dose, about a 1.0 pg dose, about a 0.5 lig dose, about a 0.3 pg dose, about a 0.25 pg dose,
about a 0.1 pg dose, 30about a 0.05 ttg dose, about a 0.025 pg dose and about a 0.01 jig dose.
"Stimulating an immune response," as used herein, refers to the generation of antibodies and/or
T-cells to at least a portion of an antigen (e.g., HA antigens, M2 



-51 - antigens, RSV antigens, human papilloma virus (HPV) antigens, flaviviral antigens). The
antibodies and/or T-cells can be generated to at least a portion of an antigen. Stimulating an immune
response in a subject can include the production of humoral and/or cellular immune responses that
are reactive against the antigen. 5The compositions of the invention for use in methods to stimulate
immune responses in subjects, can be evaluated for the ability to stimulate an immune response in a
subject using well-established methods. Exemplary methods to determine whether the compositions of
the invention stimulate an immune response in a subject, include measuring the production of
antibodies specific to the antigen (e.g., IgG 10antibodies) by a suitable technique such as, ELISA
assays; the potential to induce antibody-dependent enhancement (ADE) of a secondary infection;
macrophage-like assays; neutralization assessed by using the Plaque Reduction Neutralization Test
(PRNT80) for influenza antigens, and the ability to generate serum antibodies in nonhuman models
(e.g., mice, rabbits, monkeys) (Putnak, et at, Vaccine 23:4442-4452 15(2005)).        "Stimulates a
protective immune response," as used herein, means administration of the compositions of the
invention results in production of antibodies to the protein to thereby cause a subject to survive
challenge by a dose of a viral protein, for example, consequent to exposure to the subject to a virus or
to an 20otherwise lethal dose of a viral protein. A protective immune response would also be
stimulated in a subject if the subject exhibited minimal signs of illness following exposure to the virus.
Techniques to determine doses of the compositions and fusion proteins of the invention that would
provide protective immunity are known to one of skill in the art 25 (see, for example,
WHO/CDS/CSRNCS2002.5 "WHO Manual on Animal Influenza Diagnosis and Surveillance" World
Health Organization, Dept of Communicable Disease Surveillance and Response, WHO Global
Influenza Programme, Harmon, M.W., et al., J Clin. Microbial. 26:333-337 (1988); Reed, L.J., et al.,
Am. J. Hyg. 27:493-497 (1938); Rose, T., et al.,Clin. Microbiol. 37:937-943 (1999); Walls, 30H.H. et at,
J. Clin. Microbiol. 23:240-245 (1986); Current Protocols in Immunology, 19.11.1-19.11.32, Cottey, R.,
et at, John Wiley & Sons, Inc (2001)). Exemplary techniques for determining a lethal dose can include
administration of varying doses  - 52 - of virus and a determination of the percent of subjects (e.g.,
mice) that survive following administration of the dose of virus (e.g., LD10, LD20, LID40, LD50, LDoco
LD70, LD80, LD90). For example, a lethal dose of a virus that results in the death of about 50% of a
population of subjects is referred to as an "LD50"; a lethal dose of a 5virus that results in the death of
about 80% of a population of subjects is referred to 



herein as "LD80"; a lethal dose of a virus that results in death of about 90% of a population of subjects
is referred to herein as       For example, determination of the LD90 for a composition or a fusion
protein that includes an influenza viral antigen can be conducted in subjects (e.g., mice) by
10administering intranasally varying doses (e.g., dilutions, such as log and half-log dilutions of about 8
x 103 egg-infectious doses (EID)) followed by an assessment of the survival of the subjects about 14
days to about 21 days after infection with the virus. Protective immunity can be assessed by physical
appearance of the subject, general demeanor (active), weight (initial loss of weight followed by return
to a 15weight about the weight of the subject prior to infection with the virus) and survival after about
14 to about 21 days following infection with the virus.       Assessment of stimulation of protective
immunity for influenza antigens can also be made by employing assays that assess the ability of the
antibodies produced in response to the compositions of the invention (e.g., a portion of the protein of
the 20naturally occurring virus, such as a protein portion of hemagglutinin) to neutralize binding of the
viral protein (e.g., hemagglutinin protein) to a host cell (see, for example, Current Protocols in
Immunonology, 19.11.1-19.11.32, Cottey, R., et at, John Wiley & Sons, Inc (2001)). Assessment of
stimulation of protective immunity can also be made by employing assays that measure the ability of
antibodies to inhibit 25hemagglutinin binding (see, for example, Burnett, F.M., et al., J. exp. BioL Med.
Sci. 25:227-233 (1947); Salk, J.E. J. Immunot 49:87-98 (1944); Current Protocols in Immunology,
19.11.1-19.11.32, Cottey, R., et at, John Wiley & Sons, Inc (2001)).       It is believed that inhibition of
hemagglutinin binding is indicative of the ability of antibodies, formed from the compositions and by
the methods of the 30invention, to neutralize the sialic acid binding sites of the naturally occurring viral
hemagglutinin ("neutralization of HA binding") and, thereby, prevent infection of the host cell as a
consequence of stimulating a protective immune response. Inhibition or  - 53 - neutralization of
hemagglutinin binding is believed to correlate with an ability of an immune response to protect against
a lethal dose of virus. Neutralization of HA binding can be assessed by in vitro assays (See, for
example, Current Protocols in Immunology 19.11.1-19.11.32, Cottey, R., et al., Suppl. 5 42, John
Wiley & Sons, Inc. (2001) and WHO Manual on Animal Influenza Diagnosis and Surveillance,
Webster, R., et al., pages 28-36, 48-54, 82-92 (2002)). Exemplary viral neutralization assays rely on
the ability of serum to specifically bind and prevent replication of influenza virus in culture, such as in
the Madin-Darby Canine Kidney (MDCK) cell line. Briefly, cells are cultured in 96 well plates in the
presence of a 10previously titered virus and the cytopathic effect of the replicating virus is observed
under a microscope. To test serum, serial dilutions of the serum are prepared and preincubated with
the viral stock for about 2 hours at 37C prior to infecting the MDCK cells. The mixture is incubated for
an additional 2 hours after which the virus/serum mixture is removed and replaced with fresh media.
The cells are grown 15for 4 days. Wells are scored as positive for viral growth if at least about 50% of
the 



cells are dead in at least about half of the wells for a given serum dilution. The reciprocal of the
highest dilution of serum which protects at least about half of the cells from death, in at least about half
of the wells, is considered the neutralization titer. 20Alternatively, a micro-neutralization in vitro assay
can be performed to assess neutralization of HA binding. For example, serum is diluted and
preincubated with a known titer of virus and mixed with MDCK cells, as described above. After 2 days
of incubation, cells are washed and fixed with acetone. The plates are developed as an ELISA using a
monoclonal antibody to the influenza nuclear antigen NP. A 25microneutralization titer is determined
as the reciprocal of the highest dilution which yields less than about 50% of the anti-NP reading of the
virus-only control wells.        The Hemagglutination Inhibition (HA!) assay is based on the HA antigen
on the surface of the influenza virus agglutinating red blood cells (RBC) and preventing red blood cells
from precipitating. Antibodies that specifically bind the sialic acid- 30 binding regions of HA prevent
agglutination allowing precipitation. The assay is performed in 96 well V bottom plates with fresh
chicken RBC. A stock of viral antigen is titered so that about a 4-fold excess of antigen is present
relative to the  - 54 - minimum amount needed to prevent precipitation. The test serum, which can be
from several species including mouse, ferret, poultry or human, is heated to about 56C to inactivate
complement. Serial 2-fold dilutions of the inactivated serum are performed and mixed with the stock
HA. After about 30 minutes at room temperature, the RBCs 5are added and the plate is incubated for
about 30 to about 45 minutes. Results are scored by observations: agglutination results in cloudy wells
while inhibition results in a "button" of red cells precipitated at the bottom of the well. Controls include
RBC with no HA, which forms a button, and HA and RBC with no serum, which remains cloudy. The
HAI titer of a particular serum sample is the reciprocal of the last dilution 10which prevents
agglutination (i.e., forms a button). For example, if about a 1:128 dilution reads as a button but the
1:256 dilution does not, the HAI titer is about 128. Exemplary techniques to determine protective
immunity of compositions and fusion proteins that include HPV antigens, include determination of the
LD90 in subjects (e.g., mice) by implanting subcutaneously varying doses (e.g., dilutions, such 15as
log and half-log dilutions) of mouse TC-1 lung tumor cells and measuring tumor volume for about 5 to
about 6 weeks post-implantation. Protective immunity in experimentally-immunized mice compared to
non-immunized mice can be assessed, for example, by measuring a reduction in tumor volume, a
delay in onset of tumor growth, or an increase in survival time of the experimentally-immunized host
20 compared to the non-immunized host (BermUdez-Humaran, Luis G, et at, J. Immunot, 175:
7297-7302 (2005); Qian, X, et at, Immunol Lett., 102:191-201 (2006)).       Techniques to assess
protective immunity of compositions and fusion proteins that include RSV antigens include, for
example, determination of the LD90 in subjects 25(e.g., mice) by administering intranasally varying
doses (e.g., dilutions, such as log and half-log dilutions) followed by an assessment of the survival of
the subjects about 14 days to about 21 days after infection with the virus. Protective immunity can be
assessed by physical appearance of the subject, general demeanor (active), weight (initial loss of
weight followed by return to a weight about the weight of the subject 



30prior to infection with the virus) and survival after about 14 to about 21 days following infection with
the virus.  - 55 -        Thus, administration of the compositions and fusion proteins of the invention can
provide protective immunity against an infection consequent to exposure of the human to a source of
the antigen. The compositions and fusion proteins of the invention can be employed as vaccines to
prevent disease and to minimize the clinical 5syndromes of illness consequent to exposure to the viral
antigen.       The flagellin constructs described herein, for example STF2, STF2A, an RU construct, an
R3 construct, an R3D0 construct, an R03 construct, an R3-2xAg construct, an D3N construct, an
D3NCs construct and an DI construct, can have different immunogenicity (e.g., the ability to generate
antibodies to the flagellin 10 component and antigen component of a fusion protein when the construct
is fused to an antigen) and reactogenicity (e.g., production of side-effects) profiles, which may also
vary depending on the antigen that is fused to the flagellin construct. The varied immunogenicity and
reactogenicity profiles may be useful in methods to stimulate an immune response or protective
immunity in subjects associated with different 15immunological experiences. For example, as
described herein, a fusion protein that includes an RU construct and a portion of an HA antigen is
moderately immunogenic in a rabbit model and importantly has low reactogenicity, which may be
useful in compositions in which either the subject is immunologically nave to the antigen (e.g., the
subject 20has not previously been exposed to the antigen) and large amounts of the antigen are
required to prime a response; or when multiple antigens are utilized to form a multivalent vaccine and
the overall load of flagellin is high. In these instances, the need for low reactogenicity outweighs the
need for immunopotentiation. Immunologically nave circumstances can include, for example,
application for a 25pandemic breakout or transmission of a virus between species, such as from a bird
to a human. Circumstances utilizing a multivalent vaccine would include, for example, seasonal
influenza, in which antigens corresponding to multiple subtypes of influenza are delivered together in a
single vaccine. In contrast, there are instances, or more specifically antigens, in which the 30 need for
immunopotentiation is high. This could relate to varying forms of an antigen, such as the influenza
virus, for which some of the subtypes, such as Influenza B or H5, are poorly immunogenic. As
described herein, a fusion protein that includes an  - 56 - R32x construct and an influenza antigen
elicits a strong immunological response to the influenza antigen with low reactogenicity.        In still
another embodiment, the invention is a nucleic acid sequence encoding the amino acid sequences
and fusion proteins of the invention. The isolated nucleic 5acid can include deletion of at least one
glycosylation site in the isolated nucleic acid 



sequence. The nucleic acid sequence can be altered or mutated to delete a glyc,osylation site that
includes a putative N-glycosylation site, which can be determined by the consensus sequence NXS or
NXT, where the "X" is any amino acid. Mutation of a putative glycosylation site can be at least one
member selected 10from the group consisting of at least a portion of at least one flagellin component
of a fusion protein, at least a portion of one TLR agonist (e.g., TLR5 agonist) and at least a portion of
at least one antigen component of the fusion protein. For example, at least one member selected from
the group consisting of amino acid residues 19, 101, 292, 356 and 375 of SEQ ID NO: 29 can be
mutated to delete the putative glycosylation 15site. The mutation of the asparagine (D) residue in the
putative glycosylation site can be a mutation to any amino acid sequence, such as glutamine (Q) or
aspartic acid.        Likewise, at least one member selected from the group consisting of amino acid
residues 55, 347 and 411 of SEQ ID NO: 28 can be mutated to delete the putative glycosylation site;
at least one member selected from the group consisting of amino 20acid residues 19, 101, 292, 356
and 375 of SEQ ID NO: 29 can be mutated to delete the putative glycosylation site; at least one
member selected from the group consisting of amino acid residues 55, 246, 310 and 329 of SEQ ID
NO: 30 can be mutated to delete the putative glycosylation site; at least one member selected from
the group consisting of amino acid residues 55, 246, 310 and 329 of SEQ ID NO: 31 can be 25
mutated to delete the putative glycosylation site; at least one member selected from the group
consisting of amino acid residues 55, 246, 310 and 329 of SEQ ID NO: 32 can be mutated to delete
the putative glycosylation site; at least one member selected from the group consisting of amino acid
residues 55 and 173 of SEQ ID NO: 33 can be mutated to delete the putative glycosylation site. 30The
amino acid sequences of the invention can be components of compositions. A composition can
include at least a portion of a naturally occurring flagellin protein, wherein the portion includes, in
sequence, an amino-domain 0, an  - 57 - amino-domain 1, an amino-domain 2, a carboxy-domain 2, a
carboxy-domain 1 and a carboxy-domain 0, for example, SEQ ID NO: 29 . "At least a portion," as used
herein in reference to a naturally occurring flagellin protein, refers to a part of the naturally occurring
flagellin that is less than the 5entire naturally occurring flagellin. "Naturally occurring," as used herein,
refers to the entire flagellin, as it occurs in nature. A naturally occurring flagellin has an amino-domain
0, amino-domain 1, an amino-domain 2, a domain 3, a carboxy-domain 2, a carboxy-domain 1 and a
carboxy-domain 0 (see, for example, SEQ ID NOs: 12 and 22), as shown herein. A portion of a
flagellin is designed based on the crystal 10structure of flagellin, which depicts the amino-domain 0,
the amino-domain 1, the amino-domain 2, the domain 3, the carboxy-domain 2, the carboxy-domain 1
and the carboxy-domain 0 of S. typhimurium flagellin as described in Yonelcura, K., et al., Nature 424:
643-650 (2003). The compositions that include the amino acid sequences of the invention can
15further include at least a portion of at least one antigen. The portion of the naturally 



occurring flagellin protein and the antigen can be components of a fusion protein in the composition. In
an embodiment, the antigen can be fused to the portion of the naturally occurring flagellin protein
between the amino-domain 2 and the carboxydomain 2 (an R3 construct), which can further,
optionally, include fusing at least a 20portion of at least one additional antigen to the carboxy-domain
0 of the portion of the naturally occurring flagellin protein (an R3-2XAg construct). The antigen and the
additional antigen (also referred to herein as "one other antigen") can be distinct or similar antigens. In
another embodiment, the antigen is fused to the carboxy-domain 0 of the portion of the naturally
occurring flagellin protein (the D3 construct). 25 A composition of the invention can include a portion of
a naturally occurring flagellin protein, wherein the portion includes, in sequence, an amino-domain 1,
an amino-domain 2, a carboxy-domain 2 and a carboxy-domain 1 (for example, SEQ ID NO: 30),
which can further include at least a portion of at least one antigen that can, optionally, be fused to the
naturally occurring flagellin protein to form a fusion 30 protein. The antigen can be fused to the portion
of the naturally occurring flagellin protein between the amino-domain 2 and the carboxy-domain 2 (an
R3D0 construct) and can, optionally, further include at least a portion of at least one additional antigen
- 58 - fused to the carboxy-domain 1 of the portion of the naturally occurring flagellin protein (an R03
construct).       A composition of the invention can include a portion of a naturally occurring flagellin
protein, wherein the portion includes, in sequence, an amino-domain 1, an 5amino-domain 2, a
carboxy-domain 2, a carboxy-domain 1 and a carboxy-domain 0 (D3N) and can further, optionally,
include fusing at least a portion of at least one antigen to the carboxy-domain 0 of the portion of the
naturally occurring flagellin protein. A composition of the invention can include a portion of a naturally
occurring 10flagellin protein, wherein the portion includes, in sequence, an amino-domain 1, an
amino-domain 2, a carboxy-domain 2, a carboxy-domain 1 and at least a portion of a carboxy-domain
0 (D3NCs) and can further, optionally, include at least a portion of at least one antigen fused to the
carboxy-domain 0. A composition of the invention can include a portion of a naturally occurring
15flagellin protein, wherein the portion includes, in sequence, an amino-domain 1, an amino-domain 2,
a carboxy-domain 2 and a carboxy-domain 1 and wherein the portion of the naturally occurring
flagellin lacks a portion of a carboxy-domain 0 (D3NCs). A composition of the invention can include a
portion of a naturally occurring 20flagellin protein, wherein the portion includes, in sequence, an
amino-domain 1 and a carboxy-domain 1 (D1) and can further, optionally, include at least a portion of
at least one antigen fused to the carboxy-domain I. The flagellin in the compositions, fusion proteins
and methods described herein can be at least a portion of a S. typhimurium flagellin (GenBank
Accession 25Number AF045151); at least a portion of the S. typhimurium flagellin selected from 



the group consisting of SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO:14 and SEQ ID NO: 15; at least
a portion of an S. muenchen flagellin (GenBank Accession Number AB028476) that includes at least a
portion of SEQ ID NO: 16 and SEQ ID NO: 17; at least a portion of P. aeruginosa flagellin that
includes at least a portion of SEQ ID 30NO: 18; at least a portion of a Listeria monocytogenes flagellin
that includes at least a portion of SEQ ID NO: 19; at least a portion of an E. coli flagellin that includes
at  - 59 - least a portion of SEQ ID NO: 20 and SEQ ID NO: 21; at least a portion of a Yersinia flagellin;
and at least a portion of a Campylobacter flagellin.       Compositions and fusion proteins of the
invention that include amino acid sequences that activate Toll-like Receptor 5 (e.g., SEQ ID NOs:
29-34) can further 5include at least one Toll-like Receptor (TLR) agonist selected from the group
consisting of a Toll-like Receptor 2 agonist, a Toll-like Receptor 3 agonist, a Toll-like Receptor 4
agonist, a Toll-like Receptor 6 agonist, a Toll-like Receptor 7 agonist, a Toll-like Receptor 8 agonist, a
Toll-like Receptor 9 agonist and a Toll-like Receptor 10 agonist, which can be administered to subjects
in combination with the amino acid 10sequences that activate TLR 5 and fusion proteins of the
invention. These additional TLR agonists can be administered in combination or sequentially with the
flagellin constructs and fusion proteins of the invention. "Agonist," as used herein in referring to a TLR,
means a molecule that activates a TLR signaling pathway. A TLR signaling pathway is an intracellular
15signal transduction pathway employed by a particular TLR that can be activated by a TLR ligand or
a TLR agonist. Common intracellular pathways are employed by TLRs and include, for example,
NF-KB, Jun N-terminal kinase and mitogen-activated protein kinase. The Toll-like Receptor agonist
can include at least one member selected from the group consisting of a TLR1 agonist, a TLR2
agonist (e.g., Pam3Cys, 20Pam2Cys, bacterial lipoprotein), a TLR3 agonist (e.g., dsRNA), a TLR4
agonist (e.g., bacterial lipopolysaccharide), a TLR5 agonist (e.g., a flagellin), a TLR6 agonist, a TLR7
agonist, a TLR8 agonist, a TLR9 agonist (e,g., unmethylated DNA motifs), TLRIO agonist, a TLR11
agonist and a TLR12 agonist. Exemplary suitable Toll-like Receptor agonist components for use in the
invention are described, for example, in 25U.S. Application Nos.: 11/820,148, 11/879,695, 11/714,873,
and 11/714,684, the entire teachings of all of which are hereby incorporated by reference in their
entirety. TLR4 ligands (e.g., TLR4 agonists) for use in the compositions and methods of the invention
can include TL4 ligands described in PCT/US 2006/002906/WO 2006/083706; PCT/US
2006/0032857W0 2006/083792; PCT/US 2006/041865; 30 PCT/US 2006/042051, for example,
GGKSGRTG (SEQ ID NO: 1), KGYDWLVVG (SEQ ID NO: 2) and EDMVYRIGVP (SEQ ID NO: 3). 



- 60 -       TLR2 ligands (e.g., TLR2 agonists) for use in the compositions and methods of the invention
can also include TLR2 ligands described in PCT/US 2006/002906/WO 2006/083706; PCT/US
2006/003285/WO 2006/083792; PCT/US 2006/041865; PCT/US 2006/042051, for example, NPPTT
(SEQ ID NO: 4), MRRIL 5 (SEQ ID NO: 5), MISS (SEQ ID NO: 6) and RGGSK (SEQ ID NO:7).
The TLR2 ligand (e.g., TLR2 agonist) can also include at least a portion of at least one member
selected from the group consisting of flagellin modification protein FlmB of Caulobacter crescentus;
Bacterial Type III secretion system protein; invasin protein of Salmonella; Type 4 fimbrial biogenesis
protein (PilX) of Pseudomonas; 10Salmonella SciJ protein; putative integral membrane protein of
Streptomyces; membrane protein of Pseudomonas; adhesin of Bordetella pertusis; peptidase B of
Vibrio cholerae; virulence sensor protein of Bordetella; putative integral membrane protein of Neisseria
meningitidis; fusion of flagellar biosynthesis proteins FliR and F111B of Clostridium; outer membrane
protein (porin) of Acinetobacter; flagellar 15 biosynthesis protein FlhF of Helicobacter; ompA related
protein of Xanthomonas; omp2a porin of Brucella; putative porin/fimbrial assembly protein (LHrE) of
Salmonella; wbdk of Salmonella; Glycosyltransferase involved in LPS biosynthesis; Salmonella
putative permease. The TLR2 ligand (e.g., TLR agonist) can include at least a portion of at least
20one member selected from the group consisting of lipoprotein/lipopeptides (a variety of pathogens);
peptidoglycan (Gram-positive bacteria); lipoteichoic acid (Gram-positive bacteria); lipoarabinomannan
(mycobacteria); a phenol-soluble modulin (Staphylococcus epidermidis); glyeoinositolphospholipids
(Trypanosoma Cruzi); glycolipids (Treponema maltophilum); porins (Neisseria); zymosan (fungi) and
25 atypical LPS (Leptospira interrogans and Porphyromonas gingiyalis).       The TLR2 ligand (e.g.,
TLR2 agonist) can also include at least one member selected from the group consisting of (see,
PCT/US 2006/002906/WO 2006/083706; PCT/US 2006/003285/WO 2006/083792; PCT/US
2006/041865; PCT/US 2006/042051). 30The TLR2 agonist can include at least a portion of a bacterial
lipoprotein (BLP).  -61 -        The TLR2 agonist can be a bacterial lipoprotein, such as Pam2Cys
(S-[2,3- bis(palmitoyloxy) propyl] cysteine), Pam3Cys aPalmitoy1]-Cyst(RS)-2,3-
di(palmitoyloxy)-propyl cysteine) or Pseudomonas aeruginosa OprI lipoprotein (OprI). Exemplary OprI
lipoproteins include SEQ ID NO: 8, encoded by SEQ ID NO: 59. An exemplary protein component of
an E'. co/i bacterial lipoprotein for use in the invention described herein is SEQ ID NO: 10 encoded by
SEQ ID NO: 11. A bacterial lipoprotein that activates a TLR2 signaling pathway (a TLR2 agonist) is a
bacterial protein that includes a palmitoleic acid (Omueti, K.O., et at, J. Biol. Chem. 280: 36616-36625
(2005)). For example, expression of SEQ ID NOs: 9 and 11 in 



10bacterial expression systems (e.g., E. colt) results in the addition of a palmitoleic acid moiety to a
cysteine residue of the resulting protein (e.g., SEQ ID NOs: 8 and 10) thereby generating a TLR2
agonist for use in the compositions, fusion proteins and polypeptides of the invention. Production of
tripalmitoylated-lipoproteins (also referred to as triacyl-lipoproteins) in bacteria occurs through the
addition of a 15diacylglycerol group to the sulfhydryl group of a cysteine (e.g., cysteine 21 of SEQ ID
NO: 10) followed by cleavage of the signal sequence arid addition of a third acyl chain to the free
N-terminal group of the same cysteine (e.g., cysteine 21 of SEQ ID NO: 10) (Sankaran, K., et al., J.
Biol. Chem. 269:19706 (1994)), to generate a tripalmitylated peptide (a TLR2 agonist). 20The Toll-like
Receptor agonist in the compositions of the invention can further include at least one cysteine residue
at the terminal amino acid of the amino-terminus and/or the terminal amino acid of the amino or
carboxy-terminus of the Toll-like Receptor agonist. For example, RGGSK (SEQ ID NO: 7) can further
include at least one cysteine residue in a peptide bond to the amino- or carboxy-terminal residue. 25
The Toll-like Receptor agonists for use in the methods and compositions of the invention can also be a
Toll-like Receptor agonist component that is at least a portion of a Toll-like Receptor agonist that
includes at least one cysteine residue in a position where a cysteine does not occur in the native
Toll-like Receptor agonist and the Toll-like Receptor agonist component activates a Toll-like Receptor.
The cysteine residue 30can be an addition to the native Toll-like Receptor agonist, such as TLR5
agonist (e.g., flagellin) or flagellin constructs (e.g., an RO construct, an R3 construct, an R3D0
construct, an R03 construct, an D3N construct, an D3NCs construct, an D1 construct).  - 62 -
Alternatively, or additionally, the cysteine residue can be substituted for an amino acid in the naturally
occuring flagellin or in a TLR5 agonist or flagellin construct of the invention. The addition of a cysteine
or cysteine substitution can be accomplished by recombinant methods by alternating nucleic acid
sequences to encode cysteine 5residues in the flagellin, TLR5, or flagellin construct employing
well-known techniques.       The cysteine residue that substitutes for at least one amino acid residue in
a naturally occurring flagellin amino acid sequence of the flagellin component can be remote to at
least one amino acid of the Toll-like Receptor 5 recognition site of the 10flagellin component. "Toll-like
Receptor 5 recognition site," means that part of the TLR5 ligand (e.g., TLR5 agonist) that interacts
with TLR5 to mediate a cellular response. "Toll-like Receptor 5 recognition site" is also referred to as a
"Toll-like Receptor 5 activation site" and a "Toll-like Receptor 5 activation domain." Likewise, "Toll-like
Receptor recognition site," means that part of the Toll- 15like Receptor ligand (e.g., a Toll-like
Receptor agonist) that interacts with its respective TLR to mediate a cellular response. "Toll-like
Receptor recognition site" is 



also referred to as a "Toll-like Receptor activation site" and a "Toll-like Receptor activation domain."
The antigen component of a fusion protein can be chemically conjugated to 20flagellin components
(e.g., RO construct, R3 construct, R3D0 construct, R03 construct, R3-2xAg construct, D3N construct,
D3NCs construct and D1 construct) and Toll-like Receptor agonist components. Chemical conjugation
(also referred to herein as "chemical coupling") can include conjugation by a reactive group, such as a
thiol group (e.g., a cysteine residue) or by derivatization of a primary (e.g., a amino- 25terminal) or
secondary (e.g., lysine) group. Different crosslinkers can be used to chemically conjugate flagellin
components to the antigen component. Exemplary cross linking agents are commerically available, for
example, from Pierce (Rockland, Ill). Methods to chemically conjugate the antigen component to the
flagellin component are well-known and include the use of commercially available cross- 30linkers,
such as those described herein.       For example, conjugation of an antigen component to a flagellin
component, a Toll-like Receptor agonist component or a flagellin construct (e.g., an RO construct, an
- 63 - R3 construct, an R3D0 construct, an R03 construct, an D3N construct, an D3NCs construct, an
D1 construct) of the invention can be through at least one cysteine residue of the flagellin component,
the Toll-like Receptor component or the flagellin construct and at least one cysteine residue of an
antigen component employing 5established techniques. The antigen component can be derivatized
with a homobifunctional, sulfhydryl-specific crosslinker; desalted to remove the unreacted crosslinker;
and then the partner added and conjugated via at least one cysteine residue cysteine. Exemplary
reagents for use in the conjugation methods can be purchased commercially from Pierce (Rockland,
Ill), for example, BMB (Catalog No: 22331), 10 BMDB (Catalog No: 22332), BMH (Catalog No: 22330),
BMOE (Catalog No: 22323), BM[PEO]3 (Catalog No: 22336), BM[PE0]4 (Catalog No:22337), DPDPB
(Catalog No: 21702), DTME (Catalog No: 22335), HBVS (Catalog No: 22334).       Alternatively, the
antigen component can also be conjugated to lysine residues on flagellin components, flagellin,
Toll-like Receptor agonist components, Toll-like 15Receptor agonists or flagellin constructs of the
invention. A protein component containing no cysteine residues is derivatized with a heterobifunctional
amine and sulfhydryl-specific crosslinker. After desalting, the cysteine-containing partner is added and
conjugated. Exemplary reagents for use in the conjugation methods can be purchased from Pierce
(Rockland, Ill), for example, AMAS (Catalog No: 22295), 20 BMPA (Catalog No. 22296), BMPS
(Catalog No: 22298), EMCA (Catalog No: 22306), EMCS (Catalog No: 22308), GMBS (Catalog No:
22309), ICMUA (Catalog No: 22211), LC-SMCC (Catalog No: 22362), LC-SPDP (Catalog No: 21651),
MBS (Catalog No: 22311), SATA (Catalog No: 26102), SATP (Catalog No: 26100), SBAP (Catalog
No: 22339), SIA (Catalog No: 22349), STAB (Catalog No: 22329), SMCC 25(Catalog No: 22360),
SMPB (Catalog No: 22416), SMPH (Catalog No. 22363), SMPT (Catalog No: 21558), SPDP (Catalog
No: 21857), Sulfo-EMCS (Catalog No: 22307), Sulfo-GMBS (Catalog No: 22324), Sulfo-KMUS
(Catalog No: 21111), SulfoLC-SPDP (Catalog No: 21650), Sulfo-MBS (Catalog No: 22312),
SulfoSIAB(Catalog No: 22327), Sulfo-SMCC (Catalog No: 22322), Sulfo-SMPB (Catalog 30 No:
22317), Sulfo-LC-SMPT (Catalog No.: 21568). 



Additionally, or alternatively, the antigen components can also be conjugated to flagellin components,
Toll-like Receptor agonist components, such as flagellin  - 64 - constructs, of the invention by at least
one lysine residue on both conjugate partners. The two conjugate partners are combined along with a
homo-bifunctional amine-specific crosslinker. The appropriate hetero-conjugate is then purified away
from unwanted aggregates and homo-conjugates. Exemplary reagents for use in the 5conjugation
methods can be purchased from Pierce (Rockland, Ill), for example, BSOCOES (Catalog No: 21600),
BS3(Catalog No: 21580), DFDNB (Catalog No: 21525), DMA (Catalog No: 20663), DMP (Catalog No:
21666), DMS (Catalog No: 20700), DSG (Catalog No: 20593), DSP (Catalog No: 22585), DSS
(Catalog No: 21555), DST (Catalog No: 20589), DTBP (Catalog No: 20665), DTSSP (Catalog No:
1021578), EGS (Catalog No: 21565), MSA (Catalog No: 22605), Sulfo-DST (Catalog No: 20591),
Sulfo-EGS (Catalog No: 21566), THPP (Catalog No: 22607).        Similarly, protein components can
be conjugated to flagellin components, Toll-like Receptor agonist components or the flagellin
constructs of the invention by at least one carboxyl group (e.g., glutamic acid, aspartic acid, or the
carboxy-terminus 15of the peptide or protein) on one partner and amines on the other partner. The
two conjugation partners are mixed together along with the appropriate heterobifunctional crosslinking
reagent. The appropriate hetero-conjugate is then purified away from unwanted aggregates and
homo-conjugates. Exemplary reagents for use in the conjugation methods can be purchased from
Pierce (Rockland, Ill), for example, 20 AEDP (Catalog No: 22101), EDC (Catalog No: 22980) and
TFCS (Catalog No: 22299).        At least one cysteine residue can be substituted for at least one
amino acid in a naturally occurring flagellin amino acid sequence flagellin component, flagellin or
flagellin construct of the invention. The cysteine residue can substitute for at least one 25amino acid
selected from the group consisting of amino acid 1, 237, 238, 239, 240, 241 and 495 of SEQ ID
NO:13; at least one amino acid selected from the group consisting of amino acid 1, 240, 241, 242,
243, 244 and 505 of SEQ ID NO: 12; at least one amino acid selected from the group consisting of
amino acid 1, 237, 238, 239, 240, 241 and 504 of SEQ ID NO: 16; at least one amino acid selected
from the 30group consisting of amino acid 1, 211, 212, 213 and 393 of SEQ ID NO: 18; at least one
amino acid selected from the group consisting of amino acid 1, 151, 152, 153, 154 and 287 of SEQ ID
NO: 19; at least one amino acid selected from the group consisting  - 65 - of amino acid 1, 238, 239,
240, 241, 242, 243 and 497 of SEQ ID NO: 20; at least one amino acid selected from the group
consisting of amino acid 1,237, 238, 239, 240, 



241 and 495 of SEQ ID NO: 13. Flagellin or flagellin constructs, such as an RO construct, an R3
construct, an R3D0 construct, an R03 construct, an R3-2x Ag 5construct, a D3N construct, a D3NCs
construct and a D1 construct, in which a cysteine substitutes for an amino acid in a naturally occuring
flagellin can be used to chemically conjugate the flagellin component to an antigen. Cysteine residues
can also be added to the naturally occuring amino acid sequence of a flagellin or flagellin construct of
the invention. 10A cysteine residue can be placed within the D1/D2 domain proximate to the
amino-terminus and carboxy-terminus, remote to the TLR5 recognition site. Alternatively, or
additionally, the cysteine residue can be placed at the distal point of the hypervariable domain at about
amino acid 237, about 238, about 239, about 240 and about 241 of SEQ ID NO: 13. Substituting polar
or charged amino acids is 15preferable to substituting hydrophobic amino acids with cysteine
residues. Substitution within the TLR5 recognition site is least preferable.       Flagellin from
Salmonella typhimurium STF1 (FliC) is depicted in SEQ ID NO: 13 (Accession No: P06179). The
TLR5 recognition site is amino acid about 79 to about 117 and about 408 to about 439 of SEQ ID NO:
13. Cysteine residues can 20 substitute for or be included in combination with amino acids outside of
TLR5 recognition site, for example, amino acids about 237 to about 241 of SEQ ID NO: 13.
Salmonella typhimurium flagellin STF2 (FljB) is depicted in SEQ ID NO: 12. The TLR5 recognition site
is amino acids about 80 to about 118 and about 420 to about 451 of SEQ ID NO: 12. Cysteine
residues can substitute for or be included in 25combination with amino acids outside of the TLR5
recognition site, for example amino acids about 240 to about 244 of SEQ ID NO: 12.       Salmonella
muenchen flagellin is depicted in SEQ ID NO: 16 (Accession No: #P06179). The TLR5 recognition site
is amino acids about 79 to about 117 and about 418 to about 449 of SEQ ID NO: 16. Cysteine
residues can substitute for or be 30included in combination with amino acids outside of the TLR5
recognition site, for example, amino acids about 237 to about 241 of SEQ ID NO: 16.  - 66 -
Escherichia colt flagellin is depicted in SEQ ID NO: 20 (Accession No: PO4949). The TLR5
recognition site is amino acids about 79 to about 117 and about 410 to about 441 of SEQ ID NO: 20.
Cysteine residues can substitute for or be included in combination with amino acids outside of the
TLR5 recognition site, for 5 example, amino acids about 238 to about 243 of SEQ ID NO: 20.
Pseudomonas auruginosa flagellin is depicted in SEQ ID NO: 18. The TLR5 recognition site is amino
acids about 79 to about 114 and about 308 to about 338 of SEQ ID NO: 18. Cysteine residues can
substitute for or be included in combination with amino acids outside of the TLR5 recognition site, for
example, amino acids about 10211 to about 213 of SEQ ID NO: 18. 



Listeria monocytogenes flagellin is depicted in SEQ ID NO: 19. The TLR5 recognition site is amino
acids about 78 to about 116 and about 200 to about 231 of SEQ ID NO: 19. Cysteine residues can
substitute for or be included in combination with amino acids outside of the TLR5 recognition site, for
example, amino acids about 15151 to about 154 of SEQ ID NO: 19. Experimentally defined TLR5
recognition sites on STF2 have been described (see, for example, Smith, K.D., et al., Nature
Immunology 4:1247-1253 (2003) at amino acids about 79 to about 117 and about 420 to about 451. In
addition, Smith, K.D., et at, Nature Immunology 4:1247-1253 (2003), based on sequence homology,
20identified TLR5 recognition sites on other flagellins, such as STF1 at amino acids about 79 to about
117, about 408 to about 439; P. aeruginosa at amino acids about 79 to about 117, about 308 to about
339; L. pneumophila at amino acids about 79 to about 117, about 381 to about 419; E. coil at amino
acids about 79 to about 117, about 477, about 508; S. marcesens at amino acids about 79 to about
117, about 265-about 25296; B. subtilus at amino acids about 77 to about 117, about 218 to about
249; and L. monocytogenes at amino acids about 77 to about 115, about 200 to about 231.       The
high-resolution structure STF1 (FliC) (SEQ ID NO: 13) has been determined and can be a basis for
analysis of TLR5 recognition by a flagellin and the location of cysteine substitutions/additions. The
region of greatest sequence 30homology of flagellins is in the TLR5 recognition site, which includes
the D1 and DO domain. D1 and D2 domain 1 and domain 0, which include the TLR5 recognition  - 67 -
site. The region of least sequence homology between flagellins is the hypervariable region.       It is
believed that the ability of the flagellin component, Toll-like Receptor agonist component or the
flagellin construct to activate TLR5 can be accomplished by 5maintaining the conjugation sites
(cysteine residues substituted for at least one amino acid in a naturally occurring flagellin amino acid
sequence flagellin component or at least a portion of a naturally occurring flagellin amino acid
sequence in combination with the cysteine residue) remote from the TLR5 or TLR recognition site. For
example, for STF1 (SEQ ID NO: 13), for which a high resolution structural 10determination is
available, this may be achieved in the DI domain, D2 domain or in the hinge region. In the Dl/D2
domain the amino- and carboxy-termini can be remote (also referred to herein as "distal") from the
TLR5 recognition site, and moving away from either the amino or carboxy terminus may bring the
conjugation site closer to the recognition site and may interfere with TLR5 activity. In the hinge region
amino 15 acids about 237 to about 241 of SEQ ID NO: 13, are approximately at the other tip of the
"boomerang" and are about the same distance from the TLR5 recognition site as the amino-and
carboxy-termini. This site may also be a location that maintains TLR5 recognition. Amino acid identity
can be taken into consideration for the location of 20conjugation sites. Polar and charged amino acids
(e.g., serine, aspartic acid, lysine) 



are more likely to be surface exposed and amenable to attachment of an antigen. Hydrophobic amino
acids (e.g., valine, phenalalanine) are more likely to be buried and participate in structural interactions
and should be avoided.         Compositions that include flagellin components with cysteine residues or
Toll-25like Receptor agonist components with cysteine residues activate TLR5 and can be chemically
conjugated to antigens. Cysteine residues (e.g., 1, 2, 3, 4, 5, 6, 7, 8 cysteine residues) can be added
to or substituted for amino acids in antigens for chemical configuration to flagellin components of the
invention. For example, cysteine residues in HPV antigens or RSV 30influenza antigens, flavivirus
antigens, can be replaced (also referred to herein as "substituted") with a serine residue or an alanine
residue.  - 68 -        The composition can include at least a portion of an antigen and a flagellin or
flagellin construct that is at least a portion of a flagellin, wherein at least one lysine of the flagellin
component or flagellin construct has been substituted with at least one other amino acid, such as an
arginine, whereby the flagellin component activates a 5Toll-like Receptor 5.        "Substituted," as used
herein in reference to the flagellin, flagellin component, flagellin construct Toll-like Receptor agonist or
Toll-like Receptor agonist component, means that at least one amino acid, such as a lysine of the
flagellin component, has been modified to another amino acid residue, for example, a 10conservative
substitution (e.g., arginine, se-rine, histidine) to thereby form a substituted flagellin component or
substituted Toll-like Receptor agonist component. The substituted flagellin component or substituted
Toll-like Receptor agonist component can be made by generating recombinant constructs that encode
flagellin with the substitutions, by chemical means, by the generation of proteins or peptides of at least
a 15portion of the flagellin by protein synthesis techniques, or any combination thereof The lysine
residue that is substituted with an amino acid (e.g., arginine, serine, histidine) can be at least one
lysine residue selected from the group consisting of lysine 19, 41, 58, 135, 160, 177, 179, 203, 215,
221, 228, 232, 241, 251, 279, 292, 308, 317, 326, 338, 348, 357, 362, 369, 378, 384, 391 and 410 of
SEQ ID NO: 13. 20The flagellin can be a S. typhimurium flagellin that includes SEQ ID NO: 14. The
lysine residue that is substituted with an amino acid (e.g., arginine, serine, histidine) can be at least
one lysine residue selected from the group consisting of lysine 20, 42, 59, 136, 161,177, 182, 189,
209, 227, 234, 249, 271, 281, 288, 299, 319, 325, 328, 337, 341, 355, 357, 369, 381, 390, 396, 403,
414 and 422 of SEQ ID 25NO: 14. 



The flagellin can be an E. coil fliC that includes SEQ ID NO: 20. The flagellin can be a S. muenchen
that include the includes SEQ ID NO: 17. The flagellin can be a P. aeruginosa flagellin that includes
SEQ ID NO: 18. The flagellin can be a Listeria monocytogenes flagellin that includes SEQ ID NO: 19.
30Certain lysine residues in flagellin are near or in domain 1, can be important in binding of the
flagellin to TLR5. For example, lysine residues at amino acids 58, 135, 160 and 410 of SEQ ID NO: 13
may be substituted with at least one member selected  - 69 - from the group consisting of an arginine
residue, a serine residue and a histidine residue. Derivatization of such lysine residues to, for
example, chemically conjugated antigens to flagellins, may decrease the ability or the binding affinity
of the flagellin to TLR5 and, thus, diminish an innate immune response mediated by TLR5.
5Substitution of at least one lysine residue in a flagellin that may be near to regions of the flagellin that
are important in mediating interactions with TLR5 (e.g., domain 1) with another amino acid (e.g.,
arginine, serine, histidine) may preserve or enhance flagellin binding to TLR5. In a particular
embodiment, the amino acid substitution is a conservative amino acid substitution with at least one
member selected from the 10group consisting of arginine, serine and histidine. Exemplary
commercially available reagents for chemical conjugation are described herein.       Certain lysine
residues in flagellin are in the domain (domain 1) and can be important for activation of TLR5. For
example, lysine residues at positions 58, 135, 160 and 410 of SEQ ID NO: 13 are in domain I.
Derivatization of such lysine 15residues to, for example, chemically conjugated antigens, may
decrease TLR5 bioactivity and, thus, diminish an innate immune response mediated by TLR5.
Lysine residues that can be substituted can include lysine residues implicated in TLR5 activation.
Lysine residues in motif N (amino acids 95-108 of SEQ ID NO: 13) and/or motif C (amino acids
441-449 of SEQ ID NO: 13) can be suitable for 20substitution. Substitution of certain lysine residue in
the flagellin (e.g., lysine at amino acid position 19,41) with, for example, an arginine, serine or
histidine, can maintain binding of the flagellin to TLR5 and leave other lysines available for chemical
conjugate to another molecule, such as an antigen (e.g., protein) or another molecule, such as
another protein, peptide or polypeptide. 25The X-ray crystal structure of the F41 fragment of flagellin
from Salmonella typhimurium shows the domain structure of flagellin (Samatey, F.A., et al., Nature
410:321 (2001)). The full length flagellin protein contains 4 domains, designated as DO, D1, D2 and
D3. Three of these domains are shown in the crystal structure because the structure was made with a
proteolytic fragment of full length flagellin. 30 The amino acid sequences of Salmonella typhimurium
flagellin for these regions, numbered relative to SEQ ID NO: 13 are as follows: DO contains the
regions Al through A55 and S451 through R494  - 70 - 



DI contains the regions N56 through Q176 and T402 through R450 D2 contains the regions K177
through 0189 and A284 through A401 D3 contains the region Y190 though V283           Exemplary
lysine residues of SEQ ID NO: 13 suitable for substitution with, for 5example, arginine, histidine, or
serine, can include: DO contains 2 lysine residues; K19, K41 D1 contains 4 lysine residues; K58,
K135, K160 and K410       D2 contains 14 lysine residues at positions 177, 179, 292, 308, 317, 326,
338, 348, 357, 362, 369, 378, 384, 391 10D3 contains 8 lysine residues at positions 203, 215,
221,228, 232, 241, 251, 279       Exemplary lysine residues suitable for substitution include lysines at
positions 58, 135, 160 and 410 of SEQ ID NO: 13 (Jacchieri, 5.0., et. al., J Bacterial. 185:4243 (2003);
Donnelly, M.A., et al., Biol. Chem. 277:40456 (2002)). The 15 sequences were obtained from the
Swiss-Prot Protein Knowledgebase located online at http://us.expasy.org/sprot/. Lysine residues that
can be modified are indicated with a *.       Exemplary lysine residues of SEQ ID NO: 14 suitable for
substitution can include: 20DO- with two lysines at positions 20, 42;        D1- with five lysines at
positions 59, 136, 161, 414, 422;        D2- with sixteen lysines at positions 177, 182, 189, 299, 319,
325, 328, 337, 341, 355, 357, 369, 381, 390, 396, 403 and        D3- with seven lysines at positions
209, 227, 234, 249, 271, 281, 288. 25The antigen for use in the fusion proteins of the invention can be
a protein antigen, such as at least one member selected from the group consisting of a bacterial
protein antigen, a viral protein antigen, a parasitic protein antigen, a tumor protein antigen, a
mycoplasma protein antigen and an allergen protein antigen. The viral protein antigen can be at least
one member selected from the group consisting of an 30 influenza viral protein antigen, a respiratory
synctial viral protein antigen and a flavivirus protein antigen. The parasite protein antigen can be a
malaria parasite protein antigen.  -71 -        The antigen can be a non-protein antigen, such as at least
one member selected from the group consisting of a polysaccharide antigen, a lipid antigen, a nucleic
acid antigen and a lipopolysaccharide antigen. The polysaccharide antigen can include a tumor
polysaccharide antigen. 



5Serotype 14 capsular polysaccharide from Streptococcus pneumoniae (PS 14) can be activated by
1-cyano-4-dimethylaminopyridinium tetrafluoroborate (CDAP) in the presence triethylamine, and
subsequently derivatized by hexanediamine to convert free hydroxyls to free amino groups. The free
amino groups can be subsequently reacted with N-hydroxysuccinimidyl bromoacetate. A flagellin
construct containing a 10cysteine residue with a free sulfhydryl can be reacted with the activated
polysaccharide to form a covalent thioether (Lees, A., et al., Vaccine 14:190 (1996)). The degree of
activation of the polysaccharide can be controlled to vary the density of conjugated flagellin to the
polysaccharide. Other serotypes of capsular polysaccharides can be conjugated to flagellin by a
similar method. The repeating 15unit structure of a polysaccharide from Streptococcus pneumoniae
serotype 14 (PS 14) is -> 4)-13-D-Glcp-(1->6)-[3-D-Galp-(1-04)]-13-D-GlcpNAc-(1-> (Lindberg, B., et
at, Carbohydr Res 58: 177-186 (1977)).        Compositions and fusion proteins of the invention can be
associated with a particle, such as at least one member selected from the group consisting of a 20
nanoparticle, liposome, a viral particle, a fungal particle, a derivatized polysaccharide and a
derivatized protein. Compositions and fusion proteins of the invention can be administered to a subject
in at least one dose selected from the group consisting of at least one dose selected from the group
consisting of about a 10.0 pig dose, about a 5.0 pg dose, about a 3.0 pg dose, about a 2.5 pg dose,
about a 1.0 pg dose, about a 0.5 pig 25dose, about a 0.3 pg dose, about a 0.25 pg dose, about a 0.1
jig dose, about a 0.05 pg dose, about a 0.025 pg dose and about a 0.01 pg dose.        The
compositions and fusion proteins of the invention can be administered to a subject, such as a human,
in a single dose or in multiple doses (e.g., two doses, three doses, four doses). When the
compositions and fusion proteins of the invention are 30 administered in two or more doses a second
or more dose of the composition or fusion protein can be administered about 28 days following
administration of a first dose.  - 72 -       In another embodiment, the invention is a method of making a
Toll-like Receptor 5 agonist, comprising the steps of separating a portion of a protein from a naturally
occurring flagellin to thereby form a protein portion, wherein the protein portion includes, in sequence,
an amino-domain 0, an amino-domain 1, an amino- 5 domain 2, a carboxy-domain 2, a
carboxy-domain 1 and a carboxy-domain 0 (R3, D3, R3-2xAg); transforming a nucleic acid sequence
encoding the protein portion into a host cell; and culturing the host cell to thereby make the Toll-like
Receptor 5 agonist. An exemplary Toll-like Receptor 5 agonist made by the method includes an R3
construct as set forth in SEQ ID NO: 29. 10A protein domain is a part of a protein sequence and
structure that can evolve, function, and exist independently of other portions of the protein. Each
domain can form a three-dimensional structure and can be independently stable and folded. Many
proteins consist of several structural domains. Generally, domains of proteins can vary in length from
between about 25 amino acids up to 500 amino acids in length. 15 The high resolution atomic model
of Salmonella typhimurium flagella has been derived from analyses of the crystal structure and
electron cryomicroscopy (Yonekura etal., Nature 424(6949): 643-50 (2003)). Salmonella typhimurium
flagellin (SEQ ID NO: 448) contains four domains, termed DO, D1, D2 and D3 as depicted in Figure
54. Domain DO (also referred to herein as "domain 0 or DO ) forms the inner core of the 20filament
and domain D1 (also referred to herein as "domain 1" or "Dl") forms the 



outer core of the filament. Domains D2 (also referred to herein as "domain 2" or "D2") and D3 (also
referred to herein as "domain 3" or "D3") project outward on the flagellin filament surface to form the
"turbo blade" (also referred to herein as "propellor") of the filament. The four domains, DO, D1, D2 and
D3, are linearly 25connected from the inside to outside of the flagellin filament. The N-terminal chain
of the flagellin monofilament begins at DO, progressing to D1 and D2 sequentially and folds within D3.
The peptide chain of the flagellin monofilament then returns to D2 and DI, and eventually ends in a
carboxy domain 0. Although connections between domains (DO to D1, DI and D2, D2 to D3) are
formed by pairs of short anti-parallel 30 chains, the one that connects domains DO and D1 is longer
compared to the other two, and can be referred to as the "spoke region."  - 73 -        The high
resolution flagellin model demonstrates that domain DO contains one pair of a-helices forming a
two-stranded coiled-coil. Each strand derives from an N and a C terminus peptide. More specifically,
the N-terminal peptide (1-33) (SEQ ID NO: 448) and the C-terminal peptide (461-495) (SEQ ID
NO:448) contribute to the 5domain DO two-stranded coiled-coil (SEQ ID NO: 448). In this structure
(SEQ ID NO: 448) the N-terminal helix is about 33 amino acids long and C-terminal strand is about 35
amino acids.        When forming the inner tube of flagella, domain DO of multiple flagellins pack
against one another in a spiral. A pair of flexible linkers connects domains DO and D1 10 (SEQ ID NO:
448). The N-terminus proximal linker (34-46, spoke region) (SEQ ID NO: 448) is comparatively longer,
containing about 13 amino acids while C-terminus proximal linker (454-460) contains 7 amino acids
(SEQ ID NO: 448). Multiple D1 domains also pack against each other when forming the polymeric
flagella structure. Domain D1 is responsible for forming the outer tube of the flagella core. Domain D1
15 has mixed a and 13 elements and both structural elements are formed by the N and C termini
proximal peptides (SEQ ID NO: 448). The N-terminus proximal peptide (47- 176) (SEQ ID NO: 448)
constitutes greater than about 70% of domain D1 and includes two a-helices and one
two-strandedn-sheet. The C-terminus proximal peptide (404-453) (SEQ ID NO: 448) forms a single
a-helix about 50 amino acids 20 long of domain 1. Three helices pack together to form the TLR5
binding site (Smith et al., Nature Immunology; 22:1247-1253 (2003)). Domains D2 and D3 protrude
outwards from the flagellin core. Since this region is highly variable and it is located in the central
region in the primary sequence, Domains D2 and D3 can be referred to as the 25"hypervariable
region" or the "hinge region". Structurally, the majority of the hinge region is the p structure. Other than
a short a-helix (about 10 amino acids), about 93% of domain D2 are n-sheets connected by loops and
turns. The N-terminus proximal peptide (177-190) (SEQ ID NO: 448) contributes a single 13-strand.
The C- terminus proximal peptide (286-403) constitutes the majority (about 91%) of the 30 domain D2
(SEQ ID NO: 448). Domain D3 resides on the tip of the "turbo blade."  



- 74 - Similar to domain D2, D3 is formed by p elements. Eight p-strands form three sets of sheet in
domain D3 (SEQ ID NO: 448).        As shown herein, the primary amino acid sequence of several
flagellins have relatively conserved domain DO and D1, and relatively variable domain D2 and D3. 5
The high degree of homology of DO and Dl among different flagellins may be due to their shared
structural roles in forming the core of the flagella. The domains of different flagellins from various
species may share the same structural elements as seen in high resolution model described above.
More specifically, domain DO should contain a pair of coiled-coil that ranges about 30 amino acids.
Domain D1 contains 10mixed a-helices, 13-sheets as a-helices and a two-stranded 13-sheet formed
by an N- terminal peptide and a long a-helix from C-terminal peptide. The TLR5 binding region
comprises an N-terminal peptide, a C-terminal fragment and is concentrated on the D1 helical region.
Domains D2 and D3 of polymerized flagellin form the blade on the flagella and are also the major
targets for the host immune responses. The hyper- 15variability of these regions may be an escape
mechanism the bacteria utilize to evade the host defense. Although domains D2 and D3 vary in
primary sequences, the overall structural organization is believed to be similar for different flagellins.
Flagellin from certain species may even lack part of or the entire hinge region that is formed by the D2
and D3 domains. The domain boundaries between domains D1 and 20D2 are well defined. Only
monomeric flagellin activates the host innate immune response through the host receptor TLR5.
Flagella, which is the whip-like appendage of bacteria, is composed of polymeric flagellin, which does
not bind nor activate TLR 5. As described above, the region of flagellin that physically interacts with
TLR5 has been 25mapped to domain D1 (Smith et at, Nature Immunology 22: 1247-1253 (2003)).
While no critical regions in the other domains, including the conserved DO domain, have been shown
to be involved with the TLR5 interaction, alterations within these domains may influence this
interaction, which may modulate inflammatory and immune responses, as described herein. For
example, an activity of a flagellin 30construct, as measured by an in vitro TLR5 signalling assay and
an in vivo  - 75 - reactogenicity model, described herein, is associated with the presence of an intact
domain DO.       Partial or full deletions of this domain greatly reduce TLR5 activity and could be used
therefore to modulate TLR5 signalling, such that minimal TLR5 stimulation is 5provided. As described
herein, either deletion of Domain D3 or replacement of Domain D3 with an antigen provides a
reduction in the reactogenicity profile as measured by the in vivo reactogenicity model. Constructs
having D3 deletions or replacements can be employed to generate compositions that include antigens
combined or fused to the constructs, which, in turn, can be employed in compositions 10to stimulate
an immune response in a subject, in particular, a protective immune response, that maximizes
immunogenicity and minimizes reactogenicity. Compositions employing the Toll-like Receptor 5
agonists described herein, 



such as the R3 constructs (also referred to herein as "R3 flagellin construct," for example, SEQ ID
NOs: 452, 457, 464, 465, 470 and 500-502) or the R32x construct 15(also referred to herein as "R32x
flagellin construct," for example, SEQ ID NOs: 455, 471 and 503-506) can be used in combination with
antigents. Thus, compositions and fusion proteins of the invention can be useful in vaccine
compositions. Vaccines based on these constructs, such as the RO construct (e.g., SEQ ID NOs: 453,
474 and 515-518), may be utilized when the host has no pre-existing immunity to the vaccine 20linked
antigen (e.g., immunologically nave), such as pandemic influenza. Simultaneous deletion of domains
D2 and D3 (e.g., SEQ ID NOs: 472 and 473) provides a significant reduction in the reactogenicity
profile and a modest reduction in the immune response elicited. Vaccines based on these constructs
would be moderately to robustly immunogenic, modestly reactogenic and would likely be 25utilized
when the host has pre-existing immunity to the vaccine linked antigen, such as in the case of a
seasonal influenza vaccine. Multiple flagellin variants with deletions or replacements of Domains DO,
D2 or D3 are described herein. Deletion variants are named with the letter D and the replacement
variants are named with the letter R. For example, STF2.R3D0 30 represents a construct in which
domain D3 of flagellin is replaced by an antigen and domain DO is deleted. The atomic model used to
define the domain boundary was Salmonella typhimurium flagellin (fliC, PDB: lUCU) (SEQ ID NO:
448). For the  - 76 - design, the protein sequence of Salmonella typhimurium flijB was aligned with
1UCU sequence using CLUSTALW (Thompson, J.D., et al. Nucleic Acids Research, 22:4673-4680
(1994)). Experimental data presented herein demonstrate that these designs can be applied to a
number of different vaccine antigens fused to the flijB 5flagellin (SEQ ID NO: 447). In the design of the
fljB constructs, the domain boundaries of fliC (SEQ ID NO: 448) were mapped to flijB by alignment of
the primary sequences. The designs of the different flagellin variants (also referred to herein as "forms
of flagellin") can be based on domain boundaries which can be mapped, by alignment to multiple
flagellins. 10For example, another flagellin can be aligned with known domains of STF 2 to discern the
corresponding domains, such as the amino-domain 0, the amino domain 1, the amino domain 2,
domain 3, the carboxy domain 2, the carboxy domain 1 and the carboxy domain 0. Sequences sharing
at least about 50% identity for the domains can be identified. The resulting flagellin constructs may
possess TLR5 signaling and host 15reactogenicity properties that are similar the fljB constructs
described herein.        Identification of the flagellin domain boundaries of common commensal
bacterial E. colt flagellin is illustrated below (Accession number BAA85080). Table 1 shows the
sequence alignment of fliC (SEQ ID NO: 448), fljB (SEQ ID NO: 447) and E. coli flagellin (SEQ ID
NO:449) was performed using CLUSTAL W at the Pole 20BioInformatique Lyonnais site
(http.pbil.univ-Iyonl.fr). Domain components of S. typhorium fliC (SEQ ID NO: 448), determined by
high resolution model, are marked by alternating boxes. Domain components are labeled on the top of
the respective component, such as DON, D1N, D2N, D3, D2C, D1C and DOC. The same components
were then mapped to S. typhorium fljB (SEQ ID NO: 447) and E. colt 



25 flagellin (SEQ ID NO: 449) according to alignment. Therefore, DON of fljB (SEQ ID NO: 447) was
determined to range from amino acid 1-46 and for E. coli flagellin (SEQ ID NO: 449) it ranged from
1-46. The spoke region for both ranged from 34- 46. DIN of fljB (SEQ ID NO: 447) ranged from 47-176
and that of E. coli ranged from 47-176 (SEQ ID NO: 449). D2N ranged from 177-190 for fljB (SEQ ID
NO: 30 447) and 177-190 for E. colt (SEQ ID NO: 449). D3 ranged from 191-291 for fljB (SEQ ID NO:
447) and 191-343 for E. coli (SEQ ID NO:449). D2C ranged from 292- 414 for fljB (SEQ ID NO: 447)
and 344-502 for E. coli (SEQ ID NO: 449). D1C  - 77 -
rangedfron1415-464forfUf3(SMII)1?10:447)and503-552forE coh(SEK?If)1?10: 449),andDOCranged
frorn465-506 fcn.fljEl(SWIDNO: 447) and 553-595 for/F. co/i(SWIDNO:449).         Table]:
ExemplaryFlagellinEknnainBknaldwies(EKN,D1T4,1)21?4133,132C, 5D1C andDOC) aredepictedas
follows: 1020304050 DONDM'
P06179_fliC[MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAA GQAI 10
P52616_fljBIMAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAA GQAI
3AA85080_Ecoli IMAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAA GQAI ************
:**** ** ************************** 60708090100 15 DIN
P06179_fliCANRETANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA
P52616_fljBANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA
3AA85080_Ecoli ANRFTSNIKGLTQAARNANDGISVAQTTEGALSEINNNLQRIRELTVQAS 20*****
********: ******** ******** ******** ** * ** 110120130140150 DIN 25
P06179_f1iCNSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA
P52616_fljBNSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGA 



3AA85080_Ecoli TGTNSDSDLDSIQDEIKSRLDEIDRVSGQTQFNGVNVLAKDGSMKIQVGA *** **** **
* **** ************** ***: *.***** 30160170180190200 IIIII DlND2ND3
P06179_fliCNDGETIDIDLKQINSQTLGLDTLNVQQKYKVSDTAATVTGNADT
P52616_fljBNDGETIDIDLKQINSQTLGLDSLNVQIKAYDVKDTAVTTKAYANNGTTLD- 35
BAA85080_Ecoli NDGQTITIDLKKIDSDTLGLNGFNVNGSGTIA1KAATIS1LTAAKMDAAT ** * ** **** *
* ****:**:.*.* .:  - 78 -  P06179_fliC 210220230240250                           In
TIALDNSTFKASATGLG--GTDQKIDGDLKFD 5 P52616_fljB
VSGLDDAAIKAATGGTN--GTASVTGGAVKFD  BAA85080_Ecoli
NTITTTNNALTASKALDQLKDGDTVTIKADAAQTATVYTYNASAGNFSFS   



*::***.   260270280290300 10     D3  P06179_fliC
DTTGKYYAKVTVTGG-TGKDGYYEVSVDKTNGEVTLA  P52616_fljES
ADNNKYFVTIGGFTGADAAKNGDYEVNVA-TDGTVTLA  BAA85080_Ecoli
NVSNNTSAKAGDVAASLLPPAGQTASGVYKAASGEVNFDVD-ANGKITIG 15  :*..*:..*::*:*:.   



310320330340350   D3D2C 20 P06179_fliC GATSPLTGGLPATATEDVYN--VQVANADL--I
P52616_fljB    AGATKTTMPAGATTKTEVQEL--KDTPIAVVS--  3AA85080_Ecoli
GQEAYLTSDGNLTTNDAGGATAATLDGLFKKAGDGQSIGFNKTASVTMGO   ** * 25  



360370380390400   D2C  P06179_f11C TEAKAALTAAGVTGTASVVIGISYTDNNGKTIDGG---
P52616_fljB    ADAKNALIAGGVDATDANGAE-LVYMSYTDKNGKTIEGG--- 30 3AA85080_Ecoli
TTYNEKTGADAGAATANAGVSFTDTASKETVLNKVATAKQGTAVAANGDT   410420430440450 35  



D2C  P06179_fliC P52616_fljB BAA85080_Ecoli LAVKVGDDYYSATQNKD-GSISINTTKYTADDGTSK
YALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTK
SATITYKSGVQTYQAVFAAGDGTASAKYADN-TDVSNATATYTDADGE10  - 79 -  P06179_fliC
P52616_fljB 3AA85080_Ecoli  460470480490500 D2C
rALNKLGGADGKTEVVSIGGKTYAASKAEGHNFKAQP----DLAE
TAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQP----ELAEI
TIGSYTTKYSIDANNGKVTVDSGTGTGKYAPKVGAEVYVSANGTLTTDAT  510520530540550 



D2CD1C AAAtTENPLQKIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTVNNLTS
AAA*TENPLQKIDAALAQVDALRSDLGAVQNRENSAITNLGNTVNNLSE
ISEGTVTKDPLKALDEAISSIDKERSSLGAIQNRLDSAVTNLNNTTTNLSE ..*;:**;;* *; ; ; ;* :**.***:***;
:**:***.**..**; 560570580590 D1CDOC  P06179_fliC ID NO: 448) P52616_fljB 25 ID NO: 447)
3AA85080_Ecoli AQSR ID NO: 449)  IQDADYATEVSNMSKAQIIQQAGNSVLAKANQVPQQVLSLLQG
(SEQ  *:***;*:**********:***:**** 30 Alignment data :  Alignment length : 597 Identity (*) : 239 is 40.03 %
35Strongly similar (:) : 78 is 13.07 % Weakly similar (.) : 65 is 10.89 % Different : 215 is 36.01 %
Sequence 0001 : P06179_fliC ( 495 residues).  



- 80 - Sequence 0002 : P52616_fljB ( 506 residues). Sequence 0003 : 5AA85080_Eccli ( 595
residues). 5The domain boundaries of flagellin from Bacillus subtilis (SEQ ID NO: 450), are shown in
Table 2. The Bacillus subtilis flagellin (SEQ ID NO: 450) has a substantial deletion in the hinge region
while domain DO and D1 are about 65% similar to S. typhorium. DON of Bacillus subtilis flagellin is
amino acid residues 1-44 (SEQ ID NO: 4), DIN is amino acid residues 45-170 (SEQ ID NO: 450), D2N
is 10amino acid residues 171-177 (SEQ ID NO: 450), D3 is amino acid residues 178-191 (SEQ ID NO:
450), D2C is amino acid residues 192-235 (SEQ ID NO: 450), D1C is amino acid residues 236-286
(SEQ ID NO: 450) and DOC is amino acid residues 286- 317 (SEQ ID NO: 450). As illustrated in
Table 2, Bacillus subtilis flagellin has a relatively small D2N (7 amino acids) (SEQ ID NO: 450) and D3
domain (14 amino 15acids) (SEQ ID NO: 450). The D3 domain is missing and is substituted by a
simple loop or a small secondary structure element. However, DO, DI and majority of D2 are still
identifiable. Table 3 summarizes the findings of the different alignments shown in Tables 1 and 2. 20
Table 2: Exemplary Flagellin Domain Boundaries 1020304050 11111 DOND1N 25
P06179_fliCtMAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAI
P52616_fljBMAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAWAI ABN13608_Bsub
--MRINHNIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAOLAI * * *:** ******** * ***** **
60708090100 30IIII1 DlN
P06179_fliCANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA
P52616_fljBANRFTANIRGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSA 



ABN13608_Bsub SEKMRSQIRGLDMASKNAQDGISLIQTSEGALNETHSILQRMSELATQAA  -81- * * *
** ** **** ** * * * ** ** ** ** * * * 110120130140150  5DlN
P06179_fliCNSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLA-QDNTLTIQVG
P52616_fljBNSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLA-QDNTLTIQVG
ABN13608_Bsub NDTNTDSDRSELQKEMDQLASEVTRISTDTEFNTKKLLDGTAQNLTFQIG ... 10
160170180190200 DIND2ND3
P06179_fliCANDGETIDIDLKQINSQTLGLDTLNVOQKYKVSDTAATVTGYADT 15
P52616_fljBANDGETIDIDLKQINSQTLGLDSLNVOKAYDVKDTAVTTKAYANNGTTLD
ABN13608_Bsub ANEGQTMSLSINKMDSESLKVOTTYTVSGPQNT . 210220230240250 20IIIII D3
P06179_fliCTIALDNSTFKASATGLGGTDQKIDGDLKFDDTTGKYYAKVT-VTGG-TGK
P52616_fljBVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAK
A3N13608_Bsub LTATDG 



25. 260270280290300 D3D2C 30
F06179_fliCDGYYEVSVDKTNGEVTLAGGATSPLTGGLPATATEDVKNVQVAINADLTEA
P52616_fljBNGDYEVNVA-TDGTVTLAAGATKTTMPAGATTKTEVQELKDT  VVSADN
A3N13608_Bsub STAT-WADA 35310320330340350 D2C  - 82 -  P52616_fljB A3N13608_Bsub
KNALIAGGVDATDANGAELVYMSYTDKNGKTIEGGYALKAGDKYYAADYD
DATNKPAGYYDAG-GKVIAS  **.* 360370380390400 5 D2C  P06179_fliC P52616_fljB
A3N13608_Bsub  410420430440450 



D2CD1C  15P06179_fliC P52616_fljB ABN13608_Bsub
GENFKAQPDLAEAAATTTENPLQKIDAALAQVDTLRSDLGAVQNRFNSAI
GHDFKAQPELAEAAAKITTENPLQKIDAALAQVDALRSDLGAVQNRFNSAI
ISSSAKIAASSALTTIKTAIDTVSSERAKLGAVQNRLEHTI  * .*. :*:*. : *: .*******::* 20460470480490500
IIIII D1CDOC P06179_fliCTNLGNTVNNLTSARSOIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVF
P52616_fljBTNLGNTVNNLSEARSOIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVP 25
ABN13608_Bsub NNLGTSSENLTSAESRIRDVDMASEMMEYTKNNILTQASQAMLAQANQ--I
:**:.*.***.* * *:*::** **. ::****** DOC  30P06179_fliC P52616_fljB ABN13608_Bsub  QNVLSLLR
QNVLSLLRI 



(SEQ ID NO: 448) (SEQ ID NO: 447) (SEQ ID NO: 450)  35  Alignment data :  Alignment length : 508
- 83 - Identity (*) : 128 is 25.20 % Strongly similar (:) : 70 is 13.78 % Weakly similar (.) : 44 is 8.66 %
Different : 266 is 52.36 % 5Sequence 0001 : P06179_fliC ( 495 residues). Sequence 0002 :
P52616_fljE ( 506 residues). Sequence 0003 : A3N13608_13sub ( 317 residues). Table 3: Exemplary
Domains of Flagellins Flagellin Sequence Accession Number SEQ/U3 Number  awnainBoundary 



DON DIN anv D3 D2C D1C DOC S. ophhnufium    47- 177- 191- 286- 404- 454- JIIC P06179 448 



1-46 176 190285 403 453 460 S. nphanurium    47- 177- 191- 292- 415- 465- fAVB P52616 447 1-46
176 190 291 



414 464 506     47- 177- 191- 344- 503- 553- Exoli BAuk85080 449 1-46 176 190 343 502 552 595  



45- 171- 178- 192- 236- 286- B. subalis AJN13608 450 1-44 177 177 191 235 286 317  10The host
cell employed in the methods described herein can be a prokaryotic host cell or a eukaryotic host cell.
The prokaryotic host cell can be at least one member selected from the group consisting of an E. coli
prokaryotic host cell, a Pseudomonas prokaryotic host cell, a Bacillus prokaryotic host cell, a
Salmonella prokaryotic host cell and a P. fluorescens prokaryotic host cell. 15The eukaryotic host cells
employed in the methods of the invention can include a Saccharomyces eukaryotic host cell, an insect
eukaryotic host cell (e.g., at least one member selected from the group consisting of a Baculovirus
infected insect cell, such as Spodoptera frugiperda (Sf9) or Trichhoplusia ni (High5) cells; and a 



Drosophila insect cell, such as Dmel2 cells), a fiingal eukaryotic host cell, a parasite  - 84 - eukaryotic
host cell (e.g., a Leishmania tarentolae eukaryotic host cell), CHO cells, yeast cells (e.g., Pichia) and a
Kluyveromyces lactis host cell. Suitable eukaryotic host cells and vectors can also include plant cells
(e.g., tomato; chloroplast; mono- and dicotyledonous plant cells; Arabidopsis thaliana; 5 Hordeum
vulgare; Zea mays; potato, such as Solanum tuberosum; carrot, such as Daucus carota L.; and
tobacco, such as Nicotiana tabacum, Nicotiana benthamiana (Gils, M., et al., Plant Biotechnol J.
3:613-20 (2005); He, D.M., et at, Colloids Surf B Biointerfaces, (2006); Huang, Z., et at, Vaccine
19:2163-71 (2001); Khandelwal, A., et al., Virology. 308:207-15 (2003); Marquet-Blouin, E., et al.,
Plant Mol Biol 51:459- 1069 (2003); Sudarshana, MR., et al. Plant Biotechnol 4:551-9 (2006); Varsani,
A., et al., Virus Res, 120:91-6 (2006); Kamarajugadda S., et al., Expert Rev Vaccines 5:839- 49
(2006); Koya V, et al., Infect Immun. 73:8266-74 (2005); Zhang, X., et al., Plant Biotechnol 4:419-32
(2006)).            In another embodiment, the proteins of the invention are made in cell-free 15systems.
The proteins made by the methods of the invention and the compositions of the invention can be
purified and characterized employing well-known methods (e.g., gel chromatography, ion exchange
chromatography, SDS-PAGE), as described herein. The method of making the Toll-like Receptor 5
that includes the protein 20portion, in sequence, an amino-domain 0, an amino-domain I, an
amino-domain 2, a carboxy-domain 2, a carboxy-domain I and a carboxy-domain 0 (an R3 construct)
can further include the step of operably linking a second nucleic acid sequence encoding at least one
antigen to the nucleic acid sequence encoding the protein portion (such as SEQ ID NOs: 29, 699-701)
to thereby make a fusion protein that activates a Toll-like 25Receptor 5. The second nucleic acid
sequence can be linked to the 3' end of the nucleic acid sequence encoding the protein portion (an D3
construct). The method can further include the step of operably linking a second nucleic acid
sequence encoding at least one antigen between the nucleic acid sequence encoding the
amino-domain 2 and the nucleic acid sequence encoding the carboxy-domain 2 of the nucleic 30 acid
sequence encoding the protein portion (an R3 construct) to thereby make a fusion protein that
activates a Toll-like Receptor 5, such as SEQ ID NOs: 452, 457, 464, 465, 470 and 500-502.  - 85 -
The method of making the Toll-like Receptor 5 that includes the protein portion, in sequence, an
amino-domain 0, an amino-domain 1, an amino-domain 2, a carboxy-domain 2, a carboxy-domain 1
and a carboxy-domain 0 (an R3 construct) can further include the step of operably linking a second
nucleic acid sequence encoding at 5least one antigen between the amino-domain 2 and the
carboxy-domain 2 of the nucleic acid encoding the protein portion to thereby form a second protein
portion; and operably linking a third nucleic acid sequence encoding at least one additional antigen to
the 3' end of the nucleic acid sequence encoding the second protein portion (an R3-2xAg construct) to
thereby make a fusion protein that activates a Toll-like 10 Receptor 5, such as SEQ ID NOs: 455, 471
and 503-506. In an embodiment, the additional antigen encoded by the third nucleic acid sequence is
similar to the antigen encoded by the second nucleic acid sequence. In another embodiment, the
additional antigen encoded by the third nucleic acid sequence is distinct from the antigen encoded by
the second nucleic acid sequence. 



15The nucleic acid encoding an antigen employed in the methods described herein can encode at
least a portion of a viral antigen, such as an influenza viral antigen (e.g., HA, M2), an RSV antigen
(e.g., RSVG, RSVF and RSVM2), an HPV antigen (e.g., El, E2, E4, E6, E7, E6E7, Li and L2) and a
flavivirus antigen (e.g., Dengue flavivirus, West Nile flavivirus, Tick-borne encephalitis, Japanese
20encephalitis, Langat flavivirus, Kunjin flavivirus, Murray Valley flavivirus and Hepatitis C flavivirus )
as described herein. Exemplary HA antigens, can include, SEQ ID NOs: 228-281, 283-295, 456, 481,
499, 662 and 665. An exemplary portion of a M2 protein can include the ectodomain of M2 (also
referred to herein as "M2e"), such as SEQ ID NOs: 298, 300-321, 323-336, 485, 507 and 666.
Exemplary RSV 25antigens include SEQ ID NOs: 519, 522, 524, 526-544, 546-551, 577-580, 582,
586, 611, 612, 617, 627, 694 and 840-843. Exemplary HPV antigens include SEQ ID NOs: 50-52, 54,
56, 58, 60, 62, 64, 66, 67, 69, 71, 73, 75, 76, 78, 80, 81, 83, 85, 87, 89, 90, 92, 94, 96, 98, 100-102,
104, 106-113, 122-144 and 193-197 and 680. Exemplary Dengue viral antigens include SEQ ID NOs:
339, 343, 345, 347, 351-355, 30371, 381-384, 387-390, 636, 638, 640, 642, 644, 646, 648, 650, 652,
654, 656 and 658. Exemplary West Nile viral antigens include SEQ ID NOs: 341, 356, 358-361, 379,
443 and 444. Exemplary additional flavivirus antigens include SEQ ID NOs:  - 86 - 337, 349, 362-370,
372, 373, 375, 377, 380, 385, 386, 391-442 and 445. Exemplary amino acid sequences and nucleic
acid sequences encoding Toll-like Receptor agonists, antigens and fusion proteins of the invention are
described and provided in the Sequence Listing. 5In another embodiment, the invention is a method of
making a Toll-like Receptor 5 agonist, comprising the steps of separating a portion of a protein from a
naturally occurring flagellin to thereby form a protein portion, wherein the protein portion includes, in
sequence, an amino-domain 1, an amino-domain 2, a carboxydomain 2 and a carboxy-domain 1 (an
R3D0 construct, an R03 construct); 10transforming a nucleic acid sequence encoding the protein
portion into a host cell; and culturing the host cell to thereby make the Toll-like Receptor 5 agonist. An
exemplary Toll-like Receptor 5 agonist made by the method includes SEQ ID NOs: 30 and 814-816.
The method of making a Toll-like Receptor 5 agonist that includes a protein 15 portion includes, in
sequence, an amino-domain 1, an amino-domain 2, a carboxydomain 2 and a carboxy-domain I can
further include the step of operably linking a second nucleic acid sequence encoding at least one
antigen between the nucleic acid sequence encoding the amino-domain 2 and the nucleic acid
sequence encoding the carboxy-domain 2 of the nucleic acid encoding the protein portion (an R3D0
20construct) to thereby form a fusion protein that activates a Toll-like Receptor 5, such as SEQ ID
NOs: 800-803. The method can further include the step of operably linking a third nucleic acid
sequence encoding at least one additional antigen to the 3' end of the nucleic acid sequence encoding
the protein portion (an R03 construct), to thereby make a fusion protein that activates a Toll-like
Receptor 5, such as SEQ ID 25 NOs: 804-807. In an embodiment, the additional antigen encoded by
the third nucleic acid sequence is similar to the antigen encoded by the second nucleic acid sequence.
In another embodiment, the additional antigen encoded by the third nucleic acid sequence is distinct
from the antigen encoded by the second nucleic acid sequence. 



In yet another embodiment, the invention is a method of making a Toll-like 30Receptor 5 agonist,
comprising the steps of separating a portion of a protein from a naturally occurring flagellin to thereby
form a protein portion, wherein the protein portion includes, in sequence, an amino-domain I, an
amino-domain 2, a carboxy-  - 87 - domain 2, a carboxy-domain 1 and a carboxy-domain 0 (an D3N
construct); transforming a nucleic acid sequence encoding the protein portion into a host cell; and
culturing the host cell to thereby make the Toll-like Receptor 5 agonist. Examplary Toll-like Receptor 5
agonists made by the method include SEQ ID NOs: 31 and 817- 5819. The method can further include
the step of operably linking a second nucleic acid sequence encoding at least one antigen to the
nucleic acid sequence encoding the protein portion, to thereby fuse the Toll-like Receptor 5 agonist to
an antigen to make a fusion protein, such as SEQ ID NOs: 741, 747, 755, 808 and 809. In a further
embodiment, the invention is a method of making a Toll-like 10 Receptor 5 agonist, comprising the
steps of separating a portion of a protein from a naturally occurring flagellin to thereby form a protein
portion, wherein the protein portion includes, in sequence, an amino-domain 1, an amino-domain 2, a
carboxydomain 2, a carboxy-domain 1, and wherein the protein portion lacks a portion of a
carboxy-domain 0; transforming a nucleic acid sequence encoding the protein portion 15into a host
cell; and culturing the host cell to thereby make the Toll-like Receptor 5 agonist. In an embodiment,
the portion of the carboxy-domain 0 that is lacking from the protein portion is VPNVLSLLA (SEQ ID
NO: 693). Exemplary Toll-like Receptor 5 agonist made by the method include SEQ ID NO: 32 and
820-822. The method of making a Toll-like Receptor 5 agonist having a protein portion 20includes, in
sequence, an amino-domain 1, an amino-domain 2, a carboxy-domain 2, a carboxy-domain 1, and
wherein the protein portion lacks a portion of a carboxydomain can further include the step of operably
linking a second nucleic acid sequence encoding at least one antigen to the nucleic acid sequence
encoding the protein portion to thereby make a fusion protein that activates a Toll-like Receptor 5.
25In still another embodiment, the invention is a method of making a Toll-like Receptor 5 agonist,
comprising the steps of separating a portion of a protein from a naturally occurring flagellin to thereby
form a protein portion, wherein the protein portion includes, in sequence, an amino-domain 1 and a
carboxy-domain 1 (an D1 construct); transforming a nucleic acid sequence encoding the protein
portion into a 30 host cell; and culturing the host cell to thereby make the Toll-like Receptor 5 agonist.
Exemplary Toll-like Receptor 5 agonist made by the method include SEQ ID NO: 33 and 823-825. The
method can further include the step of operably linking a second  - 88 - nucleic acid sequence
encoding at least one antigen to the nucleic acid sequence encoding the protein portion. The methods
of making Toll-like Receptor 5 agonists of the invention can include separating a portion of a protein
from a naturally occurring flagellin to thereby form a protein portion, wherein the protein portion
consists, in 5sequence, of particular domains of the naturally occurring flagellins, such as an RO
construct, an R3 construct, an R3D0 construct, an D3N construct, a D3NCs construct and a D1
construct.       In still another embodiment, the invention is a composition comprising at least one
particle that includes at least a portion of at least one Toll-like Receptor agonist 



10and at least a portion of at least one antigen, wherein the Toll-like Receptor agonist and the antigen
are associated with the particle and a molar ratio of the Toll-like Receptor agonist to the antigen is no
greater than about 1. In an embodiment, the particle is not an alum particle, is not an adenovirus, is
not a poxvirus, is not an alphavirus, is not a nucleic acid and is not a plasmid DNA. 15In still another
embodiment, the invention is a composition comprising at least one nanoparticle that includes at least
a portion of at least one Toll-like Receptor agonist (e.g., a TLR 5 agonist, such as flagellin, STF 2
(SEQ ID NO: 12-14, 16-22, 447-450, 661 and 836), STF2A (SEQ ID NO: 34 and 487), an RO
construct, an R3 construct, an R3D0 construct, an D3N construct, a D3NCs construct and a DI
20construct) and at least a portion of at least one antigen, wherein the Toll-like Receptor agonist and
the antigen are associated with the nanoparticle and a molar ratio of the Toll-like Receptor agonist to
the antigen is no greater than about 1, for example, a molar ratio is selected from the group consisting
of about 0.5, about 0.1, about 0.05, about 0.01, about 0.005, about 0.001, about 0.0005, about 0.0001,
about 0.00005 and 25about 0.00001.       The Toll-like Receptor agonist can be associated with an
outer surface or the inner surface of the particle. The antigen can be associated with an inner surface
or the inner surface of the particle. Fusion proteins of the invention can be associated with the outer
surface or inner surface of the particle. One or more Toll-like Receptor 30agonists (e.g., TLR5, TLR7,
TLR8) can be associated with one or more distinct or similar antigens (e.g., HA, M2e, RSV Fprotein,
RSV Gprotein, HPV capsed protein, HPV tumor suppressor, binding protein).  - 89 -       In another
embodiment, a fusion protein of the invention can be associated with a particle and a Toll-like
Receptor agonist and/or antigen can also be associated with the particle. The Toll-like Receptor
agonist can be similar to or distinct from the TLR agonist that is a component of the fusion protein.
Likewise, the antigen can be 5similar to or distinct from the antigen that is a component of the fusion
protein. For example, a fusion protein that includes an R3 construct and an HA antigen (e.g.,
STF2.HA1-2(SI)) and a M2e antigen (e.g., 4xM2e), which is not fused to a TLR agonist, can be
associated with a particle. The average diameter of the nanoparticle employed in the compositions of
the 10 invention can be at least one member selected from the group consisting of about 20
nanometers, about 25 nanometers, about 30 nanometers, about 40 nanometers, about 50
nanometers, about 75 nanometers, about 100 nanometers, about 125 nanometers, about 150
nanometers, about 175 nanometers and about 200 nanometers. In another embodiment, the average
diameter of the particle is at least one member selected from 15the group consisting of between about
10 to about 200 nanometers, between about 0.5 to about 5 microns and between about 5 to about 10
microns. In another embodiment, the average diameter of the microparticle is selected from the group
consisting of about 0.1 gm, about 0.2 gm, about 0.4 gm, about 0.5 gm, about 1 gm and about 2 gm.
Nanoparticles for use in the compositions of the invention can be made from 20 lipids or other fatty
acids (see, for example, U.S. Patent Nos. 5,709,879; 6,342,226; 6,090,406; Lian, et at, J of Pharma.
Sci. 90:667-680 (2001) and van Slooten, et al., Pharm Res. 17:42-48 (2000)) and non-lipid
compositions (see, for example, Kreuter, .1 Anat. 189:503-505 (1996), the teachings of all of which are
hereby incorporated by reference in their entirety). The compositions can be bilayer or multilamellar
25liposomes and phospholipid based. Polymerized nanoparticles, as described, for example, in U.S.
Patent No.: 7,285,289, the teachings of which are incorporated by reference in their entirety. 



Metallic oxide nanoparticles for use in the compositions of the invention can be chemically substituted
with at least one reactive moiety capable of forming a 30 thioether bond employing conventionally
techniques as described herein and in U.S. Patent No.: 6,086,881, the teachings of which are hereby
incorporated by reference in their entirety. The antigen described herein can be coupled in a single
step onto the  - 90 - metallic oxide particles by the formation of at least one thioether bond or it may be
synthesized or assembled stepwise onto the metallic oxide particles after the initial thioether bond
formation. The chemical derivatization reagents for the metallic oxide particles can include
organosilane reagents that provide thioalkane functionality or 5other groups that may readily be
converted into thiols or thiol-reactive moieties. Organosilane reagents which may be utilized for this
purpose may be, but are not limited to, 3-mercaptopropyltrimethoxysilane,
3-aminopropyltriethoxysilane, 3- iodopropyltrimethoxysilane, 2-chloroethyltrichlorosilane, 3-
glycidoxypropyltrimethoxysilane, vinyltrichlorosilane and 3- 10acryloxypropyltrimethoxysilane. Moieties
that include one or more disulfide components may also be joined to the metallic oxide particle surface
and thereby provide the corresponding reactive moiety able to enter into and form a thioether bond
and juncture. Exemplary nanoparticles for use in the compositions of the invention include at least one
member selected from the group consisting of poly (d,l-lactide-co- 15glycolide, also referred to as
"poly(lactic-co-glycolic acid) and bisacyloxypropylcysteine.       Nanoparticles for use in the
compositions of the invention can be made of inorganic material. Nanopartides for use in the
compositions of the invention can be made of a polymer material, such as at least one member
selected from the group 20consisting of polystyrene, brominated polystyrene, polyacrylic acid,
polyacrylonitrile, polyamide, polyacrylamide, polyacrolein, polybutadiene, polycaprolactone,
polycarbonate, polyester, polyethylene, polyethylene terephthalate, polydimethylsiloxane,
polyisoprene, polyurethane, polyvinylacetate, polyvinylchloride, polyvinylpyridine,
polyvinylbenzylchloride, polyvinyltoluene, 25polyvinylidene chloride, polydivinylbenzene,
polymethylmethacrylate, polylactide, polyglycolide, poly(lactide-co-glycolide), polyanhydride,
polyorthoester, polyphosphazene, polyphosophaze, a carbohydrate, carboxymethyl cellulose,
hydroxyethyl cellulose, agar, gel, proteinaceous polymer, polypeptide, eukaryotic and prokaryotic
cells, viruses, lipid, metal, resin, latex, rubber, silicone (e.g., 30polydimethyldiphenyl siloxane), glass,
ceramic, charcoal, kaolinite and bentonite.       Particles, such as nanoparticles, that are associated
with the TLR agonists and the antigens can be microscopically evaluated the interaction of the particle
-91 - preparations with cells in vivo and evaluated in animals (e.g., rabbits and mice) for the induction
of antibodies against the antigens, T-cell responses and induction of TLR mediated innate responses
in vitro using well-established methods. 



Compositions described herein can include associating fusion proteins that 5include the antigens on
the surface of nanoparticle. The composition can then be evaluated in a dose response experiments
to determine whether the multimerization of the vaccine on particles enhances the immunogenicity of
the vaccine at lower doses.       More than one antigen (e.g., 2, 3, 4, 5, 6, 7, 8) can be placed on the
surface of a particle to expose multiple antigens on the surface of particle, which may augment T
10and/or B cell potency.       Linkages (also referred to herein as "association") of antigens to particles
in the compositions of the invention can be by covalent linkages, such as carboxy, amine and
sulfhydryl groups. TLR agonist, such as at least a portion of a flagellin with polyglutaminic acid at its
carboxy-terminal end and/or at least one eysteine residue 15 may serve as the point of an oriented
covalent linkage of the antigen to the particle. Non-covalent associations, such as ionic bonding, may
also be employed to link the antigen to a particle in the compositions of the invention. For example,
polyglutaminic acid could be added to at least a portion of a flagellin for use in ionic bonding.
20Particles for use in the compositions described herein can have an average diameter between
about 0.5 to about 5 microns and between about 5 to about 10 microns. The particle can be at least
one member selected from the group consisting of a liposome, a polymer (e.g., dextran), a viral
particle, a fungal particle (e.g., a fungal particle, such as a polysaccharide fungal particle), a
derivatized polysaccharide, 25a derivatized protein, a microparticle (e.g., at least one member
selected from the group consisting of a polystyrene micropartiele and a polyvinyltoluene microparticle).
The microparticle can be an average diameter of the microparticle is selected from the group
consisting of about 0.1 pm, about 0.2 pm, about 0.4 pm, about 0.5 pm, about 1 pm and about 2 pm.
30"Particle," as used herein, refers to an aggregation of sufficiently many atoms or molecules that can
be assigned macroscopic properties such as volume and density. The particle can be a soluble
particle or an insoluble particle. In a particular  - 92 - embodiment, the particle is soluble in an aqueous
solution or biological fluid, such as blood or serum.       In an embodiment, the particle can be a
polymer, such as a polymer that is soluble biological fluids (e.g., blood, serum, mucosa). The soluble
polymer can be 5dextran. Toll-like Receptor agonists of the invention (e.g., TLR5 agonists, such as
flagellin, STF2, STF2a, an RO construct, an R2 construct, an R3D0 construct, an D3N construct, an
D3NCs construct and an DI construct, in combination with antigens can be coupled to, or associated
with, to the soluble polymer. Fusion proteins of the invention can also be coupled with a soluble
polymer. The compositions that include 10the soluble polymer, antigen and TLR5, including fusion
proteins of the invention, can 



be administered to subjects to stimulate an immune response, in particular a protective immune
response to the antigen component of the composition or the fusion protein. Techniques to couple
soluble polymers to proteins are known to one of skill in the art and include c,ovalently coupling (see,
for example, Du, Jin, et al, Applied Radiation 15and Isotopes 53:443-448 (2000) and Elsner, H.I. et.
al., J. of Immunological Methods 181:65-73 (1995)). TLR 5 agonists and antigens can be coupled to
the soluble polymer in a molar ratio of TLR5 agonist to antigen that is no greater than about 1, as
described herein. In an embodiment, dextran can be employed as a soluble polymer to deliver
20varying ratios of covalently coupled antigen, such as HA, M2e, influenza cleavage fragment, RSV
antigens, HPV antigens and flavivirus antigens and flagellin as a conjugated dextran macromolecule.
Native dextran can be fractionated into low molecular weight dextran (about 30 to about 100 kDa),
intermediate molecular weight dextran (about 100 to about 300 kDa), and high molecular weight
dextran (greater 25than about 300 kDa). Sized fractions of dextran can be chosen to achieve final
desired ratios of peptide to flagellin. Dextran polymers contain a single terminal aldehyde. This
aldehyde can be activated by cyanoborohydride under alkaline conditions and reacted with a
C-terminal cysteine containing recombinant flagellin, achieving a single molecule of flagellin covalently
linked to a single molecule of dextran polymer. 30Subsequently the flagellin-conjugated dextran can
reacted with varying concentrations of 2,2,2-trifluoroethanesulfonyl chloride (tresyl chloride) to activate
free hydroxyl groups on the dextran polymer. Carboxy-terminal cysteine containing peptides can  - 93
- then be reacted with the dextran forming covalent conjugates of flagellin and antigens. The ratio of
antigen to flagellin construct (as opposed to flagellin to antigen ratio) can be at least one member
selected from the group consisting of about 3, about 10, about 30, about 40, about 50, about 100,
about 250, about 500 and about 1000. 5In an embodiment, the average diameter of the particle
employed in the compositions can be at least one member selected from the group consisting of
between about 10 to about 200 nanometers, between about 0.5 to about 5 microns and between
about 5 to about 10 microns.         The particle can be at least one member selected from the group
consisting of a 10liposome, a viral particle, a fungal particle, (e.g., a polysaccharide fungal protein) a
derivatized polysaccharide and a derivatized protein.       "Derivatized," as used herein, in reference to
a polysaccharide or protein, means that the polysaccharide or protein is related structurally to a
polysaccharide or protein that has undergone a process of chemical conversion, 15The particle can be
a microparticle, such as at least one member selected from the group consisting of a polystyrene
microparticle and a polyvinyltoluene microparticle. The average diameter of the microparticle is
selected from the group consisting of about 0.1 p.m, about 0.2 pm, about 0.4 pm, about 0.5 pm, about
1 pm and about 2 pm. 20The Toll-like Receptor agonist associated with the particle, such as a
nonoparticle, can be at least one member selected from the group consisting of a Toll-like Receptor 2
agonist, a Toll-like Receptor 4 agonist, a Toll-like Receptor 5 agonist, a Toll-like Receptor 7 agonist, a
Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist. 



25In a particular embodiment, the Toll-like Receptor agonist associated with the particle is at least a
portion of at least one Toll-like Receptor 5 agonist, such as at least a portion of a flagellin (SEQ ID
NOs: 22 and 28-34). The flagellin can include at least one member selected from the group consisting
of Salmonella typhimurium flagellin, an E. colt flagellin, a S. muenchen flagellin, a Yersinia flagellin, a
P. aeruginosa 30flagellin and a L. monocytogenes flagellin. Suitable flagellin for use in the
compositions that employ particles include at least one member selected from the group consisting of
a Salmonella typhimurium flagellin (e.g., SEQ ID NOs: 12-15, 22,  - 94 - 447-448, 661 and 863), an E.
co/i flagellin, a S. muenchen flagellin, a Yersinia flagellin, a P. aeruginosa flagellin and a L.
monocytogenes "At least a portion," as used herein in reference to a flagellin (e.g., S. typhimurium
fliC, E. colt fliC, S. muenchen fliC), refers to any part of the flagellin 5(e.g., domain 1, 2, 3) or the
entirety of the flagellin that can initiate an intracellular signal transduction pathway for a Toll-like
Receptor 5.       The flagellin for use in the compositions described herein, such as compositions that
include particles (e.g., nanoparticles) can be a flagellin that lacks at least a portion of a hinge region
(e.g., SEQ ID NOs: 34 and 487). Hinge regions are 10the hypervariable regions of a flagellin. Hinge
regions of a flagellin include domain 2 and domain 3 of a flagellin and are also referred to herein as
"propeller domain or region," "hypervariable domain or region" and "variable domain or region." "Lack"
of a hinge region of a flagellin, means that at least one amino acid or at least one nucleic acid codon
encoding at least one amino acid that comprises the hinge region of 15a flagellin is absent in the
flagellin. Examples of hinge regions include amino acids 176-415 of SEQ ID NO: 12, which are
encoded by nucleic acids 528-1245 of SEQ ID NO: 23; amino acids 174-422 of SEQ ID NO: 20, which
are encoded by nucleic acids 522-1266 of SEQ ID NO: 26; or amino acids 173-464 of SEQ ID NO: 16,
which are encoded by nucleic acids 519-1392 of SEQ ID NO: 25. Thus, if amino acids 176-415
20were absent from the flagellin of SEQ ID NO: 12, the flagellin would lack a hinge region. A flagellin
lacking at least a portion of a hinge region is also referred to herein as a "truncated version" of a
flagellin.       "At least a portion of a hinge region," as used herein, refers to any part of the hinge
region of the flagellin, or the entirety of the hinge region. "At least a portion of 25 a hinge region" is
also referred to herein as a "fragment of a hinge region." At least a portion of the hinge region of
fljB/STF2 can be, for example, amino acids 200-300 of SEQ ID NO: 12. Thus, if amino acids 200-300
were absent from SEQ ID NO: 12, the resulting amino acid sequence of STF2 would lack at least a
portion of a hinge region. Flagellin that lack the entire hinge region, domain 2 (amino-domain 2 and 30
carboxy domain 2) and domain 3, are also referred to herein as "D2D3 constructs," "D2D3L
constructs" or "D2D3L flagellin constructs." The "L" in D2D3 refers to a linker (e.g., an amino acid
linker) fused to the last amino acid of DIN (i.e., "LD2D3")  



- 95 - or fused to the first amino acid of the DI C (i.e., "D2D3L"). Exemplary D2D3L flagellin constructs
fused to an HA antigen are shown below. The HA antigen is underlined and a linker in the fusion
protein is double underlined: 5STF2Af1iC.HA1-2 (SI) (SEQ ID NO:511) MAQVINTNS LS
LLTQNNLNKS QSALGTAIERLSSGLRINSAKDDAAGQAIANRFTAN I KGLTQAS RNANDG I S IAQTT
EGALNE I NNNLQRVRELAVQS ANSTNS QS DLDS I QA E ITQRLNE I DRVSGQTQ
FNGVKVLAQDNTLT I QVGANDGET I D DLKQ INS QTLGLD TLNVHGAPVD PAS PWTTEN PLQK I
DAALAQVDTLRSDLGAVQNRFNSAI TNLGNTVN 10 NLT SAKS R EDS DYATEVS NMS RAQ
LQQAGT SVLAQANQV PQNVLS LLRKG I APLQ LGNCSVAGWI LGNPECEL L I SRESWSY
IVEKPNPENGTCYPGHFADYEELREQLS SV S S FERF E I FPKES SWPNHTTTGVSASC S HNGE S
S FYKNLLWLTGKNGLYPNL S KS YA NNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVS SHY
S RKFTPE I AKR PKVRDQ EGRINYYWTLLEPGDTI I FEANGNL I APRYAFALS RGFG SG I INS  15
STF2afljB.HA1-2(SI)(SEQ ID NO:512) MAQVINTNS LS LLTQNNLNKS QSALGTAI ERLS SGLR
INSAKDDAAGQAI ANRFTAN I KGLTQAS RNANDG I S IAQTT EGALNE INNNL QRVRELAVQ S
ANS TNS Q S DLDS I QA E I TQRLNE I DRVS GQTQFNGVKVLAQDNTLT I QVGANDGET I DI
DLKQ I NS QTLGLD 20 S LNVHGAPVDPAS PWTENP LQ K I DAALAQVDALRSDLGAVQNRFNSAI
TNLGNTVNN L S EARS RI EDS DYATEVSNMS RAQ I LQ QAGT SVLAQANQVPQNVL SL LRKG I
APLQ L GNC SVAGWILGNPECELL I SRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVS
SFERFEI F PKES SWPNHTTTGVSASC SHNGESSFYKNLLWLTGKNGLY PNL SKS YAN
NKEKEVLVLWGVHH P PNI GDQ RALYHK ENAYVSVVS SHY S RK FT P E I AKRPKVRDQE 25
GRINYYWI'LLEPGDTI I F EANGNL I APRYAFALS RGFGS GI INS  E.coiia.HA1-2(SI)(SEQ ID
NO:513) MAQVI NTNSLSL I TQNNINKNQ SAL SSSI ERLS SGLRINS AKDDAAGQAI ANRFT SN I
KGLTQAARNANDG I SVAQTTEGALS E INNNLQR I RELTVQASTGTNS DS DLDS I QD 30 E I
KSRLDEI DRVS GQTQ FNGVNVLAKDGSMKI QVGANDGQT I TIDLKKIDSDTLGLN
GFNVNHGAPVDPASPWVTKDPLKALDEAI S SIDKFRS SLGAI QNRLDSAVTNLNNTT TNL SEAQ S
R I QDADYATEV SNMS KAQ I I Q QAGNS VLAKANQV PQQVL S LLQGKG I AP  - 96 -
LQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLS
SVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKS
YANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVR
DQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  5 Bacillus
Subti/isL.HA1-2(SI)(SEQ ID NO:514)
MRINHNIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAGLAISEKMRSQIR
GLDMASKNAQDGISLIQTSEGALNETHSILQRMSELATQAANDTNTDSDRSELQKEM
DQLASEVTRISTDTEFNTKKLLDGTAQNLTFQIGANEGQTMSLSINKNDSESLKVGH 10
GAPVDPASPWAASSALTTIKTAIDTVSSERAKLGAVQNRLEHTINNLGTSSENLTSA
ESRIRDVDMASEMMEYTKNNILTQASQAMLAQANQKGIAPLQLGNCSVAGWILGNPE
CELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSW
PNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHH
PPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGD 



15 TIIFEANGNLIAPRYAFALSRGFGSGIINS  1020304050 20
MAQVINTNSLSLLTQNNLNKSQSALGTAIERL S SGLR IN SAKDDAAGQAI
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLS SGLRINSAKDDAAGQAI
MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAI -
-MRINHNIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAGLAI ** *. * ** . ******** * * * * * * **
25 60708090100 ANRFTANI KGLTQASRNANDG I SIAQTTEGALNEINNNLQRVRELAVQSA 30
ANRFTANIKGLTQASRNANDG I SIAQTTEGALNEINNNLQRVRELAVQSA
ANRFTSNIKGLTQAARNANDG I SVAQTTEGALSEINNNLQR I RELTVQAS
SEKMRSQIRGLDMASKNAQDG I SL IQTSEGALNETH SI LQRMSELATQAA * ***** *** *** **** ** ***
**  - 97 - NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVEVLAQDNT-LTIQVG
NSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNT-LTIQVG
TGTNSDSDLDSIQDEIKSRLDEIDRVSGQTQFNGVNVIAEDGS-MKIQVG
NDTNTDSDRSELQKEMDQLASEVTRISTDTEFNTKKLLDGTAQNLTFQIG ...... 160170180190200
ANDGETIDIDLKQINSQTLGLDTLNV-HGAPVDPASPWTTENPLQKIDAA
ANDGETIDIDLKQINSQTLGLDSLNV-HGAPVDPASPWT-ENPLQKIDAA
ANDGQTITIDLKKIDSDTLGLNGFNVNHGAPVDPASPWVTKDPLKALDEA ANEGQTMSLSINKMDSE
SLKVGHGAPVDPASPWAASSALTTIKTA ..* ************.* . 210220230240250
LAQVDTLRSDLGAVQNRFNSAITNLGNTVNNLTSARSRIEDSDYATEVSN
LAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSN
ISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEAQSRIQDADYATEVSN
IDTVSSERAKLGAVQNRLEHTINNLGTSSENLTSAESRIRDVDMASEMME : :. *:.***:***:: :,.**..:
**:.*.***.* * 260270280290300                         1
MSRAQILQQAGTSVLAQANQVPQNVLSLLR-KGIAPLQLGNCSVAGWILG
MSRAQILQQAGTSVLAQANQVPQNVLSLLR-KGIAPLQLGNCSVAGWILG
MSKAQIIQQAGNSVLAKANQVPQQVLSLLQGKGIAPLQLGNCSVAGWILG
YTKNNILTQASQAMLAQANQKGIAPLQLGNCSVAGWILG :*: **. ::**:**********************
310320330340350 



1 NPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFER
NPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFER
NPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFER
NPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFER
**************************************************  - 98 -
FEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKS
FEIFPKESSWPNHTTTGVSASCSENGESSFYKNLLWLTGKNGLYPNLSKS
FEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKS
5FEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKS
************************************************** 410420430440450 11111
10YANNKEKEVLVLWGVEMPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEI
YANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEI
YANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEI
YANNKEKEVLVLWGVEHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEI
************************************************** 15 460470480490500 11111
AKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSG
AKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSG
20AKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSG
AKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSG
************************************************** 25 f11CD2D3LHA1_2SIIINS (SEQ ID NO: 511)
f1jED2D3LHA1_28IIINS (SEQ ID NO: 512) Eco1iD2D3LHA1_2SIIINS (SEQ ID NO: 513)
BsubD2D3LHA1_2SIIINS (SEQ ID NO: 514) 30 Alignment data :  Alignment length : 504 



35Identity (*) : 330 is 65.48 % Strongly similar (:) : 69 is 13.69 % Weakly similar (.) : 32 is 6.35 %  - 99
- Different : 73 is 14.48 % Sequence 0001 : fliCD2D3LHA1_2SI ( 501 residues). Sequence 0002 :
fljBD2D3LHA1_2SI ( 500 residues). Sequence 0003 : EcoliD2D3LHA1_2SI ( 503 residues). 5
Sequence 0004 : BsubD2D3LHAl2SI ( 486 residues).       Alternatively, at least a portion of a naturally
occurring flagellin can be replaced with at least a portion of an artificial hinge region, which can be
employed in the compositions, fusion proteins and methods of the invention. The naturally 10occurring
hinge region is the hinge region that is present in the native flagellin. For example, amino acids
176-415 of SEQ ID NO: 12, amino acids 174-422 of SEQ ID NO: 20 and amino acids 173-464 of SEQ
ID NO: 16, are the amino acids corresponding to the natural hinge region of STF2, E. coli fliC and S.
muenchen flagellin, fliC, respectively. "Artificial," as used herein in reference to a hinge region 15of a
flagellin, means a hinge region that is inserted in the native flagellin in any region of the flagellin that
contains or contained the native hinge region.       The hinge region of a flagellin can be deleted and
replaced with at least a portion of an antigen protein described herein (e.g., HA viral antigens, M2 viral
antigens, M2e viral antigens, HPV antigens, RSV antigens). In an embodiment, a 20flagellin lacking at
least a portion of a hinge region can be associated with a particle and at least one antigen.       An
artificial hinge region can be employed in a flagellin that lacks at least a portion of a hinge region,
which may facilitate interaction of the carboxy-and amino-terminus of the flagellin for binding to TLR5
and, thus, activation of the TLR5 innate 25signal transduction pathway. A flagellin lacking at least a
portion of a hinge region is designated by the name of the flagellin followed by a "A." For example, an
STF2 (e.g., SEQ ID NO: 12) that lacks at least a portion of a hinge region is referenced to as "STF2A"
or "fljB/ STF2A" (e.g., SEQ ID NO: 15). In an embodiment, the association of the Toll-like Receptor
agonist and the 30 antigen with the particle, such as a nanoparticle, can include a covalent bond (e.g.,
a non-polar bond, a polar bond). In another embodiment, the association of the Toll-like Receptor
agonist and the antigen with the nanoparticle is a noncovalent bond,  - 100 - such as at least one
member selected from the group consisting of a hydrogen bond, a 



van der Waals interaction, an ionic bond, a hydrophobic interaction and a dipole-dipole bond. The
compositions of the invention can include a particle that is of a sufficient 5size to permit the Toll-like
Receptor agonist to bind a Toll-like Receptor on a cell for example, about 20 nm to about 2000 nm
(e.g., 20 nm, 50 nm, 100 nm, 200 nm, 500 nm, 1000 nm). The particles employed in the compositions
of the invention, such as a nanoparticle, can be of a size to permit entry into the cell about 20 nm to
about 1000 nm. The particle size may permit entry of the particle into the cell. The particle size 10may
permit partial entry into the cell. For example, the particle may partially enter the cell in a manner to
permit a portion of the particle associated with the antigen, such as an influenza viral antigen, an RSV
antigen, an HPV antigen and a flaviviral antigen, to remain on an extracellular surface of the cell,
thereby permitting the antigen to be presented in a manner to promote an adaptive immune response.
15In an embodiment, the antigen associated with the particle can be a protein antigen, such as at
least one member selected from the group consisting of a bacterial protein antigen, a viral protein
antigen, a parasitic protein antigen, a mycoplasma protein antigen, a tumor protein antigen and an
allergen protein antigen. The viral protein antigen can be at least one member selected from the group
consisting of an 20influenza viral protein antigen, a respiratory synctial viral protein antigen (e.g., SEQ
ID NOs: 519, 522, 524, 526-544, 546-551, 577-580, 582, 586, 611, 612, 617, 627 and 840-843) and a
flavivirus protein antigen (e.g., SEQ ID NOs: 339, 343, 345, 347, 351- 25 The influenza viral antigen
can include at least one integral membrane protein antigen, such as at least a portion of at least one
member selected from the group consisting of a haemagglutinin membrane protein (e.g., at least a
portion of three haemagglutinin membrane proteins are associated with the particle), a neuraminidase
30 membrane protein and a matrix 2 membrane protein (e.g., at least four matrix 2 membrane
proteins). Exemplary haemagglutinin proteins for use in the compositions with particles include SEQ
ID NOs: 228-281, 283-295, 456, 481, 499, 662, 665, 813  -101 - and 826-831. Exemplary matrix 2
proteins for use in the invention include ectodomain proteins of M2 (M2e), such as 296, 298, 300-321,
323-336, 485, 507 and 666. Particles for use in the invention can be biodegradable particles.
5"Biodegradable," as used herein, means that the particle is capable of being decomposed under
natural or biological conditions, such as in a bodily fluid (e.g., blood, nasal mucosa, skin) of a
mammal.       The Toll-like Receptor and antigen in the compositions that include a particle can be
components of a fusion protein associated with the particle. Compositions that 10have at least one
particle and include at least one member selected from the group 



consisting of an RO construct, an R3 construct, an R3D0 construct, an R3-2xAg construct, an D3N
construct, an D3NCs construct and an DI construct and at least a portion of at least one antigen
associated with the particle have in a molar ratio of the flagellin construct to antigen no greater than
about 1, can further include alum, 15liposomes, adjuvants, carriers, viruses (e.g., adenovirus,
poxvirus, alphavirus), bacteria or a nucleic acid (e.g., plasmid DNA).       Bilayer lipids can form into
closed spherical shell-like structures referred to as liposomes. Liposomes employed in the
compositions of the invention can be prepared using a variety of established liposome preparatory
techniques. For example, 20sonication, chelate dialysis, homogenization, solvent infusion coupled
with extrusion, freeze-thaw extrusion and microemulsification as described, for example, in U.S. Pat.
Nos. 4,728,578, 4,728,575, 4,533,254 and 4,737,323; and Mayer et at, Biochimica et Biophysica Ada,
858:161-168 (1986), Hope et al., Biochimica et Biophysica Ada, 812: 55-65 (1985), Mahew et at,
Methods In Enzymology, 149: 64-77 (1987), Mahew 25et al., Biochimica et Biophysica Ada,
75:169-174 (1984) and Cheng et at, Investigative Radiology, 22:47-55 (1987).       The materials to
prepare liposomes for use in the compositions of the invention described herein can include natural or
synthetic materials. Such materials include lipids of at least one member selected from the group
consisting of cholesterol, 30phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine,
phosphatidylglycerol, phosphatidic acid, phosphatidylinositol, lysolipids, fatty acids, sphingomyelin,
glycosphingolipids, glucolipids, glycolipids, sulphatides, ester-linked  - 102 - fatty acids and
polyrnerizable lipids. Liposomes may be synthesized in the absence or presence of incorporated
glycolipid, complex carbohydrate, protein or synthetic polymer, employing conventional procedures.
The surface of a liposome may also be modified with a polymer, for example, with polyethylene glycol
(PEG). Lipids 5incorporated within a lipid matrix should form a liposome under physiologically relevant
conditions, with suitable biodistribution and clearance properties. Polymerized liposomes are
self-assembled aggregates of lipid molecules that offer versatility in particle size and surface
chemistry. Polymerized liposomes are described, for example, in U.S. Pat. Nos. 5,512,294 and
6,132,764, the teachings of 10 which are hereby incorporated by reference herein in their entirety. The
hydrophobic tail groups of polymerizable lipids are derivatized with polymerizable groups, such as
diacetylene groups, which irreversibly cross-link, or polymerize, when exposed to ultraviolet light or
other radical, anionic or cationic, initiating species, while maintaining the distribution of functional
groups at the surface of the liposome. The 15resulting polymerized liposome particle is stabilized
against fusion with cell membranes or other liposomes and stabilized towards enzymatic degradation.
The size of the polymerized liposomes can be controlled by extrusion or other methods known to
those skilled in the art. Polymerized liposomes may be comprised of 



polyrnerizable lipids, but may also include saturated and non-alkyne, unsaturated 20lipids. The
polymerized liposomes can be a mixture of lipids which provide different functional groups on the
hydrophilic exposed surface, such as biotin, amines, cyano, carboxylic acids, isothiocyanates, thiols,
disulfides and alkyl hydrazines. These groups can be used for association of the antigen component in
a fusion protein of the invention. 25Liposomes can also be prepared using any one of a variety of
conventional liposome preparatory techniques, such as sonication, chelate dialysis, homogenization,
solvent infusion coupled with extrusion, freeze-thaw extrusion and microemulsification, as described,
for example, in U.S. Pat. Nos. 4,728,578; 4,533,254; 4,728,575; 4,737,323; 4,753,788 and 4,935,171,
the teachings of all of 30which are incorporated herein by reference in their entirety.       Materials that
may be utilized in preparing the liposomes of the present invention include any of the materials or
combinations suitable in liposome  - 103 - construction, including either natural or synthetic origin.
Such materials include lipids of at least one member selected from the group consisting of cholesterol,
phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, phosphatidylglycerol,
phosphatidic acid, phosphatidylinositol, lysolipids, fatty acids, 5sphingomyelin, glycosphingolipids,
glucolipids, glycolipids, sulphatides, lipids with amide, ether, ester-linked fatty acids and polymerizable
lipids.       A composition can contain multiple particles made of different materials or different ratios of
the same materials and/or differ in properties such as size or shape. Various polymers, e.g.,
biocompatible polymers, which may be biodegradable, 10can be used to make the particles as
described in U.S. Patent Application No.: 20080069857, the teachings of which are hereby
incorporated by reference on their entirety. The polymers may be homopolymers, copolymers
(including block copolymers), straight, branched-chain, or crosslinked. Suitable biocompatible
polymers, a number of which are biodegradable include, for example, poly(lactides),
15poly(glycolides), poly(lactide-co-glycolides), poly(lactic acids), poly(glycolic acids), poly(lactic
acid-co-glycolic acids), polycaprolactone, polycarbonates, polyesteramides, poly(beta-amino ester)s,
polyanhydrides, poly(amides), poly(amino acids), polyethylene glycol and derivatives thereof,
polyorthoesters, polyacetals, polycyanoacrylates, polyetheresters, poly(dioxanone)s, poly(alkylene
alkylates), 20copolymers of polyethylene glycol and polyorthoesters, biodegradable polyurethanes.
Other polymers include poly(ethers) such as poly)ethylene oxide), poly(ethylene glycol), and
poly(tetramethylene oxide); vinyl polymers-poly(acrylates) and poly(methacrylates) such as methyl,
ethyl, other alkyl, hydroxyethyl methacrylate, acrylic and methacrylic acids, and others such as
poly(vinyl alcohol), poly(vinyl 



25pyrolidone), and poly(vinyl acetate); poly(urethanes); cellulose and its derivatives such as alkyl,
hydroxyalkyl, ethers, esters, nitrocellulose, and various cellulose acetates; poly(siloxanes). Other
polymeric materials include those based on naturally occurring materials such as polysaccharides
(e.g., alginatechitosan, agarose, hyaluronic acid), gelatin, collagen, and/or other proteins, and
mixtures and/or 30 modified forms thereof. Chemical or biological derivatives of any of the polymers
disclosed herein (e.g., substitutions, addition of chemical groups, for example, alkyl,  - 104 - alkylene,
hydroxylations, oxidations, and other modifications routinely made by those skilled in the art) can also
be employed in the compositions described herein.       Additional exemplary polymers include
cellulose derivatives such as carboxymethylcellulose, polycarbamates or polyureas, cross-linked
poly(vinyl acetate) 5and the like, ethylene-vinyl ester copolymers, ethylene-vinyl hexanoate
copolymer, ethylene-vinyl propionate copolymer, ethylene-vinyl butyrate copolymer, ethylene-vinyl
pentantoate copolymer, ethylene-vinyl trimethyl acetate copolymer, ethylene-vinyl diethyl acetate
copolymer, ethylene-vinyl 3-methyl butanoate copolymer, ethylene-vinyl 3-3-dimethyl butanoate
copolymer and ethylene-vinyl benzoate 10 copolymer, or mixtures thereof       In still another
embodiment, the invention is a composition comprising at least one nanoparticle that includes at least
one Toll-like Receptor 7 agonist, at least one Toll-like Receptor 5 agonist and at least one antigen,
wherein the Toll-like Receptor 7 agonist and the antigen are contained within the nanoparticle and the
Toll-like 15 Receptor 5 agonist is associated with an outer surface of the nanoparticle, which can,
optionally, further include at least one additional Toll-like Receptor agonist selected from the group
consisting of a Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist. A change in a pH inside
the cell relative to an extracellular pH can dissociate at least one additional Toll-like Receptor agonist
from the nanoparticle. A molar ratio 20that consists of a sum of a molar concentration of the Toll-like
Receptor 7 agonist and the Toll-like Receptor 5 agonist to an antigen molar concentration can be no
greater than about 1.       In a further embodiment, the invention is a composition comprising at least
one particle that includes at least a portion of at least one Toll-like Receptor 5 agonist, 25 at least a
portion of at least one antigen, and at least a portion of at least one additional Toll-like Receptor
agonist selected from the group consisting of a Toll-like Receptor 7 agonist, a Toll-like Receptor 8
agonist and a Toll-like Receptor 9 agonist, wherein the additional Toll-like Receptor agonist and,
optionally, the antigen are contained within the particle and the Toll-like Receptor 5 agonist is
associated with an outer surface of 30the particle.       In yet another embodiment, the invention is a
method of making a nanoparticle composition, comprising the steps of combining at least a portion of
at least one Toll-  - 105 - like Receptor agonist with at least a portion of at least one nanoparticle to
form an association between the Toll-like Receptor agonist and the nanoparticle; and combining at
least a portion of at least one antigen with the Toll-like Receptor agonist associated with the
nanoparticle, wherein a molar ratio of the Toll-like Receptor 5agonist to the antigen is no greater than
about I, thereby forming the nanoparticle 



composition.       In still another embodiment, the invention is a method of making a nanoparticle
composition, comprising the steps of associating at least a portion of at least one Toll-like Receptor 5
agonist with a nanoparticle; containing at least a portion 10of at least one Toll-like Receptor agonist
selected from the group consisting of a Toll- like Receptor 7 agonist, a Toll-like Receptor 8 agonist and
a Toll-like Receptor 9 agonist within the nanoparticle; and combining the nanoparticle containing the
Toll-like Receptor agonist with at least a portion of at least one antigen, thereby forming the
nanoparticle composition. 15Another embodiment of the invention is a method of stimulating an
immune response in a subject, comprising the step of administering to the subject a composition that
includes at least one nanoparticle comprising at least a portion of at least one Toll-like Receptor
agonist and at least a portion of at least one antigen, wherein the Toll-like Receptor agonist and the
antigen are associated with the 20nanoparticle and the molar ratio of the Toll-like Receptor agonist to
the antigen is no greater than about I.       An additional embodiment of the invention is a method of
stimulating an immune response in a subject, comprising the step of administering to the subject a
composition that includes at least one nanoparticle comprising at least a portion of at 25least one
Toll-like Receptor 7 agonist, at least a portion of at least one Toll-like Receptor 5 agonist and at least a
portion of at least one antigen, wherein the Toll-like Receptor 7 agonist and the antigen are contained
within the nanoparticle and the Toll-like Receptor 5 agonist is associated with an outer surface of the
nanoparticle. The nanoparticle further includes at least a portion of at least one additional Toll-like
30Receptor agonist selected from the group consisting of Toll-like Receptor 8 agonist and a Toll-like
Receptor 9 agonist.  - 106 -       In a further embodiment, the invention is a method of stimulating an
immune response in a subject, comprising the step of administering to the subject a composition that
includes at least one nanoparticle comprising at least a portion of at least one Toll-like Receptor 5
agonist, at least a portion of at least one antigen and at 5least a portion of at least one additional
Toll-like Receptor agonist selected from the group consisting of a Toll-like Receptor 7 agonist, a
Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist, wherein the additional Toll-like
Receptor agonist and, optionally, the antigen are contained within the nanoparticle and the Toll-like
Receptor 5 agonist is associated with a surface of the nanoparticle. The antigen and 10the Toll-like
Receptor 5 agonist is associated with an outer surface of the nanoparticle. The average diameter of
the particle is at least one member selected from the group consisting of between about 10 to about
200 nanometers, between about 0.5 to about 5 microns and between about 5 to about 10 microns.
The particle for use in the methods described herein can be a nanoparticle, a 15liposome, a viral
particle, a plasmid, a fungal particle (e.g., a polysaccharide fungal 



particle), a microparticle, such as at least one member selected from the group consisting of a
polystyrene microparticle and a polyvinyltoluene microparticle. The average diameter of the
microparticle can be at least one diameter selected from the group consisting of about 0.1 pm, about
0.2 pm, about 0.4 pm, about 0.5 pm, about 1 20 pm and about 2 pm.       A composition comprising at
least one particle that includes at least a portion of at least one intracellular signal regulator and at
least a portion of at least one Toll-like Receptor agonist, wherein the intracellular signal regulator is
contained within the particle and the Toll-like Receptor agonist is associated with an outer surface of
the 25particle. A molar ratio of the Toll-like Receptor agonist to the intracellular signal regulator is no
greater than about 1. The particle size may permit entry of the particle into the cell. Once in the cell, a
change in a pH inside the cell relative to an extracellular pH dissociates the intracellular signal
regulator from the particle. The compositions that comprise at least one particle that includes at least a
30portion of at least one intracellular signal regulator and at least a portion of at least one Toll-like
Receptor 5 agonist, flagellin construct, such as a RU construct, an R3 construct, an R3D0 construct,
an R3-2xAg construct, a D3N construct, a D3NCs  - 107 - construct and a DI construct, or fusion
protein of the invention that includes a TLR 5 agonist can further include at least one additional
Toll-like Receptor agonist selected from the group consisting of a Toll-like Receptor 7 agonist, a
Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist contained within the particle. 5In an
additional embodiment, the invention is a method of making a particle composition, comprising the
steps of containing at least a portion of at least one intracellular signal regulator with at least one
particle; and associating at least a portion of at least one Toll-like Receptor agonist with the particle,
thereby forming the particle composition. 10Antigens for use in the fusion proteins, compositions and
methods of the invention include viral antigens, such as influenza viral antigens, RSV antigens, HPV
antigens and flaviviral antigens.       Influenza viral antigens can be HA antigens, M2 antigens and
neuraminidase antigens. Hemagglutinin (HA) is a surface glycoprotein on a virus (e.g., an influenza
15virus) that is responsible for binding to N-AcetylNeuraminic Acid (NeuNAc; also referred to as "sialic
acid") on host cells and subsequent fusion of viral and host membranes. HA acquired its name by
virtue of its ability to cause red blood cells to clump, or agglutinate. Influenza HA is a trimer consisting
of the three monomeric (HAO) subunits. HA performs two critical functions during the infection
process:  20 binding to a cell surface sialyloligosaccharide receptor and fusion of virus and host cell
membrane. Following binding of the HA trimer to the plasma membrane of a host cell, the host cell
membrane engulfs the virus in an endosome and attempts to digest the contents of the endosome by
acidifying its interior and transferring it to a lysosome in the host cell. However, the acidic environment
of the lysosome 25destabilizes HA, resulting in partial unfolding of HAO which exposes a protease-
sensitive site (the maturaional cleaveage site) that is cleaved by a host protease to form HAI and HA2
subunits which are connected by a single disulfide bond (Wiley, D. C., et at, Anna Rev. Biochem.
56:365-394 (1987)). Cleavage occurs at a specific amino acid residue and generates a hydrophobic
amino terminus for the HA2 subunit. 30 This hydrophobic terminus of HA2 mediates fusion between
the viral envelope and the endosomal membrane of the host cell and releases the contents of the
virion into 



- 108 - the cytoplasm of the cell, a process known as uncoating. Thus, cleavage of the HA polypeptide
is a requirement for infectivity. The crystal structure of several viral hemagglutinins has been
determined (see, for example, Wilson, LA., et al., Nature 289:366-373 (1981); Chen, J., et at, Cell
595:409-417 (1998); Ha, Y., et at, The EMBO Journal 21: 865-875 (2002); Russell, R.J., et at, Virology
325:287-296 (2004); and Cox, N.J., et at, In: Toply and Wilson's Microbiology and Microbial Infections,
eds. B.W.J. Mathy, et al., Vol. 1 (9tNew York, NY, Oxford Univ. Press, Ch. 32, p. 634 (1998)). X-ray
crystallographic structures show that HA is folded into two structural components or domains - a
10globular head and a fibrous stalk. The globular head includes HAL including that part of HAI that
binds to sialic acid (also referred to as the "receptor binding site or domain" or "sialic acid binding site
or domain"), and antiparallel 13-sheets. The fibrous stalk is more proximal to the viral membrane and
consists of all of HA2 and part of HA I, including the cleavage site between HA! and HA2. 15There are
fifteen known subtypes of Influenza A HA (H1-H15) that share between about 40 to about 60%
sequence identity (World Health Organization BULL. World Health Organ., 58:585-591(1980)).
Influenza viruses containing all 15 HA subtypes have been isolated from avian species (H5, H7, and
H9), equine (H3 and H7), seals (H3, H4 and H7), whales (H1 and H13) and swine (H1, H3, and H9).
20Subtypes of influenza A virus are generally named according to the particular antigenic
determinants of HA (H, 15 major types) and neuraminidase (N, about 9 major types). For example,
subtypes include influenza A (H2N1), A(H3N2), A(H5N1), A(H7N2), A(H9N2), A(H1N1), A(H3N1) and
A(H5N2). In the last century, three subtypes of influenza A resulted in pandemics: H1 in 1918 and
1977; 25H2 in 1957 and H3 in 1968. In 1997, an H5 avian virus and in 1999, an H9 virus, resulted in
outbreaks of respiratory disease in Hong Kong. HA from influenza type B viruses have been isolated
from humans and seals and are not divided into subtypes.       A host infected with influenza can
mount an antibody response to the globular head of HA that protects that host from subsequent
infection with the same strain of 30virus by blocking the interaction between HA and the host cell, i.e.,
neutralizing the infectivity of the virus. Due to the low fidelity and high rate of influenza RNA
replication, the virus is constantly experiencing minor mutations in the HA gene that  - 109 - 



preserve the globular head structure and host cell interaction, but may allow progeny virus to escape
immune surveillance. These point mutations are referred to as "antigenic drift." In addition, if a single
host is simultaneously infected with two different strains of influenza A, a new subtype of virus may
emerge as a result of 5 reassortment, or the exchange of the RNA segments, or genes, between
different strains of influenza A viruses. The viruses emerging from reassortment present the human
immune system with a new antigenic experience that usually results in high morbidity and mortality.
This type of drastic antigenic change is known as "antigenic shift." Since type B influenza viruses
circulate almost exclusively in humans, these 10viruses cannot undergo reassortment with animal
strains and, thus, are changed only by antigenic drift.       Immunity to HA can reduce the likelihood of
infection and severity of disease if infection does occur. HA is an important antigenic target and the
efficacy of vaccines depends on the antigenic match between the vaccine strain and the 15circulating
strain. Since the hemagglutinin protein readily undergoes antigenic shift and drift in order to evade the
host's immune defense, traditional vaccines must be based on currently circulating influenza strains
and annually updated. Annual updates of influenza vaccines are not only costly they also require
significant amounts of production time and manufacturing infrastructure, A vaccine composition based
on 20invariant regions of the virus may provide broadly cross-reactive protection.       In contrast to the
globular head of HA, changes in amino acid residues surrounding the maturational cleavage site of HA
are limited due to functional constraints. Amino acid residues surrounding the HA maturational
cleavage site influence recognition and therefore cleavability of the site by the host protease. Since
25the virus does not code for the protease, changes in the amino acid residues surrounding the
maturational cleavage site are restricted. As a consequence a peptide of about 20 amino acids
spanning the maturational cleavage site remains genetically stable across influenza viruses of the
same HA subtype (WO 2004/080403; Bianchi, et at J Virol 79:7380-7388 (2005)) or as branched
peptides (Horvath, eta! Immunol 30Letters 60:127-136(1998), Nagy, eta! Scand J Immunol
40:281-291(1994)).       The influenza A viral HA protein can be at least one member selected from the
group consisting of H1, H2, H3, H5, H7 and H9. The portion of an HA antigen for  - 110 - use in the
invention can be at globular head of an HA. "A globular head," as that phrase is used herein, refers to
a portion of a protein of a naturally occurring viral hemagglutinin that includes the receptor or sialic
acid binding regions. "Globular head," is also referred to herein as a "globular domain." The globular
head of viral 5hemagglutinin proteins has been determined based on x-ray crystallography as
described, for example, by Wilson IA., et at Nature 289:366-373 (1981); Chen, J., et at, Cell
95:409-417 (1998); Ha Y., et at, The EMBO Journal 21:865-875 (2002); Russell, R.J., etal., Virology
325:287-296 (2004); and Cox, N.J., et at, In: Toply and Wilson's Microbiology and Microbial Infections,
eds. BWJ Mathy, et al., Vol. 1 (9th 10ed.) New York, NY, Oxford Univ. Press, Ch. 32, p. 634 (1998).
The globular head of 



a naturally occurring viral hemagglutinin is a component of the HAI subunit of, for example, influenza
viral hemagglutinin. In addition to the receptor binding domain, the globular head can include the
Esubdomain and F'subdomain as described, for example, by Ha, Y., et at The EMBO Journal
21:865-875 (2002). 15HA proteins for use in the invention include PR8 HA (SEQ ID NO: 228)
(Gamblin, et at, Science 303:1838-1842 (2005) PDB Accession Number 1RU7); mature ANiet Nam
1203/2004 HA (SEQ ID NO: 229); Indonesia HA (SEQ ID NO: 230); New Caledonia HA (H1NC; SEQ
ID NO: 231); A/South Carolina/1/18 (SEQ ID NO: 232); Wisconsin HA (H3Wis; SEQ ID NO: 233); and
A/X31 subtype H3N2 20 (H3X31; SEQ ID NO: 234; PDB Accession No: 1VIU)). Exemplary HA
antigens include HA1-1 antigens, HA 1-2 antigens and HA 1-3 antigens. Exemplary methods to make
HA 1-1, HA1-2 and HA 1-3 antigen are described in U.S. Application No.: 11/714,873. "HA 1-1," as
used herein, refers to a protein portion of a viral hemagglutinin 25that includes at least about one
13-sandwich that includes the substrate binding site, which includes at least about two [3-sheets, at
least about two to about three short a-helixes, at least one small 13-sheet and at least one additional
small 13-sandwich at the bottom of the molecule and at least about four disulfide bonds. The
I3-sandwich that includes the substrate binding site of the HA1-1 includes at least about four fl-strands
30as the top sheet and at least about three to about four fl-strands as the bottom sheet. At least about
one a-helix of the HA1-1 portion is located by the side of fl-sandwich that  includes the substrate
binding site and at least about one to about two are located at the bottom of the I3-sandwich that
includes the substrate binding site. The small 3-sandwich of the HA1-1 can include at least about two
to about three I3-strands in each p-sheet; or about three to about four 13-strands. Exemplary HA1-1
protein portions 5include SEQ ID NOs: 235-248, 456 and 662.       "HA 1-2," as used herein, refers to
a protein portion of a viral hemagglutinin that includes at least about one p-sandwich that includes the
substrate binding site, at least about two to about three short a-helixes, at least about one small
I3-sheet at the bottom of the molecule and at least about two disulfide bonds. A P-strand in a viral 10
hemagglutinin can include between about two to about 15 amino acids. A small P-strand can include
about two amino acids; or between about two to about three amino acids; or between about two to
four amino acids or between about two to about five amino acids, A small P-sheet can include
between about two to about three I3-strands; or between about three to about four 3-strands. The
I3-sandwich that 15includes the substrate binding site of HA1-2 can further include at least about four
[3- strands as the top sheet and at least about three to about four [3-strands as the bottom sheet. At
least about one a-helix of the HAI-2 portion is located by the side of the J3-sandwich that includes the
substrate binding site and at least about one to about two are located at the bottom of the [3-sandwich
that includes the substrate binding site. 20 Exemplary HAI -2 protein portions include SEQ ID NOs:
249-263, 481 and 499. "HA1-3," as used herein, refers to a protein portion of a viral hemagglutinin that
includes at least one [3-sandwich that includes the substrate binding site, at least about two short
a-helixes and at least one disulfide bond. "13-sandwich," as used herein, refers to at least about two
sets of beta-sheets that form at least about one interactive 25layer. "Substrate binding site," as used
herein in reference to the [3-sandwich, means 



any part of the portion of the naturally occurring viral hemagglutinin that has the capacity to interact or
bind to a molecule. For example, the [3-sandwich that includes the substrate binding site of the portion
can include a portion that binds sialic acid. The [3-sandwich that includes the substrate binding site of
HA1-3 can further include 30at least about four [3-strands as the top sheet and at least about three [3
strands as the  - 112 -  bottom sheet. At least about one a-helix of the HA 1-1 portion is located by the
side of the p- sandwich that includes the substrate binding site and at least one other a-helix is located
at the bottom of the 13- sandwich that includes the substrate binding site. A short a-helix can include
less than about 5 turns (2, 3, 4, 5 turns) in an a-helix. 5 An a-helix in a viral hemagglutinin can be
between one to about 15 turns; or between about two to 15 turns. Exemplary HA1-3 protein portions
include SEQ ID NOs: 264- 273.       The maturation cleavage site of HA can be employed in the
compositions, fusion proteins and methods of the invention. The maturational cleavage site antigen 10
can be at least one member selected from the group consisting of (SEQ ID NOs: 274- 281 and
NVPEKQTRGIFGAIAGFIE (H3) (SEQ ID NO: 283), NIPSIQSRGLFGAIAGFIE (H1) (SEQ ID NO: 284),
PAKLLKERGFFGAIAGFLE (FLU B) (SEQ ID NO: 285), RERRRICKRGLFGAIAGFIE (H5) (SEQ ID
NO: 286), RGLXGAIAGFIE (SEQ ID NO: 287), RGLXGAIAGFIE (SEQ ID NO: 288), 15
RGLFGAIAGFIE (Influenza A conserved region) (SEQ ID NO: 289) and RGFFGAIAGFLE (Influenza B
conserved region) (SEQ ID NO: 290). Maturational cleavage site antigen is also referred to herein as
"cleavage fragment," "CF," "cleavage site," or "CS." Exemplary sequences of maturation cleavage site
peptides of HA can also include the peptides listed below:  20 Sequence NVPEKQTRGIFGAIAGFIE
NVPQIESRGLFGAIAGFIE NIPSIQSRGLFGAIAGFIE      RERRRICTCRGLFGAIAGFIE 25
PAKLLKERGFFGAIAGFLE  Subtype A/H3N2 (SEQ ID NO: 291) A/H2N1 (SEQ ID NO: 292) A/HIN1
(SEQ ID NO: 293) A/H5N1 (SEQ ID NO: 294) B/HA (SEQ ID NO: 295)        At least a portion of a
matrix 2 (M2) influenza protein can be employed in the compositions, fusion proteins and methods of
the invention. In a particular embodiment, the portion of the M2 protein includes the ectodomain of the
M2 protein (M2e). 30Matrix protein 2 (M2 or M2 protein) is a proton-selective integral membrane  - 113
- 



ion channel protein of the influenza A virus. M2 is a 97-amino acid protein expressed at low levels in
mature virions and much higher levels on infected cells. The M2 protein forms a homotetramer that
functions as an ion channel which is critical to the replication of the virus, thus, mutations in M2e are
not as well tolerated as mutations 5in HA. M2 is abundantly expressed at the plasma membrane of
virus-infected cells, but is generally underexpressed by virions. For example, a portion of an M2
sequence of influenza A is SEQ ID NO: 296, which is encoded by SEQ ID NO: 297. The native form of
the M2 protein is a homotetramer (i.e., four identical disulfide-linked M2 protein molecules). Each of
the units are helices stabilized by two disulfide bonds. 10 M2 is activated by low pH. Each of the M2
protein molecules in the homotetramer consists of three domains: a 24 amino acid outer or N
(amino)-terminal domain (e.g., SEQ ID NO: 298; also referred to herein as a "human consensus
sequence"), which is encoded by SEQ ID NO: 299; a 19 hydrophobic amino acid transmembrane
region, and a 54 amino acid inner or C (carboxy)-terminal domain. The M2 protein can vary
15depending upon the influenza viral subtype (e.g., H1 and H5 subtypes of influenza A) and influenza
viral source (e.g., Puerto Rico, Thailand, New York, Hong Kong), as shown, for example, in exemplary
amino-terminal sequences of M2 proteins (SEQ ID NOs: 300-321, 323-336, 485, 507 and 666) and as
described in PCT/U52005/046662 (W02006/069262). 20The M2 protein has an important role in the
life cycle of the influenza A virus. It is important in the uncoating stage where it permits the entry of
protons into the viral particle, which lowers the pH inside the virus, resulting in dissociation of the viral
matrix protein M1 from the ribonucleoprotein RNP. As a consequence, the virus coat is removed and
the contents of the virus are released from the endosome into the 25cytoplasm of the host cell for
infection.       The function of the M2 channel can be inhibited by antiviral drugs, such as amantadine
and rimantadine, which prevent the virus from infecting the host cell. Such antiviral drugs usually bind
the transmembrane region of the M2 protein and sterically block the ion channel created by the M2
protein, which prevents protons 30from entering and uncoating the virion.       The M2 protein for use
in the compositions and methods of the invention can that include at least a portion of SEQ ID NO:
298 encoded by SEQ ID NO: 299 or at  - 114 - least a portion of SEQ ID NO: 300, encoded by SEQ ID
NO: 322. The M2 protein can further include at least one member selected from the group consisting
of SEQ ID NO: 323, SEQ ID NO: 324, SEQ ID NO: 325; SEQ ID NO: 326 (Flu A H5N1 M2e, 2004 Viet
Nam Isolate with serine replacing cysteine); SEQ ID NO: 327 (Flu A H5N1 5 M2e, 2004 Viet Nam
Isolate); SEQ ID NO: 328 (Flu A H5N1 M2e, Hong Kong 97 Isolate with serine replacing cysteine);
SEQ ID NO: 329 (Flu A H5N1 M2e, Hong Kong 97 Isolate); SEQ ID NO: 330 (Flu A H7N2 M2e
Chicken/New York 95 Isolate with serine replacing cysteine); SEQ ID NO: 331 (Flu A H7N2 M2e,
Chicken/ New York 95 Isolate); SEQ ID NO: 332 (Flu A H9N2 M2e, Hong Kong 99 Isolate with
10serine replacing cysteine); and SEQ ID NO: 333 (Flu A, Hong Kong 99 Isolate). Certain cysteine
residues, for example, amino acids 16 and 18 of SEQ ID NO: 327; amino acids 17 and 19 of SEQ ID
NOs: 329, 331 and 333 in the naturally occurring sequence of at least a portion of M2 protein can be
replaced with a serine (see, SEQ ID NOs: 328, 330, 332 and 300, respectively). 15The compositions
that include Toll-like Receptor 5 agonists, fusion proteins and compositions described herein can
include at least one viral antigen and at least one additional viral antigen that is distinct or similar to
the viral antigen. For example, a fusion protein that includes the R32x Toll-like Receptor 5 agonist can
include a maturational cleavage site peptide, a portion of an HA viral antigen 20(e.g.,HA1-1, HA1-2)
and at least a portion of a M2 protein       Exemplary M2e proteins include
SLLTEVETPIRNEWGSRSNDSSDP (human influenza M2e (SEQ ID NO: 334)); GSGAG
SLLTEVETPTRNEWECRCSDSSDP (Vietnam influenza M2e (SEQ ID NO: 335)) 



and GSGAGSLLTEVETLTRNGWGCRCSDSSDP (Hong Kong influenza M2e 25 (SEQ ID NO: 336)).
The antigen included in the compositions and employed in the methods of the invention can be at
least a portion of at least one member selected from the group consisting of a West Nile viral protein,
a Langat viral protein, a Kunjin viral protein, a Murray Valley encephalitis viral protein, a Japanese
encephalitis viral protein, a Tick- 30borne encephalitis viral protein, Dengue 1 viral protein, Dengue 2
viral protein, Dengue 3 viral protein, Dengue 4 viral protein, hepatitis C viral protein and a Yellow fever
viral protein (see, for example, PCT/US2006/001623 (W02006/078657)).  - 115 -       The genus
flavivirus is in the virus family Flaviviridae and consists of about 70 viruses. Mosquito or ticks transmit
most of these viruses. Several flaviviruses are significant human pathogens, including the four dengue
viruses (Den!, Den2, Den3 and Den4), yellow fever (YF), Japanese encephalitis (JE), West Nile (WN,
also 5referred to herein as "WNV") and Tick-borne encephalitis (TBE) (Weaver S.C., et al., Nat Rev
Microbio110: 789-801 (2004)). The flavivirus genus is divided into a number of serogroups based on
cross-neutralization tests, including the dengue serogroup that contains four serologically and
genetically distinct viruses termed DEN-1, DEN-2, DEN-3 and DEN-4. 10Flaviviruses are small,
enveloped viruses with icosahedral capsids. The flavivirus genome is a single-stranded positive-sense
RNA (about 11 kb) that is directly translated by the host cell machinery following infection. The viral
genome is translated as a single polypeptide that undergoes co- and post-translational cleavage by
viral and cellular enzymes to generate three structural proteins of the flavivirus (the 15capsid (C), the
membrane (M) and the envelope (E) proteins); and seven nonstructural proteins (NS1, NS2A, NS2B,
NS3, NS4A, NS4B, and NS5) (Weaver, et al., Annu Rev Microbiol 1990:44-649 (2004)). The viral
capsid is composed of the C-protein, while both the M- and envelope proteins are located on the
envelope surface of the virion (Weaver, S.C., et al., Nat Rev. MicrobioL 10:789-801 (2004); Chambers
et al., Annu 20 Rev. Microbiol. 44: 649-688 (1990)). A major immunogen for flaviviruses is the
membrane envelope protein. A flavivirus can enter a host cell when the viral envelope protein binds to
a receptor and responds by conformational rearrangement to the reduced p1-1 of an endosome. The
conformational change induces fusion of viral and host-cell 25 membranes.       The envelope of a
flavivirus may function as a receptor binding protein and to facilitate fusion of the virus and host cell
membrane. Envelope proteins of flaviviruses have common structural (domains I, H and III) and
functional features (receptor binding of virus and host cell and fusion functions) and are class II fusion
30glycoproteins (Lescar et al., Cell 105:137-148 (2001)). 



In the pre-fusion conformation, envelope proteins form homodimers on the outer surface of the virus
particles (Rey, et al., Nature 375:291-298); Kuhn, et al.,  - 116 - Cel1108:717-725 (2002);
Mukhopadhyay, et at, Science 302:248 (2003)). Each envelope protein monomer folds into three
structural domains (domains I, II and III) predominantly composed of I3-strands. Domain I (also
referred to herein as "I" or "DI") is centrally located in the structure and has an N-glycosylation site in
5glycosylated envelope proteins. Domain II (also referred to herein as "II" or "DII") of the envelope
protein promotes dimerization and has a fusion loop that inserts into the target host membrane during
the pH-dependent fusion of the virus (Modis, et al., Nature 427:313-319 (2004); Bressanelli, et aL,
EMBO J 23:728-738 (2004)). Domain III (also referred to herein as "III" or "DIII") is at the
carboxy-terminus of the 10 envelope protein. Domain III is also referred to as "domain B" in earlier
antigenic mapping studies. Domain III has several epitopes that can elicit virus-neutralizing antibodies
(Roehrig, Adv Virus Res 59:141-175 (2003)).       Domain I of the Tick-borne encephalitis envelope
protein corresponds to amino acids 1-51, 137-189 and 285-302 of SEQ ID NO: 337; domain II of the
Tick- 15borne encephalitis envelope protein of SEQ ID NO: 337 corresponds to amino acids 52-136
and 190-284; and domain III corresponds to amino acids 303-395 of SEQ ID NO: 337. (Rey, F.A., et
at, Nature 375:291-298 (1995)). SEQ ID NO: 337 is encoded by SEQ ID NO: 338. Domain I of the
Dengue 2 flavivirus envelope protein corresponds to amino acids 1-52, 132-193 and 280-296 of SEQ
ID NO: 339; domain 20 II corresponds to amino acids 53-131 and 194-279 of SEQ ID NO: 339; and
domain III corresponds to amino acids 297-495 of SEQ ID NO: 339 (Modis, Y., et aL, Nature
427:313-319 (2004)). The location of domains I, II and III of other flavivirus (e.g., West Nile virus,
Japanese encephalitis, Dengue 1 virus, Dengue 3 virus and Dengue 4 virus) is based on homology of
the Tick-borne encephalitis envelope protein domains 25and the Dengue 2 envelope protein domains.
Thus, reference herein to domains of flavivirus proteins, in particular, flaviviruses other than
Tick-borne encephalitis flavivirus envelope proteins and Dengue 2 flavivirus envelope proteins, are
based on homology to domains in the Tick-borne encephalitis flavivirus envelope protein and the
Dengue 2 flavivirus envelope protein. 30The domain III of the envelope protein of the DEN flavivirus
encodes the majority of the flavivirus type-specific contiguous critical/dominant neutralizing epitopes
(Roehring, J.T., Adv. Virus Res. 59:141(2003)), including the four DEN  - 117 - (DEN1, DEN2, DEN3,
DEN4) viruses. Flavivirus envelope proteins are highly homologous. Exemplary envelope protein
sequences are SEQ ID NOs: 341, 339, 343, 345, 347 and 349. West Nile virus (WNV) is a
single-stranded positive sense RNA envelope 5virus. It was first isolated and identified in the West
Nile region of Uganda in 1937 from a febrile female adult (Smithburn, etal., Am J Trop Med Hyg 3:9-18
(1954)).       Japanese encephalitis (JE) virus is localized in Asia and northern Australia (about 50,000
cases with aboutl 0,000 deaths annually). The Dengue (DEN) disease is caused by four
mosquito-borne, serologically 



10related flaviviruses known as DEN-1 (also referred to herein as "Denl" or Den 1"), DEN-2 (also
referred to herein as "Den2" or "Den 2"), DEN-3 (also referred to herein as "Den3" or "Den 3"), and
DEN-4 (also referred to herein as "Den4" or Den 4"). The compositions, fusion proteins and
polypeptides of the invention can include Den 1 SEQ ID NO: 351; Den 1 PR 94 (Puerto Rico, 1994)
SEQ ID NO: 352; Den 3 SEQ 15 ID NO: 354; and Den 4 SEQ ID NO: 355. SEQ ID NOs: 351, 352,
353, 354 and 355 are portions of domain III of Denl, Den2, Den3 and Den4 flaviviruses. Exemplary
portions of Dengue viruses for use in the compositions, fusion proteins and methods of the invention
include SEQ ID NOs: 339, 343, 345, 347, 351-355, 371, 381-384, 387-390, 636, 638, 640, 642, 644,
646, 648, 650, 652, 654, 656 and 658. "El," "Eli," 20and "EIII," as used herein, refer to domains I, II
and III, respectively, of the West Nile flavivirus envelope protein. "JEI," "JEII," and "JEIII," as used
herein, refer to domains I, II and III, respectively, of the Japanese encephalitis flavivirus envelope
protein. "Denl I," "Dent II," and "Dent III," as used herein refer to domains I, II and III, respectively, of
the Dengue 1 flavivirus envelope protein. Likewise, designations 25for the domains of envelope
proteins of other flaviviruses are referenced by the flavivirus name followed by the domain number
(e.g., (Tick-borne) TBI (Tick-borne), TBII, TBIII, Den2 I, Den2 II, Den2 III).       The portion of an
envelope protein of a flavivirus can include at least one member selected from the group consisting of
at least a portion of domain I, at least a 30portion of domain II and at least a portion of domain III.
When a domain is designated with a "+," for example "EIII+" or "JEIII+," the portion of the envelope
protein referenced as "III" is one component of the total of that domain plus at least  - 118 - one of at
least a portion of either or both of domains I and II. For example, "EIII+," as used herein, means the
compositions, fusion proteins and polypeptides of the invention include domain III and at least a
portion of domain I. "EIII+" is also referred to as "El/III." "JEIII+" is also referred to as "JEI/III." Similarly,
when 5 compositions include domains of envelope proteins of flavivirus, the domains can be any
combination of domains I, II, and III and can be designated based on the domain. For example, El/II
includes domain I and II of the West Nile flavivirus. The absence of a "+" in reference to a domain
(e.g., EIII, JEIII, Denl III) of an envelope protein employed in the compositions, fusion proteins and
polypeptides of the invention 10means that the composition, fusion protein and polypeptide includes
the referenced domain. For example, "Denl III" means the compositions, fusion proteins and
compositions include domain III, not domains I and II, of the Dengue 1 virus.       The West Nile viral
envelope protein can include at least a portion of at least one member selected from the group
consisting of SEQ ID NO: 356, which is an EIII+ 15amino acid sequence, the italicized amino acids are
domain I of the envelope protein and the remaining sequence is domain III of the envelope protein;
SEQ ID NO: 358, West Nile virus, Stanford, CT, also referred to as "West Nile 5"; SEQ ID NO: 359,
West Nile virus, New York, NY, also referred to as "West Nile NY"; and SEQ ID NO: 360, SEQ ID NO:
356 is encoded by SEQ ID NO:357. 20 LTSGHLKCRVKMEKLQLKGT West Nile Virus E peptide 001
(SEQ ID NO: 361). Exemplary portions of West Nile viruses for use in the compositions, fusion
proteins and methods of the invention include SEQ ID NOs: 341, 356, 358-361, 379, 443 and 444. 



The Langat virus envelope protein for use in the compositions, fusion proteins 25and polypeptides of
the invention can include at least a portion of SEQ ID NO: 362. The Kunjin virus envelope protein can
include at least a portion of SEQ ID NO: 363. The Murray Valley encephalitis envelope protein can
include at least a portion of SEQ ID NO: 364. The Japanese encephalitis envelope protein can include
at least one member selected from the group consisting of at least a portion of SEQ ID NO: 365 30
and SEQ ID NO: 366. The Tick-borne encephalitis envelope protein can include at least a portion of
SEQ ID NO: 367. The Yellow fever virus envelope protein can include at least a portion of SEQ ID NO:
368. The envelope protein of a flavivirus  - 119 - can include at least a portion of at least one member
selected from the group consisting of SEQ ID NO: 369 and SEQ ID NO: 370. SEQ ID 140s: 362, 363,
364, 365, 366, 367, 368, 369 and 370 are portions of domain III of the viral envelope protein.
EAEPPFGDSYHIGVEPGQLKLNWFICK (SEQ ID NO: 371) Dengue 2 E 5 peptide
SLLTEVETPIRNEWGSRSNDSSDP BCRABL (SEQ ID NO: 372) wildtype peptide.       Additional
exemplary portions of flavivirus for use in the compositions, fusion proteins and methods of the
invention include SEQ ID NOs: 337, 349, 362-370, 372, 373, 375, 377, 379, 380, 385, 386 and
391-442. Additional exemplary fusion proteins 10and viral antigens for use in the compositions and
methods of the invention include the following:       Exemplary influenza antigens, fusion proteins and
nucleic acids encoding the antigens and fusion proteins include: SEQ ID NO:451STF2.HA1-2 (VN) 15
MAQVI NTNSL SLLTQNNLNK SQ SALGTA I ERLS SGLR I NSAKDDAAGQA I ANR F TAN I KGLTQ
A SRNANDG I S IAQTTEGALNE I NNNLQ RVRELAVQ SANSTNS Q SDL DS I QAE I TQR LNE I
DRV SGQTQFNGVKVLAQ DNTLT I QVGANDGET I D I DLKQ I NSQ TLG L D S LNVQ
KAYDVKDTAVTTK AY ANNGTTL DVSGLDDAA I KAATGGTNGTA SVTGIAVKFDADNNKY FVT I
GGFTGADAAKNGD YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQ ELKDT PAVVSADAKNAL I
AGGVDATDANGA 20 ELVKMS YTDKNGKT I EGGYA LKAGDKYYAADYDEATGA I KAKTT
SYTAADGTTKTAANQ LGGV DGKTEVVT I DGKTYNA S KAAGHDFKAQ PELAEAAAKTTENP L QK I
DAALAQVDAL R S D LGAVQ NRFNSA I TNLGNTVNNL SEA RSRI ED S DYATEVSNM S RAQ I LQ
QAGT SVLAQANQVPQNVL SL LAGVKPL I LRDC S VAGWLLGNPMC DE F INVP EW SY IVE
KANPVNDL C Y PGDFNDYEELKHLL S R I NH FE KIQ I I PK S SW S SHEA S LGVS SAC PYQGK S
S FFRNVVWL I KKNSTY PT I KR SYNNTNQ 25 EDLLVLWG I HH PNDAAEQ TKLYQNPTT Y I S
VGTS TLNQRLVPR I ATR SKVNGQ SGRMEF FWT I LK PNDA INF E SNGNF IA PEYA YK I
VKKGDS T I MK SE * * SEQ ID NO:452 , STF2R2.HA1-2 PIN) MAQVINTNS L S LLTQNNLNK S Q
SA LGTA I ERL S SGL R I NSAKDDAAGQA I ANR FTAN I KGLTQ 30 A SRNANDG I S
IAQTTEGALNE I NNNLQ RVRELAVQ SAN S TNS Q SDL DS I QAE I TQRLNE I DRV SGQTQ
FNGVKVLAQDNTLT I QVGANDGET I D I DLKQ INSQTLGLD S LNVQ KAYDVKDTAVTTK AGVKPL I
L RDC SVAGWL LGNPMC DE F INVPEW S Y IVEKANPVNDLCY PGDFNDY EELKHLL SR 



INHF EK IQ I I PKS SW S SHEA S LGVS SAC PYQ GKS SF FRNVVWL I KKN STY PT I KR S
YNNTNQE DLLVLWG I HH PNDAAEQTKL YQN P TT Y I SVGTSTLNQRLVPRIATR SKVNGQ
SGRMEF FWT I L  - 120-
KPNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSESVVSADAKNALIAGGVDATDANGAELVK
MSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKT
EVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFN
SAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLA** 5 SEQ
ID NO:453STF2RO.HA1-2 (VN)
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNK 10
YFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSAD
AKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTS
YTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKI
DAALAQVDALRSDLGAVQNRENSAITNLGNTVNNLSEARSRGVXPLILRDCSVAGWLLGNPMC
DEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFEKIQIIPKSSWSSHEASLG 15
VSSACPYQGKSSFERNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQN
PTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKI
VKKGDSTIMKSE* SEQ ID NO:454HAD (VN) 20
VLSLLRQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKKHNGKLCDLDGVKPLILRDCSVA
GWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDENDYEELKHLLSRINEFEKIQIIPKSS
WSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDA
AEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNF
IAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKYVKSNR 25
LVLATGLRNSPQRERRRKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQK
AIDGVTNKVNSIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLMENER
TLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEARLK
REEISGVKLESIGIYQILSIYST** 30SEQ ID NO:455STF2R3.2x.HA1-2 (VN)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVXDTAVTTK
AGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSR 35
INEFEKIQIIPKSswssHEAsLcvssAcPYQGKssFFRNvvwLIKKNsTYPTIKRsYNNTNQE  - 121 -
DLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTIL
KPNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSESVVSADAKNALIAGGVDATDANGAELVK
MSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKT
EVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFN 



5 SAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLAGV
KPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINH
FEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLL
VLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPN
DAINFESNGNFIAPEYAYKIVKKGDSTIMKSE 10 SEQ ID NO:456HA1-1 (VN)
SHNGKLCLLKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADY
EELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLS
KSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEG 15
RINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINSNAPMDECDAKCQTPQGAINS
SLPFQNVHPVTIGECPKYVR SEQ ID NO:457STF2.4xM2e
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 20
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA
ELVXMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV 25
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL
LRLSLLTEVETPIRNEWGSRSNDSSDPLESLLTEVETPIRNEWGSRSNDSSDPGSSLLTEVET
PIRNEWGSRSNDSSDPELSLLTEVETPIRNEWGSRSNDSSDPSR** 30 SEQ ID NO:458nucleic acid
sequence for STF2.HA1-2 PR8; linker is double underlined
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
35
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA  -
122-
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG 5
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA 10
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
15
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTG
20
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
TTACGTTCTGGTTCTGGTTCTGGTTCTAAAGGTATTGCTCCACTGCAACTGGGTAAATGCAAT
ATTGCGGGTTGGCTGCTGGGCAACCCGGAATGCGATCCGCTGCTGCCGGTCCGTTCCTGGAGC
TATATTGTTGAAACTCCGAACTCTGAGAACGGCATCTGCTATCCAGGTGATTTCATTGACTAT
GAGGAACTGCGTGAACAACTGTCTTCCGTGTCTTCCTTTGAACGTTTCGAGATTTTTCCTAAA 25
GAATCTTCTTGGCCGAACCATAACACTAATGGTGTTACCGCTGCGTGCTCTCATGAAGGTAAA
TCTAGCTTTTACCGCAACCTGCTGTGGCTGACCGAGAAAGAAGGTTCTTACCCGAAACTGAAA
AACAGCTACGTAAACAAAAAGGGCAAGGAAGTTCTGGTCCTGTGGGGTATCCACCATCCGCCG
AACAGCAAGGAACAGCAGAATCTGTATCAGAACGAAAACGCATACGTATCTGTTGTTACTTCT
AACTACAACCGCCGTTTCACCCCTGAAATCGCGGAACGTCCGAAAGTGCGTGACCAGGCAGGC
30 CGCATGAACTATTACTGGACCCTGCTGAAGCCGGGTGATACTATCATCTTCGAAGCGAACGGT
AACCTGATCGCCCCGATGTACGCGTTCGCTCTGAGCCGTGGCTTCGGCTCTGGTATCATTACG
TCTTAATAA  



- 123 -
GAATGCGATCCGCTGCTGCCGGTCCGTTCCTGGAGCTATATTGTTGAAACTCCGAACTCTGAG
AACGGCATCTGCTATCCAGGTGATTTCATTGACTATGAGGAACTGCGTGAACAACTGTCTTCC
GTGTCTTCCTTTGAACGTTTCGAGATTTTTCCTAAAGAATCTTCTTGGCCGAACCATAACACT
AATGGTGTTACCGCTGCGTGCTCTCATGAAGGTAAATCTAGCTTTTACCGCAACCTGCTGTGG 5
CTGACCGAGAAAGAAGGTTCTTACCCGAAACTGAAAAACAGCTACGTAAACAAAAAGGGCAAG
GAAGTTCTGGTCCTGTGGGGTATCCACCATCCGCCGAACAGCAAGGAACAGCAGAATCTGTAT
CAGAACGAAAACGCATACGTATCTGTTGTTACTTCTAACTACAACCGCCGTTTCACCCCTGAA
ATCGCGGAACGTCCGAAAGTGCGTGACCAGGCAGGCCGCATGAACTATTACTGGACCCTGCTG
AAGCCGGGTGATACTATCATCTTCGAAGCGAACGGTAACCTGATCGCCCCGATGTACGCGTTC
10 GCTCTGAGCCGTGGCTTCGGCTCTGGTATCATTACGTCT SEQ ID NO:460STF2.HA1-2 PR8;
linker is double underlined
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV 15
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA
ELVEMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ 20
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL
LASGSGSGSKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDY
EELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLK
NSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTPEIAERPKVRDQAG
RMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRGFGSGIITS** 25 SEQ ID NO:461nucleic acid
sequence for STF2.HA1-2 SI
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
30
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG 35
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA  -
124-
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGETTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA 5
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACCACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGEGGCTAACCAACTGGGTGGCGTA 



10
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTG 15
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTECCGCAGAACGTGCTGAGECTG
TTAGCGAAAGGTATCGCACCACTGCAGCTGGGTAACTGTTCTGTAGCAGGTTGGATCCTGGGT
AACCCGGAATGTGAGCTGCTGATTTCTCGTGAAAGCTGGTCTTACATCGTCGAGAAACCGAAC
CCGGAAAATGGTACTTGCTACCCGGGTCATTTCGCAGATTACGAAGAACTGCGCGAACAGCTG
TCTTCTGTTTCTTCETTCGAGCGTTTCGAAATETTCCCGAAAGAATCCTCTTGGCCGAACCAC 20
ACTACTACCGGCGTGTCTGCGTCCTGCAGCCACAACGGCGAAAGCTCCTTETACAAAAACCTG
CTGTGGCTGACCGGCAAGAACGGTCTGTATCCGAACCTGAGCAAAAGCTATGCTAACAACAAA
GAGAAAGAAGTGCTGGTACTGTGGGGTGTTCACCACCCTCCGAACATTGGCGATCAGCGCGCT
CTGTACCACAAAGAAAACGCATACGTAAGCGTTGTGTCTTCTCACTACAGCCGTAAATTCACG
CCGGAAATCGCTAAACGCCCTAAAGTGCGTGACCAGGAAGGTCGCATCAACTACTATTGGACC
25 CTGCTGGAACCTGGTGACACCATTATCTTCGAAGCAAACGGTAATCTGATCGCACCTCGTTAT
GCTTTCGCCCTGTCTCGTGGTTTTGGTTCCGGCATTATCAACTETTAATAA SEQ ID NO:462nucleic
acid sequence for HA1-2 SI
AAAGGTATCGCACCACTGCAGCTGGGTAACTGTTCTGTAGCAGGTTGGATECTGGGTAACCCG
30 GAATGTGAGCTGCTGATTTCTCGTGAAAGCTGGTETTACATCGTCGAGAAACCGAACCCGGAA
AATGGTACTTGETACCCGGGTCATTTCGCAGATTACGAAGAACTGCGCGAACAGCTGTCTTCT
GTTTCTTCCTTCGAGCGTTTCGAAATCTTCCCGAAAGAATCCTCTTGGCCGAACCACACTACT
ACCGGCGTGTCTGCGTCCTGCAGCCACAACGGCGAAAGCTCCTTETACAAAAACCTGCTGTGG
CTGACCGGCAAGAACGGTCTGTATCCGAACCTGAGCAAAAGCTATGCTAACAACAAAGAGAAA 35
GAAGTGCTGGTACTGTGGGGTGTTCACCACCETCCGAACATTGGCGATCAGCGCGCTCTGTAC  -
125 -
CACAAAGAAAACGCATACGTAAGCGTTGTGTCTTCTCACTACAGCCGTAAATTCACGCCGGAA
ATCGCTAAACGCCCTAAAGTGCGTGACCAGGAAGGTCGCATCAACTACTATTGGACCCTGCTG
GAACCTGGTGACACCATTATCTTCGAAGCAAACGGTAATCTGATCGCACCTCGTTATGCTTTC
GCCCTGTCTCGTGGTTTTGGTTCCGGCATTATCAACTCT 5 SEQ ID NO:463STF2.HA1-2 SI
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVYVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK 10
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADOTTKTAANQLGGV
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL 15
LAKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQL
SSVSSFERFEIFPKESSWPNETTTGVSASCSKNGESSFYKNLLWLTGKNGLYPNLSKSYANNK
EKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRINYYWT
LLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS** 20 SEQ ID NO:464STF2R3.HA1-2 PR8
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 



ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVXVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENGICYPGDFIDYEELREQLS 25
SVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKG
KEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRAFTPEIAERPKVRDQAGRMNYYNTL
LKPGDTIIFEANGNLIAPMYAFALSRGFGSGIITSSVVSADAKNALIAGGVDATDANGAELVK
MSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKT
EVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFN 30
SAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLA" SEQ ID
NO:465STF2R3.HA1-2 SI
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV 35
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK  -126-
AKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLS
SVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKE
KEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTL
LEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINSSVVSADAKNALIAGGVDATDANGAELVK 5
MSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKT
EVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNREN
SAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLA** SEQ ID
NO:466nucleic acid sequence for STF2R3.HA1-2 B/Fla 10(codon optimized) 



ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
15
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 20
GCTaGTACTCGTACCCGCGGTAAACTGTGCCCAGATTGCCTGAACTGCACCGACCTGGACGTA
GCACTGGGCCGTCCTATGTGCGTGGGTACTACGCCGTCTGCAAAAGCTAGCATTCTGCACGAG
GTTAAACCAGTGACCTCCGGTTGCTTTCCGATTATGCATGATCGCACGAAAATCCGTCAGCTG
CCGAACCTGCTGCGTGGCTACGAAAACATTCGTCTGTCCACTCAGAACGTTATCGACGCAGAA
AAAGCGCCGGGTGGCCCGTACCGTCTGGGTACCTCTGGTAGCTGCCCGAACGCAACGTCCAAA
25
AGCGGTTTCTTCGCAACCATGGCATGGGCCGTTCCGAAGGACAACAACAAAAACGCTACGAAT
CCACTGACTGTTGAGGTGCCGTACATTTGCACCGAAGGCGAAGACCAAATCACCGTATGGGGC
TTCCACTCCGATGACAAAACCCAGATGAAAAACCTGTACGGTGACTCCAACCCTCAGAAGTTC
ACTTCTTCTGCGAACGGCGTTACGACCCACTACGTTAGCCAAATTGGTTCCTTTCCGGACCAG
ACCGAAGACGGCGGTCTGCCGCAGTCTGGTCGTATCGTGGTTGATTATATGATGCAGAAACCG
30
GGCAAAACCGGCACGATCGTTTATCAGCGTGGTGTGCTGCTGCCGCAGAAGGTTTGGTGCGCG
TCTGGTCGCTCCAAAGTAATCAAAGGTTCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATT
GCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGAT
AAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCA
GATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGC 35
ACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATC  -
127-
GACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTG
GCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAG
GTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCG 5
ACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCG
CAGGCTAACCAGGTCCCGCAGAACGTGCTGAGCCTGTTACGTTAG SEQ ID NO:467nucleic acid
sequence for HA1-2 B/Fla (codon optimized) 10
AGTACTCGTACCCGCGGTAAACTGTGCCCAGATTGCCTGAACTGCACCGACCTGGACGTAGCA
CTGGGCCGTCCTATGTGCGTGGGTACTACGCCGTCTGCAAAAGCTAGCATTCTGCACGAGGTT
AAACCAGTGACCTCCGGTTGCTTTCCGATTATGCATGATCGCACGAAAATCCGTCAGCTGCCG
AACCTGCTGCGTGGCTACGAAAACATTCGTCTGTCCACTCAGAACGTTATCGACGCAGAAAAA
GCGCCGGGTGGCCCGTACCGTCTGGGTACCTCTGGTAGCTGCCCGAACGCAACGTCCAAAAGC
15
GGTTTCTTCGCAACCATGGCATGGGCCGTTCCGAAGGACAACAACAAAAACGCTACGAATCCA
CTGACTGTTGAGGTGCCGTACATTTGCACCGAAGGCGAAGACCAAATCACCGTATGGGGCTTC
CACTCCGATGACAAAACCCAGATGAAAAACCTGTACGGTGACTCCAACCCTCAGAAGTTCACT
TCTTCTGCGAACGGCGTTACGACCCACTACGTTAGCCAAATTGGTTCCTTTCCGGACCAGACC
GAAGACGGCGGTCTGCCGCAGTCTGGTCGTATCGTGGTTGATTATATGATGCAGAAACCGGGC
20
AAAACCGGCACGATCGTTTATCAGCGTGGTGTGCTGCTGCCGCAGAAGGTTTGGTGCGCGTCT
GGTCGCTCCAAAGTAATCAAAGGT SEQ ID NO:468STF2.HA1-2 B/Fla
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 25
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV 30
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQAMVPQNVLSL
LAGTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKASILHEVKPVTSGCFPIMHDRTKIRQ
LPNLLRGYENIRLSTQNVIDAEKAPGGPYRLGTSGSCPNATSKSGFFATMAWAVPKDNNKNAT
NPLTVEVPYICTEGEDQITVWGFHSDDKTQMKNLYGDSNPQKFTSSANGVTTHYVSQIGSFPD 35
QTEDGGLPQSGRIVVDYMMQKPGKTGTIVYQRGVLLPQKVWCASGRSKVIKG**  - 128 - SEQ ID
NO:469 nucleic acid sequence for STF2R3.2x.HA1-2 B/Fla(codon optimized)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC 



5 CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
10
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTaGTACTCGTACCCGCGGTAAACTGTGCCCAGATTGCCTGAACTGCACCGACCTGGACGTA
GCACTGGGCCGTCCTATGTGCGTGGGTACTACGCCGTCTGCAAAAGCTAGCATTCTGCACGAG
15 GTTAAACCAGTGACCTCCGGTTGCTTTCCGATTATGCATGATCGCACGAAAATCCGTCAGCTG
CCGAACCTGCTGCGTGGCTACGAAAACATTCGTCTGTCCACTCAGAACGTTATCGACGCAGAA
AAAGCGCCGGGTGGCCCGTACCGTCTGGGTACCTCTGGTAGCTGCCCGAACGCAACGTCCAAA
AGCGGTTTCTTCGCAACCATGGCATGGGCCGTTCCGAAGGACAACAACAAAAACGCTACGAAT
CCACTGACTGTTGAGGTGCCGTACATTTGCACCGAAGGCGAAGACCAAATCACCGTATGGGGC
20 TTCCACTCCGATGACAAAACCCAGATGAAAAACCTGTACGGTGACTCCAACCCTCAGAAGTTC
ACTTCTTCTGCGAACGGCGTTACGACCCACTACGTTAGCCAAATTGGTTCCTTTCCGGACCAG
ACCGAAGACGGCGGTCTGCCGCAGTCTGGTCGTATCGTGGTTGATTATATGATGCAGARACCG
GGCAAAACCGGCACGATCGTTTATCAGCGTGGTGTGCTGCTGCCGCAGAAGGTTTGGTGCGCG
TCTGGTCGCTCCAAAGTAATCAAAGGTTCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATT 25
GCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGAT
AAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCA
GATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGC
ACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATC
GACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTG
30
GCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAG
GTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCG
ACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCG
CAGGCTAACCAGGTCCCGCAGAACGTGCTGAGCCTGTTAGCGGGTACTCGTACCCGCGGTAAA
35
CTGTGCCCAGATTGCCTGAACTGCACCGACCTGGACGTAGCACTGGGCCGTCCTATGTGCGTG
- 129-
GGTACTACGCCGTCTGCAAAAGCTAGCATTCTGCACGAGGTTAAACCAGTGACCTCCGGTTGC
TTTCCGATTATGCATGATCGCACGAAAATCCGTCAGCTGCCGAACCTGCTGCGTGGCTACGAA
AACATTCGTCTGTCCACTCAGAACGTTATCGACGCAGAAAAAGCGCCGGGTGGCCCGTACCGT
CTGGGTACCTCTGGTAGCTGCCCGAACGCAACGTCCAAAAGCGGTTTCTTCGCAACCATGGCA 5
TGGGCCGTTCCGAAGGACAACAACAAAAACGCTACGAATCCACTGACTGTTGAGGTGCCGTAC
ATTTGCACCGAAGGCGAAGACCAAATCACCGTATGGGGCTTCCACTCCGATGACAAAACCCAG
ATGAAAAACCTGTACGGTGACTCCAACCCTCAGAAGTTCACTTCTTCTGCGAACGGCGTTACG
ACCCACTACGTTAGCCAAATTGGTTCCTTTCCGGACCAGACCGAAGACGGCGGTCTGCCGCAG
TCTGGTCGTATCGTGGTTGATTATATGATGCAGAAACCGGGCAAAACCGGCACGATCGTTTAT 10
CAGCGTGGTGTGCTGCTGCCGCAGAAGGTTTGGTGCGCGTCTGGTCGCTCCAAAGTAATCAAA
GGTTAGTAG SEQ ID 140:470STF2R3.HA1-2 B/Fla
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 15
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
ASTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKASILHEVKPVTSGCFPIMHDRTKIRQL
PNLLRGYENIRLSTQNVIDAEKAPGGPYRLGTSGSCPNATSKSGFFATMAWAVPKDNNKNATN
PLTVEVPYICTEGEDQITVWGFHSDDKTQMKNLYGDSNPQKFTSSANGVTTHYVSQIGSFPDQ 20
TEDGGLPQSGRIVVDYMMQKPGKTGTIVYQRGVLLPQKVWCASGRSKVIKGSVVSADAKNALI
AGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADG
TTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQ
VDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLA
QANQVPQNVLSLLA** 25 SEQ ID N0:471STF2R3.2x.HA1-2 B/Fla
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK 30
ASTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKASILHEVKPVTSGCFPIMHDRTKIRQL
PNLLRGYENIRLSTQNVIDAEKAPGGPYRLGTSGSCPNATSKSGFFATMAWAVPKDNNKNATN
PLTVEVPYICTEGEDQITVWGFHSDDKTQMKNLYGDSNPQKFTSSANGVTTHYVSQIGSFPDQ 



TEDGGLPQSGRIVVDYMMQKPGKTGTIVYQRGVLLPQKVWCASGRSKVIKGSVVSADAKNALI
AGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADG 35
TTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQ  -130-
VDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLA
QANQVPQNVLSLLAGTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKASILHEVYPVTSGC
FPIMEDRTKIRQLPNLLRGYENIRLSTQNVIDAEKAPGGPYRLGTSGSCPNATSKSGFFATMA
WAVPKDNNKNATNPLTVEVPYICTEGEDQITVWGEHSDDKTQMKNLYGDSNPQKFTSSANGVT 5
THYVSQIGSFPDQTEDGGLPQSGRIVVDYMMQKPGKTGTIVYQRGVLLPQKVWCASGRSKVIK G**
SEQ ID NO:472STF2D2D3L.4xM2e (also as STF2A.4xM2e)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 10
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVYVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVHGAPVDPASPWTEN
PLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQ
ILQQAGTSVLAQANQVPQNVLSLLRLSLLTEVETPIRNEWGSRSNDSSDPLESLLTEVETPIR
NEWGSRSNDSSDPGSSLLTEVETPIRNEWGSRSNDSSDPELSLLTEVETPIRNEWGSRSNDSS 15
DPSR SEQ ID NO:473STF2.D2D3L.SI (also as STF2A.HA1-2 SI)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 20
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVHGAPVDPASPWTEN
PLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQ
ILQQAGTSVLAQANQVPQNVLSLLRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEK
PNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNETTTGVSASCSHNGESSFYK 25
NLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRK
FTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGI INS SEQ ID
NO:474STF2RO.HA1-2 PR8
MGQAIANRETANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD 30
LDSIQAEITQRLNEIDRVSGQTQFNGVXVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNK
YFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSAD
AKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTS
YTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKI 35
DAALAQVDALRSDLGAVQNRENSAITNLGNTVNNLSEARSRKGIAPLQLGKCNIAGWLLGNPE 



- 131 - CDPLLPYRSWSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKESSWPNENTN
GVTAACSHEGKSSFYRNLLWLTEKEGSYPKLKNSIWNKKGKEVINLWGIHHPPNSKEQQNLYQ
NENAYVSVVTSNYNRRFTPEIAERPKVRDQAGRMNTMTLLKIDGDTIIFEANGNLIAPMYAFA
LSRGFGSGIITS** 5 SEQ ID NO:475 nucleic acid sequence for STF2R3.HA1-2 B/Fla(wild type)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
10
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
15 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTGGAACAAGGACCAGAGGGAAACTATGCCCAGACTGTCTCAACTGCACAGATCTGGATGTG
GCTTTGGGCAGACCAATGTGTGTGGGGACCACACCTTCGGCGAAAGCTTCAATACTCCACGAA
GTCAAACCTGTTACATCCGGGTGCTTTCCTATAATGCACGACAGAACAAAAATCAGGCAACTA 20
CCCAATCTTCTCAGAGGATATGAAAATATCAGGCTATCAACCCAAAACGTCATCGATGCGGAA
AAGGCACCAGGAGGACCCTACAGACTTGGAACCTCAGGATCTTGCCCTAACGCTACCAGTAAG
AGCGGATTTTTCGCAACAATGGCTTGGGCTGTCCCAAAGGACAACAACAAAAATGCAACGAAC
CCACTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAAGACCAAATCACTGTTTGGGGG
TTCCATTCAGATGACAAAACCCAAATGAAGAACCTCTATGGAGACTCAAATCCTCAAAAGTTC 25
ACCTCATCTGCTAATGGAGTAACCACACACTATGTTTCTCAGATTGGCAGCTTCCCAGATCAA
ACAGAAGACGGAGGACTACCACAAAGCGGCAGGATTGTTGTTGATTACATGATGCAAAAACCT
GGGAAAACAGGAACAATTGTCTACCAAAGAGGTGTTTTGTTGCCTCAAAAGGTGTGGTGCGCG
AGTGGCAGGAGCAAAGTAATAAAAGGGTCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATT
GCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGAT
30 AAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCA
GATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGC
ACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATC
GACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTG
GCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAG
35 GTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAAC
- 132-
CTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCG
ACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCG
CAGGCTAACCAGGTCCCGCAGAACGTGCTGAGCCTGTTACGTTAG 5 SEQ ID NO:476 nucleic
acid sequence for HA1-2 B/Fla (Wild type)
GGAACAAGGACCAGAGGGAAACTATGCCCAGACTGTCTCAACTGCACAGATCTGGATGTGGCT
TTGGGCAGACCAATGTGTGTGGGGACCACACCTTCGGCGAAAGCTTCAATACTCCACGAAGTC
AAACCTGTTACATCCGGGTGCTTTCCTATAATGCACGACAGAACAAAAATCAGGCAACTACCC 10
AATCTTCTCAGAGGATATGAAAATATCAGGCTATCAACCCAAAACGTCATCGATGCGGAAAAG
GCACCAGGAGGACCCTACAGACTTGGAACCTCAGGATCTTGCCCTAACGCTACCAGTAAGAGC
GGATTTTTCGCAACAATGGCTTGGGCTGTCCCAAAGGACAACAACAAAAATGCAACGAACCCA
CTAACAGTAGAAGTACCATACATTTGTACAGAAGGGGAAGACCAAATCACTGTTTGGGGGTTC
CATTCAGATGACAAAACCCAAATGAAGAACCTCTATGGAGACTCAAATCCTCAAAAGTTCACC 15
TCATCTGCTAATGGAGTAACCACACACTATGTTTCTCAGATTGGCAGCTTCCCAGATCAAACA
GAAGACGGAGGACTACCACAAAGCGGCAGGATTGTTGTTGATTACATGATGCAAAAACCTGGG
AAAACAGGAACAATTGTCTACCAAAGAGGTGTTTTGTTGCCTCAAAAGGTGTGGTGCGCGAGT
GGCAGGAGCAAAGTAATAAAAGGG 20 SEQ ID NO:477 nucleic acid sequence for STF2.HA1-2 VN
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
25
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 30
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT 35
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT  



- 133 -
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACCACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT 5
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGAGCCTG
10
TTAGCGGGTGTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAAC
CCTATGTGTGACGAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCT
GTCAACGATCTGTGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCT
CGTATCAATCACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCT
TCTCTGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTT 15
TGGCTGATCAAGAAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAG
GAAGACCTGCTGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTG
TACCAGAACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCG
CGTATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATC
CTGAAACCGAACGACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCG 20
TAcAAAATcGTAAAGAAAGGTGATAGCACTATCATGAAATccGAGTAGTAA SEQ ID NO:478 nucleic
acid sequence for STF2.R3.HA1-2 PR8
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA 



25
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
30 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTAAAGGCATCGCGCCGCTGCAGCTGGGTAAATGTAACATTGCGGGCTGGCTGCTGGGTAAT
CCGGAATGCGATCCGCTGCTGCCGGTCCGTAGCTGGTCTTACATTGTTGAAACTCCGAACTCT
GAGAATGGCATCTGCTACCCGGGCGATTTTATCGACTATGAAGAACTGCGTGAACAGCTGTCT 35
TCCGTTTCTTCCTTTGAACGTTTCGAAATCTTCCCGAAAGAAAGCAGCTGGCCGAATCACAAT  -
134-
ACGAACGGTOTTACTGCTGCGTGTTCTCATGAAGGTAAATCCAGCTTCTACCGTAACCTGCTG
TGGCTGACCGAAAAAGAGGGTTCTTATCCTAAACTGAAAAACAGCTACGTTAACAAAAAGGGC
AAAGAAGTGCTGGTGCTGTGGGGTATCCATCACCCTCCGAACTCTAAAGAACAACAGAATCTG
TATCAGAACGAAAACGCTTACGTTTCCGTGGTGACCTCTAACTATAACCGTCGTTTTACCCCG 5
GAGATTGCTGAACGTCCGAAAGTGCGCGATCAGGCTGGCCGTATGAACTACTATTGGACCCTG
CTGAAACCGGGCGATACCATCATTTTCGAAGCTAACGGCAACCTGATTGCTCCGATGTATGCG
TTTGCTCTGTCTCGTGGCTTCGGCTCTGGTATTATTACGTCTTCAGTTGTTTCAGCAGATGCT
AAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAA
ATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGAT 10
AAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACAAGTTAT
ACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACC 



GAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTCAAA
GCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATTGAT
GCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAAC
15 TCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAA
GATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGT
ACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCGTAATAA
SEQ ID NO:479 nucleic acid sequence for STF2.RO.HA1-2 VN 20
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
25 AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTTATGCC
AATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGT
GGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACAAG
TACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGATTATGAAGTT 30
AACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACAATGCCTGCT
GGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGAT
GCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTC
AAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGC
GATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACCACAAGT 35
TATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAA  -
135 -
ACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTC
AAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATT
GATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTC
AACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTGGT 5
GTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAACCCTATGTGT
GACGAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCTGTCAACGAT
CTGTGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATCAAT
CACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCTCTGGGC
GTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTTTGGCTGATC 10
AAGAAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAAGACCTG
CTGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAGAAC
CCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCGTATCGCA
ACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATCCTGAAACCG
AACGACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTACAAAATC 15
GTAAAGAAAGGTGATAGCACTATCATGAAATCCGAGTAGTAA SEQ ID NO:480 nucleic acid
sequence for STF2.R32x.HA1-2 VN
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
20
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
25 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTGGTGTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAACCCT
ATGTGTGACGAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCTGTC
AACGATCTGTGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCTCGT 30
ATCAATCACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCT
CTGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTTTGG
CTGATCAAGAAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAA
GACCTGCTGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTAC
CAGAACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCGT
35
ATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATCCTG
-136- 



AAACCGAACGACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTAC
AAAATCGTAAAGAAAGGTGATAGCACTATCATGAAATCCGAGTCAGTTGTTTCAGCAGATGCT
AAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAA
ATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGAT 5
AAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACAAGTTAT
ACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACC
GAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTCAAA
GCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATTGAT
GCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAAC
10 TCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAA
GATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGT
ACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCGGGTGTG
AAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAACCCTATGTGTGAC
GAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCTGTCAACGATCTG 15
TGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATCAATCAC
TTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCTCTGGGCGTA
TCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTTTGGCTGATCAAG
AAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAAGACCTGCTG
GTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAGAACCCG
20
ACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCGTATCGCAACC
CGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATCCTGAAACCGAAC
GACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTACAAAATCGTA
AAGAAAGGTGATAGCACTATCATGAAATCCGAGTAATAA 25 SEQ ID NO:481 HA1-2 VN protein
GVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRI
NHFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQED
LLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILK
PNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSE 30 SEQ ID NO:482 nucleic acid sequence for HA1-2
VN
GGTGTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAACCCTATG
TGTGACGAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCTGTCAAC
GATCTGTGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATC 35
AATCACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCTCTG  -
137 -
GGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTTTGGCTG
ATCAAGAAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAAGAC
CTGCTGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAG
AACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCGTATC 5
GCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATCCTGAAA
CCGAACGACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTACAAA
ATCGTAAAGAAAGGTGATAGCACTATCATGAAATCCGAG SEQ ID NO:483 nucleic acid sequence
for STF2.HA1-2 B FLA 10
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
15
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG 20
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT 25
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACCACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
30
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGAGCCTG
TTAGCGGGTACTCGTACCCGCGGTAAACTGTGCCCAGATTGCCTGAACTGCACCGACCTGGAC
35
GTAGCACTGGGCCGTCCTATGTGCGTGGGTACTACGCCGTCTGCAAAAGCTAGCATTCTGCAC  -
138 -
GAGGTTAAACCAGTGACCTCCGGTTGCTTTCCGATTATGCATGATCGCACGAAAATCCGTCAG
CTGCCGAACCTGCTGCGTGGCTACGAAAACATTCGTCTGTCCACTCAGAACGTTATCGACGCA
GAAAAAGCGCCGGGTGGCCCGTACCGTCTGGGTACCTCTGGTAGCTGCCCGAACGCAACGTCC
AAAAGCGGTTTCTTCGCAACCATGGCATGGGCCGTTCCGAAGGACAACAACAAAAACGCTACG 5
AATCCACTGACTGTTGAGGTGCCGTACATTTGCACCGAAGGCGAAGACCAAATCACCGTATGG
GGCTTCCACTCCGATGACAAAACCCAGATGAAAAACCTGTACGGTGACTCCAACCCTCAGAAG
TTCACTTCTTCTGCGAACGGCGTTACGACCCACTACGTTAGCCAAATTGGTTCCTTTCCGGAC
CAGACCGAAGACGGCGGTCTGCCGCAGTCTGGTCGTATCGTGGTTGATTATATGATGCAGAAA
CCGGGCAAAACCGGCACGATCGTTTATCAGCGTGGTGTGCTGCTGCCGCAGAAGGTTTGGTGC 



10 GCGTCTGGTCGCTCCAAAGTAATCAAAGGTTAGTAG SEQ ID NO:484 nucleic acid sequence
for 4xM2e
CTGAGCTTGCTGACTGAGGTTGAGACCCCGATTCGCAACGAATGGGGTTCCCGTTCCAACGAT
TCTTCCGACCCGCTCGAGAGCCTGTTGACCGAGGTTGAAACCCCTATCCGTAATGAATGGGGC
15 TCCCGTAGCAACGACTCTTCTGACCCAGGATCCTCCCTCTTGACCGAAGTGGAAACGCCTATT
CGTAATGAGTGGGGTTCTCGTAGCAATGACAGCTCGGACCCGGAGCTCTCGCTGCTGACGGAA
GTGGAGACTCCGATCCGTAACGAGTGGGGCTCTCGCTCTAACGATAGCTCAGACCCGTCTAGA
TAATAA 20 SEQ ID NO:485 4xM2e protein
LSLLTEVETPIRNEWGSRSNDSSDPLESLLTEVETPIRNEWGSRSNDSSDPGSSLLTEVETPI
RNEWGSRSNDSSDPELSLLTEVETPIRNEWGSRSNDSSDPSR SEQ ID NO:486 nucleic acid
sequence for STF2.D2D3L 25
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAA
TCCCAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGC
GCGAAAGACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGT
CTGACTCAGGCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGC
GCGCTGAACGAAATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCT 30
AACAGCACCAACTCCCAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTG
AACGAAATCGACCGTGTATCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAG
GACAACACCCTGACCATCCAGGTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTG
AAGcAGATCAACTCTCAGACCCTGGGTCTGGACTCACTGAAcGTGCATGGAGCGCCGGTG
GATCCTGCTAGCCCATGGACCGAAAACCCGcTGcAGAAAATTGATGCCGCGCTGGCGCAG 35
GTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACC  -139-
AACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGAC
TACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGCAGCAGGCCGGTACTTCC
GTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTACGT 5 SEQ ID NO:487
STF2D2D3L protein
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGEDSLNVHGAPVDPASPWTEN
PLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQ 10
ILQQAGTSVLAQANQVPQNVLSLLR SEQ ID NO:488 nucleic acid sequence for fljb
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC 15
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
20
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
25 AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT 30
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
35 AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
-140-
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
TTAGCG 5 SEQ ID NO:489 nucleic acid sequence for STF2R3.HA1-2 PR8
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC 



CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
10
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 15
GCTAAAGGCATCGCGCCGCTGCAGCTGGGTAAATGTAACATTGCGGGCTGGCTGCTGGGTAAT
CCGGAATGCGATCCGCTGCTGCCGGTCCGTAGCTGGTCTTACATTGTTGAAACTCCGAACTCT
GAGAATGGCATCTGCTACCCGGGCGATTTTATCGACTATGAAGAACTGCGTGAACAGCTGTCT
TCCGTTTCTTCCTTTGAACGTTTCGAAATCTTCCCGAAAGAAAGCAGCTGGCCGAATCACAAT
ACGAACGGTGTTACTGCTGCGTGTTCTCATGAAGGTAAATCCAGCTTCTACCGTAACCTGCTG 20
TGGCTGACCGAAAAAGAGGGTTCTTATCCTAAACTGAAAAACAGCTACGTTAACAAAAAGGGC
AAAGAAGTGCTGGTGCTGTGGGGTATCCATCACCCTCCGAACTCTAAAGAACAACAGAATCTG
TATCAGAACGAAAACGCTTACGTTTCCGTGGTGACCTCTAACTATAACCGTCGTTTTACCCCG
GAGATTGCTGAACGTCCGAAAGTGCGCGATCAGGCTGGCCGTATGAACTACTATTGGACCCTG
CTGAAACCGGGCGATACCATCATTTTCGAAGCTAACGGCAACCTGATTGCTCCGATGTATGCG 25
TTTGCTCTGTCTCGTGGCTTCGGCTCTGGTATTATTACGTCTTCAGTTGTTTCAGCAGATGCT
AAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAA
ATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGAT
AAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACAAGTTAT
ACTGCTGCTGACGGCACTACCAAAACAGCGOCTAACCAACTGGGTGGCGTAGACGGTAAAACC
30 GAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTCAAA 



GCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATTGAT
GCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAAC
TCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAA
GATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGT
35 ACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCGTAATAA
- 141 - SEQ ID NO:490 nucleic acid sequence for STF2R3.HA1-2 SI
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA 5
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
10 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTAAAGGTATCGCACCACTGCAGCTGGGTAACTGTTCTGTAGCAGGTTGGATCCTGGGTAAC
CCGGAATGTGAGCTGCTGATTTCTCGTGAAAGCTGGTCTTACATCGTCGAGAAACCGAACCCG
GAAAATGGTACTTGCTACCCGGGTCATTTCGCAGATTACGAAGAACTGCGCGAACAGCTGTCT 15
TCTGTTTCTTCCTTCGAGCGTTTCGAAATCTTCCCGAAAGAATCCTCTTGGCCGAACCACACT
ACTACCGGCGTGTCTGCGTCCTGCAGCCACAACGGCGAAAGCTCCTTCTACAAAAACCTGCTG
TGGCTGACCGGCAAGAACGGTCTGTATCCGAACCTGAGCAAAAGCTATGCTAACAACAAAGAG
AAAGAAGTGCTGGTACTGTGGGGTGTTCACCACCCTCCGAACATTGGCGATCAGCGCGCTCTG
TACCACAAAGAAAACGCATACGTAAGCGTTGTGTCTTCTCACTACAGCCGTAAATTCACGCCG 20
GAAATCGCTAAACGCCCTAAAGTGCGTGACCAGGAAGGTCGCATCAACTACTATTGGACCCTG
CTGGAACCTGGTGACACCATTATCTTCGAAGCAAACGGTAATCTGATCGCACCTCGTTATGCT
TTCGCCCTGTCTCGTGGTTTTGGTTCCGGCATTATCAACTCTTCAGTTGTTTCAGCAGATGCT
AAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTCAAA
ATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGAT 25
AAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACAAGTTAT
ACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACC
GAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTCAAA
GCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATTGAT
GCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAAC
30 TCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAA
GATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGT
ACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCGTAATAA  -
142-
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA 5
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 10
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT 15
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACCACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
20
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGAGCCTG
25
TTAGCGCTGAGCTTGCTGACTGAGGTTGAGACCCCGATTCGCAACGAATGGGGTTCCCGTTCC
AACGATTCTTCCGACCCGCTCGAGAGCCTGTTGACCGAGGTTGAAACCCCTATCCGTAATGAA
TGGGGCTCCCGTAGCAACGACTCTTCTGACCCAGGATCCTCCCTCTTGACCGAAGTGGAAACG
CCTATTCGTAATGAGTGGGGTTCTCGTAGCAATGACAGCTCGGACCCGGAGCTCTCGCTGCTG
ACGGAAGTGGAGACTCCGATCCGTAACGAGTGGGGCTCTCGCTCTAACGATAGCTCAGACCCG
30 TCTAGATAATAA SEQ ID NO:492 nucleic acid sequence for STF2.D2D3L.4xM2e
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA 



35
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG  -
143 -
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
5 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCATGGAGCGCCGGTGGATCCTGCTAGCCCATGGACCGAAAAC
CCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCG
GTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAA
GCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAG
10
ATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTG
TCTCTGTTACGTCTGAGCTTGCTGACTGAGGTTGAGACCCCGATTCGCAACGAATGGGGTTCC
CGTTCCAACGATTCTTCCGACCCGCTCGAGAGCCTGTTGACCGAGGTTGAAACCCCTATCCGT
AATGAATGGGGCTCCCGTAGCAACGACTCTTCTGACCCAGGATCCTCCCTCTTGACCGAAGTG
GARACGCCTATTCGTAATGAGTGGGGTTCTCGTAGCAATGACAGCTCGGACCCGGAGCTCTCG
15
CTGCTGACGGAAGTGGAGACTCCGATCCGTAACGAGTGGGGCTCTCGCTCTAACGATAGCTCA
GACCCGTCTAGATAATAA SEQ ID NO:493 nucleic acid sequence for STF2.R0.HA1-2 PR8
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
20
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC 25
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTTATGCC
AATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCGGCTACGGGT
GGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACAAG
TACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGATTATGAAGTT
AACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACAATGCCTGCT 30
GGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCAGAT
GCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTGGTC
AAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGC
GATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACAAGT
TATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAA
35 ACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTC
- 144-
AAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATT
GATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTC
AACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTAAA
GGCATCGCGCCGCTGCAGCTGGGTAAATGTAACATTGCGGGCTGGCTGCTGGGTAATCCGGAA
5 TGCGATCCGCTGCTGCCGGTCCGTAGCTGGTCTTACATTGTTGAAACTCCGAACTCTGAGAAT
GGCATCTGCTACCCGGGCGATTTTATCGACTATGAAGAACTGCGTGAACAGCTGTCTTCCGTT
TCTTCCTTTGAACGTTTCGAAATCTTCCCGAAAGAAAGCAGCTGGCCGAATCACAATACGAAC
GGTGTTACTGCTGCGTGTTCTCATGAAGGTAAATCCAGCTTCTACCGTAACCTGCTGTGGCTG
ACCGAAAAAGAGGGTTCTTATCCTAAACTGAAAAACAGCTACGTTAACAAAAAGGGCAAAGAA 10
GTGCTGGTGCTGTGGGGTATCCATCACCCTCCGAACTCTAAAGAACAACAGAATCTGTATCAG
AACGAAAACGCTTACGTTTCCGTGGTGACCTCTAACTATAACCGTCGTTTTACCCCGGAGATT
GCTGAACGTCCGAAAGTGCGCGATCAGGCTGGCCGTATGAACTACTATTGGACCCTGCTGAAA
CCGGGCGATACCATCATTTTCGAAGCTAACGGCAACCTGATTGCTCCGATGTATGCGTTTGCT
CTGTCTCGTGGCTTCGGCTCTGGTATTATTACGTCTTAATAA 15 SEQ ID NO:29 R3 protein
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV 20
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
A(antigen)AVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYA
ADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPE
LAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDY
ATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLA 25 SEQ ID NO:36 nucleic acid sequence for
R3 ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA 



GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
30
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG 35
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGcAGTAACAACGAAA  -
145- GCT(antigen)GCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGAC
GCTACCGATGCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACA
ATTGAAGGCGGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCG 5
GCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTAC
AATGCCAGCAAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCT
AAAACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGC
TCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTA
AACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAAC 10
ATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTC
CCGCAGAACGTGCTGTCTCTGTTAGCG SEQ ID NO:29 D3 protein
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 15
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGA
IKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTT
ENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSR 20
AQILQQAGTSVLAQANQVPQNVLSLLA(antigen) SEQ ID NO:36 nucleic acid sequence for D3
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
25
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
30 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTGCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGAT
GCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGC
GGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCA
35 ATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAA
- 146 -
CTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGC
AAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACC
GAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTG
GGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTG 5
TCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC
GCGCAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCG(antigen) SEQ ID NO:30 R3D0 protein 



10 MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTICA(antigen)AVVSADAKNALIAGGVDATDANGAELVICMSYTDKN
GKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDG
KTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRENSAITNLG 15
NTVNNLSEARSR SEQ ID NO:37 nucleic acid sequence for R3D0
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
20
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCT(antig 25
en)GCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGAT
GCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGC
GGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCA
ATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAA
CTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGC
30
AAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACC
GAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTG
GGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTG
TCTGAAGCGCGTAGCCGT  - 147-
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVICMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA 5
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLA(antigen) SEQ ID NO:38 nucleic
acid sequence for D3N
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
10
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC 15
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC 20
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
25
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCT
CTGTTAGCG(antigen) SEQ ID NO:32 D3NCs protein
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD 30
LDSIQAEITQRLNEIDRVSGQTQFNGVXVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQ(antigen)  - 148- SEQ ID NO:39 nucleic acid
sequence for D3NCs
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC 5
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC 10
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
15
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAG(antigen) 20 SEQ ID NO:33
DOD2D3 protein
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSR(antigen 



25 SEQ ID NO:40 nucleic acid sequence for DOD2D3
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
30
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTG
GATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTG 35
GGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGT(antigen)  - 149 - SEQ ID NO:30 ROR3
protein or R03 protein
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD LDS
IQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD 5
SLNVQKAYDVKDTAVTTKA(antigen)AVVSADAKNALIAGGVDATDANGAELVKMSYTDKN
GKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDG
KTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLG
NTVNNLSEARSR(antigen) 10 SEQ ID NO:37 nucleic acid sequence for ROR3
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
15
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCT(antig
en)GCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGAT
GCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGC 20
GGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCA
ATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAA
CTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGC
AAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACC
GAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTG
25 GGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTG
TCTGAAGCGCGTAGCCGT(antigen) SEQ ID NO:29 R3 2xAntigen protein
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 30
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
A(antigen)AVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYA
ADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPE
LAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDY 35
ATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLA(antigen)  - 150 - SEQ ID NO:36 nucleic acid
sequence for R3 2xAntigen
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA 5
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
10 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCT(antigen)GCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGAC
GCTACCGATGCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACA
ATTGAAGGCGGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCG 15
ACAGGAGCAATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCG
GCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGOTAAAACCTAC
AATGCCAGCAAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCT
AAAACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGC
TCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTA 20
AACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAAC
ATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTC
CCGCAGAACGTOCTOTCTCTGTTAGCG(antigen) SEQ ID NO: 499 HA1-2 SI 25
KGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSS
VSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEK
EVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLL
EPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS 



30 SEQ ID NO: 500 STF2f11CR3.HA1-2(SI); antigen is underlined
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANEFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDTLNVQQKYKVSDTAATVT
GKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLS 35
SVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKE  - 151
- KEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTL
LEPGDTIIFEANGNLIAPRYAFALSRGEGSGIINSNADLTEAKAALTAAGVTGTASVVKMSYT
DNNGKTIDGGLAVXVGDDYYSATQNKDGSISINTTKYTADDGTSKTALNKLGGADGKTEVVSI
GGKTYAASKAEGHNFKAQPDLAEAAATTTENPLQKIDAALAQVDTLRSDLGAVQNRENSAITN 5
LGNTVNNLTSARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLR SEQ ID NO:501
E.c011R3.HA1-2(SI); antigen is underlined
MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAIANRFTSNIKGLTQ
AARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTGTNSDSDLDSIQDEIKSRLDEIDRV 10
SGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGLNGENVNGSGTIANKAATIS
DKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLS
SVSSFERFEIFPKESSWPNETTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKE
KEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTL
LEPGDTIIFEANGNLIAPRYAFALSRGEGSGIINSSVTMGGTTYNEKTGADAGAATANAGVSF 15
TDTASKETVLNKVATAKQGTAVAANGDTSATITYKSGVQTYQAVFAAGDGTASAKYADNTDVS
NATATYTDADGEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYAPKVGAEVYVSANGTLTTDA
TSEGTVTKDPLKALDEAISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEAQSRIQDADYAT
EVSNMSKAQIIQQAGNSVLAKANQVPQQVLSLLQG 20 SEQ ID NO:502 Bacillus
subti/isR3.HA1-2(SI); antigen is underlined
MRINHNIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAGLAISEKMRSQIRGLDMAS
KNAQDGISLIQTSEGALNETHSILQRMSELATQAANDTNTDSDRSELQKEMDQLASEVTRIST
DTEFNTKKLLDGTAQNLTFQIGANEGQTMSLSINKMDSESLKVGTTYTVSGKGIAPLQLGNCS 25
VAGWILONPECELLISRESWSYIVEKPNPENGTCYPGHEADYEELREQLSSVSSFERFEIFPK
ESSWPNETTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPP
NIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANG
NLIAPRYAFALSRGEGSGIINSWADADDATNKPAGYYDAGGKVIASEKLAADSKVTKGIDISS
SAKAASSALTTIKTAIDTVSSERAKLGAVQNRLEHTINNLGTSSENLTSAESRIRDVDMASEM 30
MEYTKNNILTQASQAMLAQANQ SEQ ID NO:503 STF2f1iCR32x.HA1-2(SI); antigen is underlined
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV 35
SGQTQFNGVICVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDTLNVQQKYKVSDTAATVT  - 152 -
GKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLS
SVSSFERFEIFPKESSWPNETTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKE
KEVLVLWGVEHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTL
LEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINSNADLTEAKAALTAAGVTGTASVVKMSYT 5
DNNGKTIDGGLAVKVGDDYYSATQNKDGSISINTTKYTADDGTSKTALNKLGGADGKTEVVSI
GGKTYAASKAEGHNFKAQPDLAEAAATTTENPLQKIDAALAQVDTLRSDLGAVQNRFNSAITN
LGNTVNNLTSARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLAKGIAPLQ
LGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERF
EIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWG 10
VHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTII
FEANGNLIAPRYAFALSRGFGSGI INS  SEQ ID NO:504 STF2f1jER32x.HA1-2(SI); antigen is
underlined
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 15
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLS
SVSSFERFEIFPKESSWPNETTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKE
KEVLVLWGVEHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTL 20
LEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINSAVVSADAKNALIAGGVDATDANGAELVK
MSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKT
EVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFN
SAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLAKG
IAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVS  25
SFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEV
LVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEP
GDTIIFEANGNLIAPRYAFALSRGFGSGI INS  



SEQ ID NO:505 E.coliR32x.HA1-2(SI); antigen is underlined 30
MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAIANRFTSNIKGLTQ
AARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTGTNSDSDLDSIQDEIKSRLDEIDRV
SGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGLNGFNVNGSGTIANKAATIS
DKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLS
SVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKE 35
KEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTL  - 153
- LEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINSSVTMGGTTYNFKTGADAGAATANAGVSF
TDTASKETVLNKVATAKQGTAVAANGDTSATITYKSGVQTYQAVFAAGDGTASAKYADNTDVS
NATATYTDADGEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYAPKVGAEVYVSANGTLTTDA
TSEGTVTKDPLKALDEAISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEAQSRIQDADYAT 5
EVSNMSKAQIIQQAGNSVLAKANQVPQQVLSLLQGKGIAPLQLGNCSVAGWILGNPECELLIS
RESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASC
SHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVEHPPNIGDQRALYHKENAYV
SVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFG SGIINS
10 SEQ ID NO:506 Bacillus subti/isR32x.HA1-2(SI); antigen is underlined
MRINENIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAGLAISEKMRSQIRGLDMAS
KNAQDGISLIQTSEGALNETHSILQRMSELATQAANDTNTDSDRSELQKEMDQLASEVTRIST 15
DTEFNTKKLLDGTAQNLTFQIGANEGQTMSLSINKMDSESLKVGTTYTVSGKGIAPLQLGNCS
VAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPK
ESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVEHPP
NIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANG
NLIAPRYAFALSRGFGSGIINSWADADDATNKPAGYYDAGGKVIASEKLAADSKVTKGIDISS 20
SAKAASSALTTIKTAIDTVSSERAKLGAVQNRLEHTINNLGTSSENLTSAESRIRDVDMASEM
MEYTKNNILTQASQAMLAQANQKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNP
ENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLL
WLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTP
EIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  25 SEQ ID NO: 507
M2e peptide SLLTEVETPIRNEWGSRSNDSSDPSR 30 SEQ ID NO:511 STF2Af1iC.HA1-2(SI);
antigen is underlined and linker is double underlined
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRETANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDTLNVHGAPVDPASPWTTE 35
NPLQKIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTVNNLTSARSRIEDSDYATEVSNMSRA  - 154 -
QILQQAGTSVLAQANQVPQNVLSLLRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVE
KPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNETTTGVSASCSHNGESSFY
KNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSR
KFTPEIAKRPKVRDQEGRINYMULLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  5 SEQ ID
NO:512 STF2AfljE.HA1-2(SI); antigen is underlined and linker is double underlined
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV 



10 SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVEGAPVDPASPWTEN
PLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQ
ILQQAGTSVLAQANQVPQNVLSLLRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEK
PNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNETTTGVSASCSHNGESSFYK
NLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRK 15
FTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  SEQ ID NO:513
E.co/ia.HA1-2(SI); antigen is underlined and linker is double underlined
MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAIANRFTSNIKGLTQ 20
AARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTGTNSDSDLDSIQDEIKSRLDEIDRV
SGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGLNGFNVNHGAPVDPASPWVT
KDPLKALDEAISSIDKFASSLGAIQNRLDSAVTNLNNTTTNLSEAQSRIQDADYATEVSNMSK
AQIIQQAGNSVLAKANQVPQQVLSLLQGKGIAPLQLGNCSVAGWILGNPECELLISRESWSYI
VEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESS  25
FYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVEHPPNIGDQRALYHKENAYVSVVSSHY
SRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  SEQ ID
NO:514 Bacillus subti/isil.HA1-2(SI); antigen is underlined and linker is double underlined 30
MRINHNIAALNTSRQLNAGSDSAAKNMEKLSSGLRINRAGDDAAGLAISEKMRSQIRGLDMAS
KNAQDGISLIQTSEGALNETHSILQRMSELATQAANDTNTDSDRSELQKEMDQLASEVTRIST
DTEFNTKKLLDGTAQNLTFQIGANEGQTMSLSINKMDSESLKVGHGAPVDPASPWAASSALTT
IKTAIDTVSSERAKLGAVQNRLEHTINNLGTSSENLTSAESRIRDVDMASEMMEYTKNNILTQ
ASQAMLAQANQKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFA 35
DYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPN  -155-
LSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQ
EGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  SEQ ID NO:515
STF2f11CRO.HA1-2(SI); antigen is underlined 5
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVEVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
TLNVQQKYKVSDTAATVTGYADTTIALDNSTFKASATGLGGTDQKIDGDLKFDDTTGKYYAKV
TVTGGTGKDGYYEVSVDKTNGEVTLAGGATSPLTGGLPATATEDVKNVQVANADLTEAKAALT
AAGVTGTASVVXMSYTDNNGKTIDGGLAVXVGDDYYSATQNKDOSISINTTKYTADDGTSKTA 10
LNKLGGADGKTEVVSIGGKTYAASKAEGHNFKAQPDLAEAAATTTENPLQKIDAALAQVDTLR
SDLGAVQNRFNSAITNLGNTVNNLTSARSRKGIAPLQLGNCSVAGWILGNPECELLISRESWS
YIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGE
SSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSS
HYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIIN 15s SEQ
ID NO:516 STF2f1jSRO.HA1-2(SI); antigen is underlined
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD 20
SLNVQKAYDVICDTAVTTKAYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNK
YFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSAD
AKNALIAGGVDATDANGAELVKMSYTDKNIGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTS
YTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKI
DAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRKGIAPLQLGNCSVAGWILGNPE 25
CELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTT
GVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYH
KENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFA
LSRGFGSGI INS  30 SEQ ID NO:517 E.co/iRO.HA1-2(SI); antigen is underlined
MGQAIANRFTSNIKGLTQAARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTGTNSDSD
LDSIQDEIKSRLDEIDRVSGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGLN
GFNVNGSGTIANKAATISDLTAAKMDAATNTITTTNNALTASKALDQLKDGDTVTIKADAAQT
ATVYTYNASAGNFSFSNVSNNTSAKAGDVAASLLPPAGQTASGVYKAASGEVNFDVDANGKIT 



35 IGGQEAYLTSDGNLTTNDAGGATAATLDGLFKKAGDGQSIGFNKTASVTMGGTTYNFKTGADA  -
156- GAATANAGVSFTDTASKETVLNKVATAKQGTAVAANGDTSATITYKSGVQTYQAVFAAGDGTA
SAKYADNTDVSNATATYTDADGEMTTIGSYTTKYSIDANNGKVTVDSGTGTGKYAPKVGAEVY
VSANGTLTTDATSEGTVTKDPLKALDEAISSIDKFRSSLGAIQNRLDSAVTNLNNTTTNLSEA
QSRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQ 5
LSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANN
KEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRINYYW
TLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  SEQ ID NO:518 Bacillus subti/isRO.HA1-2(SI);
antigen is 10 underlined
MGLAISEKHRSQIRGLDMASKNAQDGISLIQTSEGALNETHSILQRMSELATQAANDTNT
DSDRSELQKEMDQLASEVTRISTDTEFNTKKLLDGTAQNLTFQIGANEGQTMSLSINKMD
SESLKVGTTYTVSGDQNTLTATDGSTATWADADDATNKPAGYYDAGGKVIASEKLAADSK
VTKGIDISSSAKAASSALTTIKTAIDTVSSERAKLGAVQNRLEHTINNLGTSSENLTSAE 15
SRKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELR
EQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSK
SYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQ
EGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  20 SEQ ID NO: 699 fliC R3
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDTLNVQQKYKVSDTAATVT
GNADLTEAKAALTAAGVTGTASVVKMSYTDNNGKTIDGGLAVKVGDDYYSATQNKDGSISINT 25
TKYTADDGTSKTALNKLGGADGKTEVVSIGGKTYAASKAEGHNFKAQPDLAEAAATTTENPLQ
KIDAALAQVDTLRSDLGAVQNRFNSAITNLGNTVNNLTSARSRIEDSDYATEVSNMSRAQILQ
QAGTSVLAQANQVPQNVLSLLR SEQ ID NO: 700 E.coli R3 30
MAQVINTNSLSLITQNNINKNQSALSSSIERLSSGLRINSAKDDAAGQAIANRFTSNIKGLTQ
AARNANDGISVAQTTEGALSEINNNLQRIRELTVQASTGTNSDSDLDSIQDEIKSRLDEIDRV
SGQTQFNGVNVLAKDGSMKIQVGANDGQTITIDLKKIDSDTLGLNGFNVNGSGTIANKAATIS
DSVTMGGTTYNKKTGADAGAATANAGVSFTDTASKETVLNKVATAKQGTAVAANGDTSATITY
KSGVQTYQAVFAAGDGTASAKYADNTDVSNATATYTDADGEMTTIGSYTTKYSIDANNGKVTV  -
157- DEGTGTGKYAPKVGAEVYVSANGTLTTDATSEGTVTKEPLKALDEAISSIDKFRSSLGAIQNR
LDSAVTNENNTTTNLSEAQSRIQDADYATEVSNMSKAQIIQQAGNSVLAKANQVPQQVLSLLQ 5SEQ
ID NO: 701 Bacillus subtilis R3
MRINHNIAALNTSRQLNAGSDSAAKNMEKLESGLRINRAGEDAAGLAISEKMRSQIRGLEMAS
KNAQDGISLIQTSEGALNETHSILQRMSELATQAANDTNTDSDRSELQKEMDQLASEVTRIST
DTEFNTKKLLOGTAQNLTFQIGANEGQTMSLSINKMDSESLKVGTTYTVSGWADADDATNKPA
GYYDAGGKVIASEKLAADSKVTKGIDISSSAKAASSALTTIKTAIDTVSSERAKLGAVQNRLE 10
HTINNEGTssENLTsAEsRIRDvDmAsEm4ETricvNILTQA84AmLAQANQ SEQ ID NO: 702nucleic acid
sequence for STF2.HA1-1 B/Mal
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
15
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA 



ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
20 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT 25
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA 30
ACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAAGTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT 35
AGccGTATCGAAGATTCCGACTACGCGACCGAAGTTTccAACATGTCTCGCGCGCAGATTCTG  -
158-
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
TTAGCGACCACTACCCCAACCAAATCTCACTTCGCAAACCTGAAAGGCACTGAAACCCGTGGC
AAGCTGTGTCCGAAGTGTCTGAACTGCACCGATCTGGACGTCGCACTGGGTCGTCCGAAATGT
ACTGGTAACATTCCGTCCGCGCGTGTCTCCATCCTGCATGAAGTGCGTCCAGTGACCTCCGGC 5
TGTTTTCCGATTATGCATGATCGTACTAAAATCCGTCAGCTGCCGAACCTGCTGCGTGGTTAC
GAACACATTCGTCTGTCCACCCATAACGTTATCAACGCGGAAAACGCGCCGGGCGGTAGCTAT
AAAATCGGTACCTCTGGTTCTTGCCCGAACGTGACTAACGGTAACGGCTTCTTTGCAACCATG
GCCTGGGCGGTCCCGAAAAACGACAACAACAAGACCGCGACCAATTCCCTGACCATCGAAGTC
CCGTATATCTGCACCGAAGGTGAAGATCAAATCACGGTTTGGGGCTTCCACTCCGACAACGAG
10
GCACAAATGGCGAAACTGTACGGTGACAGCAAACCGCAAAAATTCACTAGCTCCGCTAACGGT
GTTACCACCCACTACGTTTCCCAGATCGGTGGTTTCCCAAACCAGACCGAAGATGGTGGTCTG
CCGCAGTCCGGTCGCATCGTTGTAGATTATATGGTGCAGAAAAGCGGTAAAACCGGTACCATC
ACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCGGTCGTAGCAAAGTA
ATCAAAGGTTCCCTGCCGCTGATCGGTGAAGCAGACTGCCTGCACGAGAAATACGGCGGTCTG 



15 AACAAAAGCAAGCCGTACTATACCGGCGAACATGCGAAAGCAATTGGTAACTGTCCAATTTGG
GTGAAATAGTAG SEQ ID NO: 703STF2.HA1-1 B/Mal
MAQVINTNSLSLLTQNNLNICSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 20
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA
ELVKMSYTDKNOKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADOTTKTAANQLGGV 25
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL
LATTTPTKSHFANLKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVRPVTSG
CFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPGGSYKIGTSGSCPNVTNGNGFFATM
AWAVPKNDNNKTATNSLTIEVPYICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFTSSANG 30
VTTHYVSQIGGFPNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKV
IKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVK  - 159 -
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTC CCGTAACGCTAAC GACGGTATCTC CATTGCGCAGAC CAC TGAAGGC GCGC
TGAACGAA 5
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 10
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT 15
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACC GATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGC TT 



AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
20 CATGATTTCAAAGCACAACCAGAGCTGGC GGAAGCAGC CGC TAAAAC CAC CGAAAACC
CGC TG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
25
TTAGCGAAAGGCACTGAAACCCGTGGCAAGCTGTGTCCGAAGTGTCTGAACTGCACCGATCTG
GACGTCGCACTGGGTCGTCCGAAATGTACTGGTAACATTCCGTCCGCGCGTGTCTCCATCCTG
CATGAAGTGC GTCCAGTGACCTC CGGCTGTTTTCCGATTATGCATGATCGTACTAAAATC C GT
CAGCTGCCGAAC CTGCTGCGTGGTTACGAACACATTCGTCTGTC CAC CCATAACGTTATCAAC
GCGGAAAACGCGCCGGGCGGTAGCTATAAAATCGGTACCTCTGGTTCTTGCCCGAACGTGACT
30
AACGGTAACGGCTTCTTTGCAACCATGGCCTGGGCGGTCCCGAAAAACGACAACAACAAGACC
GCGACCAATTCCCTGACCATCGAAGTCCCGTATATCTGCACCGAAGGTGAAGATCAAATCACG
GTTTGGGGCTTCCACTCCGACAACGAGGCACAAATGGCGAAACTGTACGGTGACAGCAAACCG
CAAAAATTCACTAGCTCCGCTAACGGTGTTACCACCCACTACGTTTCCCAGATCGGTGGTTTC C
CAAACCAGAC CGAAGATGGTGGTC TGCCGCAGTCCGGTCGCATCGTTGTAGATTATATGGTG  -
160-
CAGAAAAGCGGTAAAACCGGTACCATCACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTT
TGGTGCGCTTCCGGTCGTAGCAAAGTAATCAAAGGTTGATAG SEQ ID NO: 705STF2.HA1-2 B/Mal
5 MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVXVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVRDTAVTTK
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVRFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA 10
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL
LAKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVRPVTSGCFPIMHDRTKIR
QLPNLLRGYEHIRLSTHNVINAENAPGGSYKIGTSGSCPNVTNGNGFFATMAWAVPKNDNNKT 



15 ATNSLTIEVPYICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGF
PNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG SEQ ID NO: 706
nucleic acid sequence for STF2.HA1-2 B/SH
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC 20
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
25
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
30 AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT 35
AAAGcTGGCGATAAGTATTAcGccGCAGATTACGATGAAGcGAcAGGAGCAATTAAAGcTAAA  - 161
- ACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
5 AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
TTAGCGAAAGGCACTCGTACCCGCGGTAAGCTGTGCCCGGACTGCCTGAACTGTACCGATCTG
GATGTTGCACTGGGTCGTCCGATGTGCGTTGGTACCACCCCGTCTGCGAAAGCCAGCATCCTG
10 CACGAAGTTCGCCCGGTTACTTCCGGTTGTTTCCCGATTATGCATGATCGTACCAAAATTCGT
CAGCTGCCAAACCTGCTGCGTGGCTATGAAAACATTCGTCTGTCCACTCAAAACGTAATCGAT
GCAGAAAAAGCGCTGGGTGGCCCGTATCGTCTGGGTACCAGCGGCTCCTGCCCGAACGCGACG
AGCAAAAGCGGCTTCTTCGCCACCATGGCTTGGGCCGTTCCGAAAGACAACAACAAAAACGCT
ACGAACCCGCTGACCGTCGAAGTCCCGTACATCTGCACCGAAGGCGAAGATCAGATCACTGTG
15
TGGGGCTTCCACAGCGATGATAAGACCCAGATGAAAAATCTGTACGGTGACTCCAACCCGCAG
AAATTCACCTCTTCTGCTAACGGTGTAACGACCCACTACGTTTCTCAGATCGGTGGTTTCCCG
GACCAGACGGAAGATGGCGGTCTGCCTCAGTCCGGCCGCATCGTAGTTGATTACATGGTCCAG
AAACCGGGTAAGACTGGTACCATTGTTTACCAGCGTGGTGTACTGCTGCCGCAGAAGGTCTGG
TGTGCTTCCGGCCGTTCCAAGGTCATTAAGGGCTGATAG 20 SEQ ID NO: 707STF2.HA1-2 B/SH
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK 25
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL 30
LAKGTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKASILHEVRPVTSGCFPIMHDRTKIR
QLPNLLRGYENIRLSTQNVIDAEKALGGPYRLGTSGSCPNATSKSGFFATMAWAVPKDNNKNA
TNPLTVEVPYICTEGEDQITVWGFHSDDKTQMKNLYGDSNPQKFTSSANGVTTHYVSQIGGFP
DQTEDGGLPQSGRIVVDYMVQKPGRTGTIVYQRGVLLPQKVWCASGRSKVIKG  - 162 -
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG 



GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA 5
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 10
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT 15
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
20
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
25
TTAGCGAAAGGCACTAAAACCCGTGGCAAGCTGTGTCCGAAGTGTCTGAACTGCACCGATCTG
GACGTCGCACTGGGTCGTCCGAAATGTACTGGTAACATTCCGTCCGCGGAAGTCTCCATCCTG
CATGAAGTGCGTCCAGTGACCTCCGGCTGTTTTCCGATTATGCATGATCGTACTAAAATCCGT 



CAGCTGCCGAACCTGCTGCGTGGTTACGAACACATTCGTCTGTCCACCCATAACGTTATCAAC
GCGGAAAAGGCGCCGGGCGGTCCCTATAAAATCGGTACCTCTGGTTCTTGCCCGAACGTGACT
30
AACGGTAACGGCTTCTTTGCAACCATGGCCTGGGCGGTCCCGAAAAACGACAACAACAAGACC
GCGACCAATTCCCTGACCATCGAAGTCCCGTATATCTGCACCGAAGGTGAAGATCAAATCACG
ATTTGGGGCTTCCACTCCGACAGCGAGACACAAATGGCGAAACTGTACGGTGACAGCAAACCG
CAAAAATTCACTAGCTCCGCTAACGGTGTTACCACCCACTACGTTTCCCAGATCGGTGGTTTC
CCAAACCAGACCGAAGATGGTGGTCTGCCGCAGTCCGGTCGCATCGTTGTAGATTATATGGTG  -
163 -
CAGAAAAGCGGTAAAACCGGTACCATCACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTT
TGGTGCGCTTCCGGTCGTAGCAAAGTAATCAAAGGTTGATAG SEQ ID NO:709STF2.HA1-2 B/OH
5 MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYYVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA 10
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL
LAKGTKTRGKLCPKCLNCTDLDVALGRPKCTGNIPSAEVSILHEVRPVTSGCFPIMIHDRTKIR
QLPNLLRGYEHIRLSTHNVINAEKAPGGPYKIGTSGSCPNVTNGNGFFATMAWAVPKNDNNKT 15
ATNSLTIEVPYICTEGEDQITIWGFHSDSETQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGF
PNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG SEQ ID
NO:710nucleic acid sequence for STF2.HA1-2 B/LEE
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC 20
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
25
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 



GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
30 AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT 35
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA  -
164-
ACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
5 AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
TTAGCGAAAGGCACTCAGACCCGTGGCAAGCTGTGTCCGAACTGTTTCAACTGCACCGATCTG
GACGTTGCACTGGGTCGTCCGAAATGCATGGGTAACATCCCGTCTGCGAAGGTAAGCATCCTG
10 CACGAAGTTAAACCGGTAACCAGCGGCTGTTTCCCGATCATGCACGACAAAACTAAAATTCGT
CAGCTGCCGAACCTGCTGCGTGGTTATGAGAACATTCGTCTGTCTACCTCTAATGTTATCAAC
GCGGAGACTGCACCAGGTGGCCCATACAAAGTAGGTACCAGCGGTTCCTGTCCGAACGTTGCG
AATCGTAACGGCTTCTTCAACACTATGGCGTGGGTTATCCCGAAAGATAACAATAAAACTGCA
ATTAACCCGGTAACTGTAGAAGTTCCGTACATCTGCTCCGAAGGCGAGGACCAGATTACGGTA 15
TGGGGCTTTCACAGCGACGATAAAACCCAGATGGAGCGTCTGTACGGTGACTCTAACCCGCAG
AAATTCACCTCCTCCGCGAACGGCGTTACCACCCACTATGTTTCTCAGATCGGCGGTTTCCCG
AATCAGACCGAAGACGAAGGCCTGAAGCAGTCCGGCCGTATTGTTGTAGACTACATGGTTCAG
AAGCCGGGCAAAACTGGTACCATTGTATACCAGCGCGGCATCCTGCTGCCGCAGAAAGTTTGG
TGCGCTTCCGGTCGTAGCAAAGTAATCAAAGGTTGATAG 20 SEQ ID NO:711STF2.HA1-2 B/LEE
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK 25
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNICYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV
DGKTEVVTIDGKTYWASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRENSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL 30
LAKGTQTRGKLCPNCFNCTDLDVALGRPKCMGNIPSAKVSILHEVKPVTSGCFPIMHDKTKIR
QLPNLLRGYENIRLSTSNVINAETAPGGPYKVGTSGSCPNVANRNGFFNTMAWVIPKDNNKTA
INPVTVEVPYICSEGEDQITVWGFHSDDKTQMERLYGDSNPQKFTSSANGVTTHYVSQIGGFP
NQTEDEGLKQSGRIVVDYMVQKPGKTGTIVYQRGILLPQKVWCASGRSKVIKG  - 165 -
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA 



5 ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTG
10
GCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATC
ACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGAC
TACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGTACTTCCGTT
CTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCGACCACTACCCCAACC
AAATCTCACTTCGCAAACCTGAAAGGCACTGAAACCCGTGGCAAGCTGTGTCCGAAGTGTCTG 15
AACTGCACCGATCTGGACGTCGCACTGGGTCGTCCGAAATGTACTGGTAACATTCCGTCCGCG
CGTGTCTCCATCCTGCATGAAGTGCGTCCAGTGACCTCCGGCTGTTTTCCGATTATGCATGAT
CGTACTAAAATCCGTCAGCTGCCGAACCTGCTGCGTGGTTACGAACACATTCGTCTGTCCACC
CATAACGTTATCAACGCGGAAAACGCGCCGGGCGGTAGCTATAAAATCGGTACCTCTGGTTCT
TGCCCGAACGTGACTAACGGTAACGGCTTCTTTGCAACCATGGCCTGGGCGGTCCCGAAAAAC
20
GACAACAACAAGACCGCGACCAATTCCCTGACCATCGAAGTCCCGTATATCTGCACCGAAGGT
GAAGATCAAATCACGGTTTGGGGCTTCCACTCCGACAACGAGGCACAAATGGCGAAACTGTAC
GGTGACAGCAAACCGCAAAAATTCACTAGCTCCGCTAACGGTGTTACCACCCACTACGTTTCC
CAGATCGGTGGTTTCCCAAACCAGACCGAAGATGGTGGTCTGCCGCAGTCCGGTCGCATCGTT
GTAGATTATATGGTGCAGAAAAGCGGTAAAACCGGTACCATCACCTACCAGCGTGGCATCCTG 25
CTGCCGCAGAAAGTTTGGTGCGCTTCCGGTCGTAGCAAAGTAATCAAAGGTTCCCTGCCGCTG
ATCGGTGAAGCAGACTGCCTGCACGAGAAATACGGCGGTCTGAACAAAAGCAAGCCGTACTAT
ACCGGCGAACATGCGAAAGCAATTGGTAACTGTCCAATTTGGGTGAAATAGTAG SEQ ID NO: 713
STF2D2D3.HA1-1 B/MAL 30
MAQVINTNSLSLLTQNNUNKSQBALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVEVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSV
LAQANQVPQNVLSLLATTTPTKSHFANLKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSA 35
RVSILHEVRPVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPGGSYKIGTSGS  - 166 -
CPNVTNGNGFFATMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQITVWGFHSDNEAQMAKLy
GDSKPQKFTSSANGVTTHYVSQIGGFPNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGIL
LPQKVWCASGRSKVIKGSLPLIGEADCLHEKYGGLNKSKPYYTGEHAKAIGNCPIWVK 5 SEQ ID
NO:714 nucleic acid sequence for sTF2o2o3.HA1-2 B/MAL
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
10
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTG
15
GCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATC
ACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGAC
TACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGTACTTCCGTT
CTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCGAAAGGCACTGAAACC
CGTGGCAAGCTGTGTCCGAAGTGTCTGAACTGCACCGATCTGGACGTCGCACTGGGTCGTCCG
20 AAATGTACTGGTAACATTCCGTCCGCGCGTGTCTCCATCCTGCATGAAGTGCGTCCAGTGACC
TCCGGCTGTTTTCCGATTATGCATGATCGTACTAAAATCCGTCAGCTGCCGAACCTGCTGCGT
GGTTACGAACACATTCGTCTGTCCACCCATAACGTTATCAACGCGGAAAACGCGCCGGGCGGT
AGCTATAAAATCGGTACCTCTGGTTCTTGCCCGAACGTGACTAACGGTAACGGCTTCTTTGCA
ACCATGGCCTGGGCGGTCCCGAAAAACGACAACAACAAGACCGCGACCAATTCCCTGACCATC
25
GAAGTCCCGTATATCTGCACCGAAGGTGAAGATCAAATCACGGTTTGGGGCTTCCACTCCGAC
AACGAGGCACAAATGGCGAAACTGTACGGTGACAGCAAACCGCAAAAATTCACTAGCTCCGCT
AACGGTGTTACCACCCACTACGTTTCCCAGATCGGTGGTTTCCCAAACCAGACCGAAGATGGT
GGTCTGCCGCAGTCCGGTCGCATCGTTGTAGATTATATGGTGCAGAAAAGCGGTAAAACCGGT
ACCATCACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCGGTCGTAGC
30 AAAGTAATCAAAGGTTGATAG SEQ ID NO:715 sTF2o2o3.11A1-2 B/MAL
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV 35
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQTTENPLQKIDAAL  



- 167- AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSV
LAQANQVPQNVLSLLAKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVRPVT
SGCFPIMEDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPGGSYKIGTSGSCPNVTNGNGFFA
TMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFTSSA 5
NGVTTHYVSQIGGFPNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRS
KVIKG SEQ ID NO:716 nucleic acid sequence for STF2D2D3.HA1-2 B/SH
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC 10
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
15
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTG
GCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATC
ACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGAC 20
TACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGTACTTCCGTT
CTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCGAAAGGCACTCGTACC
CGCGGTAAGCTGTGCCCGGACTGCCTGAACTGTACCGATCTGGATGTTGCACTGGGTCGTCCG
ATGTGCGTTGGTACCACCCCGTCTGCGAAAGCCAGCATCCTGCACGAAGTTCGCCCGGTTACT
TCCGGTTGTTTCCCGATTATGCATGATCGTACCAAAATTCGTCAGCTGCCAAACCTGCTGCGT 25
GGCTATGAAAACATTCGTCTGTCCACTCAAAACGTAATCGATGCAGAAAAAGCGCTGGGTGGC
CCGTATCGTCTGGGTACCAGCGGCTCCTGCCCGAACGCGACGAGCAAAAGCGGCTTCTTCGCC
ACCATGGCTTGGGCCGTTCCGAAAGACAACAACAAAAACGCTACGAACCCGCTGACCGTCGAA
GTCCCGTAcATCTGCAcCGAAGGCGAAGATCAGATcAcTsTGTGGGGCTTCCAcAGCGATGAT
AAGACCCAGATGAAAAATCTGTACGGTGACTCCAACCCGCAGAAATTCACCTCTTCTGCTAAC 30
GGTGTAACGACCCACTACGTTTCTCAGATCGGTGGTTTCCCGGACCAGACGGAAGATGGCGGT
CTGCCTCAGTCCGGCCGCATCGTAGTTGATTACATGGTCCAGAAACCGGGTAACACTGGTACC
ATTGTTTACCAGCGTGGTGTACTGCTGCCGCAGAAGGTCTGGTGTGCTTCCGGCCGTTCCAAG
GTCATTAAGGGCTGATAG  - 168 -
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSV 5
LAQANQVPQNVLSLLAKGTRTRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKASILHEVRPVT
SGCFPIMHDRTKIRQLPNLLRGYENIRLSTQNVIDAEKALGGPYRLGTSGSCPNATSKSGFFA
TMAWAVPKDNNKNATNPLTVEVPYICTEGEDQITVWGFHSDDKTQMKNLYGDSNPQKFTSSAN
GVTTHYVSQIGGFPDQTEDGGLPQSGRIVVDYMVQKPGKTGTIVYQRGVLLPQKVWCASGRSK VI
KG 10 SEQ ID 1'TO:718 nucleic acid sequence for STF2D2D3.HA1-2 8/OH
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
15
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG 20
GGTCTGGACTCACTGAACGTGCAGACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTG
GCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATC
ACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGAC
TACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAGGCCGGTACTTCCGTT
CTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCGAAAGGCACTAAAACC
25
CGTGGCAAGCTGTGTCCGAAGTGTCTGAACTGCACCGATCTGGACGTCGCACTGGGTCGTCCG
AAATGTACTGGTAACATTCCGTCCGCGGAAGTCTCCATCCTGCATGAAGTGCGTCCAGTGACC
TCCGGCTGTTTTCCGATTATGCATGATCGTACTAAAATCCGTCAGCTGCCGAACCTGCTGCGT
GGTTACGAACACATTCGTCTGTCCACCCATAACGTTATCAACGCGGAAAAGGCGCCGGGCGGT
CCCTATAAAATCGGTACCTCTGGTTCTTGCCCGAACGTGACTAACGGTAACGGCTTCTTTGCA 30
ACCATGGCCTGGGCGGTCCCGAAAAACGACAACAACAAGACCGCGACCAATTCCCTGACCATC
GAAGTCCCGTATATCTGCACCGAAGGTGAAGATCAAATCACGATTTGGGGCTTCCACTCCGAC
AGCGAGACACAAATGGCGAAACTGTACGGTGACAGCAAACCGCAAAAATTCACTAGCTCCGCT
AACGGTGTTACCACCCACTACGTTTCCCAGATCGGTGGTTTCCCAAACCAGACCGAAGATGGT
GGTCTGCCGCAGTCCGGTCGCATCGTTGTAGATTATATGGTGCAGAAAAGCGGTAAAACCGGT  -
169 -
ACCATCACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCGGTCGTAGC
AAAGTAATCAAAGGTTGATAG SEQ ID NO:719 STF2D2D3.HA1-2 B/OH 5
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVXVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSV
LAQANQVPQNVLSLLAKGTRTRGKLCPKCLNCTDLDVALGRPKCTGNIPSAEVSILHEVRPVT 



10 SGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAEKAPGGPYKIGTSGSCPNVTNGNGFFA
TMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQITIWGFHSDSETQMAKLYGDSKPQKFTSSA
NGVTTHYVSQIGGFPNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRS 1Q/1
KG 15 SEQ ID NO:720 nucleic acid sequence for STF2D2D3.HA1-2 B/LEE
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
20
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG 25
GGTCTGGACTCACTGAACGTGCAGACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTG
GCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATC
ACCAACCTOGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGAC
TACGCGACCGAAGTTTCCAACATOTCTCGCGCGCAGATTCTGCAGCAGGCCGOTACTTCCGTT
CTOGCGCAGGCTAACCAGGTCCCGCAGAACGTOCTOTCTCTGTTAGCGAAAGGCACTCAGACC
30
CGTGGCAAGCTGTGTCCGAACTGTTTCAACTGCACCGATCTGGACGTTGCACTGGGTCGTCCG
AAATGCATGGGTAACATCCCGTCTGCGAAGGTAAGCATCCTGCACGAAGTTAAACCGGTAACC
AGCGGCTGTTTCCCGATCATGCACGACAAAACTAAAATTCGTCAGCTGCCGAACCTGCTGCGT
GGTTATGAGAACATTCGTCTGTCTACCTCTAATGTTATCAACGCGGAGACTGCACCAGGTGGC
CCATACAAAGTAGGTACCAGCGGTTCCTGTCCGAACGTTGCGAATCGTAACGGCTTCTTCAAC 35
ACTATGGCGTGGGTTATCCCGAAAGATAACAATAAAACTGCAATTAACCCGGTAACTGTAGAA  -
170 -
GTTCCGTACATCTGCTCCGAAGGCGAGGACCAGATTACGGTATGGGGCTTTCACAGCGACGAT
AAAACCCAGATGGAGCGTCTGTACGGTGACTCTAACCCGCAGAAATTCACCTCCTCCGCGAAC
GGCGTTACCACCCACTATGTTTCTCAGATCGGCGGTTTCCCGAATCAGACCGAAGACGAAGGC
CTGAAGCAGTCCGGCCGTATTGTTGTAGACTACATGGTTCAGAAGCCGGGCAAAACTGGTACC 



5 ATTGTATACCAGCGCGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCGGTCGTAGCAAA
GTAATCAAAGGTTGATAG SEQ ID NO:721 STF2D2D3.HA1-2 B/LEE
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ 10
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSV
LAQANQVPQNVLSLLAKGTQTRGKLCPNCENCTELDVALGRPKCMGNIPSAKVSILHEVKPVT
SGCFPIMHDKTKIRQLPNLLRGYENIRLSTSNVINAETAPGGPYKVGTSGSCPNVANANGFEN 15
TMAWVIPKENNKTAINPVTVEVPYICSEGEDQITVWGEHSDEKTQMERLYGDSNPQKFTSSAN
GVTTHYVSQIGGFPNQTEDEGLKQSGRIVVDYMVQKPGKTGTIVYQRGILLPQKVWCASGRSK VI KG
SEQ ID NO:722 nucleic acid sequence for STF2D0D2D3.HA1-2 B/MAL 20
ATGGGCCAAGCTATTGCTAACCGTTTCACCGCTAACATTAAAGGTCTGACTCAAGCTTCTCGT
AACGCAAACGATGGCATCAGCATCGCGCAGACCACCGAAGGTGCACTGAACGAAATCAACAAC
AATCTGCAGCGTGTACGTGAACTGGCTGTGCAGTCCGCTAATTCCACCAACTCCCAGTCTGAT
CTGGATTCCATCCAAGCGGAAATTACTCAGCGTCTGAATGAAATCGACCGCGTATCCGGCCAG
ACTCAGTTCAACGGTGTGAAGGTTCTGGCGCAGGATAACACTCTGACTATCCAGGTTGGCGCT
25
AATGATGGCGAGACGATCGATATTGACCTGAAGCAGATTAATTCCCAGACGCTGGGCCTGGAT
TCCCTGAACGTCCAGACTACCGAAAACCCGCTGCAGAAAATCGACGCAGCACTGGCTCAGGTT
GATGCACTGCGCTCTGACCTGGGCGCGGTTCAGAACCGCTTTAACTCTGCTATCACCAACCTG
GGCAACACCGTTAACAATCTGAGCGAAGCTAAAGGATCCAAAGGCACTGAAACCCGTGGCAAG
CTGTGTCCGAAGTGTCTGAACTGCACCGATCTGGACGTCGCACTGGGTCGTCCGAAATGTACT
30
GGTAACATTCCGTCCGCGCGTGTCTCCATCCTGCATGAAGTGCGTCCAGTGACCTCCGGCTGT
TTTCCGATTATGCATGATCGTACTAAAATCCGTCAGCTGCCGAACCTGCTGCGTGGTTACGAA
CACATTCGTCTGTCCACCCATAACGTTATCAACGCGGAAAACGCGCCGGGCGGTAGCTATAAA
ATCGGTACCTCTGGTTCTTGCCCGAACGTGACTAACGGTAACGGCTTCTTTGCAACCATGGCC
TGGGCGGTCCCGAAAAACGACAACAACAAGACCGCGACCAATTCCCTGACCATCGAAGTCCCG
35
TATATCTGCACCGAAGGTGAAGATCAAATCACGGTTTGGGGCTTCCACTCCGACAACGAGGCA  -
171 -
CAAATGGCGAAACTGTACGGTGACAGCAAACCGCAAAAATTCACTAGCTCCGCTAACGGTGTT
ACCACCCACTACGTTTCCCAGATCGGTGGTTTCCCAAACCAGACCGAAGATGGTGGTCTGCCG
CAGTCCGGTCGCATCGTTGTAGATTATATGGTGCAGAAAAGCGGTAAAACCGGTACCATCACC
TACCAGCGTGGCATCCTGCTGCCGCAGAAAGTTTGGTGCGCTTCCGGTCGTAGCAAAGTAATC 5
AAAGGTTGATAG SEQ ID NO:723 STF2D0D2D3.HA1-2 B/MAL
MGQATANAFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD 10
SLNVQTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEAKGSKGTETRGK
LCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVRPVTSGCFPIMHDRTKIRQLPNLLRGYE
HIRLSTHNVINAENAPGGSYKIGTSGSCPNVTNGNGFFATMAWAVPKNDNNKTATNSLTIEVP
YICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQTEDGGLP
QSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG 15 SEQ ID NO:724 nucleic acid
sequence for STF2.HA1-2 Anhui
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
20
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG 



25 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT 30
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA 35
ACTAcAAGTTATACTGcTGCTGAcGGcAcTAccAAAAcAGcGGcTAACCAAcTGGGTGGcGTA  - 172-
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT 5
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGAGCCTG
TTAGCAAGCGTTAAACCGCTGATTCTGCGCGACTGCTCTGTCGCGGGTTGGCTGCTGGGTAAC
CCGATGTGCGACGAGTTCATTAATGTTCCGGAATGGTCTTACATTGTCGAAAAAGCGAACCCG
GCTAACGACCTGTGTTACCCAGGCAACTTCAACGATTATGAAGAACTGAAACACCTGCTGTCC 10
CGTATTAACCATTTCGAAAAGATCCAAATCATTCCAAAGTCCTCCTGGTCCGATCATGAAGCA
TCCTCCGGTGTGTCTTCCGCATGTCCATATCAGGGTACTCCGTCTTTCTTCCGTAACGTGGTT
TGGCTGATCAAAAAGAACAACACCTACCCGACGATCAAGCGCTCCTACAACAACACCAACCAG
GAAGATCTGCTGATCCTGTGGGGTATTCACCATTCTAACGACGCAGCAGAGCAGACCAAACTG
TACCAGAACCCAACCACGTACATCAGCGTGGGTACCAGCACCCTGAACCAGCGTCTGGTGCCG
15 AAAATCGCTACCCGTTCCAAAGTGAACGGCCAGTCCGGTCGTATGGACTTCTTTTGGACCATT
CTGAAACCGAACGATGCTATCAACTTTGAATCCAACGGCAATTTCATCGCACCTGAGTATGCG
TATAAAATCGTTAAAAAGGGCGATTCCGCTATCGTGAAGAGCGAGTGATAG SEQ ID NO:725
STF2.HA1-2 Anhui 20
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA 25
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL
LASVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPANDLCYPGNFNDYEELKHLLS
RINEFEKIQIIPKSSWSDHEASSGVSSACPYQGTPSFFRNVVWLIKKNNTYPTIKRSYNNTNQ 30
EDLLILWGIHHSNDAAEQTKLYQNPTTYISVGTSTLNQRLVPKIATRSKVNGQSGRMDFFWTI
LKPNDAINFESNGNFIAPEYAYKIVKKGDSAIVKSE SEQ ID NO:726nucleic acid sequence for
STF2.13E
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC 35
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA  



- 173 -
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA 5
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACACTGGATGTATCGGGTCTTGATGATGCAGCTATTAAAGCG
GCTACGGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
10 AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGCTGGCGCAACTAAAACCACA
ATGCCTGCTGGTGCGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT 15
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
20 AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
TTAGCGGAGGAAGAGGAAGAGGAAGAAGAGGAAGAGGAAGAGGAATGATAG 25 SEQ ID
NO:727STF2.13E
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD 30
YEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKNALIAGGVLATDANGA
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV
DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL
LAEEEEEEEEEEEEE  - 174 - SEQ ID NO:728 nucleic acid sequence forSTF2(2CS).HA1-2 B/MAL
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG 5
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG 10
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACACTGGATGTAGGCTTGTTCGGCGCTATTGCTGGTTTCATT
GAAGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAAT
AACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGATTAT
GAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGGCTTGTTCGGCGCTATTGCTGGT 15
TTCATTGAAACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCA
GATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTG
GTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCT
GGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACTACA
AGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGT
20 AAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGAT
TTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAA
ATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGT
TTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGT
ATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTCTGCAGCAG
25
GCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTAGCG
AAAGGCACTGAAACCCGTGGCAAGCTGTGTCCGAAGTGTCTGAACTGCACCGATCTGGACGTC
GCACTGGGTCGTCCGAAATGTACTGGTAACATTCCGTCCGCGCGTGTCTCCATCCTGCATGAA
GTGCGTCCAGTGACCTCCGGCTGTTTTCCGATTATGCATGATCGTACTAAAATCCGTCAGCTG
CCGAACCTGCTGCGTGGTTACGAACACATTCGTCTGTCCACCCATAACGTTATCAACGCGGAA 30
AACGCGCCGGGCGGTAGCTATAAAATCGGTACCTCTGGTTCTTGCCCGAACGTGACTAACGGT
AACGGCTTCTTTGCAACCATGGCCTGGGCGGTCCCGAAAAACGACAACAACAAGACCGCGACC
AATTCCCTGACCATCGAAGTCCCGTATATCTGCACCGAAGGTGAAGATCAAATCACGGTTTGG
GGCTTCCACTCCGACAACGAGGCACAAATGGCGAAACTGTACGGTGACAGCAAACCGCAAAAA
TTCACTAGCTCCGCTAACGGTGTTACCACCCACTACGTTTCCCAGATCGGTGGTTTCCCAAAC 35
CAGACCGAAGATGGTGGTCTGCCGCAGTCCGGTCGCATCGTTGTAGATTATATGGTGCAGAAA  -
175 -
AGCGGTAAAACCGGTACCATCACCTACCAGCGTGGCATCCTGCTGCCGCAGAAAGTTTGGTGC
GCTTCCGGTCGTAGCAAAGTAATCAAAGGTTGATAG SEQ ID NO:729STF2(2CS).HA1-2 B/MAL
(fusion of HA1-2 to the 5 C terminus and fusion of 2 Hl/H5 CS into D3)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVEVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVGLFGAIAGFIEGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGDY 



10 EVNVATDGTVTLAGLFGAIAGFIETTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGAEL
VKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDG
KTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNR
FNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLA
KGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVRPVTSGCFPIMHDRTKIRQL 15
PNLLRGYEHIRLSTHNVINAENAPGGSYKIGTSGSCPNVTNGNGFFATMAWAVPKNDNNKTAT
NSLTIEVPYICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGFPN
QTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG SEQ ID NO:730nucleic
acid sequence for STF2(2CS).4M2e(HU) 20
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
25
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACGCTGGATGTAGGCTTGTTCGGCGCTATTGCTGGTTTCATT 30
GAAGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAAT
AACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGATTAT
GAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGGGCTTGTTCGGCGCTATTGCTGGT
TTCATTGAAACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTTTCAGCA
GATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCTGAGTTG 35
GTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCT  -
176 -
GGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAAACCACA
AGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGT
AAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGTCATGAT
TTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAA 5
ATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGT
TTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGT
ATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTGCAGCAG
GCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTGTTACGT
CTGAGCTTGCTGACTGAGGTTGAGACCCCGATTCGCAACGAATGGGGTTCCCGTTCCAACGAT
10
TCTTCCGACCCGCTCGAGAGCCTGTTGACCGAGGTTGAAACCCCTATCCGTAATGAATGGGGC
TCCCGTAGCAACGACTCTTCTGACCCAGGATCCTCCCTCTTGACCGAAGTGGAAACGCCTATT
CGTAATGAGTGGGGTTCTCGTAGCAATGACAGCTCGGACCCGGAGCTCTCGCTGCTGACGGAA
GTGGAGACTCCGATCCGTAACGAGTGGGGCTCTCGCTCTAACGATAGCTCAGACCCGTCTAGA
TAATAA 



15 SEQ ID NO:731 STF2(2CS).4M2e(HU) (Fusion of 4xM2e to the C terminus and fusion of 2 Hl/H5
CS into D3)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV 20
SGQTQFNGVICVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVGLFGAIAGFIEGGTNGTASVTGGAVXFDADNNKYFVTIGGFTGADAAKNGDY
EVNVATDGTVTLAGLFGAIAGFIETTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGAEL
VYMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDG
RTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNR 25
FNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLR
LSLLTEVETPIRNEWGSRSNDSSDPLESLLTEVETPIRNEWGSRSNDSSDPGSSLLTEVETPI
RNEWGSRSNDSSDPELSLLTEVETPIRNEWGSRSNDSSDPSR SEQ ID NO:732nucleic acid
sequence for 30STF2(2CS+R).4M2e(HD)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
35
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC  -
177 -
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 5
GCTTATGCCAATAATGGTACTACGCTGGATGTACGCGGCTTGTTCGGCGCTATTGCTGGTTTC
ATTGAAGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGAT
TATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCGCGCGGCTTGTTCGGCGCTATT
GCTGGTTTCATTGARACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCGGCAGTTGTT 10
TCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGCGCT
GAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCGCTT
AAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCTAAA
ACCACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGCGTA
GACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCTGGT
15
CATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCGCTG
CAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTACAA
AACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCGCGT
AGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATTTTG
CAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGTCTCTG
20
TTACGTCTGAGCTTGCTGACTGAGGTTGGACCCCGATTCGCAACGAATGGGGTTCCCGTTCCA
ACGATTCTTCCGACCCGCTCGAGAGCCTGTTGACCGAGGTTGAAACCCCTATCCGTAATGAAT
GGGGCTCCCGTAGCAACGACTCTTCTGACCCAGGATCCTCCCTCTTGACCGAAGTGGAAACGC
CTATTCGTAATGAGTGGGGTTCTCGTAGCAATGACAGCTCGGACCCGGAGCTCTCGCTGCTGA
CGGAAGTGGAGACTCCGATCCGTAACGAGTGGGGCTCTCGCTCTAACGATAGCTCAGACCCGT
25 CTAGATAATAA SEQ ID NO:733STF2(2CS+R).4M2e(HU) (fusion of 4xM2e to the C terminus and
fusion of 2 H1/H5 CS into D3; conserved R residue added to the N-terminus of CS) 30
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK 



AYANNGTTLDVRGLFGAIAGFIEGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGD
YEVNVATDGTVTLARGLFGAIAGFIETTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGA 35
ELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGV  - 178
- DGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQ
NRENSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSL
LRLSLLTEVETPIRNEWGSRSNDSSDPLESLLTEVETPIRNEWGSRSNDSSDPGSSLLTEVET
PIRNEWGSRSNDSSDPELSLLTEVETPIRNEWGSRSNESSDPSR 5 SEQ ID NO:734nucleic acid
forSTF24CS.4M2e (HU) (2xCS in Region 1 and 2xCS in Reg3)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
10
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
15 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACGCTGGATGTACGCGGCTTGTTCGGCGCTATTGCTGGTTTC
ATTGAACGTGGCCTCTTCGGTGCGATCGCCGGGTTCATCGAGGGTGGTACGAATGGTACGGCT
TCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGATAATAACAAGTACTTTGTTACTATTGGT 20
GGCTTTACTGGTGCTGATGCCGCCAAAAATGGCGATTATGAAGTTAACGTTGCTACTGACGGT
ACAGTAACCCTTGCGCGTGGTCTGTTTGGGGCGATCGCGGGCTTTATCGAGCGCGGCCTCTTC
GGTGCCATTGCCGGGTTCATTGAGACAACTAAAACAGAAGTACAGGAGTTAAAAGATACACCG
GCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCT
AATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGT 25
TATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATT
AAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTG
GGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAA
GCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAA
AACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGT
30 GCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCT
GAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCG
CAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTG
CTGTCTCTGTTACGTCTGAGCTTGCTGACTGAGGTTGAGACCCCGATTCGCAACGAATGGGGT
TCCCGTTCCAACGATTCTTCCGACCCGCTCGAGAGCCTGTTGACCGAGGTTGAAACCCCTATC 35
cGTAATGAATGGGGCTCCCGTAGCAACGAcTcTTCTGACCCAGGATCCTCCCTCTTGACCGAA  -
179 -
GTGGAAACGCCTATTCGTAATGAGTGGGGTTCTCGTAGCAATGACAGCTCGGACCCGGAGCTC
TCGCTGCTGACGGAAGTGGAGACTCCGATCCGTAACGAGTGGGGCTCTCGCTCTAACGATAGC
TCAGACCCGTCTAGATAATAA 5 SEQ ID NO: 735 STF24CS.4M2e (Hu) (2xCS in Region 1 and
2xCS in Reg3)(fusionof 4xM2e to the C terminus and fusion of 4 1-11/1-15 CS into portions of D3).
AQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRETANIKGLTQA
SRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVS 10
GQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKA
YANNGTTLDVRGLFGAIAGFIERGLFGAIAGFIEGGTNGTASVTGGAVREDADNNKYFVTIGG
FTGADAAKNGDYEVNVATDGTVTLARGLFGAIAGFIERGLFGAIAGFIETTKTEVQELKDTPA
VVSADAKNALIAGGVDATDANGAELVEMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIK
AKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTEN 15
PLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQ
ILQQAGTSVLAQANQVPQNVLSLLRLSLLTEVETPIRNEWGSRSNDSSDPLESLLTEVETPIR
NEWGSRSNDSSDPGSSLLTEVETPIRNEWGSRSNDSSDPELSLLTEVETPIRNEWGSRSNDSS
DPSR 20 SEQ ID NO:736nucleic acid sequence for STF2(4CS:Reg1234).4M2e(HU)
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG 



25
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG 30
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTTATGCCAATAATGGTACTACGCTGGATGTACGCGGCTTGTTCGGCGCTATTGCTGGTTTC
ATTGAAGGTGGTACGAATGGTACGGCTTCTGTAACCGGTGGTGCGGTTAAATTTGACGCAGAT
AATAACAAGTACTTTGTTACTATTGGTGGCTTTACTCGCGGCTTGTTCGGCGCTATTGCTGGT
TTCATTGAAAAAAATGGCGATTATGAAGTTAACGTTGCTACTGACGGTACAGTAACCCTTGCG 35
CGCGGCTTGTTCGGCGCTATTGCTGGTTTCATTGAAACAACTAAAACAGAAGTACAGGAGTTA  -
180 -
AAAGATACACCGGCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCCGCGGC
TTGTTCGGCGCTATTGCTGGTTTCATTGAAGAGTTGGTCAAAATGTCTTATACCGATAAAAAT
GGTAAGACAATTGAAGGCGGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTAC
GATGAAGCGACAGGAGCAATTAAAGCTAAAACCACAAGTTATACTGCTGCTGACGGCACTACC 5
AAAACAGCGGCTAACCAACTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGT
AAAACCTACAATGCCAGCAAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAA
GCAGCCGCTAAAACCACCGAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGAT
GCGCTGCGCTCTGATCTGGGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGC
AATACCGTAAACAATCTGTCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAA 10
GTTTCCAACATGTCTCGCGCGCAGATTTTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCT
AACCAGGTCCCGCAGAACGTGCTGTCTCTGTTACGTCTGAGCTTGCTGACTGAGGTTGAGACC
CCGATTCGCAACGAATGGGGTTCCCGTTCCAACGATTCTTCCGACCCGCTCGAGAGCCTGTTG
ACCGAGGTTGAAACCCCTATCCGTAATGAATGGGGCTCCCGTAGCAACGACTCTTCTGACCCA
GGATCCTCCCTCTTGACCGAAGTGGAAACGCCTATTCGTAATGAGTGGGGTTCTCGTAGCAAT 15
GACAGCTCGGACCCGGAGCTCTCGCTGCTGACGGAAGTGGAGACTCCGATCCGTAACGAGTGG
GGCTCTCGCTCTAACGATAGCTCAGACCCGTCTAGATAATAA SEQ ID
NO:737STF2(4CS:Reg1234).4m2e(HU)(fusion of 4xM2e to the C terminus and fusion of 4 H1/H5 CS
into portions of 20D3).
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQALANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AYANNGTTLDVRGLFGAIAGFIEGGTNGTASVTGGAVKFDADNNKYFVTIGGFTRGLFGAIAG 25
FIEKNGDYEVNVATDGTVTLARGLFGAIAGFIETTKTEVQELKDTPAVVSADAKNALIAGGRG
LFGAIAGFIEELVXMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAADGTT
KTAANQLGGVDGKTEVVPIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAALAQVD
ALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRAQILQQAGTSVLAQA
NQVPQNVLSLLRLSLLTEVETPIRNEWGSRSNDSSDPLESLLTEVETPIRNEWGSRSNDSSDP 30
GSSLLTEVETPIRNEWGSRSNDSSDPELSLLTEVETPIRNEWGSRSNDSSDPSR SEQ ID
NO:738nucleic acid sequence for STF2D3.HA1-1 SI
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCOCACTGGGCACCGCTATCGAGCGTCTOTCTTCTGGTCTGCGTATCAACAGCGCGAAA
35
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG  -
181 -
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
5 GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTGCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGAT
GCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGC
GGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCA
10 ATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAA
CTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGC
AAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACC
GAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTG
GGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTG 



15
TCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC
GCGCAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCGTCTCATAACGGTAAACTGTGCCTGCTGAAAGGTATCGCACCACTG
CAGCTGGGTAACTGTTCTGTAGCAGGTTGGATCCTGGGTAACCCGGAATGTGAGCTGCTGATT
TCTCGTGAAAGCTGGTCTTACATCGTCGAGAAACCGAACCCGGAAAATGGTACTTGCTACCCG 20
GGTCATTTCGCAGATTACGAAGAACTGCGCGAACAGCTGTCTTCTGTTTCTTCCTTCGAGCGT
TTCGAAATCTTCCCGAAAGAATCCTCTTGGCCGAACCACACTACTACCGGCGTGTCTGCGTCC
TGCAGCCACAACGGCGAAAGCTCCTTCTACAAAAACCTGCTGTGGCTGACCGGCAAGAACGGT
CTGTATCCGAACCTGAGCAAAAGCTATGCTAACAACAAAGAGAAAGAAGTGCTGGTACTGTGG
GGTGTTCACCACCCTCCGAACATTGGCGATCAGCGCGCTCTGTACCACAAAGAAAACGCATAC
25 GTAAGCGTTGTGTCTTCTCACTACAGCCGTAAATTCACGCCGGAAATCGCTAAACGCCCTAAA
GTGCGTGACCAGGAAGGTCGCATCAACTACTATTGGACCCTGCTGGAACCTGGTGACACCATT
ATCTTCGAAGCAAACGGTAATCTGATCGCACCTCGTTATGCTTTCGCCCTGTCTCGTGGTTTT
GGTTCCGGCATTATCAACTCTAACGCGCCGATGGATGAATGCGATGCGAAATGCCAGACCCCG
CAGGGCGCGATTAACAGCTCTCTGCCGTTCCAGAACGTTCACCCGGTTACCATCGGTGAATGC
30 CCGAAATACGTTCGTTAATAA SEQ ID NO:739STF2D3.HA1-1 SI
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV 35
SGQTQFNGVRVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK  - 182 -
AAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGA
IKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTT
ENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSR
AQILQQAGTSVLAQANQVPQNVLSLLASENGKLCLLKGIAPLQLGNCSVAGWILGNPECELLI 5
sREswsnvEKIDNIDENGTcYPGHFADYEELREQLssvssFERFEIFPKEsswIDNIITTTGvSAs
CSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAY
VSVVSSHYSRKFTPEIAKRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGF
GSGIINSNAPMDECDAKCQTPQGAINSSLPFQNVHPVTIGECPKYVR 10 SEQ ID NO:740nucleic acid
sequence for STF2D3N.HA1-1 SI
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
15
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG 20
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC 



GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
25 CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGAGC
CTGTTAGCGTCTCATAACGGTAAACTGTGCCTGCTGAAAGGTATCGCACCACTGCAGCTGGGT
AACTGTTCTGTAGCAGGTTGGATCCTGGGTAACCCGGAATGTGAGCTGCTGATTTCTCGTGAA 30
AGCTGGTCTTACATCGTCGAGAAACCGAACCCGGAAAATGGTACTTGCTACCCGGGTCATTTC
GCAGATTACGAAGAACTGCGCGAACAGCTGTCTTCTGTTTCTTCCTTCGAGCGTTTCGAAATC
TTCCCGAAAGAATCCTCTTGGCCGAACCACACTACTACCGGCGTGTCTGCGTCCTGCAGCCAC
AACGGCGAAAGCTCCTTCTACAAAAACCTGCTGTGGCTGACCGGCAAGAACGGTCTGTATCCG
AACCTGAGCAAAAGCTATGCTAACAACAAAGAGAAAGAAGTGCTGGTACTGTGGGGTGTTCAC 35
CACCCTCCGAACATTGGCGATCAGCGCGCTCTGTACCACAAAGAAAACGCATACGTAAGCGTT  -
183 -
GTGTCTTCTCACTACAGCCGTAAATTCACGCCGGAAATCGCTAAACGCCCTAAAGTGCGTGAC
CAGGAAGGTCGCATCAACTACTATTGGACCCTGCTGGAACCTGGTGACACCATTATCTTCGAA
GCAAACGGTAATCTGATCGCACCTCGTTATGCTTTCGCCCTGTCTCGTGGTTTTGGTTCCGGC
ATTATCAACTCTAACGCGCCGATGGATGAATGCGATGCGAAATGCCAGACCCCGCAGGGCGCG 5
ATTAACAGCTCTCTGCCGTTCCAGAACGTTCACCCGGTTACCATCGGTGAATGCCCGAAATAC
GTTCGTTAATAA SEQ ID NO:741STF2D3N.HA1-1 SI
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD 10
LDSIQAEITQRLNEIDRVSGQTQFNGVXVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTICAAVVSADAICNALIAGGVDATDANGAELVICMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLASHNGKLCLLKGIAPLQLG 15
NCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEI
FPKESSWPNHTTTGVSASCSENGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVH
HPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFE
ANGNLIAPRYAFALSRGFGSGIINSNAPMDECDAKCQTPQGAINSSLPFQNVHPVTIGECPKY VR 20
SEQ ID NO:742nucleic acid sequence for STF2D3NCs.HA1-1 SI 



ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
25
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC 30
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
35
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
- 184 -
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGTCTCATAACGGTAAACTGTGC
CTGCTGAAAGGTATCGCACCACTGCAGCTGGGTAACTGTTCTGTAGCAGGTTGGATCCTGGGT 5
AACCCGGAATGTGAGCTGCTGATTTCTCGTGAAAGCTGGTCTTACATCGTCGAGAAACCGAAC
CCGGAAAATGGTACTTGCTACCCGGGTCATTTCGCAGATTACGAAGAACTGCGCGAACAGCTG
TCTTCTGTTTCTTCCTTCGAGCGTTTCGAAATCTTCCCGAAAGAATCCTCTTGGCCGAACCAC
ACTACTACCGGCGTGTCTGCGTCCTGCAGCCACAACGGCGAAAGCTCCTTCTACAAAAACCTG
CTGTGGCTGACCGGCAAGAACGGTCTGTATCCGAACCTGAGCAAAAGCTATGCTAACAACAAA
10
GAGAAAGAAGTGCTGGTACTGTGGGGTGTTCACCACCCTCCGAACATTGGCGATCAGCGCGCT
CTGTACCACAAAGAAAACGCATACGTAAGCGTTGTGTCTTCTCACTACAGCCGTAAATTCACG
CCGGAAATCGCTAAACGCCCTAAAGTGCGTGACCAGGAAGGTCGCATCAACTACTATTGGACC
CTGCTGGAACCTGGTGACACCATTATCTTCGAAGCAAACGGTAATCTGATCGCACCTCGTTAT
GCTTTCGCCCTGTCTCGTGGTTTTGGTTCCGGCATTATCAACTCTAACGCGCCGATGGATGAA 15
TGCGATGCGAAATGCCAGACCCCGCAGGGCGCGATTAACAGCTCTCTGCCGTTCCAGAACGTT
CACCCGGTTACCATCGGTGAATGCCCGAAATACGTTCGTTAATAA SEQ ID
NO:743STF2D3NCS.HA1-1 SI
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD 20
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQSHNGKLCLLKGIAPLQLGNCSVAGWILG 25
NPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNH
TTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRA
LYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRY
AFALSRGFGSGIINSNAPMDECDAKCQTPQGAINSSLPFQNVHPVTIGECPKYVR 



30 SEQ ID NO:744 nucleic acid sequence STF2D3.HA1-1 VN
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
35
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC  -
185 -
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA 5
GCTGCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGAT
GCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGC
GGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCA
ATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAA
CTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGC
10
AAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACC
GAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTG
GGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTG
TCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC
GCGCAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
15
GTGCTGAGCCTGTTAGCGGAGAAGAAACACAATGGCAAACTGTGTGATCTGGATGGTGTGAAA
CCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAACCCTATGTGTGACGAA
TTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCTGTCAACGATCTGTGT
TACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATCAATCACTTC
GAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCTCTGGGCGTATCC 20
TCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTTTGGCTGATCAAGAAA
AACTCCACCTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAAGACCTGCTGGTT
CTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAGAACCCGACC
ACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCGTATCGCAACCCGC
AGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATCCTGAAACCGAACGAC
25 GCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTACAAAATCGTAAAG
AAAGGTGATAGCACTATCATGAAATCCGAGCTGGAATATGGCAACTGTAACACCAAATGCCAG
ACCCCGATGGGTGCAATCAACTCCTCCATGCCGTTTCACAACATTCACCCGCTGACTATCGGC
GAATGTCCGAAATACGTTAAATAGTAAGCTGAGC 30 SEQ ID NO:7455TF2D3.HA1-1 VN
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVXVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK 35
AAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGA  -
186- IKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTT
ENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSR
AQILQQAGTSVLAQANQVPQNVLSLLAEKKHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDE
FINVPEWSYIVEKANPVNDLCYPGDENDYEELKHLLSRINHFEKIQIIPKSSWSSHEASLGVS 5
SACPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPT
TYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFIAFFILKPNDAINFESNGNFIAPEYAYKIVK
KGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKYVK SEQ ID NO: 746nucleic acid
sequence for STF2D3N.HA1-1 VN 10
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC 



CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
15 AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT 20
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG 25
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGAGC
CTGTTAGCGGAGAAGAAACACAATGGCAAACTGTGTGATCTGGATGGTGTGAAACCGCTGATT
CTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAACCCTATGTGTGACGAATTCATTAAC
GTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCTGTCAACGATCTGTGTTACCCTGGT 30
GACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATCAATCACTTCGAGAAAATC
CAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCTCTGGGCGTATCCTCCGCGTGC
CCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTTTGGCTGATCAAGAAAAACTCCACC
TACCCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAAGACCTGCTGGTTCTGTGGGGC
ATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAGAACCCGACCACCTACATC
35
AGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCGTATCGCAACCCGCAGCAAGGTA  



- 187 -
AACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATCCTGAAACCGAACGACGCAATCAAC
TTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTACAAAATCGTAAAGAAAGGTGAT
AGCACTATCATGAAATCCGAGCTGGAATATGGCAACTGTAACACCAAATGCCAGACCCCGATG
GGTGCAATCAACTCCTCCATGCCGTTTCACAACATTCACCCGCTGACTATCGGCGAATGTCCG 5
AAATACGTTAAATAGTAAGcTGAcc SEQ ID NO:747 STF2D3N.HA1-1 VN
MGQAIANAFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD 10
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLAEKKHNGKLCDLDGVKPLI
LRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINEFEKI 15
QIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWG
IHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAIN
FESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECP KYVK 20
SEQ ID NO: 748nucleic acid sequence for STF2D3NCs.HA1-1 VI'!
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
25 ACTCAGTTcAACGGcGTGAAAGTccTGGCGCAGGAcAACACCcTGACCATCCAGGTTGGCGcc
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG 30
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
35 CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
- 188 - 



CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGAGAAGAAACACAATGGCAAA
CTGTGTGATCTGGATGGTGTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTG
CTGGGCAACCCTATGTGTGACGAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAA 5
GCTAACCCTGTCAACGATCTGTGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCAC
CTGCTGTCTCGTATCAATCACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCC
CACGAAGCTTCTCTGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGT
AACGTTGTTTGGCTGATCAAGAAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAATAAC
ACCAACCAGGAAGACCTGCTGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAG
10
ACCAAGCTGTACCAGAACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGT
CTGGTACCGCGTATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTC
TGGACCATCCTGAAACCGAACGACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCG
GAGTATGCGTACAAAATCGTAAAGAAAGGTGATAGCACTATCATGAAATCCGAGCTGGAATAT
GGCAACTGTAACACCAAATGCCAGACCCCGATGGGTGCAATCAACTCCTCCATGCCGTTTCAC 15
AACATTCACCCGCTGACTATCGGCGAATGTCCGAAATACGTTAAATAGTAAGCTGAGC SEQ ID
NO:749STF2D3NCs.HA1-1 VN
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD 20
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVEMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQEKKHNGKLCDLDGVXPLILRDCSVAGWL
LGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFEKIQIIPKSSWSS 25
HEASLGVSSACPYQGKSSFERNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQ
TKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAP
EYAYKIVICKGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKYVK SEQ ID NO:750
nucleic acid sequence for STF2D0D2D3.HA1-1 VN 30
ATGGGCCAAGCTATTGCTAACCGTTTCACCGCTAACATTAAAGGTCTGACTCAAGCTTCTCGT
AACGCAAACGATGGCATCAGCATCGCGCAGACCACCGAAGGTGCACTGAACGAAATCAACAAC
AATCTGCAGCGTGTACGTGAACTGGCTGTGCAGTCCGCTAATTCCACCAACTCCCAGTCTGAT
CTGGATTCCATCCAAGCGGAAATTACTCAGCGTCTGAATGAAATCGACCGCGTATCCGGCCAG
ACTCAGTTCAACGGTGTGAAGGTTCTGGCGCAGGATAACACTCTGACTATCCAGGTTGGCGCT
35
AATGATGGCGAGACGATCGATATTGACCTGAAGCAGATTAATTCCCAGACGCTGGGCCTGGAT  -
189 -
TCCCTGAACGTCCAGACTACCGAAAACCCGCTGCAGAAAATCGACGCAGCACTGGCTCAGGTT
GATGCACTGCGCTCTGACCTGGGCGCGGTTCAGAACCGCTTTAACTCTGCTATCACCAACCTG
GGCAACACCGTTAACAATCTGAGCGAAGCTAAAGAGAAGAAACACAATGGCAAACTGTGTGAT
CTGGATGGTGTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAAC
5 CCTATGTGTGACGAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCT
GTCAACGATCTGTGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTGTCT
CGTATCAATCACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCT
TCTCTGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTT
TGGCTGATCAAGAAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAATAACACCAACCAG 10
GAAGACCTGCTGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAGCTG
TACCAGAACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCG
CGTATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATC
CTGAAACCGAACGACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTATGCG
TACAAAATCGTAAAGAAAGGTGATAGCACTATCATGAAATCCGAGCTGGAATATGGCAACTGT 15
AACACCAAATGCCAGACCCCGATGGGTGCAATCAACTCCTCCATGCCGTTTCACAACATTCAC
CCGCTGACTATCGGCGAATGTCCGAAATACGTTAAATAGTAA SEQ ID
NO:751STF2D0D2D3.HA1-1 'IN
MGQAIANKFTANIKGLTQASENANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD 20
LDSIQAEITQRLNEIDRVSGQTQFNGVYVLAQDNTITIQVGANDGETIDIDLKQINSQTLGLD
SLNVQTTENPLQKIDAALAQVDALRSDLGAVQNRENSAITNLGNTVNNLSEAKEKKIINGKLCD
LDGVKPLILEDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDENDYEELKHLLS
RINHFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFERNVVWLIKKNSTYPTIKRSYNNTNQ
EDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIATESKVNGQSGRMEFFWTI 25
LKPNDAINFESNGNFIAPEYAYKIVICKGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIH
PLTIGECPKYVK SEQ ID NO:752nucleic acid sequence for STF2D3.HA1-2 SI
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC 



30
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
35
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG
-190-
GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTGCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGAT
GCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGC 5
GGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCA
ATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAA
CTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGC
AAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACC
GAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTG
10 GGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTG
TCTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC
GCGCAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
GTGCTGTCTCTGTTAGCGAAAGGTATCGCACCACTGCAGCTGGGTAACTGTTCTGTAGCAGGT
TGGATCCTGGGTAACCCGGAATGTGAGCTGCTGATTTCTCGTGAAAGCTGGTCTTACATCGTC 15
GAGAAACCGAACCCGGAAAATGGTACTTGCTACCCGGGTCATTTCGCAGATTACGAAGAACTG
CGCGAACAGCTGTCTTCTGTTTCTTCCTTCGAGCGTTTCGAAATCTTCCCGAAAGAATCCTCT 



TGGCCGAACCACACTACTACCGGCGTGTCTGCGTCCTGCAGCCACAACGGCGAAAGCTCCTTC
TACAAAAACCTGCTGTGGCTGACCGGCAAGAACGGTCTGTATCCGAACCTGAGCAAAAGCTAT
GCTAACAACAAAGAGAAAGAAGTGCTGGTACTGTGGGGTGTTCACCACCCTCCGAACATTGGC
20 GATCAGCGCGCTCTGTACCACAAAGAAAACGCATACGTAAGCGTTGTGTCTTCTCACTACAGC
CGTAAATTCACGCCGGAAATCGCTAAACGCCCTAAAGTGCGTGACCAGGAAGGTCGCATCAAC
TACTATTGGACCCTGCTGGAACCTGGTGACACCATTATCTTCGAAGCAAACGGTAATCTGATC
GCACCTCGTTATGCTTTCGCCCTGTCTCGTGGTTTTGGTTCCGGCATTATCAACTCTTAATAA 25
SEQ ID NO:753STF2D3.HA1-2 SI
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGA 30
IKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTT
ENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNDGNTVNNLSEARSRIEDSDYATEVSNMSR
AQILQQAGTSVLAQANQVPQNVLSLLAKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIV
EKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNETTTGVSASCSHNGESSF
YKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYS 35
RKFTPEIAKRPKVADQEGRINYYNTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINS  - 191 - SEQ
ID NO:754nucleic acid sequence for STF2D3N.HA1-2 SI
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC 5
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT 10
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT 15
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGAGC
20
CTGTTAGCGAAAGGTATCGCACCACTGCAGCTGGGTAACTGTTCTGTAGCAGGTTGGATCCTG
GGTAACCCGGAATGTGAGCTGCTGATTTCTCGTGAAAGCTGGTCTTACATCGTCGAGAAACCG
AACCCGGAAAATGGTACTTGCTACCCGGGTCATTTCGCAGATTACGAAGAACTGCGCGAACAG
CTGTCTTCTGTTTCTTCCTTCGAGCGTTTCGAAATCTTCCCGAAAGAATCCTCTTGGCCGAAC
CACACTACTACCGGCGTGTCTGCGTCCTGCAGCCACAACGGCGAAAGCTCCTTCTACAAAAAC
25
CTGCTGTGGCTGACCGGCAAGAACGGTCTGTATCCGAACCTGAGCAAAAGCTATGCTAACAAC
AAAGAGAAAGAAGTGCTGGTACTGTGGGGTGTTCACCACCCTCCGAACATTGGCGATCAGCGC
GCTCTGTACCACAAAGAAAACGCATACGTAAGCGTTGTGTCTTCTCACTACAGCCGTAAATTC
ACGCCGGAAATCGCTAAACGCCCTAAAGTGCGTGACCAGGAAGGTCGCATCAACTACTATTGG
ACCCTGCTGGAACCTGGTGACACCATTATCTTCGAAGCAAACGGTAATCTGATCGCACCTCGT 30
TATGCTTTCGCCCTGTCTCGTGGTTTTGGTTCCGGCATTATCAACTCTTAATAA SEQ ID
NO:755STF2D3N.HA1-2 SI
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD 



LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD 35
SLNVQKAYDVYDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA  - 192
- LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLAKGIAPLQLGNCSVAGWIL
GNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPN 5
HTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQR
ALYHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPR
YAFALSRGFGSGI INS SEQ ID NO:756nucleic acid sequence for STF2D3NCs.HA1-2 SI 10
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
15 AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT 20
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG 25
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGAAAGGTATCGCACCACTGCAG 



CTGGGTAACTGTTCTGTAGCAGGTTGGATCCTGGGTAACCCGGAATGTGAGCTGCTGATTTCT
CGTGAAAGCTGGTCTTACATCGTCGAGAAACCGAACCCGGAAAATGGTACTTGCTACCCGGGT
CATTTCGCAGATTACGAAGAACTGCGCGAACAGCTGTCTTCTGTTTCTTCCTTCGAGCGTTTC 30
GAAATCTTCCCGAAAGAATCCTCTTGGCCGAACCACACTACTACCGGCGTGTCTGCGTCCTGC
AGCCACAACGGCGAAAGCTCCTTCTACAAAAACCTGCTGTGGCTGACCGGCAAGAACGGTCTG
TATCCGAACCTGAGCAAAAGCTATGCTAACAACAAAGAGAAAGAAGTGCTGGTACTGTGGGGT
GTTCACCACCCTCCGAACATTGGCGATCAGCGCGCTCTGTACCACAAAGAAAACGCATACGTA
AGCGTTGTGTCTTCTCACTACAGCCGTAAATTCACGCCGGAAATCGCTAAACGCCCTAAAGTG 35
CGTGACCAGGAAGGTCGCATCAACTACTATTGGACCCTGCTGGAACCTGGTGACACCATTATC  -
193 -
TTCGAAGCAAACGGTAATCTGATCGCACCTCGTTATGCTTTCGCCCTGTCTCGTGGTTTTGGT
TCCGGCATTATCAACTCTTAATAA SEQ ID NO:757STF2D3NCs.HA1-2 SI 5
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVINLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA 10
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQKGIAPLQLGNCSVAGWILGNPECELLIS
RESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNETTTGVSASC
SHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYV
SVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFG SGIINS
15 SEQ ID NO:758nucleic acid sequence for STF2D3.HA1-2 VN
ATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGCTGACCCAGAATAACCTGAACAAATCC
CAGTCCGCACTGGGCACCGCTATCGAGCGTCTGTCTTCTGGTCTGCGTATCAACAGCGCGAAA
GACGATGCGGCAGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAG
20
GCTTCCCGTAACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAA
ATCAACAACAACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCC
CAGTCTGACCTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTA
TCCGGCCAGACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAG 



GTTGGCGCCAACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTG 25
GGTCTGGACTCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAA
GCTGCAGTTGTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGAT
GCTAATGGCGCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGC
GGTTATGCGCTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCA
ATTAAAGCTAAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAA 30
CTGGGTGGCGTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGC
AAAGCCGCTGGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACC
GAAAACCCGCTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTG
GGTGCGGTACAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTG
TcTGAAGCGCGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGC 35
GCGCAGATTCTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAAC
- 194 -
GTGCTGTCTCTGTTAGCGGGTGTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGG
CTGCTGGGCAACCCTATGTGTGACGAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAA
AAAGCTAACCCTGTCAACGATCTGTGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAG
CACCTGCTGTCTCGTATCAATCACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGC 5
TCCCACGAAGCTTCTCTGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTT
CGTAACGTTGTTTGGCTGATCAAGAAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAAT
AACACCAACCAGGAAGACCTGCTGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAA
CAGACCAAGCTGTACCAGAACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAG
CGTCTGGTACCGCGTATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTT
10 TTCTGGACCATCCTGAAACCGAACGACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCT
CCGGAGTATGCGTACAAAATCGTAAAGAAAGGTGATAGCACTATCATGAAATCCGAGTAGTAA
GCTGAGC SEQ ID NO:759STF2D3.HA1-2 'IN 15
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKGLTQ
ASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRV
SGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTK
AAVVSADAKNALIAGGVDATDANGAELVYMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGA
IKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTT 20
ENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSR
AQILQQAGTSVLAQANQVPQNVLSLLAGVKPLILRDCSVAGWLLGNPMCDEFINVpEWSYIvE
KANPVNDLCYPGDFNDYEELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFF
RNVVWLIKKNSTYPTIKRSYNNTNQEDLLVDWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQ
RLVRRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSTINIKSE 25 SEQ ID
NO:760nucleic acid sequence for STF2D3N.HA1-2 'IN
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC 



AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
30
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC
TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC 35
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG  -
195-
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG 5
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGTCCCGCAGAACGTGCTGAGC
CTGTTAGCGGGTGTGAAACCGCTGATTCTGCGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGC
10 AACCCTATGTGTGACGAATTCATTAACGTTCCGGAATGGTCTTACATTGTTGAAAAAGCTAAC
CCTGTCAACGATCTGTGTTACCCTGGTGACTTTAACGATTACGAAGAACTGAAGCACCTGCTG
TCTCGTATCAATCACTTCGAGAAAATCCAGATCATCCCGAAATCCTCCTGGAGCTCCCACGAA
GCTTCTCTGGGCGTATCCTCCGCGTGCCCGTACCAGGGCAAATCCTCTTTCTTTCGTAACGTT
GTTTGGCTGATCAAGAAAAACTCCACCTACCCGACGATCAAGCGTAGCTATAATAACACCAAC 15
CAGGAAGACCTGCTGGTTCTGTGGGGCATCCACCATCCAAACGATGCTGCGGAACAGACCAAG
CTGTACCAGAACCCGACCACCTACATCAGCGTGGGCACCTCTACGCTGAACCAGCGTCTGGTA
CCGCGTATCGCAACCCGCAGCAAGGTAAACGGTCAAAGCGGCCGCATGGAATTTTTCTGGACC
ATCCTGAAACCGAACGACGCAATCAACTTCGAATCTAACGGCAATTTCATCGCTCCGGAGTAT
GCGTACAAAATCGTAAAGAAAGGTGATAGCACTATCATGAAATCCGAGTAGTAAGCTGAGC 20
SEQ ID NO:761STF2D3N.HA1-2 VN
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA 25
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLAGVKPLILRDCSVAGWLLG
NPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFEKIQIIPKSSWSSHE
ASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTII(RSYNNTNQEDLLVLWGIHHPNDAAEQTK 30
LYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEY
AYKIVKKGDSTIMKSE    SEQ ID NO:762 nucleic acid sequence for STF2D3NCs.HA1-2 'IN
ATGGGTCAGGCGATTGCTAACCGTTTCACCGCGAACATCAAAGGTCTGACTCAGGCTTCCCGT
35
AACGCTAACGACGGTATCTCCATTGCGCAGACCACTGAAGGCGCGCTGAACGAAATCAACAAC  -
196-
AACCTGCAGCGTGTGCGTGAACTGGCGGTTCAGTCTGCTAACAGCACCAACTCCCAGTCTGAC
CTCGACTCCATCCAGGCTGAAATCACCCAGCGCCTGAACGAAATCGACCGTGTATCCGGCCAG
ACTCAGTTCAACGGCGTGAAAGTCCTGGCGCAGGACAACACCCTGACCATCCAGGTTGGCGCC
AACGACGGTGAAACTATCGATATCGATCTGAAGCAGATCAACTCTCAGACCCTGGGTCTGGAC 



5 TCACTGAACGTGCAGAAAGCGTATGATGTGAAAGATACAGCAGTAACAACGAAAGCTGCAGTT
GTTTCAGCAGATGCTAAAAATGCCTTAATTGCTGGCGGCGTTGACGCTACCGATGCTAATGGC
GCTGAGTTGGTCAAAATGTCTTATACCGATAAAAATGGTAAGACAATTGAAGGCGGTTATGCG
CTTAAAGCTGGCGATAAGTATTACGCCGCAGATTACGATGAAGCGACAGGAGCAATTAAAGCT
AAAACTACAAGTTATACTGCTGCTGACGGCACTACCAAAACAGCGGCTAACCAACTGGGTGGC 10
GTAGACGGTAAAACCGAAGTCGTTACTATCGACGGTAAAACCTACAATGCCAGCAAAGCCGCT
GGTCATGATTTCAAAGCACAACCAGAGCTGGCGGAAGCAGCCGCTAAAACCACCGAAAACCCG
CTGCAGAAAATTGATGCCGCGCTGGCGCAGGTGGATGCGCTGCGCTCTGATCTGGGTGCGGTA
CAAAACCGTTTCAACTCTGCTATCACCAACCTGGGCAATACCGTAAACAATCTGTCTGAAGCG
CGTAGCCGTATCGAAGATTCCGACTACGCGACCGAAGTTTCCAACATGTCTCGCGCGCAGATT
15
CTGCAGCAGGCCGGTACTTCCGTTCTGGCGCAGGCTAACCAGGGTGTGAAACCGCTGATTCTG
CGCGATTGCTCTGTGGCAGGCTGGCTGCTGGGCAACCCTATGTGTGACGAATTCATTAACGTT
CCGGAATGGTCTTACATTGTTGAAAAAGCTAACCCTGTCAACGATCTGTGTTACCCTGGTGAC
TTTAACGATTACGAAGAACTGAAGCACCTGCTGTCTCGTATCAATCACTTCGAGAAAATCCAG
ATCATCCCGAAATCCTCCTGGAGCTCCCACGAAGCTTCTCTGGGCGTATCCTCCGCGTGCCCG
20 TACCAGGGCAAATCCTCTTTCTTTCGTAACGTTGTTTGGCTGATCAAGAAAAACTCCACCTAC
CCGACGATCAAGCGTAGCTATAATAACACCAACCAGGAAGACCTGCTGGTTCTGTGGGGCATC
CACCATCCAAACGATGCTGCGGAACAGACCAAGCTGTACCAGAACCCGACCACCTACATCAGC
GTGGGCACCTCTACGCTGAACCAGCGTCTGGTACCGCGTATCGCAACCCGCAGCAAGGTAAAC
GGTCAAAGCGGCCGCATGGAATTTTTCTGGACCATCCTGAAACCGAACGACGCAATCAACTTC 25
GAATCTAACGGCAATTTCATCGCTCCGGAGTATGCGTACAAAATCGTAAAGAAAGGTGATAGC
ACTATCATGAAATCCGAGTAGTAAGCTGAGC SEQ ID NO:763 STF2D3NCS.HA1-2 VN
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD 30
LDSIQAEITQRLNEIDRVSGQTQFNGVEVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAAVVSADAKNALTAGGVDATDANGAELVRMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSATTNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQGVKPLILRDCSVAGWLLGNPMCDEFINV 35
PEWSYIVEKANPVNDLCYPGDENDYEELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACP  - 197-
YQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTYIS
VGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDS TIMKSE
5SEQ ID:800STF2.R3DO.HA1-2 PR8
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVEVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENG
ICYPGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLT 10
EKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVTSNYNRRFTPEIA
ERPKVADQAGRMNYYINTLLKPGDTIIFEANGNLIAPMYAFALSRGFGSGIITSSVVSADAKNA
LIAGGVDATDANGAELVXMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAA
DGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSR 15 SEQ ID:801 STF2.R3D0.HA1-2 SI
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVXVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENG 20
TCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNETTTGVSASCSHNGESSFYKNLLWLT
GKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIA
KRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINSSVVSADAKNA
LIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAA
DGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAAL 25
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSR SEQ ID:802 STF2.R3DO.HA1-2 'IN
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVICVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD 30
SLNVQRAYDVICDTAVTTKAGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDL
CYPGDFNDYEELKHLLSRINEFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIK
KNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIAT
RSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSESVVSADAKNA
LIAGGVDATDANGAELVXMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAA  - 198 -
DGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSR SEQ ID:803 STF2.R3DO.HA1-2 B/Mal 



5 MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKSKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVR
PVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPGGSYKIGTSGSCPNVTNGNG
FFATMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFT 10
SSANGVTTHYVSQIGGFPNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCAS
GRSKVIKGSVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAAD
YDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELA
ZAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSR 15SEQ ID:804
STF2.R03.HA1-2 PR8
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAKGIAPLQLGKCNIAGWLLGNPECDPLLPVRSWSYIVETPNSENG
ICYPGDFIDYEELREQLSSVSSFERFEIFPKESSWPNHNTNGVTAACSHEGKSSFYRNLLWLT 20
EKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENAYVSVVPSNYNRAFTPEIA
ERPKVADQAGRMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRGFGSGIITSAVVSADAKNA
LIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAA
DGTTKTAANQLGGVDGKTEVVPIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRKGIAPLQLGKCNIAGWLLGNPECDPL 25
LPVRSwSYIVETPNSENGICYPGDFIDYEELREQLSSVSSFERFEIFPKESSMDDIHNTNGVTA
ACSHEGKSSFYRNLLWLTEKEGSYPKLKNSYVNKKGKEVLVLWGIHHPPNSKEQQNLYQNENA
YVSVVTSNYNRRFTPEIAERPKVRDQAGRMNYYWTLLKPGDTIIFEANGNLIAPMYAFALSRG
FGSGIITS 30SEQ 1D:805 STF2.R03.HA1-2 SI
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD LDS
IQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENG
TCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLT 35
GKNGLYPNLSKSYANNKEKEVLVLWGVEHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIA  - 199
- KRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINSAVVSADAKNA
LIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAA
DGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRKGIAPLQLGNCSVAGWILGNPECELL 5
ISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNETTTGVSA
SCSHNGESSFYKNLLWLTGRNGLYPNLSKSYANNKEKEVLVLWGVEHPPNIGDQRALYHKENA
YVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRG
FGSGIINS 10SEQ ID:806 STF2.R03.H.A1-2 VN
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDL
CYPGDFNDYEELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIK 15
KNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIAT
RSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSESVVSADAKNA
LIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTSYTAA
DGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPLQKIDAAL
AQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRGVKPLILRDCSVAGWLLGNPMCDEFI 20
NVPEWSYIVEKANPVNDLCYPGDENDYEELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSA
CPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTY
ISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKG
DSTIMKSE 25 SEQ ID:807 STF2.R03.HA1-2 8/Mal
MGQAIANAFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAKGTETRGKLCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVR
PVTSGCFPIMHDRTKIRQLPNLLRGYEHIRLSTHNVINAENAPGGSYKIGTSGSCPNVTNGNG 30
FFATMAWAVPKNDNNKTATNSLTIEVPYICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFT
SSANGVTTHYVSQIGGFPNQTEDGGLPQSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCAS
GRSKVIKGAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAAD
YDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELA
EAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRKGTETRGK 35
LCPKCLNCTDLDVALGRPKCTGNIPSARVSILHEVRPVTSGCFPIMHDRTKIRQLPNLLRGYE  



-200- HIRLSTHNVINAENAPGGSYKIGTSGSCPNVTNGNGFFATMAWAVPKNDNNKTATNSLTIEVP
YICTEGEDQITVWGFHSDNEAQMAKLYGDSKPQKFTSSANGVTTHYVSQIGGFPNQTEDGGLP
QSGRIVVDYMVQKSGKTGTITYQRGILLPQKVWCASGRSKVIKG 5SEQ ID:808 STF2.D3N.HA1-2 SI
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA 10
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLAKGIAPLQLGNCSVAGWIL
GNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPN
HTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVEHPPNIGDQR
ALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPR 15
YAFALSRGFGSGI INS SEQ ID:809 STF2.D3N.HA1-2 'IN
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD 20
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVYMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQVPQNVLSLLAGVKPLILRDCSVAGWLLG
NPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFEKIQIIPKSSWSSHE 25
ASLGVSSACPYQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTK
LYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEY
AYKIVKKGDSTIMKSE SEQ ID:810 STF2.D3NCs.HA1-2 SI 30
MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD LDS
IQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVMDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA 35
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQKGIAPLQLGNCSVAGWILGNPECELLIS  -201-
RESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASC
SHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENNYV
SVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFG SGIINS
5 SEQ ID:811 STF2.D3NCs.HA1-2 'IN
MGQATANRETANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQKAYDVKDTAVTTKAAVVSADAKNALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYA 10
LKAGDKYYAADYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAA
GHDFKAQPELAEAAAKTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEA
RSRIEDSDYATEVSNMSRAQILQQAGTSVLAQANQGVKPLILRDCSVAGWLLGNPMCDEFINV
PEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACP
YQGKSSFFRNVVWLIKKNSTYPTIKRSYNNTNQEDLLVLWGIHRPNDAAEQTKLYQNPTTYIS 15
VGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDS TIMKSE
SEQ ID:812 STF2.D1.HA1-1 'IN(also as STF2.D0D2D3.HA1-1 'IN) 



MGQAIANRFTANIKGLTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSD 20
LDSIQAEITQRLNEIDRVSGQTQFNGVKVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLD
SLNVQTTENPLQKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEAKEKKHNGKLCD
LDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDENDYEELKHLLS
RINEFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFERNVVWLIKKNSTYPTIKRSYNNTNQ
EDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTI 25
LKPNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGAINSSMPFHNIH
PLTIGECPKYVK SEQ ID NO: 814 fliC R3D0
mgclaianrftanikgltgasrnandgisiaqttegalneinnnlqrvrelavqsanstnsgsd 30
ldsiciaeitqrineidrvsgqtqfngykylaqdntltiqvgandgetididlkcjinscitlgld
tlnvqqkykvsdtaatvtg(antigen)nadlteakaaltaagvtgtasvArkmsytdnngkti
dgglavkvgddyysatqnkdgsisinttkytaddgtsktalnklggadgktewsiggktyaa
skaeghnfkagpdlaeaaatttenplqkidaalaqvdtlrsdlgavqnrfnsaitnlgntynn ltsarsr  - 202 - SEQ ID NO: 815
E.coli R3D0 mgqaianrftsnikg1tqaarnandgisvaqttegalseinnnlqrireltvgastgtnsdsd
ldsiqdeiksrldeidrvsgqtqfngvnvlakdgsmkiqvgandgqtitidlkkidsdtlgln
gfnvngsgtiankaatisd(antigen)svtmggttynfktgadagaatanagvsftdtaske 5
tvinkvatakqgtavaangdtsatityksgvqtyqavfaagdgtasakyadntdvsnatatyt
dadgemttigsyttkysidanngkvtvdsgtgtgkyapkvgaevyvsangtlttdatsegtvt
kdplkaldeaissidkfrsslgaiqnrldsavtnlnntttnlseaqsr SEQ ID NO: 816 Bacillus subtilis R3D0 10
mglaisekmrsqirgldmasknaqdgisliqtsegalnethsilqrmselatqaandtntdsd
rselqkemdqlasevtristdtefntkklldgtaqnitfqiganegqtmslsinkmdseslkv
gttytvsg(antigen)wadaddatnkpagyydaggkviaseklaadskvtkgidisssakaa
ssalttiktaidtvsseraklgavqnrlehtinnlgtssenitsaesr 15 SEQ ID NO: 817 fliC D3N
mgqaianrftanikg1tqasrnandgisiaqttegalneinnnlqrvrelavqsanstnsqsd
ldsiqaeitqrineidrvsgqtqfngvkvlaqdntltiqvgandgetididlkqinsqt1gld
tlnvqqkykvsdtaatvtgnadlteakaaltaagvtgtasvvkmsytdnngktidgglavkvg
ddyysatqnkdgsisinttkytaddgtsktalnklggadgktevvsiggktyaaskaeghnfk 20
aqpdlaeaaatttenplqkidaalaqvdtlrsdlgavqnrfnsaitnlgntvnnitsarsrie
dsdyatevsnmsraqilqqagtsvlaganqvpqnvlsllr SEQ ID NO: 818 E.coli D3N
mgqaianrftsnikg1tqaarnandgisvaqttegalseinnnlqrireltvgastgtnsdsd 25
ldsiqdeiksrldeidrvsgqtqfngvnvlakdgsmkiqvgandgqtitidlkkidsdtlgln
gfnvngsgtiankaatisdsvtmggttynfktgadagaatanagvsftdtasketvinkvata
kqgtavaangdtsatityksgvqtyqavfaagdgtasakyadntdvsnatatytdadgemtti
gsyttkysidanngkvtvdsgtgtgkyapkvgaevyvsangtlttdatsegtvtkdplkalde
aissidkfrsslgaiqnrldsavtnlnntttnlseaqsriqdadyatevsnmskaqiiqqagn 30 svlakanqvpqqvlsllqg SEQ ID NO:
819Bacillus subtilis D3N mglaisekmrsqirgldmasknaqdgisliqtsegalnethsilqrmselatqaandtntdsd
rselqkemdqlasevtristdtefntkklldgtaqnitfqiganegqtmslsinkmdseslkv 35
gttytvsgwadaddatnkpagyydaggkviaseklaadskvtkgidisssakaassalttikt  



- 203 - aidtvsseraklgavqnrlehtinnlgtssenitsaesrirdvdmasemmeytknniltqasq amlaganq SEQ ID NO:
820fliC D3NCs 5 mgqaianrftanikg1tqasrnandgisiaqttegalneinnnlqrvrelavqsanstnscisd
ldsiqaeitqrineidrvsgqtqfngvkvlaqdntltiqvgandgetididlkqinsqt1gld
tlnvqqkykvsdtaatvtgnadlteakaaltaagvtgtasvvkmsytdnngktidgglavkvg
ddyysatqnkdgsisinttkytaddgtsktalnklggadgktevvsiggktyaaskaeghnfk
aqpdlaeaaatttenplqkidaalaqvdtlrsdlgavqnrfnsaitnlgntvnnitsarsrie 10 dsdyatevsnmsraqilqqagtsvlaqanq
SEQ ID NO: 821E.coli D3NCs mgqaianrftsnikg1tqaarnandgisvaqttegalseinnnlgrireltvgastgtnsdsd 15
ldsiqdeiksrldeidrvsgqtqfngvnvlakdgsmkiqvgandgqtitidlkkidsdtlgln
gfnvngsgtiankaatisdsvtmggttynfktgadagaatanagvsftdtasketvinkvata
kqgtavaangdtsatityksgvqtyqavfaagdgtasakyadntdvsnatatytdadgemtti
gsyttkysidanngkvtvdsgtgtgkyapkvgaevyvsangtlttdatsegtvtkdplkalde
aissidkfrsslgaiqnrldsavtnlnntttnlseaqsriqdadyatevsnmskaqiiqqagn 20 svlakanq SEQ ID NO:822
Bacillus subtilis D3NCs mglaisekmrsqirgldmasknaqdgisliqtsegalnethsilqrmselatqaandtntdsd
rselqkemdqlasevtristdtefntkklldgtaqnitfqiganeggtmslsinkmdseslkv 25
gttytvsgwadaddatnkpagyydaggkviaseklaadskvtkgidisssakaassalttikt
aidtvsseraklgavqnrlehtinnlgtssenitsaesrirdvdmasemmeytknniltgasq amlaganq SEQ ID NO: 823 fliC
DOD2D3 30 mgqaianrftanikg1tqasrnandgisiaqttegalneinnnlqrvrelavqsanstnsqsd
ldsigaeitqrineidrvsgqtqfngvkvlaqdntltiqvgandgetididlkqinsqt1gld
tlnvqttenplqkidaalaqvdtlrsdlgavqnrfnsaitnlgntvnnitsarsr SEQ ID NO: 824 E.coli D0D2D3  - 204 -
mgqaianrftsnikg1tqaarnandgisvaqttegalseinnnlqrireltvgastgtnsdsd
ldsiqdeiksrldeidrvsgqtqfngvnvlakdgsmkiqvgandgqtitidlkkidsdtlgln
gfnvnvtkdplkaldeaissidkfrsslgaiqnrldsavtnlnntttnlseaqsr 5 SEQ ID NO: 825 Bacillus subtilis DOD2D3
mglaisekmrsqirgldmasknaqdgisliqtsegalnethsilqrmselatqaandtntdsd
rselqkemdqlasevtristdtefntkklldgtaqnitfqiganegqtmslsinkmdseslkv
gaassalttiktaidtvsseraklgavqnrlehtinnlgtssenitsaesr 10 SEQ ID NO: 826HA full length SI
MKVKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCLLKG
IAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVS
SFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEV
LVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEGRINYYWTLLEP 15
GDTIIFEANGNLIAPRYAFALSRGEGSGIINSNAPMDECDAKCQTPQGAINSSLPFQNVHPVT
IGECPKYVRSAKLRMVTGLRNIPSIQSRGLFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYA
ADQKSTQNAINGITNKVNSVIEKMNTQFTAVGKEFNKLERRMENLNKKVDDGFIDIWTYNAEL
LVLLENERTLDFHDSNVENLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPK
YSEESKLNREKIDGVKLESMGVYQILAIYSTVASSLVLLVSLGAISFWMCSNGSLQCRICI 20  



SEQ ID NO: 827 Caledonia/20/99 mkakl1v11c tftatyadti edshngklcl lkgiaplqlg 25 npengtcypg
yfadyeelre scshngkssf yrnllwltgk ignqralyht enayvsvvss epgdtiifea ngnliapwya ainsslpfqn vhpvtigecp
30 gfieggwtgm vdgwygyhhq kmntqftavg kefnklerrm ldfhdsnvkn lyekvksqlk dypkyseesk lnrekidgvk
fwmcsngslq crici  cigyhannst ncsvagwilg qlssvssfer nglypnlsks hysrrftpei falsrgfgsg kyvrsaklrm
neqgsgyaad enlnkkvddg nnakeigngc lesmgvyqil  dtvdtvlekn npecellisk feifpkessw yvnnkekevl
akrpkvrdqe iitsnapmde vtglrnipsi qkstqnaing fldiwtynae fefyhkcnne aiystvassl  vtvthsvnll eswsyivetp
pnhtvtgvsa vlwgvhhppn grinyywtll cdakcqtpqg qsrglfgaia itnkvnsvie llvllenert cmesvkngty vllvslgais  -
205 -  SEQ ID NO: 828HA full length sequence A/Wisconsin/67e5/2005
QIEVTNATELVQSSSTGGICDSPHQILDGENCTLIDALLGDPQCDGFQNKKWDLFVERSKAYS
NCYPYDVPDYASLRSLVASSGTLEFNDESFNWTGVTQNGTSSACKRRSNNSFFSRLNWLTHLK 5
FKYPALNVTMPNNEKFDKLYIWGVHHPGTDNDQIFLHAQASGRITVSTKRSQQTVIPNIGSRP
RIRNIPSRISIYWTIVKPGDILLINSTGNLIAPRGYFKIRSGKSSIMRSDAPIGKCNSECITP
NGSIPNDKPFQNVNRITYGACPRYVKQNTLKLATGMRNVPEKQTRGIFGAIAGFIENGWEGMV
DGWYGFRHQNSEGIGQAADLKSTQAAINQINGKLNRLIGKTNEKFHQIEKEFSEVEGRIQDLE
KYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFERTKKQLRENAEDMGNGCFKIYHKC 10
DNACIGSIRNGTYDHDVYRDEALNNRFQIKGVELKSGYKDWILWISFAISCFLLCVALLGFIM
WACQKGNIRCNICI  SEQ ID NO: 829 Nam/1203/2004 15 mekivllfai vslvksdqic kkhngklcdl dgvkplilrd
pvndlcypgd fndyeelkhl cpyqgkssff rnvvwlikkn aeqtklyqnp ttyisvgtst 20 pndainfesn gnfiapeyay
inssmpfhni hpltigecpk aiagfieggw qgmvdgwygy iidkmntqfe avgrefnnle ertldfhdsn vknlydkvrl 25
gtydypogyse earlkreeis glslwmcsng slqcr  igyhannste csvagwllgn lsrinhfeki styptikrsy lnqrlvpria
kivkkgdsti yvksnrlvla hhsneggsgy rrienlnkkm qlrdnakelg gvklesigiy 



qvdtimeknv pmcdefinvp qiipksswss nntnqedllv trskvngqsg mkseleygnc tglrnspqre aadkestqka
edgfldvwty ngcfefyhkc qilsiystva  tvthaqdile ewsyivekan heaslgvssa lwgihhpnda rmeffwtilk ntkcqtpmga
rrrkkrglfg idgvtnkvns naellvlmen dnecmesvrn sslalaimva  SEQ ID NO: 830HA full length sequence
B/Florida/4/2006
MEAIIVLLMVVTSNADRICTGITSSNSPHVVNTATQGEVNVTGVIPLTTTPTKSYFANLKGTR 30
TRGKLCPDCLNCTDLDVALGRPMCVGTTPSAKASILHEVKPVTSGCFPIMHDRTKIRQLPNLL
RGYENIRLSTQNVIDAEKAPGGPYRLGTSGSCPNATSKSGFFATMAWAVPKDNNKNATNPLTV
EVPYICTEGEDQITVWGFHSDDKTQMKNLYGDSNPQKFTSSANGVTTHYVSQIGSFPDQTEDG
GLPQSGRIVVDYMMQKPGKTGTIVYQRGVLLPQKVWCASGRSKVIKGSLPLIGEADCLHEKYG
GLNKSKPYYTGEHAKAIGNCPIWVKTPLKLANGTKYRPPAKLLKERGFFGAIAGFLEGGWEGM 35
IAGWHGYTSHGAHGVAVAADLKSTQEAINKITKNLNSLSELEVKNLQRLSGAMDELHNEILEL  - 206 -
DEKVDDLRADTISSQIELAVLLSNEGIINSEDEHLLALERKLKKMLGPSAVEIGNGCFETKHK
CNQTCLDRIAAGTFNAGEFSLPTFDSLNITAASLNDDGLDNHTILLYYSTAASSLAVTLMLAI
FIVYMVSRDNVSCSICL 5 SEQ ID NO: 831HA full length sequence B/Malaysia/2506/2004 lsthgstsna
drictgitss nsphvvktat qgevnvtgvi pltttptksh fanlkgtetr gklcpkclnc tdldvalgrp kctgnipsar vsilhevrpv
tsgcfpimhd rtkirqlpkl lrgyehirls thnvinaena pggpykigts 10 gscpnvtngn gffatmawav pkndnnktat nsltievpyi
ctegedqitv wgfhsdnetq maklygdskp qkftssangv tthyvsqigg fpnqtedggl pqsgrivvdy mvqksgktgt ityqrgillp
qkvwcasgrs kvikgslpli geadclheky gglnkskpyy tgehakaign cpiwvktplk langtkyrpp akllkergff gaiagflegg
wegmiagwhg ytshgahgva vaadlkstqe 15 ainkitknln slselevknl qrlsgamdel hneileldek vddlradtis
sqielavlls negiinsede hllalerklk kmlgpsavei gngcfetkhk cnqtcldria agtfdagefs lptfdslnit aaslnddgld
nhtillyyst aasslavtlm iaifvvymvs rdnvscsicl 20In an additional embodiment, the invention includes a
protein, peptide 



polypeptide having at least about 50.0%, at least about 60.0%, at least about 70.0%, at least about
75.0%, at least about 84.0%, at least about 80.0%, at least about 85.0%, at least about 86.0%, at least
about 88.0%, at least about 90.0%, at least about 95.0%, at least about 98.0% and at least about
99.0% sequence identity to the proteins, antigen 25protein components, fusion proteins, amino acid
sequences and flagellin components of the invention.       In another embodiment, the invention is an
amino acid sequence or a nucleic acid sequence encoding the amino acid sequence having at least
about 50.0%, at least about 60.0%, at least about 70.0%, at least about 75.0%, at least about 84.0%,
at least 30about 80.0%, at least about 85.0%, at least about 86.0%, at least about 88.0%, at least
about 90.0%, at least about 95.0%, at least about 98.0% and at least about 99.0% sequence identity
to a contiguous amino acid sequence, without any insertions or deletions, as set forth in SEQ ID NOs:
SEQ ID NOs: 28-34.  - 207 - The percent identity of two amino acid sequences (or two nucleic acid
sequences) can be determined by aligning the sequences for optimal comparison purposes (e.g.,
gaps can be introduced in the sequence of a first sequence). The amino acid sequence or nucleic acid
sequences at corresponding positions are then compared, 5and the percent identity between the two
sequences is a function of the number of identical positions shared by the sequences (i.e., % identity =
# of identical positions/total # of positions x 100). The length of the protein or nucleic acid encoding
can be aligned for comparison purposes is at least about 30.0%, at least about 40.0%, at least about
50.0%, at least about 60.0%, at least about 70.0%, at least 10 about 75.0%, at least about 80%, at
least about 85.0%, at least about 90.0%, at least about 95.0%, at least about 98.0%, at least about
99.0% or 100%, of the length of the reference sequence, for example, the nucleic acid sequence of an
antigen (e.g., SEQ ID NOs: 114-120, 523, 525, 545, 645, 647, 649, 651, 618, 459, 462, 476, 484),
Toll-like Receptor agonist (e.g., SEQ ID NOs: 34, 22, 27) or fusion protein (e.g., SEQ ID 15NOs:
667-672, 553, 555, 569, 628, 630, 632, 634, 451-453, 455, 457, 463-465, 660 and 664) of the
invention.       The actual comparison of the two sequences can be accomplished by well-known
methods, for example, using a mathematical algorithm. A preferred, non-limiting example of such a
mathematical algorithm is described in Karlin et al. (Proc. 20 Natl. Acad. Sci. USA, 90:5873-5877
(1993), the teachings of which are hereby incorporated by reference in its entirety). Such an algorithm
is incorporated into the BLASTN and BLASTX programs (version 2.2) as described in Schaffer et al.
(Nucleic Acids Res., 29:2994-3005 (2001), the teachings of which are hereby incorporated by
reference in its entirety). When utilizing BLAST and Gapped BLAST 25programs, the default
parameters of the respective programs (e.g., BLASTN; available at the Internet site for the National
Center for Biotechnology Information) can be used. In one embodiment, the database searched is a
non-redundant (NR) database, and parameters for sequence comparison can be set at: no filters;
Expect value of 10; Word Size of 3; the Matrix is BLOSUM62; and Gap Costs have an Existence of 11
30and an Extension of I.       Another mathematical algorithm employed for the comparison of
sequences is the algorithm of Myers and Miller, CABIOS (1989), the teachings of which are hereby  



- 208 - incorporated by reference in its entirety. Such an algorithm is incorporated into the ALIGN
program (version 2.0), which is part of the GCG (Accelrys, San Diego, California) sequence alignment
software package. When utilizing the ALIGN program for comparing amino acid sequences, a
PAM120 weight residue table, a gap 5length penalty of 12, arid a gap penalty of 4 is used. Additional
algorithms for sequence analysis are known in the art and include ADVANCE and ADAM as described
in Torellis and Robotti (Comput. Appl. Biosci., 10: 3-5 (1994), the teachings of which are hereby
incorporated by reference in its entirety); and FASTA described in Pearson and Lipman (Proc. Natl.
Acad. Sci USA, 85: 2444-2448 (1988), 10the teachings of which are hereby incorporated by reference
in its entirety).        The percent identity between two amino acid sequences can also be accomplished
using the GAP program in the GCG software package (Accelrys, San Diego, California) using either a
Blossom 63 matrix or a PAM250 matrix, and a gap weight of 12, 10, 8, 6, or 4 and a length weight of
2, 3, or 4. In yet another 15embodiment, the percent identity between two nucleic acid sequences can
be accomplished using the GAP program in the GCG software package (Accelrys, San Diego,
California), using a gap weight of 50 and a length weight of 3.        The nucleic acid sequence
encoding an antigen protein component described herein, or flagellin component of the invention,
polypeptides, amino acid sequences 20and fusion proteins of the invention can include nucleic acid
sequences that hybridize to nucleic acid sequences or complements of nucleic acid sequences of the
invention and nucleic acid sequences that encode amino acid sequences and fusion proteins of the
invention under selective hybridization conditions (e.g., highly stringent hybridization conditions). As
used herein, the terms "hybridizes under low 25stringency," "hybridizes under medium stringency,"
"hybridizes under high stringency," or "hybridizes under very high stringency conditions," describe
conditions for hybridization and washing of the nucleic acid sequences. Guidance for performing
hybridization reactions, which can include aqueous and nonaqueous methods, can be found in
Aubusel, F.M., et al., Current Protocols in Molecular 30 Biology, John Wiley & Sons, N.Y. (2001), the
teachings of which are hereby incorporated herein in its entirety.  - 209 -       For applications that
require high selectivity, relatively high stringency conditions to form hybrids can be employed. In
solutions used for some membrane based hybridizations, addition of an organic solvent, such as
formamide, allows the reaction to occur at a lower temperature. High stringency conditions are, for
example,  5 relatively low salt and/or high temperature conditions. High stringency are provided by
about 0.02 M to about 0.10 M NaC1 at temperatures of about 50C to about 70C. High stringency
conditions allow for limited numbers of mismatches between the two sequences. In order to achieve
less stringent conditions, the salt concentration may be increased and/or the temperature may be
decreased. Medium stringency conditions 10are achieved at a salt concentration of about 0.1 to about
0.25 M NaCl and a temperature of about 37C to about 55C, while low stringency conditions are
achieved at a salt concentration of about 0.15 M to about 0.9 M NaCI, and a temperature ranging from
about 20C to about 55C. Selection of components and conditions for hybridization are well known to
those skilled in the art and are 15reviewed in Ausubel et al. (1997, Short Protocols in Molecular
Biology, John Wiley & Sons, New York N.Y., Units 2.8-2.11, 3.18-3.19 and 4-64.9). 



A "subject," as used herein, can be a mammal, such as a primate or rodent (e.g., rat, mouse). In a
particular embodiment, the subject is a human. An "effective amount," when referring to the amount of
a composition and 20fusion protein of the invention, refers to that amount or dose of the composition
and fusion protein, that, when administered to the subject is an amount sufficient for therapeutic
efficacy (e.g., an amount sufficient to stimulate an immune response in the subject, an amount
sufficient to provide protective immunity in the subject). The compositions and fusion proteins of the
invention can be administered in a single dose 25or in multiple doses. The methods of the present
invention can be accomplished by the administration of the compositions and fusion proteins of the
invention by enteral or parenteral means. Specifically, the route of administration is by oral ingestion
(e.g., drink, tablet, capsule form) or intramuscular injection of the composition and fusion 30 protein.
Other routes of administration as also encompassed by the present invention including intravenous,
intradermal, intraarterial, intraperitoneal, or subcutaneous  - 210 - routes, and intranasal
administration. Suppositories or transdermal patches can also be employed. The compositions, fusion
proteins and proteins of the invention can be administered ex vivo to a subject's autologous dendritic
cells. Following exposure of 5the dendritic cells to the composition and protein of the invention, the
dendritic cells can be administered to the subject.       The compositions, fusion proteins and proteins
of the invention can be administered alone or can be coadministered to the patient. Coadministration
is meant to include simultaneous or sequential administration of the composition, protein or
10polypeptide of the invention individually or in combination. Where the composition and protein are
administered individually, the mode of administration can be conducted sufficiently close in time to
each other (for example, administration of the composition close in time to administration of the fusion
protein) so that the effects on stimulating an immune response in a subject are maximal. It is also
envisioned that 15multiple routes of administration (e.g., intramuscular, oral, transdermal) can be used
to administer the compositions and proteins of the invention. The compositions, fusion proteins and
proteins of the invention can be administered alone or as admixtures with conventional excipients, for
example, pharmaceutically, or physiologically, acceptable organic, or inorganic carrier 



20substances suitable for enteral or parenteral application which do not deleteriously react with the
extract. Suitable pharmaceutically acceptable carriers include water, salt solutions (such as Ringer's
solution), alcohols, oils, gelatins and carbohydrates such as lactose, amylose or starch, fatty acid
esters, hydroxymethycellulose, and polyvinyl pyrolidine. Such preparations can be sterilized and, if
desired, mixed with 25auxillary agents such as lubricants, preservatives, stabilizers, wetting agents,
emulsifiers, salts for influencing osmotic pressure, buffers, coloring, and/or aromatic substances and
the like which do not deleteriously react with the compositions, proteins or polypeptides of the
invention. The preparations can also be combined, when desired, with other active substances to
reduce metabolic degradation. The 30compositions and proteins of the invention can be administered
by is oral administration, such as a drink, intramuscular or intraperitoneal injection or intranasal
delivery. The compositions and proteins alone, or when combined with an admixture,  - 211 - can be
administered in a single or in more than one dose over a period of time to confer the desired effect.
When parenteral application is needed or desired, particularly suitable admixtures for the
compositions, fusion proteins and proteins are injectable, sterile 5solutions, preferably oily or aqueous
solutions, as well as suspensions, emulsions, or implants, including suppositories. In particular,
carriers for parenteral administration include aqueous solutions of dextrose, saline, pure water,
ethanol, glycerol, propylene glycol, peanut oil, sesame oil, polyoxyethylene-block polymers, and the
like. Ampules are convenient unit dosages. The compositions, proteins or polypeptides 10can also be
administered by transdermal pumps or patches. Pharmaceutical admixtures suitable for use in the
present invention are well-known to those of skill in the art and are described, for example, in
Pharmaceutical Sciences (17th Ed., Mack Pub. Co., Easton, PA) and WO 96/05309 the teachings of
which are hereby incorporated by reference. 15The compositions, fusion proteins and proteins of the
invention can be administered to a subject on a support that presents the compositions, proteins and
fusion proteins of the invention to the immune system of the subject to generate an immune response
in the subject. The presentation of the compositions, proteins and fusion proteins of the invention
would preferably include exposure of antigenic 20portions of the viral protein to generate antibodies.
The components (e.g., PAMP and a viral protein) of the compositions, proteins and fusion proteins of
the invention can be in close physical proximity to one another on the support. The support is
biocompatible. "Biocompatible," as used herein, means that the support does not generate an immune
response in the subject (e.g., the production of antibodies). 25The dosage and frequency (single or
multiple doses) administered to a subject can vary depending upon a variety of factors, including prior
exposure to a viral antigen, a viral protein, the duration of viral infection, prior treatment of the viral
infection, the route of administration of the composition, protein or polypeptide; size, age, sex, health,
body weight, body mass index, and diet of the subject; nature and 30extent of symptoms of viral
exposure, viral infection and the particular viral 



responsible for the viral infection or treatment or infection of a viral antigen, kind of concurrent
treatment, complications from the viral exposure, viral infection or  - 212 - exposure or other
health-related problems. Other therapeutic regimens or agents can be used in conjunction with the
methods and compositions, proteins or polypeptides of the present invention. For example, the
administration of the compositions and proteins can be accompanied by other viral therapeutics or use
of agents to treat the 5symptoms of a condition associated with or consequent to exposure to the
virus, and the antigen, or viral infection, for example. Adjustment and manipulation of established
dosages (e.g., frequency and duration) are well within the ability of those skilled in the art. In an
embodiment, the subject (e.g., a human) can be administered the 10compositions, proteins and fusion
proteins of the invention in at least one dose selected from the group consisting of about a 10.0 lug
dose, about a 5.0 pg dose, about a 3.0 pg dose, about a 2.5 pg dose, about a 1.0 pg dose, about a 0.5
jig dose, about a 0.3 lig dose, about a 0.25 pg dose, about a 0.1 pg dose, about a 0.05 pg dose, about
a 0.025 pg dose and about a 0.01 pg dose. 15The composition and/or dose of the compositions,
proteins and fusion proteins can be administered to the human in a single dose or in multiple doses,
such as at least two doses. When multiple doses are administered to the subject, a second or dose in
addition to the initial dose can be administered days (e.g., 1, 2, 3, 4, 5, 6 or 7), weeks 20 composition
can be administered about 7 days, about 14 days or about 28 days following administration of a first
dose.       The compositions and methods of employing the compositions of the invention can further
include a carrier protein. The carrier protein can be at least one member 25selected from the group
consisting of a tetanus toxoid, a Vibrio cholerae toxoid, a diphtheria toxoid, a cross-reactive mutant of
diphtheria toxoid, a E. coli B subunit of a heat labile enterotoxin, a tobacco mosaic virus coat protein, a
rabies virus envelope protein, a rabies virus envelope glycoprotein, a thyroglobulin, a heat shock
protein 60, a keyhole limpet hemocyanin and an early secreted antigen tuberculosis-6. 30"Carrier," as
used herein, refers to a molecule (e.g., protein, peptide) that can enhance stimulation of a protective
immune response. Carriers can be physically  -213 - attached (e.g., linked by recombinant technology,
peptide synthesis, chemical conjugation or chemical reaction) to a composition or admixed with the
composition.       Carriers for use in the methods and compositions described herein can include, for
example, at least one member selected from the group consisting of Tetanus toxoid 5(T1'), Vibrio
cholerae toxoid, Diphtheria toxoid (DT), a cross-reactive mutant (CRM) of diphtheria toxoid, E colt
enterotoxin, E. coli B subunit of heat labile enterotoxin (LTB), Tobacco mosaic virus (TMV) coat
protein, protein Rabies virus (RV) envelope protein (glycoprotein), thyroglobulin (Thy), heat shock
protein HSP 60 Kda, Keyhole 



limpet hemocyamin (KLH), an early secreted antigen tuberculosis-6 (ESAT-6), 10 exotoxin A,
choleragenoid, hepatitis B core antigen, and the outer membrane protein complex of N. meningiditis
(OMPC) (see, for example, Schneerson, R., etal., Frog Clin Biol Res 47:77-94 (1980); Schneerson, R.,
et al., J Exp Med 152:361-76 (1980); Chu, C., et al., Infect Immun 40: 245-56 (1983); Anderson, P.,
Infect Immun 39:233- 238 (1983); Anderson, P., et al., J Clin Invest 76:52-59 (1985); Que, J.U., et al.
Infect 15Immun 56:2645-9 (1988); Que, J.U., etal. Infect Immun 56:2645-9 (1988); Murray, K., et al.,
Biol Chem 380:277-283 (1999); Fingerut, E., etal., Vet Immunol Immunopathol 112:253-263 (2006);
and Granoff, D.M., etal., Vaccine //:Suppl I:S46-51 (1993)). Exemplary carrier proteins for use in the
methods and compositions described 20 herein can include at least one member selected from the
group consisting of cross-reactive mutant (CRM) of diphtheria toxin (SEQ ID NO: 41), coat protein of
Tobacco mosaic virus (TMV) coat protein (SEQ ID. NO: 42), coat protein of alfalfa mosaic virus (AMV)
(SEQ ID NO: 43), coat protein of Potato virus X (SEQ ID NO: 44), Porins from Neisseria sp, such as
class Touter membrane protein of Neisseria 25meningitides (SEQ ID NO: 45), Major fimbrial subunit
protein type I (Fimbrillin) (SEQ ID NO: 46), Mycoplasma fennentans macrophage activating
lipopeptide (MALP-2) (SEQ ID NO: 47), and p19 protein of Mycobacterium tuberculosis (SEQ ID NO:
48). The compositions, proteins and fusion proteins of the invention can further 30 include at least one
adjuvant. Adjuvants contain agents that can enhance the immune response against substances that
are poorly immunogenic on their own (see, for example, Immunology Methods Manual, vol. 2, I.
Leflcovits, ed., Academic Press, San  - 214 - Diego, CA, 1997, ch. 13). Immunology Methods Manual
is available as a four volume set, (Product Code Z37,435-0); on CD-ROM, (Product Code Z37,436-9);
or both, (Product Code Z37,437-7). Adjuvants can be, for example, mixtures of natural or synthetic
compounds that, when administered with compositions of the invention, 5 such as proteins that
stimulate a protective immune response made by the methods described herein, further enhance the
immune response to the protein. Compositions that further include adjuvants may further increase the
protective immune response stimulated by compositions of the invention by, for example, stimulating a
cellular and/or a humoral response (i.e., protection from disease versus antibody production).
10Adjuvants can act by enhancing protein uptake and localization, extend or prolong protein release,
macrophage activation, and T and B cell stimulation. Adjuvants for use in the methods and
compositions described herein can be mineral salts, oil emulsions, mycobacterial products, saponins,
synthetic products and cytokines. Adjuvants can be physically attached (e.g., linked by recombinant
technology, by 15peptide synthesis or chemical reaction) to a composition described herein or
admixed with the compositions described herein.       The teachings of all patents, published
applications and references cited herein are incorporated by reference in their entirety. A description
of example embodiments of the invention follows. 20 



EXEMPLIFICATION EXAMPLE 1: H5 HA GLOBULAR HEAD VACCINES UTILIZING R3 AND  2XR3
FORMS OF FLAGELLIN PROVIDE SUPERIOR EFFICACY AND  IMPROVED IMMUNOGENICITY
TO REACTOGENICITY RATIOS  25 Materials and Methods  Vaccine Production        Cloninz of
recombinant HA genes. STF2.HA1-2 (VINT): For expression of recombinant hemagglutinin (HA) in E.
coli, the codon optimized synthetic genes of the HA globular head domain of influenza
ANietnarn/1203/04 were fused directly to 30 the C-terminus of the full-length sequence of Salmonella
vphimurium fljB (flagellin phase 2), STF2 (SEQ ID NO: 447) (DNA2.0 inc., Menlo Park, CA) to yield
(SEQ ID  -215 - NO: 451) or used to replace either the domain 3 STF2 (aa191-aa292, (SEQ ID NO:
447)) to yield (SEQ ID NO: 452) or domain 0 of STF2 (aal - aa46 and aa465 - aa506, HA 1-2 fused to
aa464 of SEQ ID NO: 447) to yield (SEQ ID NO: 453). For the C-terminal fusion construct (SEQ ID
NO: 451 and 477), the last amino acid of flagellin, 5R506, was mutated to A506 to reduce proteolytic
breakdown. The resulting constructs were cloned into the pET24a vectors. The plasmids were used to
transform BLR3 (DE3) cells to generate working cell banks (Novagen, San Diego, CA).
STF2R3.HA1-2 (VN) (SEQ ID NO: 452 and 478). To generate STF2R3.HA1-2 VN, a two-step PCR
reaction was used to replace 10 D3 domain of STF2 with HA1-2 (VN). In the first step, DNA from
pET24aSTF2.HAI-2 (VN) (SEQ ID NO: 477) was used as DNA template, YZ015, YZ123 and YZ124,
YZ140 were used as primers to amplify STF2 N-terminal and C-terminal respectively, YZ122 and
YZ125 primers were used to amplify HAI -2 (VN). In the second step, gel purified STF2 and HA1-2
(VN) fragments were used as DNA 15 templates, YZ015 and YZ140 were used as primers for the 21td
-step overlapping PCR reaction. The final PCR product was digested with NdeI and XhoI, gel purified
and ligated by compatible ends to pET24a to generate the STF2R3.HA1-2 VN construct (SEQ ID NO:
478). STF2RO.HA1-2 (VN) (SEQ ID NO: 453 and 479): 20For construction of the STF2RO.HA1-2
(VN) gene (SEQ ID NO: 479) the hemagglutinin (HA) globular head domain of Influenza A/Viet
Nam/1203/2004 was used to replace the domain DO of Salmonella typhimurium fljB (flagellin phase
2). Two-step PCR was used to remove Domain DO of STF2.HA1-2 (VN). In the first step, DNA from
pET24a-STF2.HA1-2 VN (SEQ ID NO: 477) was used as a DNA 25 template, and primers were used
to amplify a STF2 fragment without domain 0 and the HA1-2 (VN) fragment respectively. In the second
step, the two PCR fragments from the 15t-step were gel purified and were used as DNA templates.
Primers for the ri -step were employed that overlapped in PCR reaction. The final PCR product was
digested with NdeI and XhoI, gel purified and ligated by compatible ends to pET24a 30 to generate the
STF2RO.HA1-2 VN construct. STF2R3.2xHA1-2 (VN) (SEQ ID NO: 455 and 480).  - 216 - For
construction of the STF2R3.2xHA1-2 VN gene (SEQ ID NO: 455), DNA from pET24a-STF2.HA1-2
(VN) (SEQ ID NO: 477) was digested with NdeI and MfeI, the 6.6 kb fragment was purified and used
as the vector. DNA from pET24aSTF2R3.HA1-2 (VN) (SEQ ID NO: 478) was digested with NdeI and
MfeI, the 1.4 kb 



5fragment was purified as the insert. Vector and insert DNA were ligated to generate the
STF2R3.2kHA1-2 VN construct (SEQ ID NO: 480).       Expression and purification of HA globular
head-flagellin fusion proteins: Fusion proteins that include Toll-like Receptor 5 agonists (also referred
to herein as "flagellin fusion proteins") were manufactured utilizing a fed-batch fermentation 10process
in E. coil. After complete exhaustion of the available glucose during the batch phase, four liters of
enriched synthetic feed media was pumped at a controlled rate over an additional 10.5 hrs (for a total
process time was 30.3 hrs). Expressions of the target protein were induced with 2.1 mM IPTG (final
concentration). Cells were pelleted by centrifugation and cell paste was stored at -20C. Cell paste was
thawed 15 and diluted to 15% solids in 50 mM Tris 25 mM NaC1 (pH 8). The suspension was
homogenized three times under 12k PSI. STF2.HA1-2 (SEQ ID NO: 451) and STF2RO.HA1-2 (SEQ
ID NO: 453) were located in both supernatant and pellet. Only supernatant was processed. The
majority of STF2R3.HA1-2 (SEQ ID NO: 452) was found in the pellet. 20Only the inclusion body was
processed. For the supernatant process, protein fractions containing the fusion protein were
precipitated by either 10% polyethylene glycol (PEG) or by 4M (NH4)2SO4. The pellets were
dissolved in 8 M urea at pH 4 to solubilize the target protein. Soluble proteins were extracted in the
supernatant phase by centrifugation. Supernatants were bound to a CEX column (Tosoh SP650M) in
256M Urea, low salt. The target proteins were eluted under NaCI step elution conditions. The collected
proteins were refolded by rapid dilution using 20mM Tris, 0.5M Urea, 0.1M Trehalose, 2mM CaC12,
3mM Cysteine, 0.3mM Cystine, 1mM EDTA, 0.1% PS-80, pH 8.0 with constant stirring overnight. The
refolded proteins were concentrated to 1 liter and the buffer exchanged 30 using 50 mM Tris, 0.05%
PS80, 0.1 M Trehalose (pH 8). Q anion exchange chromatography was performed to remove
remaining impurities. High protein containing, Q eluate peak fractions were selected for further
processing. Size  - 217 - exclusion chromatography was performed as a final purification step to
isolate the purified monomeric form of the target proteins. For the pellet process, the inclusion body
was washed with 1% Triton X-100 and solubilized with 8M urea. The protein was refolded by the rapid
dilution using the same condition. Further purification 5follows the same steps as the supernatant
process. Final bulk protein was stored at - 70C as 1 mL aliquots. Residual endotoxin was assayed by
using standard Chromogenic Limulus Amebocyte Lysate assay (Cambrex, Walkersville, MD) as
directed by the manufacturer. For the 6xHis tagged baculaovirus produced proteins, the metal
chelating column was employed. Protein was loaded to a Ni-NTA column 10 equilibrated in 20 mM
Tris, pH 8, 0.5 M NaC1 and eluted in a gradient of 0-0.5 M imidazole. The target protein was further
purified by size exclusion column (10/300 



GL, GE/Amersham). The peak fractions were pooled, concentrated and dialyzed against 1 x PBS.
Aliquoted protein solution was stored at -80C. Characterization of flagellin-HA globular head fusion
proteins  15Western blot: E coli expressed, purified STF2.HAI -2 (VN) (SEQ ID NO: 451) fusion
protein was resolved by SDS-PAGE. Western blotting was performed using a monoclonal antibody
specific for flagellin (6H11; Inotek, Lexington, MA) or convalescent ferret immune serum raised against
influenza A/Vietnam/1203/2004 (VN04) virus (provided by the U.S. Centers for Disease Control and
Prevention, 20Atlanta, GA). TLR5 bioassay: TLR5-specific activity of fusion proteins was evaluated by
measuring induction of IL-8 production by HEK 293 cells (ATCC). Cells were cultured in 96-well
microtiter plates (Costar) at a seeding density of about 3 to about 5 x 104 cells in 100 gl/well in DMEM
medium supplemented with 10% FCS and 25 antibiotics. The next day, cells were treated for 5 hours
with serial dilutions of test proteins starting at about 5 gg/ml. At the completion of the assay,
supernatants were harvested and IL-8 expression was evaluated by ELISA (Invitrogen, Carlsbad, CA).
013450 was measured on a microplate spectrophotometer (Molecular Devices-MDS, Sunnyvale, CA).
30 Assessment of Immunogenicity and Efficacy       Animals: All animal studies were approved by the
Institutional Animal Care and Use Committee and were carried out according to NIH guidelines.
BALB/c mice  -218 - were purchased from Harlan (Indianapolis, Indiana). Vaccination and implantation
of transponders for telemetric temperature recording was carried out in the animal biosafety level
(ABSL)-2 facility. H5N1 virus infection was performed in the ABSL4 facility. 5Vaccination: Six-week-old
female BALB/c mice (Harlan) were vaccinated subcutaneously (s.c.) with two or three doses of
vaccine (day -28, -14) or (-42, -28, - 14) in 40 ill of vehicle (DPBS). The animals were bled 7 or 12
days following the last vaccination. Seroconversion was then evaluated via HAT assay (see
Hemagglutination inhibition). For efficacy studies, H5N1 infection was subsequently performed (see
10Challenge). Clinical observations of disease development and mortality were monitored daily during
the pre-vaccination period, as follows: day -28 to -1 (two vaccine dose trials) or day -42 to -1 (three
vaccine dose trials). The weights were recorded periodically. Challenge.' Prior to virus infection,
anesthesia was performed using 5% 15isofluorane. The mice were then infected intranasally (i.n.) with
influenza A/Vietnam/1203/04 at a dose determined in units of about 50% tissue culture infectious dose
(TCID50) per animal of H5N1 in 40 ul of PBS (day 0). Back-titration of the inoculum was performed to
determine the delivered dose (see TCID50 assay) provided in the figures. Clinical observations of
disease development and mortality 20 were monitored daily during the pre-vaccination (see
Vaccination) or post-challenge period (day 0 to day +20-21) and weights were recorded at times
indicated in figure legends. All animals that developed paralysis and were not able to reach feeders or
water bottles were euthanized. Statistical analysis of survival for all groups over the indicated period
was performed using logrank test at a significant level of a<0.05 in 



25 GraphPad(r) Prism (San Diego, CA). For pairwise comparison of the survival of treated and
untreated (or mock-treated) groups Fisher's Exact Test was performed at a significant level of a.<0.05
in GraphPad(r) Prism. The p-values (logrank and Fisher's Exact Test) are provided in figure legend.
The level of infectious virus in organs was evaluated following preparation of a 10% homogenate (see
TCID50 assay). 30 Clinical disease definitions: Standardized data reporting by uniformly trained
veterinary technicians was performed daily. Outcomes monitored were death, and the development of
encephalitis or paralysis using the following definitions: encephalitis,  - 219 - development of
discoordination, ataxia or transient seizures with retention of the ability to drink and feed; paralysis,
hind limb (hemiplegic) or quadriplegic paralysis with the inability to reach the feeder or water bottle.
H5-ELISA: ELISA plates were coated with each of the HA proteins at the  5 indicated concentrations in
PBS overnight at 4C, blocked with 200-300 p1/well of Assay Diluent Buffer (ADB; BD Pharmingen,
San Diego, CA) for 2-3 hours at 23- 27C. After incubation with the indicated detection antibodies,
HRP-labeled goat anti-mouse antibody (Jackson Immunochemical, West Grove, PA) diluted in ADB
was added and the plates were incubated at 23-27C for 1-2 hours. All washes 10 between reagent
addition steps were performed 3 times with 1X PBS/0.05% Tween20. After adding TMB Ultra
substrate (Pierce, Rockford, IL) and monitoring color development, the reaction was stopped with 1M
H2SO4 and 00450 was measured on a microplate spectrophotometer. Hemagglutination inhibition
(HAI) test: HI antibody titer against influenza 15 ANietnam/1203/04 (VN04) was measured by a
standard method at BSL3 facility (Southern Research Institute; Birmingham, AL), as described herein.
Antigen was prepared and the total HA units of the stock was determined as described for
hemagglutination assay (Bright, R.A., et at, PLOSI 3:1501(2008)). Sera were treated with receptor
destroying enzyme, diluted, and incubated with 4 HA units (HAU) of 20 influenza ANietnam/1203/04
virus in about 25 pl for about 45 minutes at room temperature. Horse red blood cells (1%) were added
(50 p1/well), mixed briefly, and incubated for 1 hr at room temperature. The HAT titers of serum
samples are reported as the reciprocal of the highest dilution at which hemagglutination was
completely inhibited. 25Reactogenicity Studies       Animals: Studies with female and male New
Zealand White rabbits were performed at Covance Research Products (Denver, PA).
Reactogenicitv Evaluations: Rabbits (6/group) were immunized intramuscularly (i.in.) on days 0 and
21. Sera were harvested 1 day post the priming 30 immunization for CRP measurements (CRP ELISA
kit, Immunology Consultants  - 220 - Laboratory, Newberg, Oregon). Food consumption was
measured from day 0 to day 1. Results and Discussion Design of STF2.HAl -2 (VN) (SEQ ID NO:
451): The HA globular head 5domain contains the cell surface receptor binding site and the majority of
the neutralizing antibody epitopes (Takeda et al., Annu Rev Immunol 21:335-76(2003); Ben-Yedidia et
aL, Expert Rev Vaccines 6(6):939-48) (2007)). A subunit vaccine which encompasses the neutralizing
epitopes of the ANietnam/1203/2004 HA globular head and also contained the structural elements
necessary for spontaneous 10and efficient folding to correctly display these epitopes after
recombinant protein expression in E.coli was designed. The domain boundary was placed between
residues 062 and E284 to generate the HA subunit designated as HA1-2 VN (SEQ ID NO: 481 and
482). The HA1-2 subunit was further genetically fused to the C- terminus of Salmonella typhitnurium
fiagellin type 2 (STF2) to form STF2.HA1-2 



15 (VN) (SEQ ID NO: 451 and 477). Figure 1 shows a ribbon diagram of a C-terminal fusion of an HA
globular head domain fused to the C terminus of fiagellin. Efficacy Associated with STF2.HA1-2 (VN)
(SEG ID NO: 451) Given in a Two-Dose Regimen: The efficacy of this vaccine was assessed in a
mouse lethal challenge model. For these studies, mice were challenged intranasally with about 20al
OxLD90 of the highly pathogenic A/Vietnam/1203/2004 (VN04) strain. Survival and disease
development were monitored for 20-21 days post-challenge. Previous H5N1-challenge studies in mice
indicate that symptomatic mice developed hypothermia at approximately 8 days post-infection, hence
periodic telemetric monitoring was also performed in these studies to provide an indication of disease
25development.       In the first efficacy study carried out, groups of 15 BALB/c mice were immunized
twice at a two week interval with 1, 3, or 10 jig of the STF2.HA1-2 (VN) (SEQ ID NO: 451) vaccine
delivered s.c. Two weeks post the booster dose mice were challenged with the VN04 virus. A
statistically significant (logrank test, p<0.0001), 30dose-dependent decrease in severe disease and
death relative to the placebo control group was observed, with survival rates of 18, 40, and 73% of
mice respectively, for the 1, 3 and 10 ps dose groups. The control animals (mock vaccinated and  -221
- unvaccinated) developed severe disease and subsequently succumbed to the challenge (Table 4,
study 1).       The clear relationship between dose level and efficacy from this first study suggested that
efficacy could be further enhanced with doses of STF2.HA1-2 (VN) 5(SEQ ID NO: 451) greater than
about 10 jig. The potential for augmenting the protection by further increasing the vaccine dose level
was therefore evaluated. However, dosages of up to 30 pig of STF2.HA1 -2 (VN) (SEQ ID NO: 451)
did not seem to improve the overall survival. The potential for augmenting the protection was further
evaluated using three 10immunizations of the vaccine (Table 4, study 2). In this study, dose of 1, 3,
and 10 p.ig of STF2.HA1-2 (VN) (SEQ ID NO: 451) were delivered at 42,28 and 14 days
pre-challenge. Higher survival rates for all dose groups were observed with 87%, 93%, and 100% of
the mice surviving the challenge. None of the animals in the placebo (mock vaccinated) control group
survived the challenge and the median survival was 7 15days.       Study 2 was repeated with the
additional evaluation of viral titers in the organs of five randomly pre-selected animals per group. High
survival rates of 87%, 80%, and 93% were observed. The control group succumbed to the disease in
average 6 days. (Table 4, study 3). 20 Table 4: Survival Rates following 2 or 3 immunizations of
STF2.HA1-2 VN (SEQ ID NO: 451)  - 222 -        In mice, the broader tissue tropism for HPAI viruses
has been shown to be associated with a polybasic cleavage site which allows the virus to be easily
cleaved by proteases at extra-pulmonary sites and to specific amino acid substitutions in the 



5PB2 protein (Hatta et at, Science 7:293(5536) (2001):1840-2; Katz et at, J Virol 74 (22):10807-10
(2000)). Although the tissue tropism and pathogenesis of these viruses is not as well defined in
humans, there are reports of systemic infection in humans (Beigel et at, N Engl J Med 35:1374-85
(2005)). It was therefore relevant to study the virus loads in vaccinated animals in both lung and brain
tissue. In study 2, organs 10 were collected from randomly pre-selected animals (N=5) on day +6 and
evaluated for levels of infectious virus. Individual values as well as the group averages/standard
deviation are presented in Table 5. Table 5: Virus loads in brain and lung days 6 post-challenge  - 223
- Brain Lung  .7 Average SD Undetectable Average SD Undetectable Group Titer   Titer  . 



Proportion Percent   Proportion Percent 10 jig  0.00        0.00E+00  5/5 100 3.00E+04 



6.71E+04 4/5 80 (N=5)  E+00       3 118  0.00        0.00E+00  



5/5 100 2.00E+04 4.47E+04 4/5 80 (N=5)  E+00       1 jig  0.00       



0.00E+00  5/5 100 2.20E+05 4.38E+05 3/5 60 (N=5)  E+00       Placebo  6.50    



8.10E+04  0/5 0 3.53+07 6.43E+07 0/5 0 (N=5)  E+04              A difference of at least about five logio
in the average brain titer was measured between the vaccinated and placebo groups, irrespective of
the vaccine dose (1, 3 or 10 jig). Virus was below the limit of detection (about less than <1 x 104
TCID50/g of 5tissue) in the brains of all vaccinated animals, whereas for the placebo group, the 



average titer was about 4.9 (4.8) logic TCIDso/g. In the lungs, a titer difference of 2.2-3.2 logio was
detected; for vaccinated animals the average titer was between about 4.3 and about 5.3 (4.7-5.6) logic
TCID50/g, whereas the placebo average was 7.6 (7.8) logio TCID50/g. Virus was undetectable in 60%
of the lungs of those 10 vaccinated with about 1 I.J.g and about 80% of those vaccinated with 3 or 10
mg of STF2.HA1-2 (VN). In contrast, virus could be detected in 100% of the lungs and brains of the
placebo animals. Based on the 3 mg dose group results the level of protection was comparable
between the first and second 3-dose trials. Thus, the STF2.HA1-2 (VN) (SEQ ID NO: 451) vaccine,
when used in a 3-  15 dose regimen, provided significant protection, which was consistent, as
demonstrated by survival rates of >80% in two independent studies and reduced the virus titer in the
brain and lungs. R3 and 2xR3 Forms of Flagellin Improve the Antigenicitv and Immunogenicitv of VN
Globular Head Vaccines   - 224 - Design of Alternative Constructs: Data from phase I clinical trials of
inactivated virus vaccines against H9N2, H5N3 and H5N1 viruses indicate that vaccines against avian
influenza viruses may not be optimally immunogenic and may require multiple doses and/or the
inclusion of an adjuvant to induce a protective 5immune response (Treanor, et at, New Ping. J. Med.
354:1343-1351(2006)). The poor inununopotency of these vaccines has largely been attributed to the
fact that people are immunologically nave to the HA antigens associated with the avian subtypes.
Additional contributing factors may be that the avian HA antigens are actually less antigenic than the
HAs of the HI, H3 or B subtypes. Poor neutralizing 10titers are elicited by sub-lethal infection with
avian isolates and immunogenicity studies comparing the potency of avian and human HAs in nave
animal models.       Similar observations regarding the relative antigenicity of H1 and H5 vaccines has
been made. For example, the efficacy studies described above, the fact that three immunizations of
STF2.HA1-2 (VN) (SEQ ID NO: 451) were required to achieve 15100% protection suggested that the
H5 globular head was not optimally presented to the immune system when fused to the C-terminus of
flagellin. Crystallographic and high resolution electron cryomicroscopic models show that the N and
C-terminal peptides of flagellin come together to form a two-stranded coiled-coil that is referred to as
the DO domain (Yonelcura et at, Nature 424:643-50 (2003)). When forming 20flagella, the DO domain
is highly structured and constitutes the central tube of the flagella while the adjacent D1 domain lines
up to form the outer tube. The coiled-coil structure of the DO domain is well maintained through the
extensive inter-molecular interactions among adjacent DO domains and DO and D1 domains. It is
possible that without these inter-molecular restrictions, the DO domain structure is not stable. 25In
solution, the DO domain of the monomeric flagellin is unstructured, leaving roughly 65 residues of
N-terminus and 45 residues at the C-terminus as extended flexible peptide (Vonderviszt et at J Mol
Biol 209:127-33 (1989)). The flexibility of the peptide preceding to the fused HA head may allow for
intra- or inter-molecular interactions that hinder the optimal antigenic presentation of HA globular
head. The 



30extent of these inter- or intra-molecular interactions could differ among HA molecules depending on
the surface chemistry of the globular head.  - 225 -       Additional Viet Nam constructs were designed.
With the first design, the flexible DO domain was replaced with the HA globular head to generate
STF2RO.HA1-2 VN (SEQ ID NO: 453). With the second design, both ends of the HA globular head
domain were tethered to flagellin by replacing the D3 domain of the 5 flagellin molecule with the
globular head to generate STF2R3.HA1-2 VN (SEQ ID NO: 452) and with the third design both the D3
domain was replaced with the globular head and a globular head was placed on the C terminus of the
DO domain. Figure 2 shows the ribbon diagrams with the alternative placements of the HA globular
head. 10Comparative Antigenicity of Alternative Constructs: The relative antigenicity of the different
alternative constructs was evaluated by ELISA. ELISA plates were coated with decreasing
concentrations of the different Viet Nam protein preparations. Molar equivalents of the different
proteins were controlled for. MAO (SEQ ID NO: 454), is a protein produced using the baculovirus
15expression system, and was included as a positive control. MAO corresponds to the fill ectodomain
of the HA protein. The protein coated ELISA plates were probed with convalescent sera raised in
ferrets and obtained from the CDC (Atlanta, GA). The results are shown in Figure 3. The strongest
reactivity was observed for the positive control construct, MAO (SEQ ID NO: 454). The R3 (SEQ ID
NO: 452) and 20 the 2x.R3 (SEQ ID NO: 455) constructs reacted very strongly with the convalescent
sera. Somewhat surprisingly, the STF2.HA1-2 (VN) (SEQ ID NO: 451) protein reacted relatively poorly
with the convalescent sera as did the RO (SEQ ID NO: 453) construct. In a second series of
experiments the different Viet Nam constructs were 25probed with a panel of five neutralizing
monoclonal antibodies specific for epitopes located within the globular head domain of the Viet Nam
HA (Rockland Immunochemicals, Inc., Gilbertsville, PA). The positive control in this experiment was
baculovirus produced HA1-1 (SEQ ID NO: 456) protein. HA1-1 comprises the HA globular head and
part of the HA stalk. When probed with the VN specific 30 monoclonal antibodies, the reactivity of both
the STF2.R3.2x.HA1-2 (SEQ ID NO: 455) and STF2R3.HA1-2 (VN) (SEQ ID NO: 452) constructs,
was comparable to baculovirus produced HA1-1 (Figure 3). By contrast, STF2RO.HA1-2 (VN) (SEQ
ID  - 226 - NO: 453) and STF2.HA1-2 (VN) (SEQ ID NO: 451) reacted less well and in some instances
very poorly with each of the five monoclonal antibodies tested (Figure 4). These results are consistent
with that HA globular head was better presented in the R3 (SEQ ID NO: 452) construct. None of the
tested constructs interacted with mAb977 5and that might be due to the absence of the specific
epitope in these constructs.       Comparative TLR5 activity of alternative constructs: TLR5 bioactivity
was assessed using an in vitro assay. Briefly, HEK 293 cells (ATCC) were cultured in 96- well
microtiter plates (Costar) at a seeding density of about 3 to about 5 x 104 cells in 



100 p1/well in DMEM medium supplemented with 10% FCS and antibiotics. The 10next day, cells
were treated for 5 hours with serial dilutions of test proteins starting at 5 ktg/m1. At the completion of
the assay, supernatants were harvested and IL-8 expression was evaluated by ELISA (Invitrogen,
Carlsbad, CA). 013450 was measured on a microplate spectrophotometer (Molecular Devices-MDS,
Sunnyvale, CA). The C terminal fusion STF2.HA1-2 (VN) construct (SEQ ID NO: 451), 15
STF2R3.HA1-2 (VN) (SEQ ID NO: 452) and the STF2R3.2x.HA1-2 VN constructs (SEQ ID NO: 455)
induced strong IL-8 secretion in this assay, which is indicative of potent TLR5 activity (Table 6).
However, STF2RO.HA1-2 (SEQ ID NO: 453) behaved poorly in this assay and consistent with
previous reports indicates that at least a portion or the entire DO domain of flagellin can significantly
influence the TLR5 20interaction. Table 6: TLR5 Activity of Alternative Flagellin VN HA Globular Head
Proteins Protein IL-8 (ng/mL) STF2.HA1-2 VN 2349 STF2R3.HA1-2 VN 2960 STF2R3.2x.HAl -2 VN
1713 STF2RO.HAl -2 VN 18  Comparative Efficacy of Two versus Three Doses of STF2.HAI-2 (VN)
(SE0 ID NO: 451), STF2RO.HA1-2 (VN) (SEQ ID NO: 453) or STF2R3.HA1-2 (VN)  25(SEQ ID NO:
452) in Mice: In a head-to-head efficacy study, doses of 3 or 0.3 jig of STF2.HAl -2 (VN) (SEQ ID NO:
451), STF2RO.HA1-2 (VN) (SEQ ID NO: 453) or  



- 227 - STF2R3.HA1-2 (VN) (SEQ ID NO: 452) were delivered either at days 42, 28 and 14 (2 week
interval between doses) pre-challenge or days 42 and 21 (3 week interval between doses)
pre-challenge. Serum samples were collected 12 days post the last boost, and subjected to a standard
HAT test against A/Vietnam/1203/04 (Figure 5). 5 The STF2RO.HA1-2 (VN) (SEQ ID NO: 453)
construct failed to elicit significant levels of serum HAI antibodies following either two or three
immunizations. This is consistent with the low TLR5 activity of STF2RO.HA1-2 (VN) (SEQ ID NO: 453)
as shown in Table 6. However, the RO construct may be useful for certain compositions when a
strong or robust TLR5 response may not be desired, as discussed herein. These 10 would be
compositions where the subject is either immunologically naive or primed, little immunopotentiation is
required and low reactogenicity is highly desired. In addition, as shown herein, immunogenicity that
predicts a therapeutic window for use in humans (i.e., immunogenicity, low reactogenicity) may vary in
an animal model, as shown herein. 15STF2R3.HA1-2 ('VN) (SEQ ID NO:452 ) elicited the highest
HAT titers with GMTs of 63 and 35 following 3 and 2 immunizations of 3 pg, respectively. Significantly
lower levels of HAI antibodies were elicited by 0.3 pg of STF2R3.HAl2 (VN) (SEQ ID NO: 452)
(GMT=8) as compared to 3 pg. With the two immunization regimen, STF2R3.HA1-2 (VN) (SEQ ID NO:
452) was the only 20 immunogen that induced significant levels of HAT antibodies. HAT titers of
pooled STF2R3.HA1-2 ("IN) (SEQ ID NO: 452) samples were about 160, about 20, and about 80 for 3
immunization of 3 pg, 0.3 fig, and 2 immunizations of 3 jig, respectively. STF2.HA1-2 (VN) (SEQ ID
NO: 451) induced intermediate levels of HAT antibodies. 25Two (3 immunizations) or three weeks (2
immunizations) post the last booster dose, mice were challenged intra-nasally with about 10xLD90 of
the highly pathogenic A/Vietnam/1203/2004 strain. Survival and disease development were monitored
for 20-21 days post-challenge (Table 7 and Figure 9A and 9B).      Table 7: Survival rates and weight
loss following 3 or 2 doses of different globular 30 head constructs  -228 -   Three Dose Regimen
STF2.HA1-2 (VN) 3 pg     100 



100 100 (N=10)    STF2R3.HA1-2 (VN) 3 pg     100 100 100 (N=10)    STF2RO.HA1-2 (VN) 3 pg
100 



0 0 (N=10)    STF2.HA1-2 (VN) 0.3 lig     100 60 60 (N=10)    STF2R3.HA1-2 (VN) 0.3 pg     100 



100 80 (N=10)    STF2RO.HA1-2 (VN) 0.3 pg     100 10 10 (N=10)    Two Dose Regimen
STF2.HA1-2 (VN) 3 pg  



100 30 30 (N=10)    STF2R3.HA I -2 (VN) 3 pg     100 100 100 (N=10)    STF2R0.HAI-2 (VN) 3 pg  



100 0 0 (N=10)    Placebo     100 0 0 (N=30)        The alternative construct, STF2RO.HA1-2 (VN)
(SEQ ID NO: 453), was poorly efficacious with only 0 to about 10% of the mice surviving in each of the
different groups. This underscores the importance of a functional TLR ligand in 5driving a strong,
protective immune response when the animal or subject is immunologically nave; or more specifically
has no pre-existing immunity to the immunogen. None of the animals in the placebo (mock
vaccinated) control group survived the challenge and the median survival was 6 days.  - 229 - 



Similar to earlier results, 100% of animals receiving 3 doses of 3 mg of the STF2.HA1-2 (VN) (SEQ ID
NO: 451) vaccine survived the challenge, while only about 30% of animals survived the challenge after
2 immunizations of 3 mg of the STF2.HA1-2 (VN) vaccine (SEQ ID NO: 451). In comparison, 100% of
animals 5survived the challenge after receiving either 2 or 3 doses of 3 mg of the STF2R3.HA1- 2
(VN) (SEQ ID NO: 452) vaccine. Thus, the STF2R3.HA1-2 (VN) vaccine (SEQ ID NO: 452) provides
markedly improved efficacy against the highly pathogenic avian challenge. Survival and weight loss
curves following the challenge are shown in Figures 6 and 6B for the 3 mg dose groups. 10In
summary, replacement of domain 3 of flagellin with the VN HA globular head substantially improved
the immunopotency and effectiveness of the vaccine against a lethal challenge in the mouse model.
Comparative Efficacy of STF2R3.HA1-2 (VN) (SEQ ID NO: 452) and  STF2R3.2x.HA1-2 (VN) (SEO
ID NO: 455) in Ferrets: In a head-to-head efficacy 15 study, doses of 15 or 45 mg of STF2R3.HA1-2
(VN) (SEQ ID NO: 452) or STF2R3.2x.HA1-2 (VN) (SEQ ID NO: 455) were delivered twice at a 3
week interval to groups of six ferrets. On study day 56, or 7 weeks post the booster dose, ferrets were
challenged with 10FLD50 (specifically, 10 times the dose of virus at which 50% of ferrets would
succumb to the infection) of the Viet Nam 1203/2004 virus. Survival 20and virus titers in nasal washes
were assessed (Table 8 and Figure 7). As expected, 5 of 6 ferrets in the placebo group succumbed to
the challenge whereas all animals in the vaccine groups survived the challenge.  - 230 - Table 8:
Summary of survival rates following a lethal challenge of ferrets  Groupsse   . v     Placebo  



6 1 STF2.R3.HA1-2 (VN) 15 6 6 STF2.R3.HA1-2 (VN) 45 6 6 STF2.R3.2xHA1-2 (VN) 15 6 6
STF2.R3.2xHA1-2 (VN) 45 6 6  On days 3 and 5 post-infection nasal washes were ob ained from the
infected 10ferrets and were evaluated for virus titers, measured by infection of eggs and reported as
50% egg infectious dose (or EID50)       Development of a Rabbit Model of Reactogenicity:
VaxInnate's VAX102 Phase I clinical trial utilized a full length flagellin construct fused at its C-tenninus
to 4 tandem copies of the ectodomain of the influenza ion channel protein, M2e 15(STF2.4xM2e)
(SEQ ID NO: 457). While the vaccine was well tolerated at doses 



lesser than about 3 ng, at higher doses of the vaccine several subjects experienced headaches within
90 minutes after the priming immunization with the vaccine. Other symptoms included chills, nausea,
vomiting and/or diarrhea. Some subjects had elevated temperatures. Several affected subjects also
tested for elevated levels of C- 20reactive protein (CRP) on Day 1 following vaccination.       This
constellation of symptoms is consistent with the elaboration of a vigorous pro-inflammatory response.
In man, C-reactive protein (CRP) is known to rise dramatically during inflammatory processes within
the body, most often in response to an increase in the pro-inflammatory cytokine IL-6. TLR signaling
initiates the 25 production of a pro-inflammatory cytokine cascade that begins with IL-1, TNF-a and
IL-6 production. It is thought that this type of response is necessary to elicit robust adaptive immune
responses and consistent with this, robust M2e specific IgG responses were observed for subjects
tested in the VAX102 study. The adverse events observed in the clinical studies may be due to a
transient pro-inflammatory cascade 30initiated by TLR5 signaling in response to the flagellin moiety of
the VAX102 vaccine (SEQ ID NO: 457).  - 231 -       A rabbit model of reactogenicity was established.
Fever, food consumption and CRP-levels measured 1 day following immunization (CRP ELISA kit,
Immunology Consultants Laboratory, Newberg, Oregon) were all found to be reliable measures a
pro-inflammatory response. A goal was to establish a correlation between 5the clinical observations
and this rabbit model of reactogenicity and to then use this model to predict the therapeutic window of
a given vaccine in the clinical setting. More specifically, to predict the dose at which the vaccine was
both immunogenic and non-reactogenic. Non-clinical studies were performed using doses of
STF2.4xM2e (SEQ ID 10 NO: 457) surrounding the VAX102 clinical dose associated with adverse
events. Temperature and food consumption were monitored and the results are shown (Figures 8, A
and B). Animals receiving 15 or 5 mg of STF2.4xM2e (SEQ ID NO: 457) exhibited a low increase of
about 0.5 F, which in this model is not considered significant. According to the USP rabbit pyrogenicity
model increases in temperature 15of about 1.04F or greater are considered significant. Group mean
temperatures for groups receiving doses of STF2.4xM2e (SEQ ID NO: 457) below 5 pg were
indistinguishable from the control group. Food consumption was also measured in this study.
Consumption for the 15 and 5 pg dose groups was reduced relative to baseline, animals in dose
groups less that about 5 ug are essentially baseline. Thus, 20 elevated temperature and reduced food
consumption in the rabbit were observed at doses bracketing the clinical dose associated with adverse
events, indicating that a correlation between rabbit and human exists for these measures. To further
establish the rabbit as a relevant model for both clinical dose selection, the rabbit studies were next
extended to evaluation of CRP levels. Rabbits 25 were immunized with doses of STF2.4xM2e ranging
from 15 to 0.5 pg. Sera were harvested at time 0 and at 24 hours post the prime immunization and
CRP levels measured by ELISA. CRP was found to be elevated in rabbits 24 hours post-vaccination
with STF2.4xM2e (Figure 9). At the higher doses, CRP levels rose about 20 fold (average of 28
pig/m1 to 600 pg/ml) while at the lower doses, levels rose about 3010-fold. These elevations in the
rabbit are at the clinically relevant doses of 5 and 15  



-232 - Mg. These results supported the development of CRP evaluation in the rabbit model as a
potential predictive marker supporting dose selection.       The results demonstrate that the VAX102
vaccine is associated with elevated temperatures, a lack of food consumption and elevated CRP
levels in the rabbit. All 5of these effects are related to dose. Fever, a lack of food consumption and
elevated CRP levels are observed for doses within the original clinical dose range of about 10 to about
100 ktg for VAX 102. The effects return or trend to baseline at doses of 5 mg or less. Subsequently,
low microgram doses of VAX102 (SEQ ID NO: 547) were found, as predicted by this rabbit model, to
be immunogenic and non-reactogenic in 10the clinical setting. Alternative Forms of Flagellin Provide
Improved Reactogenicity Profiles       Comparison of the Reactogenicitv Profiles for STF2.HAI-2 fl/N)
(SEQ ID NO: 451), STF2R3.HAI-2 (VN)  (SEQ ID NO: 452) and STF2R3.2x.HAI-2 (VN)  (SEQ ID NO:
455)i The reactogenicity profiles of STF2.HA1-2 (VN) (SEQ ID NO: 15 451), STF2R3.HAI-2 (VN)
(SEQ ID NO: 452) and STF2R3.2x.HAI-2 (VN) (SEQ ID NO: 455) were compared in a head to head
study. Groups of 6 rabbits were immunized with 1.5, 15 or 150 mg of STF2.HAI-2 VN (SEQ ID NO:
451), STF2R3.HA1-2 VN (SEQ ID NO: 452) or STF2R3.2x.HA1-2 VN (SEQ ID NO: 455). Temperature
was measured on the occasion at 2 hours post-immunization while food 20 consumption and CRP
levels were measured at 24 hours post-immunization. The results are shown in Figure 10A through
10H.       Consistent with the observations in the mouse model, the results show an improvement in
immunogenicity of the R3 and R3.2x constructs as compared to STF2.HA1-2 (VN) (SEQ ID NO: 451).
Unexpectedly, the results also an 25 improvement in the reactogenicity profile for the STF2R3.HA1-2
(VN) (SEQ ID NO: 452) construct at all doses as compared to the standard STF2.HA1-2 construct
(SEQ ID NO: 451). Even greater improvements in the reactogenicity profile were observed for the
STF2R3.2x.HA1-2 (VN) construct (SEQ ID NO: 455), particularly for the temperature and CRP
measures. 30Conclusion  - 233 - These data show that immunogenicity and efficacy can be
substantially enhanced while reactogenicity is reduced in a profile of the pandemic vaccine by
replacing domain 3 of flagellin with the HA globular head. The addition of a second globular head to
the construct further improved the reactogenicity profile of the 5vaccine. EXAMPLE 2: HI HA
GLOBULAR HEAD VACCINES UTILIZING R3 FORMS  OF FLAGELLIN PROVIDE IMPROVED
REACTOGENICITY PROFILES WHILE  MAINTAINING IMMUNPOTENCY  Materials and Methods
10 Vaccine Production  



Cloning of recombinant STF2.HA1-2 PR8 and STF2R3.HA1-2 PR8 genes:  For construction of the
STF2.HA1-2 PR8 gene (SEQ ID NO: 458) the hemagglutinin (HA) globular head domain of PR8 was
genetically fused to the C-terminus of the full-length sequence of Salmonella typhimurium fljB (flagellin
phase 2), STF2 15 encoded by a 1.5 kb gene (SEQ ID NO: 488). A sub-fragment of the HA gene
encoding PR8 HA 1-2 (aa 62-284 of SEQ ID NO: 459), was first made as a codonoptimized synthetic
gene in fusion with STF2 (DNA2.0 Inc., Menlo Park, CA). The heptameric sequence
Ser-Gly-Ser-Gly-Ser-Gly-Ser (SGSGSGS) (SEQ ID NO: 498 was incorporated at the junction of STF2
and HA as a flexible linker. The 2.2 kb 20 fragments corresponding to the flagellin-HA1-2 synthetic
gene was excised from the appropriate plasmid with Aide I and Blpl, gel purified and ligated by
compatible ends to pET24a to generate the STF2.HA1-2 PR8 construct (SEQ ID NO: 458). For
construction of the STF2R3.HA1-2 PR8 gene (SEQ ID NO: 489), a two- step PCR reaction was used
to replace the D3 domain of STF2 with HA1-2 (PR8) 25 (SEQ ID NO: 458). In the first step, DNA from
pET24a-STF2.HA1-2 PR8 (SEQ ID NO:458) was used as a DNA template and primers were used to
amplify the N terminus and C terminus of STF2, respectively. Primers were used to amplify the PR8
HA1-2 globular head. In the second PCR step, gel purified STF2 and HA1-2 (PR8) fragments were
used as DNA templates. Primers in an overlapping PCR reaction. 30 The final PCR product was
digested with the restriction enzymes NdeI and EcoRI, gel purified and ligated by compatible ends to
pET24a to generate the STF2R3.HA1-2 PR8 construct (SEQ ID NO: 489).  -234 -       Constructs were
verified by DNA sequencing and used to transform the expression host strain, BLR3 (DE3) (Novagen,
San Diego, CA; Cat #69053). Transforrnants were selected on plates containing kanamycin (50
pg/m1), tetracycline (5 pg/m1) and glucose (0.5%). 5Cloning of recombinant STF2.HAI-2 SI and
STF2R3.HA1-2 SI genes: For construction of the STF2.HA1-2 ST gene (SEQ ID NO: 461) the
hemagglutinin (HA) globular head domain of A/Solomon Islands/3/2006 (SI) was genetically fused to
the C-terminus of the hill-length sequence of Salmonella typhimuriurn fljB (flagellin phase 2), STF2
encoded by a 1.5 kb gene (SEQ ID NO: 488). A sub-fragment of the 10 HA gene encoding SI HA1-2
(aa 62-284) (SEQ ID NO: 462), was first made as a codon-optimized synthetic gene in fusion with
STF2 (DNA2.0 Inc., Menlo Park, CA). The 2.2 kb fragments corresponding to the flagellin-HA1-2
synthetic gene was excised from the appropriate plasmid with Nde I and Blpl, gel purified and ligated
by compatible ends to pET24a to generate the STF2.HA1-2 SI construct (SEQ ID NO: 15461).       For
construction of the STF2R3.HA1-2 SI gene (SEQ ID NO: 490) a two-step PCR was used to replace
D3 domain of STF2 with HA 1-2 (SI). In the first step, DNA from pET24a-STF2.HA1-2 SI (SEQ ID
NO:461) was used as aDNA template, primers were used to amplify STF2 N-terminal and C-terminal
respectively. Primers 20 to amplify the SI HA1-2 globular head. In the second PCR step, gel purified
STF2 and HA 1-2 (SI) fragments were used as DNA templates. Primers in an overlapping PCR
reaction. The final PCR product was digested with the restriction enzymes NdeI and EcoRI, gel
purified and ligated by compatible ends to pET24a to generate the STF2R3.HA1-2 SI construct (SEQ
ID NO: 490). 25Constructs were verified by DNA sequencing and used to transform the expression
host strain, BLR3 (DE3) (Novagen, San Diego, CA; Cat #69053). Transformants were selected on
plates containing kanamycin (50 jig/m1), tetracycline (5 pg/ml) and glucose (0.5%). Protein
purification: STF2.HA1-2 PR8, STF2R3.HA1-2 PR8, STF2.HA1-2 



30 SI, and STF2R3.HA1-2 SI clones were cultured overnight and the culture used to inoculate fresh
LB medium supplemented with 25 pg/mlkanamycin, 12.5 pg/m1 tetracycline and 0.5% glucose. At an
()Dor) = 0.6 protein expression was induced  -235 - with 1 mM IPTG for about 3 h at about 37C. Cells
were harvested by centrifugation (8000 x g for 7 minutes) and resuspended in 2 x phosphate buffered
saline (2 x PBS: 24 mM KH2PO4/Na2HPO4, 274 mM NaC1, 5.4 mM KC1), 1% glycerol, DNAse, 1
mM PMSF, protease inhibitor cocktail and 1 mg/ml lysozyme. The pellet was dissolved in 5 8M urea,
25mM NaC1 and 50mM Acetate, pH 4.0 and applied to a 30 ml SP Sepharose Fast Flow column
(XK16, GE/Amersham) pre-equilibrated with 50 mM Acetate, 25mM NaC1 and 8M urea, pH 4.0. The
peak fraction was concentrated and buffer exchanged to 50mM Tris, 25mM NaC1 and 8M urea,
pH8.0. Protein refolding was achieved by rapid dilution (1:10) into 100 mM Tris-HC1 buffer (pH 8.0),
and 10 loaded onto a 45 ml Source Q column (XK16, GE/Amersham). Bound protein was eluted with
a linear salt gradient from 0 to 1.0 M NaC1 in 100 mM Tris-HC1, pH 8.0.       For final preparations and
endotoxin removal, peak fractions were pooled and loaded directly onto a Superdex 200 gel filtration
column (10/300 GL, GE/Amersham) pre-equlibrated in 100 mM Tris, 150 mM NaC1, 1% glycerol and
1% Na- 15 deoxycholate. Residual endotoxin was assayed by using standard Chromogenic Limulus
Amebocyte Lysate assay (Cambrex, Walkersville, MD) as directed by the manufacturer. Peak
fractions from the included volume of the column were pooled, dialyzed against 1 x PBS and stored at
-80C.             Protein characterization: Proteins were characterized for purity, identity, 20endotoxin
content, and biological activity using the following assays.       SDS-PAGE: Proteins (typically about 5
pg) were diluted in SDS-PAGE sample buffer (1% SDS, 30 mM Tris-HC1, pH 6.8,4% glycerol, 0.1
mg/ml bromophenol blue) with and without 5 mMI3-mercaptoethanol. The samples were boiled for 5
minutes and loaded onto a 4-20% SDS polyacrylamide gel. Following 25electrophoresis, gels were
stained with coomassie blue to visualize protein bands. Endotoxin assay: Residual endotoxin was
assayed by using standard Chromogenic Limulus Amebocyte Lysate assay (Cambrex, Walkersville,
MD) as directed by the manufacturer.         Protein Assay: Protein concentrations were determined by
the MicroBCA 30 Protein Assay Reagent Kit in a 96-well format using BSA as a standard (Pierce
Biotechnology), following the manufacturer's instructions.  - 236 -       Flagellin ELISA: Protein integrity
and concentration were examined by ELISA with antibodies specific for flagellin. ELISA plates (96
wells) were coated overnight at 4C with serial dilutions of each target protein, in PBS starting at 5
Rg/ml. Plates were blocked with 200 RI/well of Assay Diluent Buffer (ADB; BD 5 Pharmingen) for one
hour at room temperature then washed three times in phosphate-buffered saline containing Tween-20
(PBS-T, 12 mM NaPO4, 137 mM NaCI, 2.7 mM KO, 0.05% Tween 20). Rabbit polyclonal anti-flagellin
antibody diluted in ADB (100 RI/well, 1:5000) was added to all wells and the plates were incubated for
1 hour at room temperature or overnight at 4C, then washed three times with PBS-T. HRP- 10labeled
goat anti-rabbit IgG antibody (Jackson Immunochemical) diluted in ADB was added (100 RI/well,
1:5000) and the plates were incubated at room temperature for 1 hour. The plates were washed three
times with PBS-T. After adding TMB Ultra substrate (Pierce) and monitoring color development, A450
was measured on a Tecan Farcyte microplate spectrophotometer. 15TLR5 bioactivitv assay: HEIC293
cells (ATCC, Cat#CRL-1573, Manassas, 



VA) constitutively express TLR5, and secrete several soluble factors, including IL-8, in response to
TLR5 signaling. Cells were seeded in 96 well microplates (50,000 cells/well), and recombinant test
proteins were added. The next day, the conditioned medium was harvested, transferred to a clean
96-well microplate, and frozen at - 20 20C. After thawing, the conditioned medium was assayed for the
presence of IL-8 in a sandwich ELISA using an anti-human IL-8 matched antibody pair (Pierce;
Rockford, IL, #M801E and #M802B) following the manufacturer's instructions. Optical density was
measured using a microplate spectrophotometer. Vaccine Assessment  25Animal studies: BALB/c
mice (Charles River, Charles River, MA)6-8 weeks old were purchased from the Jackson Laboratory
(Bar Harbor, ME) and housed in either the Yale University vivarium (New Haven, CT) or the Princeton
University vivarium (Princeton, NJ). All studies were performed in accordance with the University
Institutional Animal Care and Use Committees (IACUC). Recombinant 30 proteins were prepared in
one of two vehicles: PBS (phosphate-buffered saline) or formula F147 (10 mM L-histidine, 150 mM
NaCl, 5% trehalose, 0.02% polysorbate 80, 0.1 mM EDTA, 0.5% ethanol, 10 mM Tris, pH 7.2).
Vehicles were used  - 237 - interchangeably without detectable impact on the results. Mice were
immunized subcutaneously (s.c.) on days 0 and 14. On days 13 (primary) and 21 (boost), individual
mice were bled by retro-orbital puncture. Sera were harvested by clotting and centrifugation of the
heparin-free blood samples. 5Studies with female and male New Zealand White rabbits were
performed at Covance Research Products (Denver, PA). Rabbits (6/group) were immunized
intramuscularly (i.m.) on days 0 and 21 with 5 or 15 pg of STF2.HA1-2. Sera were harvested 3 weeks
post the booster and evaluated for HA-specific microneutalization titers. 10Reactogenicity Evaluations:
Rabbits (6/group) were immunized intramuscularly (Lm) on days 0 and 21. Sera were harvested 1 day
post the priming immunization for CRP measurements (CRP ELISA kit, Immunology Consultants
Laboratory, Newberg, Oregon). Food consumption was measured from day 0 to day 1. Body
Temperature was measured rectally between 2 and 10 hours post- 15immunization.       Influenza
virus challenge of mice: To assess efficacy, mice immunized on days 0 and 14 were challenged on
day 35 by intranasal administration of 1 x L1390 (dose lethal to 90% of mice; about lx103TCID50)
(TCID = Tissue Culture Infectious Doses) of influenza A isolate, PR8. Animals were monitored daily for
21 days 20following the challenge for survival and weight loss. Results and Discussion
Comparative Reactogenicity Profiles for the H1N1 Constructs STF2.HA1 -2  PR8 (SEQ ID NO: 460)
and STF2R3.HA1-2 PR8 (SEQ ID NO: 464): The C-terminal fusion molecule STF2.HA1-2 PR-8 (SEQ
ID NO:460 ) was compared to 25 STF2R3.HA1-2 PR8 (SEQ ID NO: 464) in the rabbit model, to
determine reactogenicity, and a mouse model to test efficacy. In the reactogenicity model, six rabbits
per group were immunized i. m. with 50, 15, 5, 1.5 and 0.5 pig of either STF2.HA1-2 PR-8 (SEQ ID
NO: 460) or 5TF2R3.HA1-2 PR8 (SEQ ID NO: 464). Body temperature was measured rectally on the
day before immunization, 10 hours 



30 and days 1 through 3 after the priming immunization. Food consumption was measured for 1 day
following immuniation. Rabbits were bled the day before and 1  - 238 - day after immunization for
determination of serum CRP levels using a commercial kit (Immunology Consulting Laboratories,
Newberg Oregon). As shown in Figures 11A-11C, while both constructs demonstrate dose- dependent
effects on food consumption, temperature and CRP levels, the comparative 5results indicate that the
STF2.HA1-2 PR8 (SEQ ID NO: 460) construct which involves fusion of the antigen to the C terminus
of full length flagellin, causes a stronger reactogenic response than STF2R3.HA1-2 PR8 (SEQ ID NO:
464). Immunization with the C-terminal fusion drives a higher increase in body temperature and CRP
and causes a greater loss of appetite than the equivalent dose of 10 STF2R3.HA1 -2 PR8 (SEQ ID
NO: 464).       To assess comparative efficacy of the STF2.HA1-2 PR8 (SEQ ID NO: 460) and
STF2R3.HA1-2 (SEQ ID NO: 464) constructs groups of 10 Balb/c mice were immunized with 1, 0.1 or
0.01 fig of the protein at a two week interval. Three weeks post the second dose animals were
challenge with 1xLD90 of the PR8 virus. Survival 15rates were followed for 21 days post-challenge.
Consistent with the immununogenicity results in the rabbit, the results of the virus challenge in mice
show that for the full length and R3 forms of flagellin are equally immunogenic and protective (Figure
12). In summary, the results from the rabbit and mouse studies show that the same 20 principles of
design used for the H5 constructs can be used to generate an R3 construct with the H1 PR8 globular
head as the vaccine antigen and that the resulting construct (SEQ ID NO: 464) has a reduced
reactogenicity profile without compromising the immunopotency of the construct. Comparative
Reactogenicitv Profiles for H1N1 Constructs STF2.HAI-2 SI  25 (SEO ID NO: 463) and
STF2R3.HA1-2 SI (SEO ID NO: 465): STF2.HA1-2 (SI) (SEQ ID NO: 463) comprises the globular
head domain (HA1-2) of A/Solomon Islands/3/2006 HA fused to the C terminus of Salmonella
typhimurium (type 2) flagellin (STF2) (SEQ ID NO: 447).The C-terminal fusion construct STF2.HA1-2
SI (SEQ ID NO: 463) was compared to STF2R3.HA1-2 SI (SEQ ID NO: 465) in the 30rabbit model to
evaluate relative reactogenicity. In the reactogenicity model, six rabbits per group were immunized i.m.
with 50, 15, 5, 1.5 fig of either STF2.HA1-2 SI (SEQ ID NO: 463) or STF2R3.HA1-2 SI (SEQ ID NO:
465). A group receiving  - 239 - 



formulation buffer, F147, alone was included as a control. Rabbits were monitored for responses to
the vaccine; body temperature was taken 1 day prior to immunization, 6 hours post-immunization and
1, 2 and 3 days post-immunization. Food consumption was monitored at 1 day intervals from 1 day
before to three days 5 post-immunization. As shown in Figure 12, body temperature 6 hours
post-immunization was increased and food consumption decreased within the first day of vaccination
in a dose-dependent fashion by STF2.HA1-2 SI (SEQ ID NO: 463) with the highest dose, 150 j.tg,
having the largest effect. Administration of STF2R3.HA1-2 SI (SEQ ID NO: 465), however, had a
smaller effect at the same doses; at 150 jig, the 10 rabbits experienced a more modest elevation of
temperature and much less of an effect on food consumption compared to STF2.HA1-2 SI (SEQ ID
NO: 463). At the 50 ug dose, i.m. injection of STF2R3.HA1-2 SI (SEQ ID NO: 465) did not affect food
consumption relative to the buffer control (F147). Conclusion  15These data show that deletion of the
D3 domain of flagellin and replacement with a vaccine antigen can consistently lead to a reduction in
the reactogenicity profile of the flagellin fusion vaccine. EXAMPLE 3: INFLUENZA B HA GLOBULAR
HEAD VACCINES UTILIZING  R3 AND R32X FORMS OF FLAGELLIN PROVIDE AN IMPROVED  20
REACTOGENICITY PROFILE  Materials and Methods       Cloning of recombinant STF2R3.HA1-2 B
FLA and STF2R32x.HA1-2 B FLA  genes: For construction of the STF2R3.HA1-2 B FLA gene (SEQ
ID NO: 466) the 25 hemagglutinin (HA) globular head domain of Influenza B/Florida/04/2006 was used
to replace the domain D3 of Salmonella Vphimurium fljB (flagellin phase 2) (SEQ ID NO: 488). A
sub-fragment of the HA gene encoding B FLA HA 1-2 (aa 52-291) (SEQ ID NO: 467) was first made
as a codon-optimized synthetic gene (DNA2.0 Inc., Menlo Park, CA) and was incorporated into STF2
by two-step PCR. In the first step, 30 DNA from pET24a-STF2.HAI-2 FLA (SEQ ID NO: 483) was used
as DNA template, and primers employed to amplify STF2 N-terminal and C-terminal respectively, and
- 240 - primers were used to amplify HA 1-2 (FLA). In the second step, the STF2 and HA 1-2 (FLA)
fragments from the first PCR step were gel purified and were used as DNA templates along with
primers for the 2nd -step overlapping PCR reaction. The final PCR product was digested with NdeI
and EcoRI, gel purified and ligated by 5 compatible ends to pET24a to generate the STF2R3.HA1-2
(FLA) construct (SEQ ID NO: 466). To generate the STF2R3.2xHA1-2 (FLA) gene, (SEQ ID NO: 469),
DNA from pET24a-STF2.HAI -2 FLA (SEQ ID NO: 483) was digested with NdeI and MfeI. The
gel-purified 6.6 kb fragment served as the vector. DNA from pET24a- STF2R3.HAI -2 FLA (SEQ ID
NO: 466) was digested with NdeI and MfeI. Gel- 10purified1.4 kb fragment serves as insert. Vector
and insert DNA were ligated to generate the STF2R3.2xHA1-2 FLA construct. All constructs were
verified by DNA sequencing and used to transform the expression host strain, BLR3 (DE3) (Novagen,
San Diego, CA; Cat #69053). Transformants were selected on plates containing kanamycin
(501.1g/m1), tetracycline (51.1g/m1) and glucose (0.5%). 



15Protein purification: STF2R3.HA1-2 B FLA (SEQ ID NO: 470) and STF2R3.2x.HAI-2 B FLA (SEQ
ID NO: 471) clones were cultured overnight and the culture used to inoculate fresh LB medium
supplemented with 25 lig/mIkanamycin, 12.5 jig/m1 tetracycline and 0.5% glucose. At an OD600= 0.6
protein expression was induced with 1 mM IPTG for 3 h at 37C. Cells were harvested by centrifugation
20 (8000 x g for 7 minutes) and resuspended in 2 x phosphate buffered saline (2 x PBS: 24 mM
K.H2PO4/Na2HPO4, 274 mM NaC1, 5.4 naM KCI), 1% glycerol, DNAse, 1 mM PMSF, protease
inhibitor cocktail and 1 mg/ml lysozyme. The pellet was dissolved in 8M urea, 25mM NaC1 and 50mM
Acetate, pH 4.0 and applied to a 30 ml SP Sepharose Fast Flow column (XK16, GE/Amersham)
pre-equilibrated with 50 mM 25 Acetate, 25mM NaC1 and 8M urea, pH 4.0. The peak fraction was
concentrated and buffer exchanged to 50mM Tris, 25mM NaC1 and 8M urea, pH8.0. Protein refolding
was achieved by rapid dilution (1:10) into 100 mM Tris-HCI buffer (pH 8.0), and loaded onto a 45 ml
Source Q column (XK16, GE/Amersham).         Bound protein was eluted with a linear salt gradient
from 0 to 1.0 M NaC1 in 30100 mM Tris-HC1, pH 8.0. For final preparations and endotoxin removal,
peak fractions were pooled and loaded directly onto a Superdex 200 gel filtration column  -241 -
(10/300 GL, GE/Amersham) pre-equlibrated in 100 inM Tris, 150 mM NaCI, 1% glycerol and 1%
Na-deoxycholate. Peak fractions from the included volume of the column were pooled, dialyzed
against 1 x PBS and stored at -80C. Protein characterization: Proteins were characterized for purity,
identity, 5endotoxin content, and biological activity using the following assays. SDS-PAGE: Proteins
(typically 5 lug) were diluted in SDS-PAGE sample buffer (1% SDS, 30 mM Tris-HC1, pH 6.8, 4%
glycerol, 0.1 mg/ml bromophenol blue) with and without 5 mM fi-mercaptoethanol. The samples were
boiled for about 5 minutes and loaded onto a 4-20% SDS polyacrylamide gel. Following
10electrophoresis, gels were stained with coomassie blue to visualize protein bands. Endotoxin assay:
Residual endotoxin was assayed by using standard Chromogenic Limulus Amebocyte Lysate assay
(Cambrex, Walkersville, MD) as directed by the manufacturer.         Protein Assay: Protein
concentrations were determined by the MicroBCA 15 Protein Assay Reagent Kit in a 96-well format
using BSA as a standard (Pierce Biotechnology), following the manufacturer's instructions.
Flagellin ELISA: Protein integrity and concentration were examined by ELISA with antibodies specific
for flagellin. ELISA plates (96-well) were coated overnight at 4C with serial dilutions of each target
protein, in PBS starting at about 5 202g/ml. Plates were blocked with 200 MI/well of Assay Diluent
Buffer (ADB; BD Pharmingen) for one hour at room temperature then washed three times in
phosphate-buffered saline containing Tween-20 (PBS-T, 12 mM NaPO4, 137 mM NaCl, 2.7 mM KC1,
0.05% Tween 20). Rabbit polyclonal anti-flagellin antibody diluted in ADB (100 MI/well, 1:5000) was
added to all wells and the plates were incubated for 1 hour 25 at room temperature or overnight at 4C,
then washed three times with PBS-T. HRPlabeled goat anti-rabbit IgG antibody (Jackson
Immunochemical) diluted in ADB was added (100 MI/well, 1:5000) and the plates were incubated at
room temperature for 1 hour. The plates were washed three times with PBS-T. After adding TMB Ultra
substrate (Pierce) and monitoring color development, A450 was measured on a Tecan 



30 Farcyte microplate spectrophotometer.       TLR5 bioactivity assay: HEK293 cells (ATCC,
Cat#CRL-1573, Manassas, VA) constitutively express TLR5, and secrete several soluble factors,
including IL-8,  - 242 - in response to TLR5 signaling. Cells were seeded in 96 well microplates
(50,000 cells/well), and recombinant test proteins were added. The next day, the conditioned medium
was harvested, transferred to a clean 96-well microplate, and frozen at - 20C. After thawing, the
conditioned medium was assayed for the presence of IL-8 in 5a sandwich ELISA using an anti-human
IL-8 matched antibody pair (Pierce; Rockford, IL, #M80IE and #M802B) following the manufacturer's
instructions. Optical density was measured using a microplate spectrophotometer. Rabbit
reactogenicitv and inununogenicitv studies:             Animals: Studies with female and male New
Zealand White rabbits were 10 performed at Covance Research Products (Denver, PA).
Reactogenicity  Evaluations: Rabbits (6/group) were immunized intramuscularly (i.m.) on days 0 and
21. Sera were harvested 1 day post the priming immunization for CRP measurements (CRP ELISA kit,
Immunology Consultants Laboratory, Newberg, Oregon). Food consumption was measured from day
0 to day 151.       Virus ELISA: Egg-grown influenza B Florida/4/2006 was inactivated using beta
propiolactone (BPL, Sigma-Aldrich, St. Louis, MO). In brief, virus was mixed with BPL at 0.05% for 4
hours at room temperature, followed by 24 hours at 4 C. The optimal coating dilution was determined
using sheep anti-B Florida reference 20serum from NIBSC (Hertfordshire, UK). Costar Hi-bind ETA
plates (Fisher Scientific, Pittsburgh, PA) were coated with inactivated B Florida in IX PBS (EMD,
Gibbstown, NJ) at 1:10 overnight at 4C. A standard curve of rabbit IgG (AbD Serotec, Raleigh, NC)
was also coated overnight. Plates are washed the next day and blocked with 300 pl of Superblock with
T20 (Thermo, Hudson, NH) for 2 hours at 25 C. Dilutions of 25sera were prepared beginning at a 1:25
fold dilution and continuing by 5-fold steps in duplicate using Superblock. Blocked plates are washed
3X with IX PBS/0.05% Tween (Mallincicrodt Baker, Phillipsburg, NJ) and the diluted sera and controls
are added to the virus coated wells. Superblock alone is added to wells coated with rabbit IgG.
Following 2 hour incubation at 25C, plates were washed again and incubated 30with 100 ul of a
1:10,000 dilution of HRP-conjugated anti-rabbit IgG antibodies (Jackson ImmunoResearch, West
Grove, PA) for 40 to 45 minutes. Plates are washed  - 243 - 3 times and 100 pl of pre-warmed TMB
substrate (Thermo, Hudson, NH) was added to the wells. Color development was allowed for 3.5
minutes after which 100 pl of 1 M H2SO4 (Mallincicrodt Baker, Phillipsburg, NJ) was added to stop the
reaction. OD 450 nM was read within 40 minutes of stopping the reaction (Spectramax 190,
5Molecular Devices, Sunnyvale, CA). The concentration of anti-B Florida IgG 



antibodies were determined using a 4-parametr logistic curve generated from the rabbit IgG standards
and their resulting 0.Ds. Results and Discussion  Comparative Reactogenicity and Immunogenicity
Profiles for the Influenza B  10 Constructs STF2.HA1-2 B FLA (SEG ID NO: 468) and STF2R3.HA1-2
B FLA (SEQ  ID NO: 470): The STF2R3.HA1-2 B FLA (SEQ ID NO: 470) and the STF2R3.2x.HA1-2 B
FLA (SEQ ID NO: 471) constructs were evaluated in the rabbit model, to determine reactogenicity. Six
rabbits per group were immunized i.m. with 150 or 15 pg of either STF2R3.HA1-2 B FLA (SEQ ID NO:
470) or STF2R32x.HAl- 15 2 B FLA (SEQ ID NO: 471). A group receiving the formulation buffer, F147,
alone was included as a negative control. Food consumption was measured for 1 day following
immunization. Rabbits were bled the day before and 1 day after immunization for determination of
serum CRP levels using a commercial kit (Immunology Consulting Laboratories, Newberg Oregon).
The results are shown in 20 Figure 14 A and B.       As shown in Figure 14 A and B, at the 15 pg dose,
neither construct led to a significant reduction in food consumption as compared to the control group
receiving formulation buffer (F147) alone. At the 150 pg dose, only a modest reduction was observed
for the R3 (SEQ ID NO: 470) construct while no reduction in food 25 consumption was observed for
the R3.2x group (SEQ ID NO: 471). Very modest elevations in CRP levels were observed for the R3
(SEQ ID NO: 470) construct at either dose (range 10-80 pg /ml as compared to the typical 400 to 600
pg /ml observed for full length flagellin constructs shown in Figures 9, 10 and 11) whereas only
sporadic, minimal elevations in CRP levels were observed for the R3.2x construct 30 (SEQ ID NO:
471).  - 244 -       In the same experiment, rabbits were boosted on day 21 with the same construct. On
day 28 sera were harvested and evaluated for Influenza   B/Florida/4/2006 virus specific IgG. The
results shown in Figure 15, indicated that both constructs are immunogenic with only a modest
reduction in the IgG titers for the 5minimally reactogenic R32x construct (SEQ ID NO: 471).
Conclusion       These data indicate that the principles of design developed for generating R3 and
R32x constructs are generalizable. T he reactogenicity profile of the vaccine 10can be substantially
reduced by replacing domain 3 of flagellin with the vaccine antigen. The addition of a second vaccine
antigen to the construct further improved the reactogenicity profile of the vaccine. For both the R3 and
the 2x.R3 designs, the immunogenicity of the vaccine is retained and in some instances enhanced.
Thus, the R3 and 2xR3 forms of flagellin provide a consistent improvement in the 15reactogenicity
profile of the vaccine. These vaccines would have utility in instances where the subjects are naive to
the vaccine antigen or when the vaccine antigen is a poor immunogen and maximal immunopotency is
required of the vaccine. An example of the former would include pandemic influenza, in which limited
host immunity is the basis of the pandemic. 20 EXAMPLE 4: VACCINES UTILIZING D2D3L FORMS
OF FLAGELLIN  PROVIDE IMPROVED REACTOGENICITY PROFILES WITH LOW TO MODERATE
REDUCTIONS IN IMMUNOGENICITY  Materials and Methods  



Vaccine design and formulation  25Cloning of recombinant genes. Cloning of STF2.4xM2e (SE() ID
NO: 491):  Four tandem copies of M2e corresponding to the consensus sequence of the human
influenza A virus (H1N I , H2N1, H3N2) was synthesized (DNA2.0, Menlo Park, CA) as a DNA
concatemer (SEQ ID NO: 484). In this synthetic gene the eight cysteine residues (two per M2e copy)
were modified to serine 30 (SLLTEVETPIRNEWGSRSNDSSDPSR; SEQ ID NO: 507 to prevent
disulfide bond formation that would be incompatible with E. coli expression. The plasmid DNA  - 245 -
served as a template to generate the 4xM2e fusion gene employing the Seamless Cloning kit by
Stratagene (LaJolla, CA).       The PCR product was ligated to the 3 prime end of the S. typhimurium
fljB gene (STF2) in a pET24A vector (Novagen, San Diego, CA) and the ligation mix was 5used to
transform XL1-Blue MRF' cells, and positive clones were identified by PCR screening using
pET24Aspecific primers and by restriction mapping analysis. The construct, pET/STF2.4xM2e was
confirmed by DNA sequencing. The plasmid DNA was used to transform competent BLR(DE3)pLysS
cells and several transformants were picked and grown overnight for induction with 1mM IPTG. About
two hours 10 after induction the bacteria were harvested and the lysate was analyzed by SDSPAGE.
A 67 kDa band corresponding to STF2.4xM2e protein was readily visible by Coommassie Blue
staining and by immunoblot using the anti-M2 monoclonalantibody 14C2 (ABI Biosciences). A clone
was selected.. The 4xM2e gene was generated by PCR using pET/STF2.4xM2e as the template and
employing NdeF1 15 (5_GAATTCCATATGAGCTTGCTGACTGAGGTTGAGACCCCGATTCGCA;
SEQ ID NO: 508 and BlpR
(5_GACGTGGCTCAGCTTATTAATGGTGATGATGGTGATGTCTAGACGGGIC
TGAGCTATCGTTAGAGCG; SEQ ID NO: 509) as forward and reverse primers, 20 respectively. The
270 bp fragment was digested with Ndel and Blpl enzymes and inserted into pET24A vector that has
been previously digested with the same enzymes. The construct, pET/4xM2e which contains a
polyhistidine tag at the C-terminus of the M2e protein, was used to transform BLR DE3 cells as
described above. Cloning of STF2D2D3L.4xM2e (SEQ ID NO: 492): Full length flagellin from
25Salmonella typhimurium fljb (flagellin phase 2) or STF2 is encoded by a 1.5 kb gene. A modified
version of STF2, designated STF2.D2D3L(SEQ ID NO: 486), was generated by deleting the
hypervariable region that spans amino acids 170 to 415. The deleted region was replaced with a short
flexible linker (GAPVDPASPW; SEQ ID NO: 510) designed to retain interactions of the NH2 and
COOH terminal regions 30 necessary for TLR5 signaling. A synthetic 4xM2e gene (SEQ ID NO: 484)
was fused to the C-terminus of STF2.D2D3L (SEQ ID NO: 486) to generate pET/STF2D2D3L.4xM2e
(SEQ ID NO: 492).  - 246 -       Expression and purification of fusion proteins: The flagellin fusion
proteins were manufactured utilizing a fed-batch fermentation process in E. colt After complete
exhaustion of the available glucose during the batch phase, four liters of enriched synthetic feed
media was pumped at a controlled rate over an additional 10.5 5hrs (for a total process time was 30.3
hrs). Expressions of the target protein were 



induced with 2.1 mM IPTG (final concentration). Cells were pelleted by centrifugation and cell paste
was stored at -20C. Cell paste was thawed and diluted to 15% solids in 50 mM Tris 25 mM NaC1 (pH
8). The suspension was homogenized three times under 12k PSI. STF2.4xM2e (SEQ ID NO: 457)
was located in both 10supernatant and pellet. Only supernatant was processed. The majority of
STF2D2D3L.4xM2e (SEQ ID NO: 472) was found in the pellet. Only the inclusion body was
processed.       For the supernatant process, protein fractions containing the fusion protein were
precipitated by either 10% polyethylene glycol (PEG) or by 4M (NH4)2SO4. The 15pellets were
dissolved in 8 M urea at pH 4 to solubilize the target protein. Soluble proteins were extracted in the
supernatant phase by centrifugation. Supernatants were bound to a CEX column (Tosoh 5P650M) in
6M Urea, low salt. The target proteins were eluted under NaC1 step elution conditions. The collected
proteins were refolded by rapid dilution using 20mM Tris, 0.5M Urea, 0.1M Trehalose, 2mM CaC12,
3mM 20 Cysteine, 0.3mM Cystine, 1mM EDTA, 0.1% PS-80, pH 8.0 with constant stirring overnight.
The refolded proteins were concentrated to 1 liter and the buffer exchanged using 50 mM Tris, 0.05%
PS80, 0.1 M Trehalose (pH 8). Q anion exchange chromatography was performed to remove
remaining impurities. High protein containing, Q ciliate peak fractions were selected for further
processing. Size 25exclusion chromatography was performed as a final purification step to isolate the
purified monomeric form of the target proteins. For the pellet process, the inclusion body was washed
with 1% Triton X-100 and solubilized with 8M urea. The protein was refolded by the rapid dilution
using the same condition. Further purification follows the same steps as the supernatant process.
Final bulk protein was stored at - 3070C as 1 mL aliquots.       Residual endotoxin was assayed by
using standard Chromogenic Limulus Amebocyte Lysate assay (Cambrex, Walkersville, MD) as
directed by the  - 247 - manufacturer. For the 6xHis tagged baculaovirus produced proteins, the metal
chelating column was employed. Protein was loaded to a Ni-NTA column equilibrated in 20 mM Tris,
pH 8, 0.5 M NaC1 and eluted in a gradient of 0-0.5 M imidazole. The target protein was further purified
by size exclusion column (10/300 5 GL, GE/Amersham). The peak fractions were pooled,
concentrated and dialyzed against 1 x PBS. Aliquoted protein solution was stored at -80C.       Protein
characterization: Proteins were characterized for purity, identity, endotoxin content, and biological
activity using the following assays. SDS-PAGE: Proteins (typically 5 pg) were diluted in SDS-PAGE
sample 10 buffer (1% SDS, 30 mM Tris-HC1, pH 6.8,4% glycerol, 0.1 mg/ml bromophenol blue) with
and without 5 mM p-mercaptoethanol. The samples were boiled for 5 minutes and loaded onto a
4-20% SDS polyacrylamide gel. Following electrophoresis, gels were stained with coomassie blue to
visualize protein bands. Endotoxin assay: Endotoxin levels were measured using the QCL-1000 



15 Quantitative Chromogenic LAL test kit (BioWhittaker #50-648U), following the manufacturer's
instructions for the microplate method. Protein Assay: Protein concentrations were determined by the
MicroBCA Protein Assay Reagent Kit in a 96-well format using BSA as a standard (Pierce
Biotechnology), following the manufacturer's instructions. 20Flanellin ELISA: Protein integrity and
concentration were examined by ELISA with antibodies specific for flagellin. ELISA plates (96-well)
were coated overnight at about 4C with serial dilutions of each target protein, in PBS starting at 5
pg/ml. Plates were blocked with about 200 p1/well of Assay Diluent Buffer (ADB; BD Pharmingen) for
one hour at room temperature then washed three times in 25 phosphate-buffered saline containing
Tween-20 (PBS-T, 12 mM NaPO4, 137 mM NaC1, 2.7 mM KC1, 0.05% Tween 20). Rabbit polyclonal
anti-flagellin antibody diluted in ADB (100 p1/well, 1:5000) was added to all wells and the plates were
incubated for 1 hour at room temperature or overnight at 4C, then washed three times with PBS-T.
HRP-labeled goat anti-rabbit IgG antibody (Jackson Immunochemical) 30 diluted in ADB was added
(100 p1/well, 1:5000) and the plates were incubated at room temperature for 1 hour. The plates were
washed three times with PBS-T. After  - 248 - adding TMB Ultra substrate (Pierce) and monitoring
color development, A450 was measured on a Tecan Farcyte microplate spectrophotometer. TLR5
bioassay: The bioactivity of purified recombinant proteins was tested using an in vitro cell based
assay. Briefly, RAW264.7 cells were obtained from 5 ATCC (Rockville, MD). This cell line expresses
TLR2 and TLR4, but not TLR5. RAW264.7 cells were transfected with a plasmid encoding human
TLR5 (Invivogen, San Diego, CA) to generate RAW/h5cells. TLR5-specific activity of fusion proteins
was evaluated by measuring induction of TNF production. RAW/h5 cells were cultured in 96-well
microtiter plates (Costar) at a seeding density of (3-5) x 104 cells 10 in 1001.d/well in DMEM medium
supplemented with 10% FCS and antibiotics. The next day, cells were treated for 5 h with serial
dilutions of test proteins starting at 51.1g/ml. At the completion of the assay, supernatants were
harvested and TNF expression was evaluated by ELISA (Invitrogen, Carlsbad, CA). Absorbance and
luminescence were evaluated using a TECAN microplate spectrophotometer running 15 Magellan
Software (Amersharn). Rabbit reactogenicity and immunogenicity studies:  Animals: Studies with
female and male New Zealand White rabbits were performed at Covance Research Products (Denver,
PA). Reactogenicity Evaluations: Rabbits (6/group) were immunized 20intramuscularly (i.m.) on days
0 and 21. Sera were harvested 1 day post the priming immunization for CRP measurements (CRP
ELISA kit, Immunology Consultants Laboratory, Newberg, Oregon). Food consumption was measured
from day 0 to day 1. 



ELISA: ELISA plates were coated with M2e peptide or SI HA protein in PBS 25overnight at 4C,
blocked with 200-300 1.11/well of Assay Diluent Buffer (ADB; BD Phanningen, San Diego, CA) for 2-3
hours at 23-27C. After incubation with the indicated detection antibodies, HRP-labeled goat
anti-mouse antibody (Jackson Immunochemical, West Grove, PA) diluted in ADB was added and the
plates were incubated at 23-27C for 1-2 hours. All washes between reagent addition steps were 30
performed 3 times with 1X PBS/0.05% Tween-20. After adding TMB Ultra substrate  - 249 - (Pierce,
Rockford, IL) and monitoring color development, the reaction was stopped with 1M H2SO4 and 0D450
was measured on a microplate spectrophotometer. STF2.4xM2e (SEQ ID NO: 457) and
STF2D2D3L.4xM2e (SEQ ID NO: 472)  Immunozenicity and Efficacy Studies in Mice: BALB/c mice
6-8 weeks old were 5 purchased from theJackson Laboratory (Bar Harbor, ME). STF2.4xM2e (SEQ ID
NO: 457) and STF2D2D3L.4xM2e (SEQ ID NO: 472) recombinant proteins were prepared as
described above and formulate in one of two formulations, PBS (phosphate-buffered saline) or formula
F105 (10mM histidine, 75mM NaCl, 5% sucrose, 0.02% polysorbate 80,0.1mM EDTA, 0.5% ethanol,
10mM Tris, pH 7.2). 10Formulations were used interchangeably without detectable impact on the
results. To assess efficacy, mice immunized on days 0 and 14 asdescribed above were challenged on
day 28 by intranasal administration of an LD90 (dose lethal to 90% of mice; 8x103EID) of influenza A
isolate PR8. Animals were monitored daily for 21 days following the challenge for survival. 15Results
and Discussion        Relative TLR5 Activity of Fusions to Full Length and D2D3L Forms of Flagellin:
Purified STF2.4xM2e (SEQ ID NO: 457) STF2D2D3L.4xM2e (SEQ ID NO: 472) STF2.HA1-2 SI (SEQ
ID NO: 463) and STF2D2D3L.HA1-2 SI (SEQ ID NO: 473) fusion proteins were evaluated for
TLR5-specific bioactivity using the 20 RAW/h5 cell line. Serial dilutions of the proteins were incubated
with the RAW/h5 cells overnight. RAW supematants were assayed for TNF levels. Both the M2e
antigen (4xM2e; SEQ ID NO: 485) and the HA1-2 SI antigen (SEQ ID NO: 499) fused to the D2D3L
form of flagellin (also referred to as "STF2A" or "STF2 delta") exhibited potent TLR5-specific
stimulatory activity that was comparable to the same 25antigen fused to the full length flagellin
construct (Figure 16A and B). The resulting fusion proteins are (SEQ ID NO: 472) (STF24.4xM2e) and
(SEQ ID NO: 473) (STF2A.HA1-2(SI)).       Comparative Reactogenicitv of STF2.4xM2e (SEQ ID NO:
457) and STF2D2D3L.4xM2e(SE0 ID NO: 472): The reactogenicity of the STF2.4xM2e (SEQ 30 ID
NO: 457) and STF2D2D3L.4xM2e (SEQ ID NO: 472) proteins was examined in the rabbit model.
Groups of six rabbits were immunized with doses ranging from 0.15 to 5012g. Food consumption was
measured for 24 hours following immunization. 



- 250 - Rabbits were bled the day before and 1 day after immunization for determination of serum CRP
levels using a commercial kit (Immunology Consulting Laboratories, Newberg Oregon). As shown in
Figures 17A and 17B both constructs demonstrate dose- 5 dependent effects on food consumption
and CRP levels. However, the comparative results indicate that the STF2.4xM2e (SEQ ID NO: 457)
construct which involves fusion of the antigen to the C terminus of full length flagellin, causes a
stronger reactogenic response than STF2D2D3L.4xM2e (SEQ ID NO: 472). Immunization with the
C-terminal fusion causes a greater loss of appetite and drives a higher 10 increase in CRP than the
equivalent dose of STF2D2D3L.4xM2e (SEQ ID NO: 472). Comparative Immunogenicitv and Efficacy
of STF2.4xM2e (SEQ ID NO:  457) and STF2D2D3L.4xM2e (SE() ID NO: 472): The immunogenicity
of the STF2.4xM2e (SEQ ID NO: 457) and STF2D2D3L.4xM2e (SEQ ID NO: 472) proteins was
examined in BALB/c mice (10/group) immunized s.c. on day 0 and 14 15 with PBS, STF2.4xM2e
(SEQ ID NO: 457) (3 rig) or STF2D2D3L.4xM2e (SEQ ID NO: 472) (3 or 0.3 pg). On day 21 mice were
bled and M2e-specific IgG responses were examined by ELISA. The results in Figure 18A and B
demonstrate that immunization with 3 or 0.3 rtg of STF2D2D3L.4xM2e (SEQ ID NO: 472) induced
M2e-specific IgG responses, with the higher dose demonstrating responses 20 comparable to those
induced by the same dose of STF2.4xM2e (SEQ ID NO: 457). On day 28, the mice in this study were
challenged with an LD90 of PR/8 (8x103 EID (Egg Infectious Doses)) to evaluate efficacy in vivo. As
shown in Figures 18A and 18B, mice immunized with PBS alone exhibited 10% survival while mice
immunized with the STF2.4xM2e (SEQ ID NO: 457) demonstrated 80% survival. Mice 25 immunized
with 3 or 0.3 pg of STF2D2D3L.4xM2e (SEQ ID NO: 472) demonstrated 90 and 80% survival,
respectively, that was comparable to that observed to animals receiving STF2.4xM2e (SEQ ID NO:
457). Thus, it appears that deletion of the D2 and D3 domains of flagellin does not negatively impact
immunogenicity of the fused 4xM2e antigen or efficacy of the vaccine construct. 30Comparative
Reactogenicity and Immunogenicitv Profiles for the H1N1  Constructs STF2.HA1-2 SI (SEQ ID NO:
463) and STF2D2D3L.HA1-2 SI (SEQ ID NO: 473): The C-terminal fusion molecule STF2.HA1-2 SI
(SEQ ID NO: 463) was  -251 - compared to STF2D2D3L.HA1-2 SI (SEQ ID NO: 473) in the rabbit
model, to determine reactogenicity. Six rabbits per group were immunized i.m. with 50, 15, 5, 1.5 and
0.5 pig of either STF2.HA1-2 SI (SEQ ID NO: 463) or STF2D2D3L.HAI-2 SI (SEQ ID NO: 473). Food
consumption was measured for 24 hours following the 5immunization. Rabbits were bled the day
before and I day after immunization for determination of serum CRP levels using a commercial kit
(Immunology Consulting Laboratories, Newberg Oregon). As shown in Figure 19A and B, while both
constructs demonstrate dose- dependent effects on food consumption, temperature and CRP levels,
the comparative 



10 results indicate that the STF2.HA1-2 PR8 (SEQ ID NO: 460) construct which involves fusion of the
antigen to the C terminus of full length flagellin, causes a stronger reactogenic response than
STF2R3.HAI-2 PR8 (SEQ ID NO: 464). Immunization with the C-terminal fusion drives a higher
increase in body temperature and CRP and causes a greater loss of appetite than the equivalent dose
of 15 STF2R3.HAI-2 PR8 (SEQ ID NO: 464).       On day 21 of the same study rabbit sera was
harvested and tested for SI specific IgG responses. The results in Figure 20 demonstrate that
immunization with STF2D2D3.HA1-2 Si (SEQ ID NO: 473) induced lower SI HA-specific IgG
responses that ranged from about 10 fold less at the lower doses and about 2 to about 205 fold less at
the higher doses. EXAMPLE 5: H1 HA GLOBULAR HEAD VACCINES UTILIZING RO FORMS OF
FLAGELLIN PROVIDE LIMITED REACTOGENICITY AND LOW TO MODERATE IMMUNOGENICITY
25 Materials and Methods  Vaccine design and formulation        Clonine of recombinant HA zenes: For
construction of the STF2RO.HA1-2 (PR8) gene (SEQ ID NO: 493) a two-step PCR reaction was used
to delete domain DO of STF2. HA1-2 (PR8). In the first step, DNA from pET24a-STF2.HAl -2 PR8
(SEQ 30 ID NO: 458) was used as a DNA template, and primers were used to amplify STF2 without
domain 0 and HA 1-2 (PR8) respectively. In the second step, the two PCR fragments from the first
step were gel purified and used as DNA templates and  - 252 - primers used for this 2'1-step
overlapping PCR reaction. The final PCR product was digested with NdeI and EcoRI, gel purified and
ligated by compatible ends to pET24a to generate the STF2RO.1-IA1-2 PR8 construct (SEQ ID NO:
493). Expression and purification ofHA globular head-flagellin fusion proteins:  5Flagellin fusion
proteins were manufactured utilizing a fed-batch fermentation process in E. co/i. After complete
exhaustion of the available glucose during the batch phase, four liters of enriched synthetic feed
media was pumped at a controlled rate over an additional 10.5 hrs (for a total process time was 30.3
hrs). Expression of the target proteins was induced with 2.1 mM IPTG (final concentration). Cells were
pelleted by 10centrifugation and cell paste was stored at -20C. Cell paste was thawed and diluted to
15% solids in 50 mM Tris 25 mM NaCI (pH 8). The suspension was homogenized three times under
12k PSI. The inclusion body was processed. The pellets were dissolved in 8 M urea at pH 4 to
solubilize the target protein. Soluble proteins were extracted in the supernatant phase by
centrifugation. Supernatants were bound to a 15 CEX column (Tosoh SP650M) in 6M Urea, low salt.
The target proteins were eluted under NaC1 step elution conditions. The collected proteins were
refolded by rapid dilution using 20mM Tris, 0.5M Urea, 0.1M Trehalose, 2mM CaC12, 3mM Cysteine,
0.3mM Cystine, 1mM EDTA, 0.1% PS-80, pH 8.0 with constant stirring overnight. The refolded
proteins were concentrated to 1 liter and the buffer exchanged using 50 20 mM Tris, 0.05% PS80, 0.1
M Trehalose (pH 8). Q anion exchange chromatography was performed to remove remaining
impurities. High protein containing, Q eluate peak fractions were selected for further processing. Size
exclusion chromatography was performed as a final purification step to isolate the purified monomeric
form of the target proteins. For the pellet process, the inclusion body was washed with 1% 25Triton
X-100 and solubilized with 8M urea. The protein was refolded by the rapid dilution using the same
condition. Further purification follows the same steps as the supernatant process. Final bulk protein
was stored at -70C as 1 mL aliquots. Residual endotoxin was assayed by using standard
Chromogenic Limulus Amebocyte Lysate assay (Cambrex, Walkersville, MD) as directed by the
manufacturer. 30Aliquoted protein solution was stored at -80C. 



Protein characterization: Proteins were characterized for purity, identity, endotoxin content, and
biological activity using the following assays.  -253 -       SDS-PAGE: Proteins (typically 5 lig) were
diluted in SDS-PAGE sample buffer (1% SDS, 30 mM Tris-HC1, pH 6.8,4% glycerol, 0.1 mg/ml
bromophenol blue) with and without 5 mM p-mercaptoethanol. The samples were boiled for 5 minutes
and loaded onto a 4-20% SDS polyacrylamide gel. Following 5electrophoresis, gels were stained with
coomassie blue to visualize protein bands. Endotoxin assay: Residual endotoxin was assayed by
using standard Chromogenic Limulus Amebocyte Lysate assay (Cambrex, Walkersville, MD) as
directed by the manufacturer.         Protein Assay: Protein concentrations were determined by the
MicroBCA 10 Protein Assay Reagent Kit in a 96-well format using BSA as a standard (Pierce
Biotechnology), following the manufacturer's instructions. Flagellin ELISA: Protein integrity and
concentration were examined by ELISA with antibodies specific for flagellin. ELISA plates (96-well)
were coated overnight at 4C with serial dilutions of each target protein, in PBS starting at 5 pg/ml.
15Plates were blocked with 200 p.1/well of Assay Diluent Buffer (ADB; BD Pharmingen) for one hour
at room temperature then washed three times in phosphate-buffered saline containing Tween-20
(PBS-T, 12 mM NaPO4, 137 mM NaCl, 2.7 mM KO, 0.05% Tween 20). Rabbit polyclonal anti-fiagellin
antibody diluted in ADB (100 RI/well, 1:5000) was added to all wells and the plates were incubated for
1 hour 20 at room temperature or overnight at 4C, then washed three times with PBS-T. HAP-labeled
goat anti-rabbit IgG antibody (Jackson Immunochemical) diluted in ADB was added (100 pl/well,
1:5000) and the plates were incubated at room temperature for 1 hour. The plates were washed three
times with PBS-T. After adding TMB Ultra substrate (Pierce) and monitoring color development, Aaso
was measured on a Tecan 25Farcyte microplate spectrophotometer.       TLR5 bioactivity assay:
HEIC293 cells (ATCC, Cat#CRL-1573, Manassas, VA) constitutively express TLR5, and secrete
several soluble factors, including IL-8, in response to TLR5 signaling. Cells were seeded in 96 well
microplates (50,000 cells/well), and recombinant test proteins were added. The next day, the
conditioned 30 medium was harvested, transferred to a clean 96-well microplate, and frozen at - 20C.
After thawing, the conditioned medium was assayed for the presence of IL-8 in a sandwich ELISA
using an anti-human IL-8 matched antibody pair (Pierce;  - 254 - Rockford, IL, #M80IE and #M802B)
following the manufacturer's instructions. Optical density was measured using a microplate
spectrophotometer. Vaccine evaluation  Immunozenicitv and efficacy studies in mice: BALB/c mice 6-8
weeks old 



5 were purchased from the Jackson Laboratory (Bar Harbor, ME) and housed in the Princeton
University vivarium (Princeton, NJ). All studies were performed in accordance with the University
Institutional Animal Care and Use Committees (IACUC). Recombinant proteins were prepared in
formula F147 (10 mM L-histidine, 150 mM NaC1, 5% trehalose, 0.02% polysorbate 80, 0.1 mM EDTA,
0.5% ethanol, 10 10 mM Tris, pH 7.2). Mice were immunized subcutaneously (S.C.) on days 0 and 14.
On days 13 (primary) and 21 (boost), individual mice were bled by retro-orbital puncture. Sera were
harvested by clotting and centrifugation of the heparin-free blood samples. To assess efficacy, mice
immunized on days 0 and 14 as described above were challenged on day 35 by intranasal
administration of 1 x LD90 (dose lethal to 90% of 15mice; I x103TCID50 of influenza A isolate, PR8.
Animals were monitored daily for 21 days following the challenge for survival and weight loss.
Reactozenicity and immunogenicity studies in rabbits: Studies with female and male New Zealand
White rabbits were performed at Covance Research Products (Denver, PA). Rabbits (6/group) were
immunized intramuscularly (i.m.) on days 0 20 and 21. Sera were harvested 1 day post the priming
immunization for CRP measurements and 3 weeks post the booster dose for HA specific IgG
measurements. Results and Discussion        The data described herein, show that the flagellin of
Salmonella typhimurium type 2 (STF2) is associated with dose-dependent reactogenicity in humans
and rabbits. 25This is observed as a raise in body temperature and C reactive protein (CRP) in both
species, nausea in humans and reduced food consumption in rabbits. This is almost certainly linked to
the TLR5 activity of STF2, which can measured in an in vitro cytokine release assay. Immunogenicity,
as measured as IgG specific for the fused vaccine antigen, has also been found to be dose-dependent
such that group means of 30reactogenicity and immunogenicity can be modeled in a roughly linear
correlation. In our initial attempt to improve the immunopotency of an H5 HA globular head vaccine
-255 - (Example 1) deletions and replacements of selected domains of flagellin were created through
manipulations of the recombinant gene sequence. The molecule STF2RO.HA1-2 VN (SEQ ID NO:
453), in which domain DO was replaced with the globular head of HA from influenza H5N1 VN04 was
found to be poorly 5immunogenic and efficacious in a mouse lethal challenge model (Example 1,
Figures 5, 6A and 6B). The poor inununogenicity/efficacy in mice is likely the consequence of the
greatly diminished TLR5 stimulatory activity associated with this construct (Example 1, Table 7). In a
separate set of studies, deletions and replacements of the DO and D3 10 domains of STF2 were
created through manipulations of the gene sequence for the H1N1 PR8/34 globular head gene fused
to flagellin (SEQ ID NO: 460). The constructs were expressed, protein purified and then evaluated in
both the TLR5 assay and in the established rabbit model for reactogenicity and immunogenicity. The
molecule STF2RO.HA1-2 PR8 (SEQ ID NO: 474), in which the DO domain was 15 replaced with the
globular head of HA from influenza H1 N1 PR8/34, produced an unexpected result. Consistent with
the VN04 RO results the PR8/34 RO had low TLR5 stimulatory activity. Reactogenicity was also found
to be low; but surprisingly, the inununogenicity at medium and high doses was equivalent to the native
STF2 linked to PR8 HA (STF2.HA1-2 PR8) (SEQ ID NO: 460) in this rabbit model. This may 20allow
for safe delivery of higher doses of a flagellin-based vaccine in humans. 



In vitro Analysis of STF2RO.HA1-2 PR8 (SE0 ID NO: 474) TLR5  Stimulatory Activity: HEK 293 cells
(ATCC) were cultured in 96-well microtiter plates (Costar) at a seeding density of about 3 to about 5 x
104 cells in 100111/we11 in DMEM medium supplemented with 10% FCS and antibiotics. The next
day, cells 25were treated for 5 hours with serial dilutions of test proteins. STF2.R0.HA1-2 PR8 (SEQ
ID NO: 474) was compared to the reference protein STF2.HA1-2 SI, which is the Solomon Islands HA
globular head fused to full length flagellin (SEQ ID NO: 461). At the completion of the assay,
supernatants were harvested and IL-8 expression was evaluated by EL1SA (Invitrogen, Carlsbad,
CA). OD450 was measured 30 on a microplate spectrophotometer (Molecular Devices-MDS,
Sunnyvale, CA). The results shown in Figure 21 show that relative to the full length flagellin fusion
-256 - construct, the STF2R0.HA1-2 PR8 protein (SEQ ID NO: 474) has low TLR5 stimulatory activity.
Immunogenicity and Reactogenicity Testing of STF2RO.HA1-2 PR8: The relative immunogenicity and
reactogenicity of STF2R0.HAl -2 PR8 (SEQ ID NO: 5 474) was compared to STF2.HA1-2 PR8 using
the rabbit reactogenicity model. Doses of 150, 15 and 1.5 Mg of STF2.HA1-2 PR8 were compared to
the equivalent mass-adjusted doses of 132.1, 13.2 and 1.32 pig of STF2RO.HA1-2 PR8 (SEQ ID NO:
474). A formulation control was also included. Immunization was performed i.tn. on days 0 and 21.
Food consumption was measured from study days -1 to +3. Body 10 temperature was measured
rectally on days -1 to +3 as well. On day 0, temperature was measured 6 hours after immunization.
Blood was collected and serum prepared on days -1 (prebleed), +1, 21, 22, 28 and 42. C reactive
protein (CRP) was determined using a commercial ELISA (Immunological Consultants Laboratories,
Oregon). PR8 HA-specific IgG was determined using a virus ELISA. Plates were 15 coated with PR8
virus (205 HAU/mL) alongside a standard curve of polyclonal IgG (Serotec, Raleigh, NC). After
washing and blocking, dilutions of serum were bound to the plate coated-virus. After further washing,
specific IgG is detected using goat anti-rabbit IgG-HRP, TMB and H2SO4. Plates are read at 450 am
and specific IgG is calculated in tig/mL using the standard curve fit with a 4-parameter logistic
equation 20(Softmax 5.2, Molecular Devices, California).       Measures of food consumption, body
temperature and CRP are considered together in a reactogenicity profile. The wild type flagellin found
in STF2.HA1-2 PR8 (SEQ ID NO: 460) administered to rabbits at doses equal to or greater than 50
Mg reduces eating and increases temperature and secretion of CRP, an acute phase 25 protein made
in the liver. These results are consistent with observations in a clinical trial of STF2.4xM2e (SEQ ID
NO: 457), which contains the same flagellin sequence. As shown in Figures 22A through C,
replacement of domain 0 of STF2 with HAI-2 (SEQ ID NO: 474) significantly reduces the
reactogenicity profile at equivalent doses. Most notably, food consumption is largely unaffected by
even 132.1 Mg of 30 STF2RO.HA1-2 PR8 (SEQ ID NO: 474) which is the molar equivalent of 150 pig
of STF2.HA1-2 PR8 (SEQ ID NO: 460).  - 257 -       Despite the reduced reactogenicity of the RO
(SEQ ID NO: 474) construct, virus-specific IgG was found to be the same as that induced by wild type
STF2.HA1-2 (SEQ ID NO: 460) at the 150 and 15 pg equivalent doses, as shown in Figure 23. At the
1.5 lig equivalent dose native STF2.HA1-2 PR8 (SEQ ID NO: 460) produces a 5 higher anti-PR8 titer
than STF2RO.HA1-2 PR8 (SEQ ID NO: 474). As shown in Figures 24A through C, plotting
PR8-specific IgG compared to each of the reactogencity measures provides a unique visual
representation of the differences between the wild type and RO molecules. In particular, RO slopes of
the best fit lines on each of the plots are different than STF2. This has not been observed 



10with any of the other STF2 variants assessed in which the reactogenicity and IgG measures have
moved in parallel so that the slopes remain similar. Given the superior reactogenicity profile of RO, it
appears that higher doses of STF2RO.HA1-2 (SEQ ID NO: 474) may be tolerated in humans in which
case equivalent or even higher titers might be achieved without side effects. 15Efficacy of
STF2RO.HA1-2 PR8  (SEQ ID NO: 474) in mice: The protective efficacy of STF2.HA1-2 PR8 and
STF2RO.HA1-2 PR8 was compared in a mouse lethal challenge model. BALB/c mice were immunized
with the two antigens at three different doses at a 2-week interval, and challenged with A/PR8134. As
shown in Figure 25, immunizations with 0.03, 0.1, and 1 pg of STF2.HA1-2 PR8 resulted in 20 20%,
80%, and 100% survival. In contrast, only 20% of mice immunized with the highest dose (1 pg) of
STF2RO.HA1-2 PR8 (SEQ ID NO: 474) survived the lethal viral challenge. These results confirm that,
in contrast to rabbits, in mice the RO construct      (SEQ ID NO: 474) is poorly immunogenic, but may
be useful in compositions to 25prevent or ameliorate infection in which a subject is immunologically
naive. Conclusion  While the RO (SEQ ID NO: 474) construct is poorly immunogenic and efficacious in
mice, in the rabbit model the construct is immunogenic with only 30 modest reductions in
immunopotency being observed at the lower doses tested. Because the rabbit model has successfully
predicted the therapeutic window for  -258 - two separate vaccines evaluated in the clinic, it is likely
that the rabbit model may provide an accurate prediction of what could be observed in the clinical
setting. The rabbit model may provide an assessment of the therapeutic window (e.g., a dose range
that maximizes the immunological response while minimizing 5reactogenicity) for use in humans for
certain flagellen constructs. Vaccine constructs with the minimal TLR5 signaling required for
stimulation of an immune response could have real utility in the clinical setting. Such a vaccine would
be useful in instances where the subjects have pre-existing immunity to the vaccine antigen, such as
with seasonal influenza, or when multiple vaccine 10antigens need to be combined to form a
multivalent vaccine, again as with the case of seasonal influenza. EXAMPLE 6: ADSORPTION OF A
FLAGELLIN ON THE SURFACE OF PLGA The immunogenicity of the compositions, Toll-like
Receptor 5 agonists and 15fusion proteins of the invention, may be improved by association with
particles, such as colloidals (e.g., nanoparticles). A Toll-like Receptor 5 agonist, such as flagellin, and
an antigen may be attached to the surface of a particle. 



Methods:  The biodegradable polymer poly(lactic-co-glycolic acid) (PLGA) was 20dissolved in acetone
at different concentration ranging from 1.25 mg to 10.0 mg/mL. The organic polymer solution was then
incubated with flagellin (SEQ ID NO: 447) at different pHs (pH about 4- about10). The optimal pH of
adsorption of the flagellin on PLGA was determined by tracking the amount of flagellin protein in the
initial solution and then in the final solution following incubating with the PLGA 25Results:  The results
in Table 9 show that particles could not be recovered at a PLGA concentration of 10 mg/ml. At PLGA
concentration of 2.5 or 1.25 mg/ml, PLGA particles were successfully prepared with low polydispersity
values. Control of particle size and polydispersity was influences by adjusting the concentration of
30PLGA in the dispersion. Adsorption of flagellin on the surface of the particles was found to be pH
dependent and was maximum when the pH of the medium was different from the pI of flagellin, more
specifically when the pH was below the pI of  - 259 - flagellin (pl = 5). (Table 9). Optimal adsorption
and nanoparticle formation occurred at pH 4. Conclusions:  5Flagellin can be adsorbed on the surface
of particles, such as colloidal systems (e.g., nanoparticles). Particles adsorbed with flagellin may be
useful in combination with an antigen that is either co-adsorbed on the surface, encapsulated or
covalently attached on the surface of the TLR 5 agonist containing particles, which may have superior
presentation of the antigen to the immune cells and, thus, generate an 10 enhanced immune response
compared to the antigen alone. Table 9: Effect of pH on adsorption of the TLR 5 agonist PLGA
concentration Flagellin fljb Particle size Flagellin Concentration (%w/w of PLGA) 10 mg/mL 4.0 



N/A N/A 10 mg/mL 7.0 N/A N/A 10 mg/mL 10.0 N/A N/A 2.5 mg/mL 4.0 210 nm 2.5% 2.5 mg/mL 7.0
150 nm 2.1% 2.5 mg/mL 10.0 110 rim 1.7% 1.25 mg/mL 4.0 



150 rim 3.2% 1.25 mg/mL 7.0 115 rim 3.4 % 1.25 mg/mL 10.0 120 rim 2.2%  15SEQ ID NO:447STF2
(S. typhinmrium fljEl)
MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANAFTANIKGLTQASRNAN
DGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRLNEIDRVSGQTQFNGVKVL
AQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYDVKDTAVTTKAYANNGTTLDVSGLDDAA
IKAATGGTNGTASVTGGAVKFDADNNKYFVTIGGFTGADAAKNGDYEVNVATDGTVTLAAGATKTTM
PA 20
GATTKTEVQELKDTPAVVSADAKNALIAGGVDATDANGAELVEMSYTDKNGKTIEGGYALKAGDKYY
AA
DYDEATGAIKAKTTSYTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAA
K  - 260 - TT ENPLQK I DAALAQVDALRSDLGAVQNRFNSA ITNIGNTVNNL SEAR SRI EDSDYAT
EVSNMSRAQ IL QQAGTSVLAQANQVPQNVLSLLA     Example 7: Preclinical reactogenicity and
immunogenicity data from mice and rabbits 5injected with STF2.HA1 (SD  Introduction        The active
component of the VAX125 vaccine includes STF2.HA1 (SD (SEQ ID NO: 660), which includes the
globular head domain of the Solomon Islands HA protein fused to a flagellin (STF2; SEQ ID NO: 661).
It is an A/Solomon 



10Islands/3/2006 (HIN1) strain- specific antigen that co-activates the innate and adaptive immune
responses by coupling a ligand for a TLR5 (flagellin), which triggers the initial, innate phase of an
immune response, to the vaccine antigen (HA), which elicits an antigen-specific adaptive immune
response. Toll-like receptors (TLRs) are expressed on various cell types, most notably professional
antigen presenting cells 15(APC), where they act as primary sensors of microbial products and
activate signaling pathways that lead to the induction of immune and inflammatory genes.    The
STF2.HA1 (SI) fusion protein in F147 buffer (10 mM Tris, 10 mM LHistidine, 5% trehalose (w/w), 150
mM NaC1, 0.02% polysorbate-80 (w/w), 0.1 mM EDTA, 0.41% (w/w) ethanol at pH 7.0) is a
composition referred to herein as 20"VAX125." In preclinical experiments, mice were immunized
subcutaneously with VAX125 that included STF2.HA1-2(SI) in doses ranging from 0.1 pg to 10 pg.
Protective hemagglutination inhibition (HAT) and neutralizing antibody titers developed following a
prime and boost with as little 0.1 jig of the fusion protein. Rabbits were given intramuscular doses of
the fusion protein in a range of 0.5 pig to 25300 pg. Most rabbits developed robust IgG responses
after a single dose and all developed IgG responses after two doses. Doses as low as 5 mg led to the
induction of protective levels of neutralizing antibodies. In both mice and rabbits, antibodies directed
towards flagellin (either pre-existing or those elicited by a priming immunization) did not interfere with
immune responses to the vaccine on subsequent 30immunization. Materials and Methods  -261 -
TLR5 bioassay.       TLR5-specific activity of fusion proteins was evaluated by measuring induction of
IL-8 production by HEK 293 cells (ATCC, Manassas, VA). Cells were cultured in 96-well microtiter
plates (Costar, ThermoFisher, Hudson, NH) at a seeding 5density of about 3 to about 5 x 104 cells in
100 ill/well in DMEM medium supplemented with 10% FCS and antibiotics (Invitrogen, Carlsbad, CA).
The next day, cells were treated for about 5 hours with serial dilutions of test proteins starting at 5
jig/ml. At the completion of the assay, supernatants were harvested and IL-8 expression was
evaluated by ELISA (BD, Franklin Lakes, NJ). 0D450 was measured 10 on a microplate
spectrophotometer (Molecular Devices-MDS, Sunnyvale, CA). In vivo Studies: Mouse and Rabbit
BALB/c mice were obtained at 5-6 weeks of age from Charles River Labs (Wilmington, MA) and were
housed under SPF conditions. After one week acclimation, they were immunized s.c. either at the
nape of the neck (volumes of 0.1 15mL) or the flank (0.25 mL on each flank for a total of 0.5 mL) with
the fusion protein. Mice were typically immunized on study days 0 and 14. 



Non-terminal mouse bleeds were performed retro-orbitally and terminal bleeds were performed either
retro-orbitally (Princeton) or by cardiac puncture. Blood was collected in BD serum separator tubes
(Franklin Lakes, NJ) and spun 3,000 RPM for 20 20 minutes to generate serum.       New Zealand
White rabbits (NZW) were obtained from Covance or Charles River. Rabbits were between 12 and 17
weeks of age on arrival and were acclimated one week before immunization. Rabbits were immunized
i.m. with VAX125 that included varying doses of STF2.HA1-2(SI) as described herein in a total volume
of 250.5 mL. Prime and boost injections were administered to alternate thigh muscles. Bleeding was
performed by ear vein at all time points. Food consumption was performed by weighing input and
leftover food at 24 hour intervals. Body temperature was taken rectally except for the study in Figure
33 which was taken by subcutaneous chip.  - 262 - Mouse potency: HA-specific IgG by ELISA        For
the ELISA evaluating immunopotency, plates (ThermoFisher, Hudson, NH) coated with the HA1-1 (SI)
antigen (Vaxlnnate, Cranbury, NJ) at 1-3 p.tg/mL were used to assess the HA-specific activity of
mouse serum. Serum samples were 5diluted in Superblock T20 (ThermoFisher, Hudson, NH) and
transferred to the coated and blocked plate. Two independent dilutions were performed for each
serum sample. After incubation and washing (1X PBS, 0.05% Tween 20,Mallinkrodt-Baker,
Phillipsburg, NJ), the plates were developed using a goat anti-mouse IgG (Jackson Immunoresearch,
West Grove, PA) directly conjugated with horse radish peroxidase 10 followed by TMB / H2SO4,
(TherrnoFisher, Hudson, NH and Mallinlcrodt-Baker, Phillipsburg, NJ). Plates were read at 450 nm
(SpectraMax 190, Molecular Devices, Sunnyvale, CA). A dilution series of purified mouse IgG (AbD
Serotech, Oxford, UK) was coated onto part of each plate to generate a standard curve, which was fit
using a 4-parameter logistic equation (Softmax Pro 5.2, Molecular Devices). This 15curve allows
calculation of HA-specific IgG in [tg/mL. Mouse potency: microneutralization       In the
microneutralization assay, the serum samples were treated with receptor destroy enzyme (RDE, 1 part
serum plus 3 parts RDE, DENICA SEIKEN, purchased through Accurate Chemicals, Westbury, NY) at
37C over night, heat inactivated (56 20 C, 30 min), co-cultured with 100 TCID50 of influenza
A/Solomon Islands/3/2006 (CDC, Atlanta, GA) for 1 hr in 96-well microtiter plates. MDCK cells (4 x
104 /well) in DMEM medium (DMEM supplemented with 1% BSA, 20 mM HEPES, and 100 IU/m1
Penicillin and 100 p.tg/mL Streptomycin, Invitrogen, Carlsbad, CA) were then added. Following
overnight incubation (37 C for 20 hr), the medium was aspirated. 25The cells were then washed once
with PBS (Invitrogen), fixed in 80% acetone (MallinIcrodt-Baker, Phillipsburg, NJ), air-dried, and
subjected to ELISA assay with anti-NP monoclonal antibody (BEI Resources, Manassas, VA) as the
detection antibody (1:2000) and goat anti-mouse Fey specific IgG:HRP (1:5,000, Jackson
ImmunoResearch, West Grove, PA) as the secondary antibody. Virus titration 30controls were also
included to ensure that the appropriate virus dose was used.  - 263 - 



Mouse potency: hemagluttinin inhibition assay (HA!)          In the HAI assay, the serum samples were
treated with RDE (DENKA SEIKEN, purchased through Accurate Chemicals, Westbury, NY) for 18-20
hr at 37C and heat inactivated (56 C, 30 min). Twenty five microliters of the treated 5 serum samples
were added to V-bottom 96-well plate (ThermoFisher, Hudson, NH) in duplicate, and serially (two-fold)
diluted. Influenza A/Solomon Islands/03/2006 virus (4 HAU in 25 pl) was added to the serum samples
and incubated at room temperature for 30 min. Fifty microliters of 0.5% Chicken red blood cells
(CRBC, Rockland Immunochemicals, Gilbertsville, PA) were added to the virus serum mixture.
10Reference positive serum (ferret anti-A/Solomon Islands/03/2006, CDC, Atlanta, GA) and a CRBC
control are also included. Following -2-hour incubation at room temperature, the hemagglutination
patterns of the samples were read. The HAT titers were defined as the reciprocal dilutions that cause
complete inhibition of virus-specific hemagglutination. 15C reactive protein ELISA        Determination
of CRP levels from rabbit serum was performed using a commercial sandwich ELISA kit (Immunology
Consultants Lab, Inc., Newberg, OR). Kits were run according to manufacturer's instructions and with
provided reagents. The kit includes a standard curve which was fit using a 4-parameter logistic
equation 20 (Softmax Pro 5.2, Molecular Devices, Sunnyvale, CA). Serum samples were run at
1:1,000 or 1:5,000 dilution. Only OD values in the range of the standard curve were used. Rabbit
potency: HA- and STF2-specific IgG by ELISA  For the ELISAs evaluating HA- and STF2-specific IgG,
plates (ThermoFisher, 25Hudson, NH) coated with either the HA1-1 (SI) protein at 3 1.1g/mL or STF2
at 1 pg/mL were used to assess the specific activity of rabbit serum. In brief, serum samples were
diluted in Superblock T20 (ThermoFisher, Hudson, NH), and transferred to the coated and blocked
plate. Two independent dilutions were performed for each serum sample. After incubation and
washing (IX PBS, 0.05% 30 Tween 20,MallinIcrodt-Baker, Phillipsburg, NJ), the plates were
developed using a goat anti-rabbit IgG (Jackson ImmunoResearch, West Grove, PA) directly
conjugated  - 264 - with horse radish peroxidase followed by TMB / H2SO4, (ThermoFisher, Hudson,
NH and Mallinkrodt-Baker, Phillipsburg, NJ). Plates were read at 450 run (SpectraMax 190, Molecular
Devices, Sunnyvale, CA). A dilution series of purified rabbit IgG (Bethyl Laboratories, Montgomery,
TX) was coated onto part of each plate to generate 5a standard curve, which was fit using a
4-parameter logistic equation (Softmax Pro 5.2, Molecular Devices). This curve allows calculation of
HA-and STF2-specific IgG in ug/mL. Rabbit potency: microneutralization  The microneutralization
assay measures the levels of virus-specific 10neutralizing antibodies (Ab) in serum samples by
quantifying reduction in influenza 



NP protein in virus-infected MDCK cells as a result of virus-antibody coincubation. To remove the
nonspecific inhibitors, serum samples were treated with RDE II (1 part of serum + 3 parts of RDE II,
DENICA SEIKEN, purchased through Accurate Chemicals, Westbury, NY) at 37 for 18-20 hr and 56C
for 30 min. Next, the treated 15sera were serially diluted in duplicate in 96-well tissue culture plates,
and coincubated with 100 TCID50 of influenza A/Solomon Islands/03/2006 (CDC, Atlanta, GA) for 1-
1.5 hr at 37C. This was followed by addition of 4 x 104/well of MDCK cells/well (ATCC, Manassas,
VA). After 18-22 hr incubation, quantification of NP protein is performed using a standard ELISA
protocol using anti-NP MAb (BEI, NR-4282, 201:2,000) as the primary antibody and Goat anti-mouse
IgG the secondary antibody (JacksonlmmunoResearch, West Grove, PA, 1:5,000). Sheep anti-
A/Solomon Islands/03/2006 serum (NIBSC, Herfordshire, UK) was included as a reference serum in
each plate to monitor the variability. Plate washing, substrate TMB and stop solution, and 0D450
reading were described above. Neutralizing antibody titers are 25defined as the reciprocal dilutions
that are below the specific signal calculated from the OD values of negative and positive controls.
Results  IL-8 Secretion         Bioactivity of different protein lots are reported as a ratio of the IL-8
produced 30in response to a selected concentration of the test article (about 278 ng/ml) relative to that
for the same concentration of the reference standard. A ratio of less than 1.00  - 265 - indicates
reduced bioactivity compared to the reference. Table 10 shows that two different lots of
STF2.HA1-2(SI) elicited similar amounts of IL-8 from HEK-293 cells. 5Table 10: STF2.HA I (SI)
Stimulates IL-8 Secretion through TLR5 Reference Well # Mean Result (ng/nL) Mean of all wells TIC
ratio STF2 .HA1 - 2(SI) lot 1 (2.19 mg/mL) 



1 635.470 1105.669 N/A  2 797.188    3 1073.319    4 1227.599    5 1362.383   



6 1538.054   STF2.HAl- 2(5I) lot 2 (4.0 mg/mL) 1 1464.454 1407.564 1.3  2 1594.904    3 1608.427
4 1304.132  



5 1379.742    6 1093.725    Mouse and Rabbit Immunonotency In one experiment, groups of 15
BALB/c mice were immunized s.c. twice with 10 doses of 10 Mg, 1 pg and 0.1 pg of STF2.HA1 (SI) at
a 2-week interval. Serum samples were prepared 7 days post the boost, as described in Methods,
Neutralizing antibody titers were defined as the reciprocal dilutions that are below the specific signal
calculated from the OD values of negative and positive controls. The micro-neutralization results are
shown in Figure 26. The results indicated that two 15immunizations of mice with STF2.HA1 at 1 pg
and 10 pg doses elicit significant levels of neutralizing antibodies to A/Solomon Islands/03/2006 (p <
0.05, in ANOVA/Tukey test).  - 266 -       In a second comparative immunogenicity study, groups of 15
BALB/c mice were immunized s.c. twice with 3 jig, 1 pg, 0.3 iig or 0.1 pg of STF2.HA1 (SI) or
Fluvirin(r) (Novartis) at a 2-week interval. Serum samples were harvested 7 days post the boost, and
prepared as described above for the micro-neutralization assay. The 5results, shown in Figure 27,
indicate that both STF2.HA1 (SI) and Fluvirin(r) elicit virus-specific neutralizing antibodies in a
dose-dependent manner. Immunization with STF2.HA I (SI) at as low as 0.3 pg dose resulted in a
significant increase in virus specific neutralizing antibodies. The neutralizing antibody titers induced in
mice by 3 Mg or 1 Mg of Fluvirin(r) compared to I mg or 0.3 Mg of STF2.HA I (SI) are similar as 



10 determined by ANOVA/Tukey test.       A dose ranging study of the product STF2.HA1 (SI) in
rabbits was also performed. Rabbits received 300 Mg, 150 Mg, 45 pg, 15 Mg and 5 Mg delivered i.m.
on days 0 and 21. Dose-related lacrimation was observed in the rabbits about 24 hours post the
priming immunization. This self-resolved by 48-72 hours. Interestingly, the 15frequency of this
observation was highest at 150 Mg (6 of 6 animals) and substantially lower at 300 Mg (1 of 6 animals).
As shown in the Figure 28A, significant HA- specific IgG is observed 21 days post the priming
immunization at all dose levels. This response was boosted in all groups as shown in Figure 288.
Micro-neutralization assays were performed on the rabbit serum using the 20 method described above
for mouse serum. A single boost with STF2.HA1 (SI) led to robust increases in antibody titers
compared to those in normal sera (4-64 fold, Table 11). Although the levels of neutralizing antibodies
in the serum samples from 45 Mg and 150 pg dose groups appear to be higher than those in the lower
dose groups, there was no statistical difference among different dose groups according to 25
ANOVA/Tukey test. Thus, STF2.HA I (SI) is highly immunogenic in rabbits with doses as low as 5 Mg
leading to the induction of protective levels of neutralizing antibodies.  - 267 - Table 11: Neutralization
of influenza A/Solomon Islands/3/2006 by rabbit antiSTF2.HA (SI)   Groups YDose (pg/animal)
Animals per group (n) GMT a 95% CI b Significance ' F147 



6 10 10-10  SID.008 5 6 411 302-560 *** SID.008 15 6 544 314-940 *** SID.008 50 6 565 179-1786
*** SID.008 



150 6 685 274-1713 *** 'geometric mean titers; 51,95% confidence intervals; 'significant in
ANOVA/Tukey Test (vs F147), ***,p <0.001.       In an extension of the comparative immunogenicity
experiments described above for mice, groups of 6 New Zealand White rabbits were immunized i.m.
twice 10with 45, 15 or 5 !.ig of STF2.HA1 (SI) or Fluvirin(r) at a 3-week interval. Serum samples were
prepared 7 days post the boost, as described above for the micro-neutralization assay. The results,
shown in Figure 29, indicate that low doses of both vaccines elicit robust neutralizing titers in the
rabbit. Certain inter-group comparisons by ANOVA (45 pg Fluvirin(r) compared to 15 pig STF2.HA1
(SI)) indicate that 15STF2.HAI (SI) is less potent than Fluvirin(r), while other inter-group comparisons
(15 pig Fluvirin(r) compared to 5 pg of STF2.HAl (SI) by ANOVA/Tukey test show no statistical
significant difference between Fluvirin(r) and STF2.HA1 (SI). VAX125 NonClinical Results  In the
studies of varying doses of VAX125 in rabbits, described above, dose- 20 related lacrimation 24 hours
post the prime immunization was observed. Systemic reactogenicity of VAX 125 was evaluated in
rabbits to include dose-related measures of temperature, food consumption and CRP.  - 268 -
Groups of rabbits were immunized with doses of STF2.HA1 (SI) in VAX125 ranging from 150 pg to 0.5
pg. Food consumption and CRP levels were evaluated post the prime immunization. The entire dose
range for STF2.HA1 (SI) was evaluated in a single experiment. The data are depicted in Figures
30-32. Administration of 5STF2.HA1 (SI) suppresses appetite in rabbits in a dose-dependent manner.
Food consumption for the 50 and 15 pg dose groups approaches baseline. CRP increased in a
dose-dependent fashion after administration of STF2.HAl (SI) (Figure 31). Consistent with these
observations, temperature was elevated at 2 hours post-vaccination with STF2.HA1 (SI) at doses of
50 iig and 150 pg (Figure 32). 10The kinetics of temperature elevation after injection with STF2.HA I
(S1) was also determined. The results of this study indicate that temperature rises for at least 10 hours
after immunization while it is back to normal by 24 hours (Figure 33). A dose ranging study of
STF2.HA1 (SI) measuring temperature at 6 hours post-immunization was therefore performed. Doses
from 15 to 0.5 pg were compared with 



15F147 buffer alone. Consistent with the results at 2 hours, temperature elevation was
dose-dependent (Figure 34) and began to rise significantly at doses >15 pg.       Serum from the rabbit
study was evaluated in the microneutralization assay. As shown in Figure 35, doses of STF2.HA1 (SI)
as low as 1.5 pg generate substantial neutralizing antibody titers, with seroconversion rates ranging
from 67 to 100%. A 20dose of 0.5 pg also elicits neutralizing antibodies in 33% of the rabbits.
Conclusion       A molecule linking of Salmonella typhimurium flagellin and a globular head of influenza
A HA was produced in E. colt and when given to rabbits and mice, resulted in virus-neutralizing
antibodies. The innate immune stimulus function of the STF2 25was clearly retained as indicated by
IL-8 secretion from HEK-293 cells, and by decreases in food consumption, and increases in body
temperature and serum CRP observed at higher doses of the vaccine. At lower doses, however,
reactogenicity measures in the rabbit were similar to buffer control while significant neutralizing
antibody titers, as well as HA-specific IgG, were detected. 30These titers are similar in magnitude to
those elicited by Fluvirin(r), a vaccine used in humans. In mice, 1 pg of STF2.HAl (SI) produces higher
neutralizing  -269 - antibody titers than 3 ps of Fluvirine, which has roughly the same amount of SI HA
protein. Thus, compositions that include antigens in combination with Toll-like Receptor 5 agonists,
such as STF2.HA1-2(SI), may have a significant advantage over traditional influenza vaccines,
because such compositions can be made in E. coli, 5which has a higher protein yield per square foot
of manufacturing capacity relative to fertilized egg-based manufacturing. In addition, the potent
immunogenic response and low reactogenicity at low doses compared to currently used vaccines, was
unexpected. 10 Example 8: Escalating Dose-Ranging Study to Evaluate the Safety and
Immunogenicity of the VAX125 In Humans        In order to assess the safety and efficacy of the
STF2.HA1-2 (SI) fusion protein (SEQ ID NO: 660; also referred to herein as "STF2.HA1(SI)") in F147
(10 mM Tris, 10 mM L-Histidine, 5% trehalose (w/w), 150 mM NaCI, 0.02% 15 polysorbate-80 (w/w),
0.1 mM EDTA, 0.41% (w/w) ethanol at pH 7.0), Phase I clinical trials were performed. The
STF2.HA1-2 (SI) fusion protein in combination with the F147 buffer is referred to as "VAX125." The
safety and efficacy of the VAX125 composition was assessed. The VAX125 compositions were
administered i.m., in a single dose regimen in healthy adults 18-49 years of age. Symptom diary 20
cards were completed and physical assessments were performed on all subjects. In addition, serum
cytokine levels and C-reactive protein (CRP) were quantified before and after administration of the
composition.       The immunogenicity of the VAX125 composition in human subjects was evaluated.
The primary endpoint was the serum hemagglutination inhibition (HAI) 



25 antibody against egg-grown A/Solomon Islands/06 was evaluated on days 0, 14 and 28.
(Belshe,R.B., et. al., The J. of Infectious Diseases 181:1133-1137 (2000)). In addition, serum was
assessed in a microneutralization assay using egg grown Solomon Islands virus, and in an ELISA
using recombinant HA as previously described (Katz, J.M. et. al., The of Infectious Diseases
180:1763-1770 (1999)).  - 270 - Materials and Methods  Study Design       VAX125-01 Phase 1, Part
1: This study was a dose escalation, prospective, open-label study design in healthy, not previously
vaccinated subjects. The study 5consisted of 7 groups ranging from 0.1 to 8 pg VAX125 (total protein):
0.1 pg, 0.3 lig, 1 pg, 2 pg, 3 jig, 5 jig or 8 pg. There were 8 subjects per group, 56 subjects total.
Immunogenicity was assessed at day 0, 7, 14 and 28. Day 0 is the day the composition was
administered. VAX125-01 Phase 1, Part 2: This study was a randomized, placebo-  10 controlled,
blinded study in healthy adults. The purpose of this study was to develop additional safety and
immunogenicity data at well tolerated doses that could serve as the basis for a trivalent formulation at
1 pg or 2 pg. Study participants: Prior to participating in study procedures, each volunteer provided
voluntary, 15written informed consent. Subjects were 18-49 years of age and healthy as ascertained
by medical history, screening physical examination and screening laboratory analysis. The main
exclusion criteria included history of active medical condition or presence of abnormal screening
laboratory results, impaired immune response for any reason, documented influenza infection within
the previous 6 20months, recent receipt of non-study vaccine, or allergy to the vaccine components.
Procedures In the first study, participants were randomly assigned to receive 1 administration of
escalating doses of VAX 125 to increase the concentration of the STF2.HA1-2(S1) fusion protein:
either 0.1 jig, 0.3 fig, 1 jig, 2 jig, 3 jig, 5 or 8 pg. 25 Study participants received the vaccine by
intramuscular (i.m.) injection in the deltoid muscle of the non-dominant arm. Participants maintained a
memory aide following the dose of VAX125 and for 6 days thereafter, on which they recorded solicited
local and systemic reactions graded as none, mild, moderate, or severe. Adverse reactions were
assessed by study participants using a 4 point scale (0-3). Solicited local 30reactions were redness,
swelling or induration, pain and ecchymosis. Solicited  



- 271 - systemic reactions were fever, headache, joint pain, fatigue, muscle aches, shivering (chills)
and increased sweating.       Subjects returned to the clinic for safety observations on Days 1 and 7
after administration of VAX125 for a brief physical examination, memory aide review and laboratory
assessment. Additional safety laboratory assessments were performed on Days 14, and 28.
Laboratory analysis included CBC, BUN, Creatinine, urinalysis and liver function tests. C reactive
protein (CRP, Latex Enhanced Immunoturbidimetric, Bayer, Pittsburg, PA) assays were performed on
Day 0 (preadministration of the VAX125), and 1. HAI, microneutralization and IgG responses to HA
and flagellin 10assays were performed on sera collected on days 0, 7, 14, and 28 following
administration of VAX 125. Dose escalation procedures (Study 1) Within each dose group, upon
completion of the Day 1 clinical visit, Day 3      phone call and safety labs at Day 1 data were reviewed
by the safety monitoring 15committee.       Upon completion of the dose escalation portion of the initial
study, the protocol allowed for the enrollment of 48 additional subjects randomly assigned to receive
one of two dose levels determined to have optimal safety and immunogenicity, or placebo.
20STF2.HA1-2(81) fusion protein        The STF2.HA1-2(SI) fusion protein was purified under GMP
conditions using standard methods of chromatography (WCBF, Madison, WI). The fusion protein was
formulated in buffer F147, vialed and administered to humans. Clinical Assays  25 Hemagglutination
Inhibition (HAI) Assay       The clinical HAI assay was performed using turkey red blood cells (RBC,
CBT Farms, Federalsburg, MD) and 96 well V-bottom microtiter plates (VVVR, West Chester. PA).
RBC were washed three times in PBS (Invitrogen, Carlsbad, CA). Cells were resuspended to a final
concentration of 0.75% RBC in PBS. Subject serum 30 was treated with receptor destroying enzyme
(RDE, Denka Sieken, Accurate Chemical, Westbury, NY) to remove non-specific inhibitors (1:4
dilution). Influenza  - 272 - A/Solomon Islands/3/2006 was prepared at 4 HAU/25 p1 L in PBS. Serum
was serially diluted 1:2 leaving 25 pl L in each row. Virus was then added in a volume of 25 pl L, the
plate was mixed gently and incubated for 1 hour at room temperature. Fifty microliters of 0.75% RBC
was then added to each well, plates were mixed gently 5and allowed to settle at 4C until cells form a
well-defined pellet. Control wells included that contained RBC only (no virus or serum); RBC + virus
(no serum) and RBC, virus and control serum (pooled human serum). The serum HAT titer was
determined as the highest dilution in which a well defined pellet or "button" formed. 



10Microneutralization        A microneutralization assay was performed with the use of protocol
modified from that developed by (Katz, J.M., et :al., The .I. of Infectious Diseases 180:1763- 1770
(1999)). Serum samples were serially diluted in duplicate, starting at 1:20, co-cultivated with 100
tissue culture cell infectious doses (TCID) that cause 50% lysis 15(TCID50) of influenza A/Solomon
Islands/3/2006 for 1.5 hr in 96-well microtiter plates. MDCK cells (ATCC, Manassas, VA, 4 x 104 /well)
in DMEM medium (DMEM supplemented with 1% BSA, 20 mM HEPES, and 100 1U/mL Penicillin and
100 ug/mL Streptomicin (Invitrogen, Carlsbad, CA)) were then added. Following a 20-hr incubation at
37C, the medium was aspirated. The cells were then washed once 20with PBS (Invitrogen, Carlsbad,
CA), fixed in 80% acetone (Sigma, St. Louis, MO), air-dried, and subjected to ELISA assay with
monoclonal anti-influenza A nucleoprotein (1:2000, clones Al and A3, ATCC/BEI resources,
Manassas, VA) as the detection antibody and goat anti-mouse Fcgamma specific IgG:HRP (1:5000,
Jackson ImmunoResearch Laboratories, Inc., West Grove, PA) as the secondary 25antibody.
Following development in 1-step Ultra TMB-ELISA substrate (Thermo, Hudson, NH) and termination
of the reaction in 1 M H2504, (Mallincicrodt Baker, Phiilipsburg, NJ) the 01)450 was read (Spectramax
190, Molecular Devices, Sunnyvale, CA). Virus back titration, positive serum control, virus controls
(VC), and 30cell controls (CC) were included. The end point of virus neutralizing antibody for each
serum was determined using the equation: 50% of specific signal = [(Average  -273 - OD of VC wells)
- (Average OD of CC wells)]/2 + Average OD of CC wells. Values below this value are considered
positive for neutralizing activity. ELISA  Immulon 4HBX plates (Thermoelectron Corp., Milford,MA)
were coated with 5HA1-1 (SI) (SEQ ID NO: 662) (recombinant protein amino acids 53-324 from
Solomon Islands virus HA; SEQ ID NO: 665 made in insect cells), or recombinant STF2.his6 (made in
E. coli), at 1 Rg/mL for 15.5 to 17.5 hours at 4C. Purified human IgG (AbD Serotec, Raleigh, NC) was
diluted 8 times using 1X PBS (EMD, Gibbstown NJ, 4-fold each time) beginning at a concentration of
0.9 pg,/mL and also 10coated overnight.       Plates were washed the next day and blocked with 300 pl
of Superblockwith T20 (Thermo, Hudson, NH) for 2 hours at 23-27 C. Dilutions of sera were prepared
beginning at a 1:500 fold dilution and ending at a 1:15807 fold dilution (3.162 fold dilutions each time)
in triplicates using Superblock. Positive and negative control 15serum were diluted 2500 times using
Superblock. Blocked plates were washed 3X with lx PBS/0.05% Tween (J.T.Baker, Phillipsburg, NJ)
and the diluted sera and controls were added to the HAI-1 coated wells. Superblock alone was added
to wells coated with human IgG. Following 2 hour incubation at 23-27 C, plates were washed again
and incubated with 100 pi of a 1:5000 dilution of HRP-conjugated anti-human 20 IgG antibodies
(Jackson Immuno Research labs Inc., West Grove, PA) for 40 to 45 minutes. 



Plates were washed three times and 100 IA of pre-warmed TMB substrate (Thermo, Hudson, NH) was
added to the wells. Color development was allowed for 4 minutes after which 100 ml of 1 M H2SO4
(Mallinckrodt Baker, Phillipsburg, NJ) was 25 added to stop the reaction. The OD at 450 nm was read
within 40 minutes of stopping the reaction(Spectramax 190, Molecular Devices, Sunnyvale, CA). The
concentration of anti-HA IgG antibodies are determined using a 4 parameter logistic curve (SoftMax
Pro 5.2, Molecular Devices, Sunnyvale CA) generated from the human IgG standards and their
resulting 0.Ds. Sera that were highly concentrated and out of range of the 30standard curve were
repeated in an alternate ELISA using dilutions ranging from 31, 250 to 3,906,250.  - 274 - Results
Table 12 provides the demographic characteristics of the subjects who participated in the Part 1 of the
study. The groups are well balanced in terms of age, sex, and race-ethnicity. 5 Table 12: Demographic
characteristics Group Dose No. of subjects Mean age Age range Male Female 1 0.1 8 34.5 



23-45 2 6 2 0.3 8 33 22-46 3 5 3 1 8 30 19-46 4 4 4 2 8 37.4 22-49 3 5 



5 3 8 37 25-43 3 5 6 5 8 32.4 19-45 4 4 7 8 8 37.6 25-48 1 7  Table 13 describes the safety profile for
each dose group of Part 1. Symptoms 10are divided into local symptoms which are symptoms at the
site of injection such as 



pain, redness or swelling and systemic symptoms such as headache, fatigue, joint pain, muscle
aches, chills and sweats. The fusion protein was well tolerated by nearly all subjects. Subjects in the 5
ug and 8 !..tg group had an increase in moderate arm pain. There were two subjects who had severe
systemic symptoms, one in the 2 !..ig group, 15 which appeared unrelated to VAX125 and one in the 3
p.g group which began 2 hours after VAX125 administration and lasted about 2-3 hours. Table 13:
Local and systemic reactogenicitv reported after VAX125 administration Dose (lg) No. of subjects No.
subjects with arm pain No. subjects with systemic symptoms   None Mild Mod None Mild Mod Severe
0.1 8 6 2 0 8 



0 0 0  - 275 - 0.3 8 5 3 0 7 1 0 0 1 8 4 3 1 8 0 0 0 2 



8 2 5 1 6 1 0 1 a 3 8 5 3 0 7 0 0 lb 5 8 1 2 5 7 1 



0 0 8 8 1 2 5 6 2 0 0     a. Severe fatigue reported on day 7 not related to administration of VAX125
b. Severe systemic syndrome onset 2 hrs after administration of VAX 125 with fever (101.5 F), severe
chills, myalgias, malaise, mild nausea without vomiting. 5 Symptoms lasted about 2-3 hours.       A
summary of the HAI geometric mean titers by dose and fold-rise in Part 1 of the study is shown in
Table 14. Significant HAI titers were observed on day 0, most likely reflecting a recruiting population,
many of whom may have been vaccinated against influenza in recent years. All VAX125 participants
showed a rise in 10 hemagglutination inhibition geometric mean titer (HAT GMT) on days 14 and 28,
although the fold rise was less than 4 for the 0.1 ps and 0.3 lig dose levels. Table 14: Geometric mean
titers and mean fold increase for each dose group   HAI GMT  Fold-rise Dose (lig) 



Day 0 Day14 Day 28 D14/d0 D28/d0 0.1 87 123 174 1.4 2.0 0.3 113 293 381 2.6 3.4 1 160 698 905
4.4 5.7 2 



95 587 587 6,2 6.2 3 174 987 640 5.7 3.7 5 62 1,522 1,174 24.7 19.0 8 40 320 349 8.0 8.7  



- 276 -       In Table 15, the 7 dose groups of Part 1 were combined into 3 representing a low, mid and
high dose groups. The C-reactive protein (CRP) is measured 1 day after administration of the fusion
protein and is indicative of cytokine (IL-6) response. Because of the variation in the preadministration
of VAX125 HAI titers the fold 5 increase may be more useful as a measure of immune response.
Seroconversion was defined as a four-fold increase in titer and seroprotection is defined as a
minimum post-administration titer of 40. Using this method of analysis, the low dose groups have a
low CRP rise and a low rise in seroconversion. Due to the pre-administration HAT titers, however,
there was 100% seroprotection. In both the mid and high doses, 10CRP levels rise as well as the HAT
GMTs. In the mid-level group, seroconversion rose to 50%, and in the high dose group the
seroconversion rate was 75%. Seroprotection rates were 100 and 94% in the mid and high dose
groups, respectively. Table 15: HAT GMT titers and fold rise and seroconversion (SC) and
seroprotection rates after VAX125 administration 15   Low dose (0.1-0.3 jig) Mid dose (1-3 jig) High
dose (5-8 jig)  n=16 n=24 n=16 C-reactive protein 1.8 5.2 10.2 



HAT-pre GMT 99 138 50 HAT-post GMT 258 698 640 HAT fold increase 2.6 5 13 Seroconversion (n,
oh) 4 (31%) 12(50%) 12(75%) Seroprotection (n, %) 16(100%) 24 (100%) 15 (94%)        The results
from Part 2 of the study are summarized in Table 16. In this case, seroresponse is defined as at least
a 4-fold rise with a minimum post-administration of the fusion protein titer of 40. As expected, no rise
in HAI titers was seen in the 



20 placebo group while the 1 and 2 jig groups had appreciable increases in both  - 277 - seroresponse
(50 and 81% respectively) and seroprotection (75 and 100%, respectively). Table 16: VAX125-01:
Phase I, Part 2  GMT, seroresponse (SR) and seroprotection (SP) rates   Time Control 11.1.g 2 i.tg
point n=16 n=16 n=16  Day 0 91 108 62 GMT Day14 



87 494 795  Day 28 84 473 761 GMT day 14 1 4.6 12.9 I FR day 28 1 4.4 12.3 SR* (%)  0 8 (50) 13
(81) SP' (0A) 



0 of 2 3 of 4 (75) 5 of 5 (100)  5*Seroresponse: increase in HAI antibody titer of at least fourfold with a
min. post-administration titer of 40 **Seroprotection: acheivement of a minimum post-administration
HAI titer of 40 among subjects with pre-administration titers of <40 In addition to the HAI assay,
microneutralization and ELISA assays were 10performed. As shown in Figure 36 for Part 1 subjects,
the microneutralization assay results are comparable to the HAI results: significant preadministration
titers were observed (DO) but doses of VAX125 from 0.3 pig to 8 ps caused increases in the
microneutralization titers by Day 28 (D28). As shown in Figures 37A and B, for Part 2 subjects,
anti-HA specific IgG, which was measurable preadministration of the  15 fusion protein, rose from
Days 0 to 7, and reached a plateau by Day 14. Anti-flagellin IgG began at a lower concentration but
increased with similar kinetics to the anti-HA response. Conclusions          VAX125 was highly
immunogenic after a single intramuscular dose at doses 20ranging from 0.1 )ig to 8 pg. Doses in the
11.tg to 3 i.tg range produced immune responses comparable or better to the standard antigen given
at doses of 15 pg. These  - 278 -  data show that the HA globular head protein of influenza can be
expressed in E co/i and when it is fused to flagellin is highly immunogenic. One person in the 3 jig
group had a systemic side effect indicative of cytokine release, which may be a consequence of TLR5
stimulation of the innate immune system. 5Appreciable increases in HAI titer, microneutralization and
HA-specific IgG were seen at all doses at or above 1 jig. Increases were also seen at 0.1 jig and 0.3
ps but while the measurable preadministration titers might have reduced the seroconversion rate,
100% of subjects were seroprotected at these doses. 



SEQ ID NO: 660 Amino acid sequence of STF2.HA1 (SI)  101 AQVINTNSLS  51 NRFTANIKGL 101
STNSQSDLDS 151 DGETIDIDLK 201 GLDDAAIKAA 15  251 DYEVNVATDG 301 LIAGGVDATD 351
GAIKAKTTSY 401 FKAQPELAEA 451 GNTVNNLSEA 20  501 LSLLAKGIAP 551 CYPGHFADYE 601
ESSFYKNLLW 651 LYHKENAYVS 701 IFEANGNLIA 25  LLTQNNLNKS TQASRNANDG
IQAEITQRLN QINSQTLGLD TGGTNGTASV TVTLAAGATK ANGAELVKMS TAADGTTKTA
AAKTTENPLQ RSRIEDSDYA LQLGNCSVAG ELREQLSSVS LTGKNGLYPN VVSSHYSRKF
PRYAFALSRG  QSALGTAIER ISIAQTTEGA EIDRVSGQTQ SLNVQKAYDV TGGAVXFDAD
TTMPAGATTK YTDKNGKTIE ANQLGGVDGK KIDAALAQVD TEVSNMSRAQ WILGNPECEL
SFERFEIFPK LSKSYANNKE TPEIAKRPKV FGSGIINS  LSSGLRINSA LNEINNNLQR
FNGVYVLAQD KDTAVTTKAY NNKYFVTIGG TEVQELKDTP GGYALKAGDK TEVVTIDGKT
ALRSDLGAVQ ILQQAGTSVL LISRESWSYI ESSWPNHTTT KEVLVLWGVH RDQEGRINYY
KDDAAGQAIA VRELAVQSAN NTLTIQVGAN ANNGTTLDVS FTGADAAKNG AVVSADAKNA
YYAADYDEAT YNASKAAGHD NRFNSAITNL AQANQVPQNV VEKPNPENGT GVSASCSHNG
HPPNIGDQRA WTLLEPGDTI  SEQ ID NO: 661 STF2   1 AQVINTNSLS 51 NRFTANIKGL 30 101
STNSQSDLDS 151 DGETIDIDLK 201 GLDDAAIKAA 251 DYEVNVATDG 301 LIAGGVDATD 35351
GAIKAKTTSY 401 FKAQPELAEA  LLTQNNLNKS TQASRNANDG IQAEITQRLN QINSQTLGLD
TGGTNGTASV TVTLAAGATK ANGAELVXMS TAADGTTKTA AAKTTENPLQ 



QSALGTAIER ISIAQTTEGA EIDRVSGQTQ SLNVQKAYDV TGGAVYFDAD TTMPAGATTK
YTDKNGKTIE ANQLGGVDGK KIDAALAQVD  LSSGLRINSA LNEINNNLQR FNGVKVLAQD
KDTAVTTKAY NNKYFVTIGG TEVQELKDTP GGYALKAGDK TEVVTIDGKT ALRSDLGAVQ
KDDAAGQAIA VRELAVQSAN NTLTIQVGAN ANNGTTLDVS FTGADAAKNG AVVSADAKNA
YYAADYDEAT YNASKAAGHD NRFNSAITNL  - 279 - 451 GNTVNNLSEA RSRIEDSDYA
TEVSNMSRAQ ILQQAGTSVL AQANQVPQNV 501 LSLLA SEQ ID NO: 663 amino acid sequence of
STF2.his6 5 MAQVINTNSLSLLTQNNLNKSQSALGTAIERLSSGLRINSAKDDAAGQAIANRFTANIKG
LTQASRNANDGISIAQTTEGALNEINNNLQRVRELAVQSANSTNSQSDLDSIQAEITQRL
NEIDRVSGQTQFNGVICVLAQDNTLTIQVGANDGETIDIDLKQINSQTLGLDSLNVQKAYD
VYDTAVTTKAYANNGTTLDVSGLDDAAIKAATGGTNGTASVTGGAVKFDADNNKYFVTIG
GFTGADAAKNGDYEVNVATDGTVTLAAGATKTTMPAGATTKTEVQELKDTPAVVSADAKN 10
ALIAGGVDATDANGAELVKMSYTDKNGKTIEGGYALKAGDKYYAADYDEATGAIKAKTTS
YTAADGTTKTAANQLGGVDGKTEVVTIDGKTYNASKAAGHDFKAQPELAEAAAKTTENPL
QKIDAALAQVDALRSDLGAVQNRFNSAITNLGNTVNNLSEARSRIEDSDYATEVSNMSRA
QILQQAGTSVLAQANQVPQNVLSLLRHHHHHH 15 SEQ ID NO: 662 amino acid sequence of HA1-1
(SI) SHNGKLCLLKGIAPLQLGNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADY
EELREQLSSVSSFERFEIFPKESSWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLS
KSYANNKEKEVLVLWGVHHPPNIGDQRALYHKENAYVSVVSSHYSRKFTPEIAKRPKVRDQEG
RINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRGFGSGIINSNAPMDECDAKCQTPQGAINS 20
SLPFQNVHPVTIGECPKYVR SEQ ID NO: 665 amino acid sequence of HA (SI)
MKVELLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGKLCLLKGIAPLQL
GNCSVAGWILGNPECELLISRESWSYIVEKPNPENGTCYPGHFADYEELREQLSSVSSFERFEIFPKE
S 25
SWPNHTTTGVSASCSHNGESSFYKNLLWLTGKNGLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQ
RAL
YHKENAYVSVVSSHYSRKFTPEIAKRPKVADQEGRINYYWTLLEPGDTIIFEANGNLIAPRYAFALSRG
FGSGIINSNAPMDECDAKCQTPQGAINSSLPFQNVEPVTIGECPKYVRSAKLRMVTGLANIPSIQSRGL
FGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKVNSVIEKMNTQFTAVGK
EFN
KLERRMENLNKKVDDGFIDIWTYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFE
F 30
YHKCNDECMESVKNGTYDYPKYSEESKLNREKIDGVKLESMGVYQILAIYSTVASSLVLLVSLGAISFW
MCSNGSLQCRICI EXAMPLE 9: ADMINISTRATION OF STF2.4xM2e IN HUMANS - DOSE RANGE
AND ROUTES OF ADMINISTRATION.  -280 - NaCI, 0.02% polysorbate-80 (w/w), 0,1 mM EDTA,
0.41% (w/w) ethanol at pH 7.2) Phase I clinical trials were performed. The STF2.4xM2e fusion protein
in F105 buffer is a composition referred to herein a "VAX102." One hundred fifty six (156) subjects
18-49 years old were enrolled in multicenter, double-blind, randomized, placebo- 5controlled trials to
assess VAX102 doses ranging from 0.03-10 pg.       VAX102 and placebo was administered
intramuscularly (i.m.), subcutaneously (s.c.), or intradermally (i.d.) at 0 and 28 days. Clinical and
laboratory safety assessments took place 1 and 7 days after immunization. Immune responses to M2e
and flagellin were assessed by ELISA at 7, 14 and 28, 35, 42, 60, 120 and 180 days 



10 after each dose. Seroconversion was defined as a serum IgG anti-M2e antibody value greater than
or equal to 0.174 jig/m1 and a four-fold rise in titer. Materials and Methods Study Design Three studies
were conducted to assess the safety, tolerability and 15immunogenicity of VAX102. The first Phase I
clinical study (referred to herein as "VAX102-01") was conducted with doses 0.3 jig, 1.0 jig, 3.0 jig and
10 pg administered i.m. The second Phase 1 clinical study (referred to herein as "VAX102- 02")was
conducted with doses 0.03 pg and 0.1pg either i.m. or id. A third Phase I clinical study (referred to
herein as "VAX102-03") was conducted with doses of 0.3 20jig (i.m., s.c, or i.d.), 1 jig (i.m., s.c. or i.d.)
and 2 jig (i.m. or s.c.). The trials were registered with ClinicalTrials.gov number NCT00603811. Study
Participants  Subjects were 18-49 years of age and healthy as ascertained by medical history,
screening physical examination and screening laboratory analysis. The main 25exclusion criteria
included history of active medical condition or presence of abnormal screening laboratory results,
impaired immune response for any reason, documented influenza infection within the previous 6
months, recent receipt of non-study vaccine, or allergy to the components in the composition.
Procedures  - 281 -       In the first study, participants were randomly assigned to receive 2 doses of
either VAX 102 or placebo at a ratio of 3 VAX102 recipients to 1 placebo recipient. Study materials
were prepared by non-blinded pharmacists and provided to blinded clinical staff. Study participants
received the identically appearing VAX102/placebo 5by intramuscular injection in the deltoid muscle of
the non-dominant arm. Participants maintained a memory aide following each dose of VAX102, and
for 6 days thereafter, on which they recorded solicited local and systemic reactions graded as none,
mild, moderate, or severe. Adverse reactions were assessed by study participants using a 4 point
scale (0-3). Solicited local reactions were redness, 10swelling or induration, pain and ecchymosis.
Solicited systemic reactions were fever, headache, joint pain, fatigue, muscle aches, shivering (chills)
and increased sweating.       Subjects returned to the clinic for safety observations on Days 1 and 7
after each administration of VAX102 for a brief physical examination, memory aide review and
laboratory assessment. Additional safety laboratory assessments were performed 15on Days 14, 28,
42, 60, 120 and 180. Laboratory analysis included CBC, BUN, Creatinine, urinalysis and liver function
tests. C reactive protein (CRP) assays were performed on Day 0 @re and 4 hours post vaccination)
and 1, 28 @re and 4 hours post vaccination) and 29 days for all study individuals with the exception of
those in 10 ug dose group. Day 0 is the day the VAX102 composition or placebo were administered. 



20 IgG responses to M2e and flagellin assays were performed on sera collected on days 0, 7, 14, 28,
35, 42, 60, 120 and 180 following vaccination. Dose Escalation Procedures (Study 1)        At the end
of each dose cohort the safety monitoring committee reviewed the safety data provided by the data
management team (Veristat, Inc, MA). The protocol 25was initially designed with the 10 pg dose as
the first dose. High levels of reactogenicity were found in several subjects following the first dose of
VAX102 at this level and the study was halted until the immunogenicity results were available. CRP
assays were performed at Day 1 following VAX102 when possible once the reactogenicity was
identified. Favorable immune responses led to redesign of the 30 protocol to examine lower doses
ranging from 0.3 to 3 ug. The revised protocol was modified to provide for an on-site observation
period of 4 hours following the first  - 282 - dose of VAX102 and follow up at the clinic on Day 1 and
Day 29 for safety assessment and CRP. The data with regard to reactogenicity and the redesign of the
protocol were reviewed and approved by and Independent Data and Safety monitoring board and the
respective institutional review boards. 5Within each dose group, upon completion of the 7 day memory
aides and safety labs at Days 1, 7 and 14, data were reviewed by the safety monitoring committee.
This committee was comprised of principal investigators from each site, the sponsor's medical officer
and an independent safety monitor. All decisions with regard to dose escalation were determined by
agreement of the members of this 10committee.       Upon completion of the dose escalation portion of
the initial study, the protocol allowed for the enrollment of 16 additional subjects at the dose
determined to have optimal safety and immunogenicity. Study 2  15After the Day 60 visits in study!,
two groups of 8 subjects were enrolled in a second study and administered doses of 0.03 and 0.1 ug
given either intramuscularly or intradermally. Additional study activities were similar to those in Study
1, with the exception that there was no blinding and no individuals received placebo. Study 3  20Eight
groups of 8 subjects were enrolled in a third study in which doses of 0.3, I, and 2 ug were
administered intramuscularly, subcutaneously or intradermally. The study procedures in this third
study were as outlined above with regard to inclusion and exclusion criteria. Other study activities
were similar to those in Studies 1 and 2, with the exception that there was no blinding and no
individuals received placebo. 25 The Composition Administered to Humans        STF2.4xM2e(Hu)
(SEQ ID NO: 664) consists of four tandem repeats of the ectodomain of influenza A virus matrix
protein M2 (M2e) fused to the C-terminus of the full-length sequence of Salmonella typhimurium fljB (a
TLR5 ligand). The STF2.4xM2e(Hu) (SEQ ID NO: A) gene encodes an N-terminal methionine residue 



30that was proteolytically cleaved upon expression in E. coil. Intact STF2.4xM2e(Hu),  - 283 - as
purified from E. colt, contains 610 amino acid residues with a molecular mass of 64,077 Daltons. The
amino acid sequence of STF2.4xM2e(Hu) is shown in SEQ ID NO:A). A plasmid encoding this product
(pET/STF2.4xM2e) under lac operon control was transformed into E. coli strain BLR (DE3)
(Novagen-EMD, San Diego, 5CA). Recombinant bacteria was cultured in a synthetic medium and
protein induced using IPTG. Material was purified under GMP conditions using standard methods of
chromatography (Avecia, Billingham, UK). This material was formulated in buffer F105 (10 mM Tris,
10 mM L-Histidine, 5% sucrose (w/w), 75 mM NaC1, 0.02% polysorbate-80 (w/w), 0.1 mM EDTA,
0.41% (w/w) ethanol at pH 7.2), and 10administered to human subjects in a series of clinical trials.
M2e Clinical ELISA         For the performance of the clinical M2e ELISA, the binding of human serum
samples to M2e-coated plates was compared to a standard curve of human polyclonal IgG. The curve
was fit using a 4-parameter logistic equation in Softmax Pro 5.2 15(Molecular Devices, Sunnyvale,
CA). Pooled positive and negative control sera were run on each plate. Results of subject and control
serum were converted from OD values to M2e-specific IgG using the standard curve and adjusting for
dilution. Pass/fail criteria for each assay were established based on both the standard curve
performance and the adjusted results of the positive and negative serum. 20The human IgG (AbD
Serotec, Oxford, UK) was bound to plates (Immunlon 4 HBX Extra high binding, Thermo, Hudson, NH)
at 4-fold dilutions starting at 3.6 pg/mL. The M2e peptide was identical to the sequence used in the
VAX102 STF2.4xM2e (SLLTEVETPIRNEWGSRSNDSSDP; SEQ ID NO: 666, Princeton
Biomolecules, Langhorne, PA). This peptide was used to coat the plate at 2 ps/mL. 25After overnight
incubation at 2-8C, plates were washed and blocked (Pierce Superblock with Tween 20, Thermo,
Hudson, NH). Dilutions of subject serum were prepared in a separate plate and transferred to
M2e-coated plates. After incubation and washing, plates were developed with goat anti-human IgG
conjugated horse radish peroxidase (HRP-Jackson ImmunoResearch, West Grove, PA), TMB 30
substrate (Pierce One Step, Thermo, Hudson, NH) and H2SO4 stop solution (Mallincicrodt Baker,
Phillipsburg, NJ). Plates were read at 450 nm. Adjusted results  - 284 - were calculated for each
subject and bleed date. A sample was considered positive if its adjusted result was >0.174 pg/mL.
STF2 Clinical ELISA  For the performance of the clinical STF2 ELISA, the binding of human serum 



5samples to STF2-coated plates was compared to a standard curve of human polyclonal 1gG. The
curve was fit using a 4-parameter logistic equation in Soflmax Pro 5.2 (Molecular Devices, Sunnyvale,
CA). Pooled positive control sera were run on each plate. Results of subject and control serum were
converted from 013 values to STF2- specific IgG using the standard curve and adjusting for dilution.
Pass/fail criteria for 10each assay were established based on both the standard curve performance
and the adjusted results of the positive serum. The human IgG (AbD Serotec, Oxford, UK) was bound
to plates (Immunlon 4 HBX Extra high binding, Thermo, Hudson, NH) at 4-fold dilutions starting at 3.6
pg/mL. The STF2 protein was identical to the sequence used in the VAX102 15STF2.4xM2e
(STF2.4xM2e). This protein was used to coat the plate at 1 tig/mL.       After overnight incubation at
2-8C, plates were washed and blocked (Pierce Superblock with Tween 20, Thermo, Hudson, NH).
Dilutions of subject serum were prepared in a separate plate and transferred to STF2-coated plates.
After incubation and washing, plates were developed with goat anti-human IgG conjugated horse 20
radish peroxidase (HRP-Jackson ImmunResearch, West Grove, PA), TMB substrate (Pierce One
Step, Thermo, Hudson, NH) and E12SO4 stop solution (Mallinckrodt Baker, Phillipsburg, NJ). Plates
were read at 450 nm. Adjusted results were calculated for each subject and bleed date. Statistical
analyses were performed at the two-sided significance level of 25a=0.05 unless otherwise stated.
Placebo subjects from all dose groups and VAX102 subjects receiving the same dose were pooled for
summaries and analyses. No adjustments were made for multiple statistical testing. All programs for
data output and analyses were written in SAS(r) version 9.1 (SAS Institute, Cary, NC). Safety and
tolerability analyses included all subjects from both studies and 30included descriptive statistics.
Chi-square tests for categorical data and analysis of variance for continuous data was used to
determine differences in baseline  -285 - characteristics. Frequency of vaccination site abnormalities;
incidence of local and systemic AEs and their relationship to the study drug; and changes in clinical
laboratory results, vital signs, and physical examination findings were the primary safety measures.
Rates of reactions were compared using Fisher's Exact and Cochran 5Mantal-Haenszel methods.
Serology: M2e specific IgG antibody titration curves were established at each time point. Least
squares means analyses were used to distinguish significant differences in antibody titers. All
analyses were based upon a per-protocol cohort with additional analysis performed for the
intent-to-treat (ITT) cohort. The per- 10 protocol cohort was defined as all volunteers who completed 2
immunizations. The primary immunogenicity population consisted of all subjects who received both
doses of study treatment and have baseline and Day 60 for study 1 and day 42 for study 2 anti-M2e
serum antibody titers. Seroconversion was defined as an M2e value greater than or equal to 0.174
and a four fold rise in titer. Geometric means were determined 15for each dose and time point. Rates
of seroconversion were assessed using a logistic regression model. 



Results         A total of 156 individuals were enrolled in Phase I clinical studies 1, 2 and 3. In study 1,
60 subjects were randomized to receive VAX! 02 at doses of 0.3, 1.0, 3 and 2010 jig (n=44) or placebo
(n=16), by i.m. injection. In study 2, 32 subjects were enrolled to receive either 0.03 or 0.1 ps of
VAX102 given either i.m or i.d. In study 3,64 subjects were enrolled to receive either 0.3, 1 or 2 ug of
VAX102 i.m. or s.c. and either 0.3 or 1 Og i.d.. Sixteen (16) individuals in study 1 did not receive the
booster dose of VAX102, due to change in protocol design following AE's at the 10 lig dose. 25The
baseline characteristics of the subjects in Studies 1 and 2 are shown in Table 17. The mean age was
31.7 years, women accounted for 59% of the subjects and white race accounted for 78% of subjects.
In study 1 the subjects were enrolled at two clinical sites, the site in Kansas enrolled 68% of subjects.
All subjects were enrolled at the clinical site in Kansas in studies 2 and 3.  -286 - Table 17: Baseline
characteristics of study subjects in VAX102-01/102-02 by dose group, expressed as number (%)
Placebo (n=16) 0.03 pg (n=8) 0.1p.g (n=8) 0.3 ug (n=6) 1 ug (n=18) 3 ug (n=6)  10 ug (n=14) 



Total 76 Age'         (mean) 32.8 35.4 35.0 28.7 32 32.7 26.8 30.7    3 



Male 2 5 (31) 4 (50)  2 (33) 8 (44) 4 (67) 5 (36) 31 (41)    5      Female 



11 (69) 4 (50)  4 (67) 10 (56) 2 (33) 9 (64) 45 (59)    62 (.5)      White 2 12 (75) 7(87.5) 6(75) 4 (67) 15
(83) 



5 (83) 11 (79) 60 (79) Black 3 (19) 1(12.5) 1(12.5) 2 (33) 1 (6) 1 (27) 3 (21) 12 (16) Other 1 (6) 0
1(12.5) 0 2 (11) 0 0 4 (5) INS based on analysis of variance 2 NS based on chi-square test 5 VAX102
Safety       VAX102 at doses of 0.03 fug, 0.1 pg, 0.3 pg, and 1 ug was well tolerated in all subjects
when given i.m., s.c., or i.d. Additionally, 2 pg doses of VAX102 were well tolerated when given s.c. As
shown in Table 18A for subjects given i.m. doses in Studies 1 and 2, VAX102 at higher doses was
associated with higher levels of 



10reactogenicity that was statistically significant (p < .05) after the first dose. Significant reactogenicity
was not seen after the boost (Table 18B). There were no serious adverse events during the study
period in any individual at any dose.  - 287 - Table 18A: Local and systemic symptoms after the first
dose of VAX 102-01/102-02 or placebo Dose Placebo n=16 0.03 mg n=8 0.1 mg n=8 0.3 mg n=6 1 pg
n=18 3  lig n=6 10 mg n=14 Local I      



None 11 (69) 2 (25) 2 (25) 1 (17) 3 (17)  0  0 Mild 5 (31) 3 (37.5) 



3 (37.5) 2 (33) 10 (56) 3 (50) 5 (36) Moderate  0 3 (37.5) 3 (37.5) 3 (50) 5 (28) 3 (50) 8 (57) Severe  



0 0 0  0  0  0 1 (7) Systemic             



2             None 9 (56) 6 (75) 4 (50) 4 (67) 6 (33) 2 (33) 



0 Mild 4 (25) 2 (25) 4 (50) 2 (33) 9 (50)  0 2 (14) Moderate 2 03) 0 0  0 3 (17) 



4 (67) 6 (43) Severe 1 (6) 0 0  0  0  0 6 (43)  Local: injection site pain, redness, bruising or induration 2
5Systemic: headache, fatigue, joint pain, muscle aches, chills and sweats Table 18B: Local and
systemic symptoms after the second dose of VAX 102-01/102- 02 or placebo   



-288 - Dose Formulations 0.03, 0.1, 0.3 and 1 Rg       The rates and severities of local and systemic
reactions reported by the study subjects administered i.m. doses in Studies 1 and 2 are shown in
Tables 18A for the 5first dose and Table 18B for the second dose. Tables 18A and 18B depict the
highest level of severity of symptom in each category reported by a subject. Following the first dose,
local symptoms were predominantly categorized as mild to moderate during the 7 day observation
period following vaccination. Local symptoms resolved with 1 to 2 days after vaccination. Mild
headache, fatigue or muscle aches were the most 10 common systemic symptoms and were similar in
frequency to those reported in the placebo group during the 7 day observation period following
vaccination. All systemic symptoms resolved within 12-18 hours following VAX 102. Local and
systemic symptoms were reported more frequently after the first dose than the second given in the
same am n 28 days later (Tables 18A and 18B). Similar reactogenicity 15profiles were seen following
the first dose by intradermal administration in Study 3 as shown in Table 18C.  - 289 - Table 18C:
Local and systemic symptoms after intradermal injection of VAX102      Dose 1, 0.3 pg Symptom
severity NoneMildMod.    Dose 1, 1.0 pg Symptom severity NoneMildMod. Temp. > 100F 8  



0  0 8 0 0 Redness 5 3 (38)  0 2 6 (75) 0 Swelling 8  0  0 4 4 (50) 0 



Bruising 8  0  0 8 0 0 Arm pain 1 6 (75) 1 (13) 1 6 (75) 1 (13) Headache 7 1 (13)  0 



4 2 (25) 2 (25) Fatigue 5  3  0 3 3 2 (25) Joint Pain 7 1 (13)  0 7 1 (13) 0 Muscle aches 6 2 



(25)  0 7 0 1 (13) Chills 8  0  0 8 0 0 Sweating 8  0  0 8 0 0 



Dose Formulations 3 and 10 Lig 5Vaccination with doses at 3 and 10 gg was associated with higher
levels of local and systemic symptoms following the first dose. One subject in the 10 pg group
reported severe local reaction and more than half in each dose group reported moderate local
reactions (Table 18A). Four of 6 subjects in the 3 pg group reported moderate systemic symptoms
with an onset 6 to 8 hours after inoculation and resolved 10within 12-18 hours. In the 10 pg group
systemic symptoms, consisting of headache, muscle aches, fatigue, and chills, began about 2 hours
after injection and subsided in 4 to 5 hours with 6 of 14 subjects describing the symptoms as severe
(Table 18A). In contrast, the second dose was well tolerated in the 6 subjects who received the 3 pg
dose and 3 subjects who received the 10 pg dose.  - 290 - Safety Laboratory Studies CRP levels
demonstrated a dose related elevation on day 1 (Studies 1 and 2 i.m. data shown in Table 19). In the
3 jig group, the average CRP was 2.7 mg/dL (range 0.5 to 5.8). In the 10 jig group CRPs were not
routinely obtained on the day 5after the injection, however CRPs were obtained from 6 subjects as
part of an evaluation of moderate to severe systemic reactogenicity on Day 1. In this group, the mean
CRP was 6.4 (range 3.9 to 12.5 mg/dL). Three subjects in the 10 ug group had elevated white blood
counts with left shift and one had elevated liver function tests after the first dose (data not shown). At
the lower doses of 0.03 jig and 0.1 jig given 10i.d., only baseline levels of CRP were seen (Table 19B).
Similar CRP levels were induced by i.m., or s.c. injections of 0.3 jig, 1 ug and 2 ug or i.d. injection of
0.3 jig or 1 ug of VAX102 in Study 3 (Table 21).      Table 19A: C-reactive protein (mean value in
mg/dL) before and after i.m. 15vaccination with VAX102-01/102-02  Number First dose Second dose
Dose of   



Day Day (rig) subjects Day 0 Day 1 28 29 Placebo 10 0.3 0.3 0.3 0.3 0.03 8 0.2 0.2 0.2 0.2 0.1 8 0.2
0.3 



0.3 0.3 0.3 6 0.2 0.6 0.2 0.2 1 18 0.3 1.2 0.6 0.6 3 6 0.2 2.7 0.2 0.3  - 291 - Table 19B: C-reactive
protein (mean value in mg/dL) before and after i.d. vaccination with VAX102-01/102-02 Dose 



(ug) Number of subjects   First dose Day 0Day 1 Second dose DayDay 2829 0.03 0.1 8 8 0.2 0.3 0.3
0.3 0.3 0.3 0.3 0.3  5 Immune Response       The dose related geometric mean IgG serum antibody
responses to i.m. vaccination for M2e and flagellin in Studies 1 and 2 are summarized in Table 20A. 



On day 0 the M2e antibody titer was barely detectable. All vaccinated subjects showed some degree
of M2e antibody response, with a more than 4-fold increase 10 noted in all groups by 14 days after the
second dose of VAX102. As shown in Figures 28A and 28B, rapid M2e IgG responses were seen in
many subjects 7 to 14 days after the prime with 0.3 lig and 1 ug doses. Particularly at the lower dose,
the dose response to the first dose was more variable than to the second. Subjects who received a
dose of VAX102 of 1 ug showed a booster response to the dose 15administered on day 28 (Figure
28B). Table 20A: M2e seroconversion rates* after the first and second doses and geometric mean
M2e and flagellin antibody concentrations (p.g/m1) at baseline, Days 14 and 42 by dose group, i.m.
VAX102-01/ 102-02 20 Dose (p.g) No. of subjects     Seroconversion rates 1st dose2nd dose n (%)n
(%) Placebo 0.03 16 8 0 (0) 1 (13) 0 (0) 3 (38)  - 292 -    



Geometric mean antibody concentration Dose No. of Serum IgG anti-M2e Serum IgG anti-flagellin
Day  Day    (pg) subjects 0 Day 14 42 Day 0 Day 14 Day 42 Placebo 16 



0.01 0.01 0.02 0.3 0.4 0.2 0.03 8 0.04 0.08 0.18 0.9 4.4 4.4 0.1 8 0.02 0.18 0.36 0.4 9.4 8.9 0.3 6 



0.02 0.99 1.1 0.2 24.7 12.5 1 18 0.01 0.36 1.7 0.1 16.9 16.9 3 6 0.01 0.48 2.8 0.1 38.2 28.8 10 14 



0.03 0.66 2.8 0.5 40.8 60.8  *defined as a level? 0.174 pg/m1 and a 4-fold rise in antibody
concentration The antibody response after the booster dose showed a consistent dose-related 5 M2e
IgG antibody response (Table 20A and Figure 29). The difference in geometric means among all
groups was statistically significant after day 28 (p<0.05). Pairwise comparisons to the placebo group
showed that all titers for all doses were greater than placebo at day 42 (p<0.0001). As shown in Figure
30, a plateau in the antibody curve was observed at the two highest doses (3 and 10 pg). M2e
antibody levels peaked at 10day 42 (14 days after the second dose). M2e antibody levels were still
present at day 120 and day 180 at levels ranging from 0.1 to 0.2 [1g/rot or about 10 times the antibody
concentration at baseline (Figure 30). As seen in Table 21 and Figures 31A-31C, M2e-specific IgG
rises above baseline after immunization with 0.3 jig or 1 jig by  - 293 - i.d., i.m. or s.c. routes, as well
as i.m. and s.c. immunization at 2 pg. A significant boost effect is seen after day 28.       The baseline
antibody levels to flagellin were elevated in many subjects at baseline and vaccination induced a
strong dose-related antibody response after the first 5VAX102 dose (Tables 20A and 20B). The
anti-flagellin IgG response to the second dose of VAX102 was less pronounced than that observed for
the IgG response to M2e.       The seroconversion rates to i.m. administration are shown in Table 20A,
Probability of seroconversion increased with dose at day 42 (p < 0.0001). Similar to 10 the GMT's, a
dose response is observed at doses? 0.3 pg where 80% of subjects (35/44) demonstrated
seroconversion by this definition after the first dose and 97% (32/33) seroconverted following the
second dose. Identical seroconversion rates were seen to 0.03 pg and 0.1 pg prime doses given i.d.
(Table 20B). Slightly higher responses to boost were seen i.d. vs. i.m. 15Table 20B: M2e
seroconversion rates* after the first and second doses and geometric mean M2e and flagellin antibody
concentrations (pg/m1) at baseline, Days 14 and 42 by dose group, i.d. VAX102-01/ 102-02 Dose (pg)



No. of subjects Seroconversion rates 1st dose2nd dose n (%)n (%) 0.03 0.1 8 8 1 (13) 5 (63) 6 (75) 8
(100)     Geometric mean antibody concentration  Dose No. of subject Serum IgG anti-M2e Serum IgG
anti-flagellin 



(PO  Day 0 Day 14 Day 42 Day 0 Day 14 Day 42  S       0.03 8 0.02 0.07 0.28 0.4 3.8 6.3 



0.1 8 0.02 0.28 0.70 0.3 4.1 7.4  - 294 -    *defined as a level > 0.174 pg/m1 and a 4-fold rise in
antibody concentration Table 21: M2e antibody and CRP  No. of subjects Route Dose (PLO GM M2e
CRP (mean) CRP (fold) 8 



IM 0.3 0.5 0.8 1.8 8 IM 1 1.3 0.8 3.1 6 IM 2 2.3 1.4 5.9 8 SC 0.3 0.7 0.4 1.8 8 



SC 1 0.8 0.6 -2.1 8 SC 2 1.9 0.8 3.2 8 ID 0.3 0.4 0.4 1.3 8 ID 1 1.8 0.7 2  



5Discussion        A composition that includes a fusion protein of flagellin and 4 copies of an
ectodomain of human M2 (SEQ ID NO: 664) induces a strong immune response in humans to the M2
ectodomain of influenza A virus. The VAX102 was safe and well tolerated at doses less than 3 pg.
Local symptoms were usually mild. The frequency 10and severity of systemic symptoms were
comparable to placebo at doses less than 3 pg. At doses of 3 and 10 jig, a symptom complex
consistent with a cytokine response which correlated well with CRP elevation was observed and
completely resolved within 24 hours. Flagellin, like other TLR agonists, activates a cytokine response
that is considered to be important in orchestrating adaptive immune responses. 15Interleukin-6 (IL-6)
is one of the first cytokines released after stimulation of the TLR5 receptor by flagellin. CRP is an
acute phase reactant that is in turn stimulated by IL-6 release. The flagellin component of VAX102
induced a strong, but short-lived cytokine response that caused the symptoms observed at the 3 and
10 pg doses. Due to this profile, doses less than this were used for further evaluation. As expected,
20although M2e is a component of circulating influenza A virus, all subjects showed  - 295 - negligible
titers of M2e antibody prior to vaccination. Seroconversion was demonstrated in all vaccinated
subjects following the second vaccination at doses of 1 pg and greater. Most vaccines for use in
humans are compositions of attenuated or killed 5viruses or bacteria. Generally, vaccines that include
purified proteins, such as an influenza vaccine, contain purified HA proteins of about 45 pg per dose
(15 pg each of three strains, for example the 2008-09 formulation of Fluvirin(r) contains 15 mg each of
HA from A/Brisbane/59/ 2007(H1N1); A/Uruguay/716/2007 (H3N2), an A/13risbane/10/2007-like
strain; and B/Florida/4/2006, Fluvirin(r) Product Insert, 10January 2008-2009.       Recombinant protein
vaccines have been largely unsuccessful, due to the poor immunogenicity of the isolated proteins in
the compositions. There are currently two diseases for which U.S. recombinant protein vaccines exist -
Hepatitis B (HBV) and human papillomavirus (HPV). Both preparations form virus-like particles and
are 15delivered absorbed to alum, which serves as an adjuvant. For example, the Engerix(r) vaccine
is given as a 10 jag dose of HBV surface antigen adsorbed to 0.25 mg of alum (Engerix(r) Product
Insert January 2007). In addition, the HPV vaccine Gardasil(r) which contains 20 pg of HPV 6 LI
protein, 40 pg of HPV 11 Ll protein, 40 pg of HPV 16 Ll protein, and 20 pg of HPV 18 Ll protein
adsorbed to 0.225 mg of alum 20(Gardasil(r) Product Insert, September 2008). Thus, it is unexpected
that STF2.4xM2e, which is a highly purified recombinant protein, delivered without an adjuvant, elicits
significant M2e-specific antibody responses at doses equal to or less than about 1 pg. Amino acid
sequence of intact STF2.4xM2e (Hu) (SEQ ID NO: 664) 



25  - 296 -  1 AQVINTNSLS LLTQNNLNKS QSALGTAIER LSSGLRINSA KDDAAGQAIA 51
NRETANIKGL TQASRNANDG ISIAQTTEGA LNEINNNLQR VRELAVQSAN 101 STNSQSDLDS
IQAEITQRLN E1DRVSGQTQ FNGVKVLAQD NTLTIQVGAN 151 DGETIDIDLK QINSQTLGLD
SLNVQKAYDV KDTAVETICAY ANNGTTLDVS 5 201 GLDDAALKAA TGGTNGTASV
TGGAVICFDAD NNKYFVTIGG FTGADAAKNG 251 DYEVNVATDG TVTLAAGATK TTMPAGATTK
TEVQELICDTP AVVSADAKNA 301 LIAGGVDATD ANGAELVICMS YTDICNGKTIE GGYALKAGDK
YYAADYDEAT 351 GAIKAICTTSY TAADGTTKTA ANQLGGVDGK TE'VVT1DGKT YNASKAAGHD
401 FKAQPELAEA AAICTTENPLQ KIDAALAQVD ALRSDLGAVQ NRFNSAITNL 10 451
GNTVNNLSEA RSRIEDSDYA TEVSNMSRAQ ILQQAGTSVL AQANQVPQNV 501 LSLLRLSLLT
EVETPIRNEW GSRSNDSSDP LESLLTEVET PIRNEWGSRS 551 NDSSDPGSSL LTEVETPIRN
EWGSRSNDSS DPELSLLTEV ETPIRNEWGS 601 RSNDSSDPSR 15 EXAMPLE 10. DNA Cloning
and Protein Expression - Methods        DNA cloning and protein expression in E. colt Synthetic genes
encoding amino acids 66-298 and 130 - 230 of the glycoprotein (G) (SEQ ID NO: 544) and amino
acids 1 - 194 of the matrix 2 (M2) (SEQ ID NO: 551) proteins from RSV strain 20 A2 were codon
optimized for expression in E. coil and synthesized by a commercial vendor (DNA 2.0; Menlo Park,
CA). The genes were designed to incorporate flanking BlpI sites on both the 5' and 3' ends. The gene
fragments were excised from the   respective plasmids with BlpI and cloned by compatible ends into
the STF2A.blp vector cassette to generate chimeric sequences joining the RSV antigen sequence in
25fusion with STF2A (SEQ ID NO: 619) a flagellin that lacks at least a portion of a hinge region.       In
each case, the constructed plasmids were used to transform competent E. coli TOP 10 cells and
putative recombinants were identified by PCR screening and restriction mapping analysis. The
integrity of the constructs was verified by DNA 30 sequencing and plasmid DNA encoding these
constructs was used to transform the expression host, BLR(DE3) (Novagen, San Diego, CA; Cat
#69053). Transformants were selected on plates containing kanamycin (50 pg/mL), tetracycline (5
tig/mL) and glucose (0.5%). Colonies were picked and inoculated into 2 mL of LB medium  - 297 -
supplemented with 25 pg/mL kanamycin, 12.5 pg/mL tetracycline and 0.5% glucose and grown
overnight. Aliquots of these cultures were used to innoculate fresh cultures in the same medium
formulation, which were cultured until an optical density (0D600nm ) = 0.6 was reached, at which time
protein expression was induced by the 5 addition of 1 mM IPTG and cultured for 3 hours at 37C. The
cells were then harvested and analyzed for protein expression.       DNA cloning and protein
expression in baculovirus: A synthetic gene encoding amino acids 26- 524 of the fusion (F) protein
from RSV strain A2 (SEQ ID NO: 524) was codon optimized for expression in baculovirus and
synthesized by a 



10 commercial vendor (DNA 2.0; Menlo Park, CA). This sequence included specific mutations
designed to prevent endoproteolytic processing of the F protein that normally cleaves the wild-type F
protein (SEQ ID NO: 522) into two separate polypeptides during secretion, The genes were designed
to incorporate flanking Blpl sites on both the 5' and 3' ends. The gene fragment was excised from the
plasmid 15with Blpf and cloned by compatible ends into the pFastBac vector plasmid (Invitrogen;
Carlsbad, CA) 3' of a honeybee secretion signal to direct secretion of the recombinant protein into the
medium. STF2ng (SEQ ID NO: 613), a flagellin mutated to prevent N-glycosylation (designation "ng"
for no glycosylation), was cloned 3'of the F sequences to yield RSVF.STF2ngHis6 (SEQ ID NO: 615)
a chimeric fusion 20 joining the F protein sequence to the N-terminus of STF2ng. The C-terminal His6
tag is derived from the vector sequence. The same RSVF sequence was also cloned into the
pFastBac vector plasmid (Invitrogen; Carlsbad, CA) 3' of a honeybee secretion signal without fusion to
STF2ng to yield RSVFHis6 (SEQ ID NO: 617). After transformation into competent E. coli TOP10
cells, putative 25 recombinants were identified by PCR screening and restriction mapping analysis.
The integrity of the constructs was verified by DNA sequencing, and recombinant pFastBac plasmid
DNA was used to transform the baculovirus genome recombination host, DHIOBac (Invitrogen;
Carlsbad, CA). Recombinant bacmid transformants were selected by blue-white screening on plates
containing X-gal. Colonies were picked 30 and recombination was confirmed by PCR screening.
Recombinant bacmid DNA was obtained by midi-prep and used to transfect Sf9 insect cells
(Invitrogen; Carlsbad,  - 298 - CA). Following titer determination by plaque assays, recombinant
baculoviruses were amplified by re-infecting Sf9 cells and the titers determined by plaque assay.
For baculovirus expression of DEN proteins, Hi-5 cells (Invitrogen; Carlsbad, CA) were grown to a
density of lx106 cells/ml and infected with recombinant 5baculovirus at a multiplicity of infection (MOI)
of 2. After 24 hours of infection, conditioned medium was harvested by centrifugation. Secreted
protein was purified from conditioned medium by Ni-NTA chromatography. SDS-PAGE and Western
Blot: Protein expression and identity were determined by gel electrophoresis and immunoblot analysis.
Cells were harvested by 10centrifugation and lysed in Laemmli buffer. An aliquot of 10 n1 of each
lysate was diluted in SDS-PAGE sample buffer with or without 100 mM dithiothreitol (DTT) as a
reductant. The samples were boiled for 5 minutes and loaded onto a 10% SDS polyacrylamide gel and
electrophoresed by SDS-PAGE. The gel was stained with Coomassie R-250 (Bio-Rad; Hercules, CA)
to visualize protein bands. For Western 15Blot, 0.5 ml/lane of cell lysate was electrophoresed and
electrotransfered onto a PVDF membrane and blocked with 5% (w/v) dry milk.       For flagellin fusion
proteins expressed in E. coli, the membrane was probed with anti-fiagellin antibody (Inotek; Beverly,
MA). After decorating with alkaline phosphatase-conjugated secondary antibody (Pierce; Rockland,
IL), protein bands 



20were visualized with an alkaline phosphatase chromogenic substrate (Promega, Madison, WI).
Bacterial clones which yielded protein bands of the correct molecular weight and reactive with the
appropriate antibodies were selected for production of protein for use in biological assays and animal
immunogenicity experiments. For RSV F 25protein constructs expressed in baculovirus, the
membrane was probed with alkaline- phosphatase - linked anti-Hiso (C-terminal) antibody (Invitrogen;
Carlsbad, CA) and/or anti-F protein monoclonal antibody. DNA and protein constructs incorporating
RSV antigens are listed in Table 22.  -299 -       Table 22: RSV Antigen Fusion Protein DNA constructs
for expression in E. coli and baculovirus: Amino acid SEQ ID NO Nucleotide SEQ ID NO: Construct
Name Protein predicted molecular weight (Da) 625 626 STF2ARSVM2 51,463 621 622
STF2A.RSVG(130-230) 40,821 



623 624 STF2A.RSVG(66-298) 54,805 615 616 RSVF.STF2His6 108,465 617 618 RSVF.His6 56,065
DNA Cloning - Results  5As assayed by Coomassie blue staining of the SDS-PAGE gel, the E. coli
expression clones displayed a band that migrated at the expected molecular weight. The absence of
this band in the control culture (without IPTG) indicated that it is specifically induced by IPTG. Western
blotting with antibodies specific for flagellin confirmed that this induced species is the flagellin-RSV
antigen fusion protein and 10indicated that both parts of the fusion protein were expressed intact.
Recombinant baculoviruses induced expression of a protein band in conditioned Hi-5 cell media that
reacted with His6 antibody, anti-RSV monoclonal antibody and anti-flagellin antibody at the expected
molecular weight for the chosen RSV F protein construct. 15Protein Purification - Methods
Bacterial growth and cell lysis: STF2A.RSVM2 (SEQ ID NO: 626), STF2A.RSVG130-230 (SEQ ID
NO: 622 ) and STF2A.RSVG66-298 (SEQ ID NO:624 ) proteins were produced in the E. coli host
strain BLR (DE3). E. coli cells 20were cultured and harvested as described above. The individual
strain was retrieved from a glycerol stock and grown in shake flasks to a final volume of 12 liters. Cells
were grown in LB medium containing 50 pig/mL kanamycin, 12.5 pg/mL tetracyclinE, 0.5% dextrose to
0D600 = 0.6 and induced by the addition of 1mM IPTG for 3 hours at 37C. The cells were harvested
by centrifugation (7000 rpm x 7 minutes 



- 300 - in a Sorvall RC5C centrifuge) and resuspended in lx PBS, 1% glycerol, 1 pg/mL DNAse I, 1
mM PMSF, protease inhibitor cocktail and 1 mg/mL lysozyme. The cells were then lysed by two
passes through a microfluidizer at 15,000 psi. The lysate was then centrifuged at 45,000xg for one
hour to separate soluble and insoluble fractions. 5Protein Purification from recombinant E. coli:
Following lysis and centrifugation, the insoluble (pellet) fraction containing fusion proteins was
resuspended and homogenized in 50 mM Tris, pH 8.0, followed by 50 mM Tris, pH 8.0 plus 0.5% (w/v)
Triton X-100 using a Dounce homogenizer. The homogenate was then centrifuged (19,000 rpm x 10
min). The resulting pellet fraction was then 10 homogenized in 50 mM Tris, pH 8.0, plus 0.5% (w/v)
Triton X-100 + 0.1 M NaC1 and centrifuged. This material was then washed with 50 mM Tris, pH 8.0 +
0.1 M NaCI. The inclusion body fraction (pellet) was then dissolved in buffer A (50 mM Na Acetate, pH
4.0, plus 8.0 M urea) and centrifuged (19000 rpm x 10 minutes) to remove insoluble debris. The
resulting supernatant was fractionated on a Source S 15column (GE Healthcare; Piscataway, NJ)
equilibrated in Buffer A and eluted in a linear gradient with buffer B (50 mM Na Acetate, pH 4.0, 1.0 M
NaC1). The protein was then refolded by ten-fold dilution into100 mM Tris-HC1 buffer, pH 8.0. The
refolded protein was then fractionated on a Q Sepharose HP column (GE Healthcare; Piscataway, NJ)
equilibrated in Buffer C (100 mM Tris, pH 8.0) and eluted in a 0- 20  about 60% linear gradient with
buffer D (Buffer C + 1M NaC1). The Q HP eluate was then fractionated on a Superdex 200 10/30 size
exclusion chromatography (SEC) column (GE/Amersham Biosciences) equilibrated with 1X
Tris-buffered saline, pH 8.0, to separate monomeric fusion protein from aggregated protein.
Monomeric fractions were then pooled, aliquoted and stored at -80C. 25Protein expression and
purification from recombinant baculovirus: For baculovirus expression of RSV proteins, Hi-5 cells
(Invitrogen; Carlsbad, CA) were grown to a density of about 1x106cells/m1 and infected with
recombinant baculovirus at a multiplicity of infection (MOI) of about 2. After about 24 hours of
infection, conditioned medium was harvested by centrifugation. Secreted RSVF.His6 (SEQ ID 30 NO:
617) and RSVF.STF2ngHis6(SEQ ID NO: 615) proteins were purified from conditioned medium by
Ni-NTA affinity chromatography. Conditioned medium  -301 - supplemented with 20 mM Tris, pH 8 +
0.5M NaC1 and applied to a 250 mL Ni-NTA column (Sigma-Aldrich; St. Louis, MO). After washing
with Equilibration buffer (20 mM Tris, pH 8 + 0.5M NaCl), bound protein was eluted with a 5
column-volume gradient of 0- 100% Elution buffer (Equilibration Buffer + 0.5M imidazole). Peak
5fractions containing RSV-F protein were pooled, dialyzed against Equilibration Buffer and applied to
a 25 mL Ni-NTA column (Sigma-Aldrich; St. Louis, MO). After eluting in a gradient of 0 - 100% Elution
buffer, peak fractions (as deterimined by SDS-PAGE and western blotting) were pooled, dialyzed
against phosphate-buffered saline (PBS), aliquoted and stored. 10SDS-PAGE and Western Blot
analysis: Protein identity and purity of RSV 



protein antigen constructs was determined by SDS-PAGE. An aliquot of about 5 lig of each sample
was diluted in SDS-PAGE sample buffer with or without 100 mM DTT as a reductant. The samples
were boiled for 5 minutes, loaded onto a 10% polyacrylamide gel (LifeGels; French's Forest, New
South Wales, AUS) and 15electrophoresed. The gel was stained with Coomassie R250 (Bio-Rad;
Hercules, CA) to visualize protein bands. For Western blot, about 0.5n/lane total protein was
electrophoresed as described above and the gels were then electro-transferred to a PVDF membrane
and blocked with 5% (w/v) non-fat dry milk before probing with anti-flagellin antibody (Inotek; Beverly,
MA). After probing with alkaline 20 phosphatase-conjugated secondary antibodies (Pierce; Rockland,
IL), protein bands were visualized with an alkaline phosphatase chromogenic substrate (Promega;
Madison, WI).       Protein assay: Total protein concentration for all proteins was determined using the
Micro BCA (bicinchonic acid) Assay (Pierce; Rockland, IL) in the 25 microplate format, using bovine
serum albumin as a standard, according to the manufacturer's instructions. Endotoxin assay:
Endotoxin levels for all proteins were determined using the QCL-1000 Quantitative Chromogenic LAL
test kit (Cambrex; E. Rutherford, NJ), following the manufacturer's instructions for the microplate
method. 30TLR bioactivity assay: HEIC293 cells constitutively express TLR5, and secrete several
soluble factors, including IL-8, in response to TLR5 signaling. Cells  - 302 - were seeded in 96-well
microplates (50,000 cells/well), and STF2A.RSVM2 (SEQ ID NO: 625), STF2A.RSVG130-230 (SEQ
ID NO:621), STF2A.RSVG66-298 (SEQ ID NO: 623) or RSVF.STF2His6(SEQ ID NO: 615), was
added and incubated overnight. The next day, the conditioned medium was harvested, transferred to a
clean 96-well 5microplate and frozen at -20C. After thawing, the conditioned medium was assayed for
the presence of IL-8 in a sandwich ELISA using an anti-human IL-8 matched antibody pair (Pierce;
Rockland, IL) #M801E and M802B) following the manufacturer's instructions. Optical density was
measured using a microplate spectrophotometer (FARCyte, GE Healthcare; Piscataway, NJ). 10
Protein Purification - Results       Protein Yield and Purity: STF2A.RSVM2 (SEQ ID NO: 625),
STF2A.RSVG130-230 (SEQ ID NO: 621) and STF2A.RSVG66-298 (SEQ ID NO: 623) were produced
in high yield from E. coli cell culture. Total yields following 15purification ranged from about 5 to about
15mg, the purity of all three proteins exceeded about 90% by SDS-PAGE, and the endotoxin values
for each protein was less than 0.05 EU/mg. All three STF2A.RSV fusion proteins produced in E. coli
fusion proteins showed positive in vitro TLR5 bioactivity. RSVF.STF2His6 (SEQ ID NO: 615) and
RSVF.His6 (SEQ ID NO: 617) were 20expressed by recombinant baculovirus in Hi-5 cell conditioned
medium and partially 



purified in total yields ranging from about 1 to about 2 mg. RSVF.STF2His6 (SEQ ID NO: 615) had
positive in vitro TLR5 activity and both proteins had undetectable levels of endotoxin. 25
Immunogenicity Testing - Methods        Animal studies: Female Balb/c mice (Jackson Laboratory, Bar
Harbor, ME) were used at the age of 6-8 weeks. Test proteins were formulated in about 100 of
phosphate-buffered saline per injection. Mice were divided into groups of 10 and received inguinal
subcutaneous (s.c.) immunizations as follows:  - 303 - Immunogenicity Study #1: Primary
immunization: Day 0; Boost: Day 28 group  1. PBS (Phosphate-buffered saline; negative control) 52. 3
ug of STF2A.RSVM2 (SEQ ID NO: 625)       Two (2) mice/group were sacrificed by CO2 inhalation 7
days post-prime and 7 days post boost. Spleen cells were harvested and analyzed for RSVM2-specific
T-cell responses by ELISPOT assay, as described below. 10 Immunogenicity Study #2: Primary
immunization: Day 0; Boost: Day 14 &mu                  1. PBS (Phosphate-buffered saline; negative
control)                  2. 3 mg of STF2A.RSVG130-230 (SEQ ID NO: 621) 153. 3 mg of
STF2A.RSVG66-298 (SEQ ID NO: 623)       Mice were bled by retro-orbital puncture on day 21. Sera
were harvested by clotting and centrifugation of the heparin-free blood samples, and tested by ELISA
for RSV-specific IgG antibody responses as described below. 20 Immunogenicity Study #3: Primary
immunization: Day 0; Boost: Day 21 group  1. PBS (Phosphate-buffered saline; negative control) 252.
100 ml of RSVF.STF2His6 (SEQ ID NO: 615) 



3. 10 ml of RSVF.STF2His6 (SEQ ID NO: 615) 4. 50 ul of RSVF.STF2His6 (SEQ ID NO: 615)
formulated in TiterMax Gold adjuvant ( CytRx; Norcross, GA), according to the manufacturer's
instructions.  - 304 -       Mice were bled by retro-orbital puncture on day 28. Sera were harvested by
clotting and centrifugation of the heparin-free blood samples, and tested by ELISA for RSV-specific
antibody responses as described below. RSV Serum Antibody Determination: RSV G and F
protein-specific IgG 5levels were determined by ELISA. ELISA plates (96 wells) were coated overnight
at 4C with 100 ml/well of either RSVG peptide NH2 - HPEVFNFVPCSICSNNPTCWAICKRI - COOH
(SEQ ID NO: 627), RSVF.His6 protein (SEQ ID NO: 617) or RSV A2 virus in PBS at a concentration of
2 tig/ml. Plates were blocked with 200 p1/well of Assay Diluent Buffer (ADB; BD Pharmingen, 10 San
Diego, CA) for on hour at room temperature. The plates were washed 3x in PBS- T. Dilutions of the
sera in ADB were added (100 p1/well) and the plates were incubated overnight at 4oC. The plates
were then washed 3x with PBS-T. HRPlabeled goat anti-mouse antibody(Jackson Immunochemical;
West Grove, PA) diluted in ADB was added (100 p1/well) and the plates were incubated at room
temperature 15for 1 hour. The plates were washed 3x with PBS-T. After adding TMB (3, 3',5, 5'-
tetramethylbenzidine) Ultra substrate (Pierce Biotechnology; Rockford, IL) and monitoring color
development, absorbance at 450 nm (A450) was measured on a Tecan Farcyte
microspectrophotometer. RSVM2 antigen-specific ELISPOT assays: Spleen cells (106 cells/well) from
20 animals 7 days following primary immunization or 7 days following the booster immunization with of
STF2A.RSVM2 (SEQ ID NO: 625) were added to 96-well Multiscreen-IP plates (Millipore; Billerica,
MA) coated with anti-IFNy or IL-5 capture antibody (eBioscience; San Diego, CA) diluted in PBS
according to the manufacturer's instructions. T cells were then stimulated overnight with naive
25antigen-presenting cells (APCs) (106 cells/well) in the absence or presence of a pool of overlapping
15-mer peptides spanning the RSV M2 protein (AnaSpec; San Jose, CA). Anti-CD3 (BD Pharmingen;
San Jose, CA) was used as a positive control at a final concentration of 0.25 pg/ml. Plates were
incubated overnight at 37C/5% CO2, then washed and incubated with biotinylated detection antibody
diluted in PBS/10% fetal 30bovine serum (FBS) according to the manufacturer's instructions. Plates
were developed using the ELISPOT Blue Color Development Module according to the  - 305 - 



manufacturer's protocol (R&D Systems; Minneapolis, MN). Antigen-specific responses were assayed
in duplicate from individual animals and quantified using an automated ELISPOT reader (Cellular
Technology Ltd.; Cleveland, OH). Data is represented as the number of antigen-specific
responses/106 APC. 5Growth of RSV virus strain A2: RS virus was produced for use in direct ELISA
assay to determine immune serum reactivity with the native virion. HEp-2 monolayers were infected
with RSV A2. When approximately 75% of the cells demonstrated cytopathic effects (CPE), the
monolayers were scraped, pelleted, and washed once in PBS. The pellets were then resuspended in
0.5% NP-40 in water, 1 10 ml per 100mm dish, and then incubated on ice for about 10 minutes. The
cell lysates were centrifuged at 10k rpm at 4C to pellet cell nuclei. The supematants were pooled,
aliquoted, and stored at -20C. The lysate was used to coat ELISA plates which were subsequently
probed with mouse immune sera. RSV whole-cell ELISA: Vero cells (ATCC; Manassas, VA) were
grown to 15near confluence in 96-well transparent tissue culture plates. Half of each plate was
infected overnight with RSV A2 virus. The monolayers were fixed with formalin and then blocked with
assay diluent (BD Biosciences). Titrations of individual sera were added to the fixed monolayers and
incubated overnight. The following day, HAP goat-anti mouse IgG was added to detect bound
antibodies. The plates were 20 developed using TMB Ultra substrate (Pierce; Rockland, IL) and Abs
450 nm (A450 was measured. The background absorbance from uninfected wells was subtracted from
the absorbance from corresponding infected wells and plotted.        RSV serum neutralization assay:
About 1000 pfu/ well of RSV strain A2 was pipetted into 96-well tissue culture plates. Serial dilutions of
mouse immune sera 25were added. After a about a 60 minute incubation at about 37C, Vero cells
were added and the plates were cultured for 7 days. Infectivity and neutralization were assessed via
the Cytotox OneTM cellular cytotoxicity assay (Promega; Madison, WI) according to the
manufacturers instructions. Results were plotted as percent neutralization.  - 306 - Immunogenicity
Testing - Results        RSVG- and RSVF- specific antibody responses: As shown in Figures 42A-42C,
immunization of mice with STF2A.RSVG130-230 protein (SEQ ID NO: 621) or STF2A.RSVG66-298
(SEQ ID NO: 624) elicited the production of serum IgG 5specific for which reacted with the highly
conserved RSVG peptide, NH2 - HPEVFNFVPCSICSNNPTCWAICKRI - COOH (SEQ ID NO: 627),
while control sera did not. The immune sera also specifically recognized RSV A2 infected Vero cells in
the whole-cell ELISA assay (Figures 43A and 43B), demonstrating that immunization with either of
these vaccine constructs elicits antibodies which 10 recognize the native RS virus. Immunization with
RSVF.STF2His6 (SEQ ID NO: 616 ) also elicited RSV-specific antibodies. As shown in Figure 44A,
immune sera from mice immunized with 10 pl or 100 pi of RSVFng.STF2His6 specifically reacted with
recombinant RSVF.His6 protein. Notably, as shown in Figure 44B, these sera also recognized the RS
A2 virus in the whole-virus ELISA format, demonstrating that 15 immunization with RSVF.STF2Hi56
(SEQ ID NO: 616 ) elicts antibodies which recognize the native virus. Administration of the
RSVF.STF2His6 (SEQ ID NO: 615) protein formulated in TiterMaxTm, a powerful adjuvant which is
not acceptable for human use, did not significantly enhance the RSV-specific antibody response. Any
effective vaccine for respiratory syncytial virus (RSV) must induce a 20neutralizing antibody response.
Antibodies produced by immunization with 



RSVF.STF2His6 (SEQ ID NO: 615) are capable of neutralizing RS virus infectivity in vitro. As shown
in Figure 45 neutralization by immune sera from Group 2 (about a 100 pi dose, estimated to be less
than about 1 pig of RSVF.STF2His6 (SEQ ID NO: 615) protein, is half-maximal at a serum dilution of
about 1:500. The one-tenth of this 25dose (Group 3) also elicits detectable neutralization activity in the
immune sera. Finally, as with the RSV-specific IgG response (described above), administration of
about 50 p.1 of RSVF.STF2His6 (SEQ ID NO: 615) protein formulated in the potent adjuvant TiterMax
GoldTM elicits a neutralizing response very similar in magnitude to the 100 ml dose formulated only in
physiological buffer. 30RSVM2-specific T-cell responses: The results of the ELISPOT assay shown in
Figures 46A and 46B indicate that mice developed antigen-specific T cell responses  - 307 - following
a single immunization with STF2.RSVM2 (SEQ ID NO: 625) and that mock-immunized mice did not.
Upon stimulation with antigen presenting cells (APCs) primed with the RSVM2 peptide pool, about 25
to about 50 cells/ 106 splenocytes secreted IFN-y compared to none in the mock immunized group.
More 5 cells from animals immunized with STF2.RSVM2 (SEQ ID NO: 625), secreted IL-5, ranging
from about 75 to about 200 cells/ 106 splenocytes. Nave APCs mock-primed with buffer did not
stimulate production of IFN-y or IL-5 in any of the groups.       ELISPOT assays performed on spleen
cells harvested 7 days following the booster immunization with STF2.RSVM2 (SEQ ID NO: 625)
showed a significant 10increase in RSVM2 antigen-specific T-cells secreting IFNy as compared cells
harvested following the primary immunization. Upon stimulation with antigen presenting cells (APCs)
primed with the RSVM2 peptide pool, between about 150 and about 300 cells/ 106 splenocytes
secreted IFN-y. The number of cells secreting IL-5 following the boost was about 50 to about 100
cells/ 106 splenocytes. The relative 15 increase in the production of IFN-y between the prime and
boost is indicative of shift from a Th2-dominated immune response to a Th-1 dominated response and
suggests the induction of an effector T-cell response against the target antigen. Example 11 20 DNA
Cloning and protein expression - Methods  DNA cloning and protein expression in E. colt- Synthetic
genes encoding 112 amino acids encompassing Domain III (EIII), and including amino acids from
Domain I (El), of the envelope (E) protein from Dengue virus serotypes Denl, Den2, Den3 and Den4
(SEQ ID NO: 652; SEQ ID NO: 25 654; SEQ ID NO: 656; SEQ ID NO: 658, respectively) were codon
optimized for expression in E. coli and synthesized by a commercial vendor (DNA 2.0; Menlo Park,
CA). The genes were designed to incorporate flanking Blpl sites on both the 5' and 3' ends. The gene
fragments were excised from the respective plasmids with BlpI and cloned by compatible ends into the
STF2A.blp vector cassette with a 12 amino acid 30 linker between the EIII and STF2A domains. The
DNA constructs were designated  - 308 - STF2A.DEN1EIII+ (SEQ ID NO: 629), STF2A.DEN2EIII+
(SEQ ID NO: 631), STF2A.DEN3EIII+ (SEQ ID NO: 633) and STF2A.DEN4EIII+ (SEQ ID NO: 635).
The constructed plasmids were used to transform competent E. coli TOP 10 



cells and putative recombinants were identified by PCR screening and restriction 5mapping analysis.
The integrity of the constructs was verified by DNA sequencing, constructs were used to transform the
expression host, BLR(DE3) (Novagen, San Diego, CA; Cat #69053). Transformants were selected on
plates containing kanamycin (50 gg/mL), tetracycline (5 pg/mL) and glucose (0.5%). Colonies were
picked and inoculated into 2 mL of LB medium supplemented with 25 pg/inL 10 kanamycin, 12.5
pg/mL tetracycline and 0.5% glucose and grown overnight. Aliquots of these cultures were used to
innoculate fresh cultures in the same medium formulation, which were cultured until an optical density
(0D600""I) = 0.6 was reached, at which time protein expression was induced by the addition of 1 mM
IPTG and cultured for 3 hours at 37C. The cells were then harvested and analyzed for 15protein
expression. DNA cloning and protein expression in baculovirus: The full-length envelope (E) protein of
each Dengue virus Denl, Den2, Den3 and Den 4 consists of a 495 amino acid polypeptide and
includes an about a 50 amino-acid C-terminal portion containing two (2) transmembrane sequences
(see SEQ ID NOs: 652, 653, 654, 655, 20656 , 657 and 658). In order to produce soluble,
recombinant E proteins for use as ELISA assay reagents, the N-terminal 400 amino acids of the
envelope (E) protein from each Dengue virus 1-4 (Denl, Den2, Den3 and Den4) was cloned and
expressed in baculovirus for use as ELISA assay reagents. The term "80%E", as used herein in
reference to the Dengue protein sequence described herein, means the sequence lacks 25 the two (2)
C-terminal transmembrane domains and about 45 amino acids of the ectodomain. Synthetic genes
encoding the 80% E sequences of the Dengue E proteins described herein were codon optimized for
expression in baculovirus and synthesized by a commercial vendor (DNA 2.0; Menlo Park, CA) to
produce SEQ ID NO: 637; SEQ ID NO: 639; SEQ ID NO: 641 and SEQ ID NO: 643. The 80%E genes
were 30designed to include a 6xHis tag on the 5' end and flanking Blpl sites on both the 5' and 3'
ends.  - 309 -       The gene fragments were excised from the respective plasmids with BlpI and cloned
by compatible ends into the pFastBac vector plasmid (Invitrogen; Carlsbad, CA) 3' of a honeybee
mellitin secretion signal to direct secretion of the recombinant protein into the medium. The
baculovirus DNA expression constructs incorporating 5 the DEN 80%E gene were designated
DEN1EHisBv (SEQ ID NO:637), DEN2EHisBv (SEQ ID NO:639), DEN3EHisBv (SEQ ID NO: 641)
and DEN4EHisBv (SEQ ID NO: 643). The constructed plasmids were used to transform competent E.
coil TOP 10 cells and putative recombinants were identified by PCR screening and restriction
10mapping analysis. The integrity of the constructs was verified by DNA sequencing, and plasmid
DNA was used to transform the baculovirus recombination host, DHIOBac (Invitorgen; Carlsbad, CA).
Recombinant bacmid transformants were selected by blue-white screening on plates containing X-gal.
Colonies were picked and recombination was confirmed by PCR screening. Recombinant bacmid
DNA was 15obtained by midi-prep and used to transfect Sf9 insect cells (Invitrogen; Carlsbad, CA).
Following titer determination by plaque assays, recombinant baculoviruses were amplified by
re-infecting Sf9 cells and the titers deterimined by plaque assay. 



For baculovirus expression of DEN proteins, Hi-5 cells (Invitrogen; Carlsbad, CA) were grown to a
density of lx106cells/m1 and infected with recombinant 20baculovirus at a multiplicity of infection
(MOI) of 2. After 24 hours of infection, conditioned medium was harvested by centrifugation. Secreted
DEN 80%E protein was purified from conditioned medium by Ni-NTA chromatography.       SDS-PAGE
and Western Blot: Protein expression and Dendue virus type were determined by gel electrophoresis
and immunoblot analysis. Cells were harvested by 25centrifugation and lysed in Laemmli buffer. An
aliquot of 10 pi of each lysate was diluted in SDS-PAGE sample buffer with or without 100 mM
dithiothreitol (DTT) as a reductant. The samples were boiled for about 5 minutes and loaded onto a
10% SDS polyacrylamide gel and electrophoresed by SDS-PAGE. The gel was stained with
Coomassie R-250 (Bio-Rad; Hercules, CA) to visualize protein bands. For Western 30Blot, 0.5 ml/lane
of cell lysate was electrophoresed and electrotransfered onto a PVDF membrane and blocked with 5%
(w/v) dry milk.  - 310 -       For flagellin fusion proteins expressed in E. coli, the membrane was probed
with anti-flagellin antibody (Inotek; Beverly, MA). After probing with alkaline phosphatase-conjugated
secondary antibody (Pierce; Rockland, IL), protein bands were visualized with an alkaline
phosphatase chromogenic substrate (Promega, 5Madison, WI). Bacterial clones which yielded protein
bands of the correct molecular weight and reactive with the appropriate antibodies were selected for
production of protein for use in biological assays and animal immunogenicity experiments. For DEN
80%E proteins expressed in baculovirus, the membrane was probed with alkaline-phosphatase -
linked anti-His6 (C-terminal) antibody (Invitrogen; Carlsbad, 10CA).       DNA and protein constructs
linking flagellin with Dengue antigens are listed in Table 23. Table 23: Flagellin - Dengue antigen DNA
constructs for expression in E. coil and baculovirus Amino acid SEQ ID NO Nucleotide SEQ ID NO:
Construct Name Protein predicted 



molecular weight (Da) 628 629 STF2A.DEN I EIII+ 43,223 630 631 STF2A.DEN2EIII+ 43,549 632 633
STF2A.DEN3EIII+ 43,349 634 635 STF2A.DEN4EIII+ 43,274 636 637 DEN1 80%EHis6Bv 44,581
638 639 



DEN2 80%EHis6Bv 45,172 640 641 DEN3 80%EHis6Bv 44,477 642 643 DEN4 80%EHis6Bv 44,603
15 DNA Cloning- Results        As assayed by Coomassie blue staining of the SDS-PAGE gel, all of the
E. coli expression clones displayed a band that migrated at the expected molecular weight. The
absence of this band in the control culture (without IPTG) indicated that it is 20specifically induced by
IPTG. Western blotting with antibodies specific for flagellin  - 311 - confirmed that this induced species
is the flagellin-HPV antigen fusion protein and suggested that both parts of the fusion protein were
expressed intact. All recombinant baculoviruses induced expression of a protein band in conditioned
Hi-5 cell media which reacted with His6 antibody at the expected molecular weight for the chosen 5
DEN 80% EHis6Bv protein Protein Purification - Methods        Bacterial growth and cell lysis:
STF2A.DEN1EIII+ (SEQ ID NO: 628), STF2A.DEN2EIII+ (SEQ ID NO:630) , STF2A.DEN3EIII+ (SEQ
ID NO:632) and 10 STF2A.DEN4EIII+ (SEQ ID NO: 634) proteins were produced in the E co/i host
strain BLR (DE3). E. coil cells were cultured and harvested as described above. The individual strain
was retrieved from a glycerol stock and grown in shake flasks to a 



final volume of 12 liters. Cells were grown in LB medium containing 50 pg/mL kanamycin/ 12.5 pg/mL
tetracycline/ 0.5% dextrose to 0D600 = 0.6 and induced by the 15addition of 1mM IPTG for 3 hours at
37C. The cells were harvested by centrifugation (about 7000 rpm x about 7 minutes in a Sorvall RC5C
centrifuge) and resuspended in lx PBS, 1% glycerol, 1 pg/mL DNAse I, 1 mM PMSF, protease inhibitor
cocktail and 1 mg/mL lysozyme. The cells were then lysed by two passes through a microfluidizer at
15,000 psi. The lysate was then centrifuged at 45,000xg 20for one hour to separate soluble and
insoluble fractions. Protein Purification:        Following centrifugation, the insoluble (inclusion body)
fractions were resuspended in Buffer A (lx Tris-buffered saline, pH 8.0 + 1% (w/v) Triton X-100) and
resusupended using a glass-ball Dounce homogenizer. The resuspended protein 25was then
centrifuged again as above and the insoluble material was recovered. The wash process was
repeated 3 times. The insoluble protein was then denatured in Buffer B (8M urea, 20 mM citric acid,
pH 3.5). The denatured protein was then applied to a Source SP column (GE Healthcare; Piscataway,
NJ) equilibrated in Buffer B (8 M urea, 20 mM citrate, pH 3.5) and protein was eluted from the resin
with a 5 30 column-volume gradient of 0- 100% Buffer C (Buffer B + 1M NaC1). The eluted material
was extensively dialyzed against Buffer D (8 M urea, 50 mM Tris-HC1, pH  - 312 - 8.0) and then
refoled by dilution in a 10-fold volume of Buffer E (50 mM Tris-HC1, pH 8.0). The refolded material
was then applied to a Source Q column (GE Healthcare; Piscataway, NJ) equilibrated in Buffer F (20
mM Tris, pH 8.0) and the bound, monomeric protein was eluted with a 5 column-volume linear salt
gradient of 0 5 - 100% Buffer G (Buffer F + 1M NaC1). Peak fractions were pooled and dialyzed
against lx TBS, pH 8.0, and sterile filtered.       SDS-PAGE and Western Blot analysis: Protein identity
and purity of STF2A.DENEIII+ proteins (SEQ ID NOs: 628, 630, 632, 634) was determined by
SDS-PAGE. An aliquot of 5 pg of each sample was diluted in SDS-PAGE sample 10 buffer with or
without 100 mM DYE' as a reductant. The samples were boiled for 5 minutes and loaded onto a 10%
polyacrylamide gel (LifeGels; French's Forest, New South Wales, AUS) and electrophoresed. The gel
was stained with Coomassie R250 (Bio-Rad; Hercules, CA) to visualize protein bands. For Western
Blot, 0.5 pg/lane total protein was electrophoresed as described above and the gels were then electro-
15 transferred to a PVDF membrane and blocked with 5% (w/v) non-fat dry milk before probing with
anti-flagellin antibody (Inotek; Beverly, MA). After probing with alkaline phosphatase-conjugated
secondary antibodies (Pierce; Rockland, IL), protein bands were visualized with an alkaline
phosphatase chromogenic substrate (Promega; Madison, WI). 20Protein assay: Total protein
concentration for all proteins was determined using the Micro BCA (bicinchonic acid) Assay (Pierce;
Rockland, IL) in the microplate format, using bovine serum albumin as a standard, according to the
manufacturer's instructions.         Endotoxin assay: Endotoxin levels for all proteins were determined
using the 25 QCL-1000 Quantitative Cluomogenic LAL test kit (Cambrex; E. Rutherford, NJ), following
the manufacturer's instructions for the microplate method.       TLR bioactivitv assay: HEIC293 cells
constitutively express TLR5, and secrete several soluble factors, including IL-8, in response to TLR5
signaling. Cells were seeded in 96-well microplates (50,000 cells/well), and individual STF2A.DEN1-
30 4E111+ proteins (SEQ ID NOs: 628, 630, 632, 634) was added and incubated overnight. The next
day, the conditioned medium was harvested, transferred to a  



- 313 - clean 96-well microplate, and frozen at -20C. After thawing, the conditioned medium was
assayed for the presence of IL-8 in a sandwich ELISA using an antihuman IL-8 matched antibody pair
(Pierce; Rockland, IL) #M801E and M802B) following the manufacturer's instructions. Optical density
was measured using a 5microplate spectrophotometer (FARCyte, GE Healthcare; Piscataway, NJ).
Protein Purification - Results        Protein Yield and Purity: All four STF2A.DENEIII+ proteins (SEQ ID
NO: 628, 630, 632, 634) were produced in high yield from E. coil cell culture. Total yields following
purification ranged from 25 - 50 mg, the purity of all four proteins 10 exceeded 95% by SDS-PAGE,
and the endotoxin values for each protein was less than 0.05 EU/pg. All four STF2A.DENEIII+ (SEQ
ID NOs: 628, 630, 632, 634) fusion proteins had in vitro TLR5 bioactivity. All four DEN 80%EHis6Bv
proteins (SEQ ID NOs: 636, 638, 640, 642) were expressed in Hi-5 cell conditioned medium and
purified from 12L cultures in total yields ranging from about 5 to about 20 mg. 15 Immunogenicity
Testing - Methods        Animal study #1: Female C57B/6 mice (Jackson Laboratory, Bar Harbor, ME)
were used at the age of 6-8 weeks. Test proteins were formulated in 100 pl of phosphate-buffered
saline. Mice were divided into groups of 10 and received inguinal subcutaneous (s.c.) immunizations
on days 0, 14 and 28 as follows. The tetravalent 20 formulation included four fusion proteins that each
included four different Dengue antigens (DEN1EIII, DEN2EIII+, DEN3EIII+, DEN4EIII+ SEQ ID NOs:
628, 630, 632 and 634, respectively). acag 3. PBS (Phosphate-buffered saline) 254. 3 pg of
STF2A.DENIEIII+ (SEQ ID NO: 628) 5. 3 pg of STF2A.DEN2EIII+ (SEQ ID NO: 630) 6. 3 pig of
STF2A.DEN3EIII+ (SEQ ID NO: 632) 7. 3 pig of STF2A.DEN4EIII+ (SEQ ID NO: 634) 8. Tetravalent
Formulation: 303 pig of STF2A.DEN1EIII+ (SEQ ID NO: 628) 3 pig of STF2A.DEN2EIII+ (SEQ ID NO:
630)  -314- 3  pig of STF2A.DEN3EIII+ (SEQ ID NO: 632) 3 pg of STF2A.DEN4EIII+ (SEQ ID NO:
634) 



Mice were bled by retro-orbital puncture on days 21 and 35. Sera were 5harvested by clotting and
centrifugation of the heparin-free blood samples, and tested by ELISA for reactivity with DEN E
proteins. Animal study #2:  Female Balb/C mice (Jackson Laboratory, Bar Harbor, ME) were used at
the age of 6-8 weeks. Test proteins were formulated in 100 pl of phosphate-buffered 10saline. Mice
were divided into groups of 10 and received inguinal subcutaneous (s.c.) immunizations on days 0, 14
and 28 as follows: group  I. PBS (Phosphate-buffered saline)                  2. 3 pg of STF2A.DEN1EIII+
(SEQ ID NO: 628) 153. 30 mg of STF2A.DENIEIII+ (SEQ ID NO: 628) 4. 3 pg of STF2A.DEN2EIII+
(SEQ ID NO: 630) 5. 30 pg of STF2A.DEN2EIII+ (SEQ ID NO: 630) 6. 3 pg of STF2A.DEN3EIII+
(SEQ ID NO: 632) 7. 30 pg of STF2A.DEN3EIII+ (SEQ ID NO: 632) 208. 3 pg of STF2A.DEN4EIII+
(SEQ ID NO: 634) 9. 30 pg of STF2A.DEN4EIII+ (SEQ ID NO: 634)        Mice were bled by
retro-orbital puncture on days 21 and 35. Sera were harvested by clotting and centrifugation of the
heparin-free blood samples, and tested by ELISA for reactivity with DEN E proteins. 25DEN Serum
Antibody Determination: DEN envelope protein-specific IgG levels were determined by ELISA. ELISA
plates (96 wells) were coated overnight at 4C with 100 ml/well of the selected DEN 80%E protein
(SEQ ID NO: 636 ; SEQ ID NO: 638 ; SEQ ID NO: 640 ; or SEQ ID NO: 642) in PBS at a
concentration of 2 pg/ml. Plates were blocked with 200 p1/well of Assay Diluent Buffer (ADB; BD 30
Pharmingen, San Diego, CA) for on hour at room temperature. The plates were washed 3x in PBS-T.
Dilutions of the sera in ADB were added (100 p1/well) and the  - 315 - plates were incubated overnight
at 4oC. The plates were then washed 3x with PBS-T. HRP-labeled goat anti-mouse IgG antibodies
(Jackson Immunochemical; West Grove, PA) diluted in ADB were added (100 pl/well) and the plates
were incubated at room temperature for 1 hour. The plates were washed 3x with PBS-T. After adding
TMB 



5(3, 3',5, 5'-tetramethylbenzidine) Ultra substrate (Pierce Biotechnology; Rockford, IL) and monitoring
color development, absorbance at 450 nm (A450) was measured on a Tecan Farcyte
microspectrophotometer.      PRNT50 Assays: The ability of mouse immune sera to neutralize DEN
virus infectivity in vitro was determined by the plaque reduction neutralization test (PRNT). 10Day 35
serum samples from immunized mice were tested for their ability to block DEN virus infection in
cultured Vero cells. Briefly, individual mouse serum samples were heat-inactivated and serially diluted
two-fold in phosphate-buffered saline (PBS) + 0.5% gelatin. Dilutions starting with 1:10 were incubated
with 100 Pfu of Dengue 2 virus. The virus/serum mixture was incubated at 37C for 1 hour and then
inoculated 15 onto confluent monolayers of Vero cells (ATCC, Catalog #CCL-81; Manassas, VA) in
duplicate wells of 6-well tissue culture plates. The virus was allowed to adsorb to the cell monolayer
prior to adding a 1% agarose overlay. Infected cell cultures were incubated for 4 days at 37C followed
by a second agarose overlay containing 4% neutral red. Virus plaques were counted 12 hours later.
Serum titers that induced a 20 50% reduction in viral plaque number (PRNT50) were recorded.
Immunogenicity Testing - Results  DEN E - specific antibody responses: As shown in Figures 47A
through 47D, immunization of C57B/6 mice with any of the four individual STF2A.DENEIII+ proteins
(SEQ ID NO: 628; SEQ ID NO: 630; SEQ ID NO: 632; SEQ ID NO: 634) 25 elicited high levels of
serum IgG that reacted with the DEN 80%EHis6Bv protein from the homologous Dengue virus
serotype. In contrast, mock immunization (PBS) elicited no DEN 80%EHis6Bv - reactive antibody.
Immune sera from each of the four individually immunized mouse groups were tested for
cross-reactivity with DEN 80%EHis6Bv proteins from the three other 30 heterologous Dengue
serotypes. As shown in Figures 48A through 48D immunization with the four individual
STF2A.DENEIII+ proteins (SEQ ID NO: 628; SEQ ID NO:  - 316 - 630; SEQ ID NO: 632; or SEQ ID
NO: 634) elicited antibodies more specific for the homologous DEN E protein than for the
heterologous DEN E protein. In the case of DEN2, the homologous antibody titer exceeded the
highest heterologous titer by approximately 3-fold logic (103). For DEN1 and DEN4, the homologous
antibody 5titer exceeded the highest heterologous titer by about 2-fold logic (103). For DEN3, there
was some cross-reactivity with DENI, with the homologous response exceeding the heterologous
DENI response by about 2 fold, and the heterologous response against DEN2 and DEN4 exceeding
1-fold logic). These data show that DENEIII+ antigens fused to STF2A elicit potent 10antibody
responses that are highly specific for the homologous Dengue serotype and are minimally
cross-reactive with heterologous serotypes. 



In addition to the monovalent adminstrations, the four STF2A.DENEIII+ proteins (SEQ ID NO: 628;
SEQ ID NO: 630; SEQ ID NO: 632; or SEQ ID NO: 634) were administrated together as a tetravalent
blend. Figures 49A, 49B, 50A and 50B 15 show the homologous and heterologous antibody
responses elicited by the monovalent and tetravalent formulations. As shown in Figures 49A and 49B,
immunization with the tetravalent blend elicits anti-DEN1 E and anti-DEN2 E antibody responses that
are very similar to those elicited by the monovalent formulations for these two serotypes. As shown in
Figures 50A and 50B, the antibody response to the DEN3 component in 20 the tetravalent blend
STF2A.DEN3EIII+ (SEQ ID NO: 632) drops significantly as compared with the monovalent
administration of this vaccine construct. This diminished response to DEN3 in the tetravalent blend
can be corrected by increasing the amount of STF2A.DEN3EIII+ (SEQ ID NO: 632) protein in the
tetravalent blend by three-fold over the other 3 DEN serotypes. The antibody response to the DEN4
25component in the tetravalent blend, STF2A.DEN4EIII+ (SEQ ID NO: 634), is also slightly diminished
as compared with the DEN4 monovalent administration.       These data show that a tetravalent
formulation of DEN vaccine components, consisting of STF2A.DENIEIII+ (SEQ ID NO: 628),
STF2A.DEN2EIII+ (SEQ ID NO: 630), STF2A.DEN3EIII+ (SEQ ID NO: 632) and STF2A.DEN4EIII+
(SEQ ID 30 NO: 634) can elicit potent and specific antibody responses against all four Dengue E
protein serotypes, and that diminished responses caused by immune interference  - 317 - between the
individual components can be corrected by adjusting the ratios of the components in the tetravalent
formulation. Animal Study #1  In vitro neutralization of Dengue virus infectivity: The ability to elicit
Dengue 5virus-neutralizing antibodies is essential for vaccine efficacy. Individual immune sera from
mice immunized with STF2A.DEN2EIII+ (SEQ ID NO: 630) were tested for virus neutralization in a
plaque-reduction neutralization test (PRNT) assay. The results of this assay are shown in Figure 51.
The majority of mice (9/10 = 90%) immunized with STF2A.DEN2EIII+ (SEQ ID NO: 630)
sero-converted, defined as 10 having a PRNT50 titer > 201, whereas no mice in the control (PBS)
group developed neutralizing antibodies. The PRNT50 titer in the immunized group ranged from 1:20
to 1:160. These results demonstrate that immunization with STF2A.DEN2EIII+ (SEQ ID NO: 630)
elicits potent, neutralizing antibodies. None of the sera from C57B16 mice immunized with
STF2A.DEN1EIII+ (SEQ ID NO: 628), STF2ADEN3EIII+ 15 (SEQ ID NO: 632) and STF2A.DEN4EIII+
(SEQ ID NO: 634) seroconverted with PRNT50 titer > 201.       Animal Study #2: As with The C57B/6
mice in Study #1, Balb/C mice immunized with STF2A.DEN1EIII+ (SEQ ID NO: 628),
STF2A.DEN2EIII+ (SEQ ID NO: 630), STF2A.DEN3EIII+ (SEQ ID NO: 632) or STF2A.DEN4EIII+
(SEQ ID 20 NO:634) developed high levels of serum IgG reactive with the homologous DEN 80%E in
ELISA assays. Individual immune sera from Balb/C mice immunized with STF2A.DENIEIII+ (SEQ ID
NO: 628), STF2A.DEN2EIII+ (SEQ ID NO: 630), 25 STF2A.DEN3EIII+ (SEQ ID NO: 632) or
STF2A.DEN4EIII+ (SEQ ID NO:634) were tested for virus neutralization in a plaque-reduction
neutralization test (PRNT) assay. The results of these assays are shown in Tables 25A and 25B. 



All mice immunized with either STF2A.DEN1EIII+ (SEQ ID NO: 628) and STF2A.DEN2EIII+ (SEQ ID
NO: 630) seroconverted, which is represents a PRNT50 30 titer about > 20d, whereas no mice in the
control (PBS) group developed neutralizing antibodies. The PRNT5ogeometric mean titers in the 3 ug
immunized groups were  - 318 - about 4391 and about 13651 for DEN1 and DEN2, respectively. The
majority of mice (9/10 or 90%) immunized with 3 mg of STF2A.DEN3EIII+ (SEQ ID NO: 632)
seroconverted, with a geometric mean titer of about191, while 4 of 10 mice immunized with 30 lig of
STF2A.DEN3EIII+ (SEQ ID NO: 632) seroconverted, with 5 a geometric mean titer of about 12* No
mice immunized with STF2A.DEN4EII1+ (SEQ ID NO: 634) seroconverted.       The serum
neutralization titers from Balb/C mice immunized with STF2A.DEN1EIII+ (SEQ ID NO: 628),
STF2A.DEN2EIII+ (SEQ ID NO: 630), STF2A.DEN3EIII+ (SEQ ID NO: 632) are better than those from
C57B/6 mice both 10 in terms of potency and breadth of response to the various Dengue serotypes,
which shows that the DEN1, 2 and 3 fusion proteins can elict virus neutralizing antibodies. This
difference with animals in study #1 (C57B/6 mice) may be due, in part, to differences in the immune
response to the flagellin component of the vaccine between these two genetically distinct mouse
strains. The magnitude of the immune response 15may vary between mouse strains, with the C57B/6
strain being hypo-responsive relative to Balb/C.       The inability to detect neutralizing antibodies to
DEN4 component of the fusion protein, STF2A.DEN4EIII+ (SEQ ID NO: 634) to elicit neutralizing
antibodies in both the C57B/6 and Balb/C mouse strains may be due one or a combination of 20
different factors. For example, the DEN4 EIII+ domain of the fusion protein may not have refolded in
the purification process to a conformation which properly presents critical neutralizing epitopes to the
immune system. Another possibility is physical interactions between the flagellin and antigen domains
block the presentation of critical epitopes to the immune system, a phenomenon seen with other
flagellin- 25antigen fiisions. It is possible additional constructs that include alternative flagellin
constructs with Dengue 4 viral antigens may result in neutralization.  - 319 - Table 25A Immunogen
STF2a.DEN1EII I+ (SEQ ID NO: STF2A.DEN1EIII + (SEQ ID NO: STF2A.DEN2EII I+ (SEQ ID NO: 



STF2a.DEN2EII I+ (SEQ ID NO:  628) 628) 630) 630) Dose 3 pg 30 pg 3 pg 3o jig Geometric mean
titer 493 331 1365 517 range 120 - 5120 60-1600 480 - 5120 160 - 1920 seroconversion 10/10 



10/10 10/10 10/10  Table 25B Inununogen STF2a.DEN3EIII + (SEQ ID NO: 632) STF2a.DEN3EIII +
(SEQ ID NO: 632) STF2A.DEN4EII I+ (SEQ ID NO: 634) STF2a.DEN4EII I+ (SEQ ID NO: 634) Dose
3 jig 30 jig 3 jig 30 pg Geometric 



mean titer 19 12 5 5 range 5-40  5-80 5 - 5 5-5 seroconversion 9/10 4/10 0/10 0/10  5Example 12.
Cloning, production and immunogenicity testing of recombinant flagellin-HPV antigen fusion proteins
in E.coli.  Methods DNA cloning: Synthetic genes encoding the E6, E7 and L2 proteins of Human
10Papilloma Virus strain 16 (HPV 16) were codon optimized for expression in E. coli and synthesized
by a commercial vendor (DNA 2.0; Menlo Park, CA). The genes were designed to incorporate flanking
Blpl sites on both the 5' and 3' ends. The gene fragments were excised from the respective plasmids
with BlpI and cloned by compatible ends into either the STF2.blp or STF2a.blp vector cassette. The
fusion 15constructs incorporating the full-length flagellin gene were designated STF2.E6 (SEQ 



ID NO: 667), STF2.E7 (SEQ ID NO: 668) and STF2.L2. (SEQ ID NO: 669). The  - 320 - analogous
constructs for the flagellin gene lacking a hinge region (also referred to herein as "truncated flagellin"
were designated as STF2A.E6 (SEQ ID NO: 670), STF2A.E7 (SEQ ID NO: 671) and STF2A.L2 (SEQ
ID NO: 672). In addition, a synthetic gene combining E6 and E7 was fused with STF2 and STF2A to
create 5 STF2.E6E7 (SEQ ID NO: 673) and STF2A.E6E7 (SEQ ID NO: 674), respectively.       In each
case, the constructed plasmids were used to transform competent E. coil TOP 10 cells and putative
recombinants were identified by PCR screening and restriction mapping analysis. The integrity of the
constructs was verified by DNA sequencing, constructs were used to transform the expression host,
BLR(DE3) 10 (Novagen, San Diego, CA; Cat #69053). Transformants were selected on plates
containing kanamycin (50 pg/mL), tetracycline (5 ug/mL) and glucose (0.5%). Colonies were picked
and inoculated into 2 mL of LB medium supplemented with 25 ug,/mL kanamycin, 12.5 ug/mL
tetracycline and 0.5% glucose and grown overnight. Aliquots of these cultures were used to innoculate
fresh cultures in the same medium 15formulation, which were cultured until an optical density (0D600.)
= 0.6 was reached, at which time protein expression was induced by the addition of 1 mM IPTG and
cultured for 3 hours at 37C. The cells were then harvested and analyzed for protein expression.
SDS-PAGE and Western Blot: Protein expression and identity were 20 determined by gel
electrophoresis and immunoblot analysis. Cells were harvested by centrifugation and lysed in Laemmli
buffer. An aliquot of 10 ul of each lysate was diluted in SDS-PAGE sample buffer with or without 100
mM dithiothreitol (Err) as a reductant. The samples were boiled for 5 minutes and loaded onto a 10%
SDS polyacrylamide gel and electrophoresed by SDS-PAGE. The gel was stained with 25Coomassie
R-250 (Bio-Rad; Hercules, CA) to visualize protein bands. For Western Blot, 0.5 ml/lane of cell lysate
was electrophoresed and electrotransfered onto a PVDF membrane and blocked with 5% (w/v) dry
milk.       The membrane was then probed with anti-flagellin antibody (Inotek; Beverly, MA). After
probing with alkaline phosphatase-conjugated secondary antibody 30(Pierce; Rockland, IL), protein
bands were visualized with an alkaline phosphatase chromogenic substrate (Promega, Madison, WI).
Bacterial clones which yielded  -321 - protein bands of the correct molecular weight and reactive with
the appropriate antibodies were selected for production of protein for use in biological assays and
animal immunogenicity experiments. DNA constructs linking flagellin with HPV 16 antigens are listed
in Table 24. 5 Table 24: Flagellin - HPV 16 antigen DNA constructs for expression in E. coli 



SEQ ID NO: Construct Predicted molecular weight (Da) 667 STF2.E6 71,489 668 STF2.E7 63,323
673 STF2.E6E7 82,362 670 STF2A.E6 48,495 671 STF2A.E7 40,330 674 STF2A.E6E7 59,369 669 



STF2.L2 103,009 672 STF2A.L2 80,016 675 STF2.E6. CTLHis6 55,402 676 STF2.4xE6CTLHis6
61,394 677 STF2.E7.CTLHis6 55,600 678 STF2.4xE7CTLHis6 62,187 115 HPV16E6His6 20,010 117
HPV16E7His6 11,845 119 



HPV16E6E7His6 30,833 121 HPV16L2His6 51,531  Results              As assayed by Coomassie blue
staining of the SDS-PAGE gel, all the clones 10displayed a band that migrated at the expected
molecular weight. The absence of this band in the control culture (without IPTG) indicates that it is
specifically induced by IPTG. Western blotting with antibodies specific for flagellin confirmed that this  -
322 - induced species is the flagellin-HPV antigen fusion protein and suggested that both parts of the
fusion protein were expressed intact. Purification of STF2.HPV16 E6 (SEQ ID NO: 679)  5 Methods
Bacterial growth and cell lysis: STF2.HPV16E6 (SEQ ID NO: 679) was expressed in the E. coli host
strain BLR (DE3). E. coli cells were cultured and harvested as described above. The individual strain
was retrieved from a glycerol stock and grown in shake flasks to a final volume of 12 liters. Cells were
grown in 10 LB medium containing 50 pg/mL kanamycin/ 12.5 pg/mL tetracycline/ 0.5% dextrose to
(Moo = 0.6 and induced by the addition of 1mM IPTG for 3 hours at 37C. The cells were harvested by
centrifugation (7000 rpm x 7 minutes in a Sorvall RC5C centrifuge) and resuspended in lx PBS, 1%
glycerol, 1 pg,/mL DNAse I, 1 mM PMSF, protease inhibitor cocktail and 1 mg/mL lysozyme. The cells
were then lysed by two 15passes through a microfluidizer at 15,000 psi. The lysate was then
centrifuged at 45,000xg for one hour to separate soluble and insoluble fractions.       Purification of
STF2.HPV16E6 (SEQ ID NO: 679 ) from E. coli: Following cell lysis and centrifugation (see above) the
supernatant (soluble) fraction was collected and supplemented with 50 mM Tris, pH 8. The solution
was then applied to 20a Source Q anion exchange column (GE Healthcare: Piscataway, NJ)
equilibrated in Buffer A (50 mM Tris,8.0 + 5 mM EDTA). Flow-through and eluate fractions were
assayed by SDS-PAGE followed by Coomassie blue staining and Western blotting. 



The flagellin-E6 fusion protein did not bind to the column and was found in 25the flow-through fraction.
The flow-through fraction was dialyzed overnight to Buffer B ( 20 mM citric acid, pH 3.5/ 8M urea/ 5
mM EDTA/ 1 mM beta-mercaptoethanol) and applied to a Source S cation exchange column
equilibrated in Buffer B. After eluting with a 5 column-volume linear gradient of 0 - 1M NaC1 in Buffer
B, eluate fractions were assayed by SDS-PAGE with Coomassie blue staining and Western 30blotting.
The flagellin-E6 protein did not bind to this column and was again recovered in the flow-through
fraction. The flow-through fraction was dialyzed overnight to Buffer C (50 mM Tris, pH 8.0/5 mM
EDTA/ 8M urea) and applied to a Source Q  - 323 - anion exchange column (GE Healthcare;
Piscataway, NJ) equilibrated in Buffer C. After eluting with a 5 column linear gradient of 0-1M NaC1 in
Buffer C, flow-thru and eluate fractions were assayed by SDS-PAGE followed by Coomassie blue
staining and Western blotting. The flagellin-E6 protein did not bind to this column and was 5again
found in the flow-through fraction. The flagellin - E6 protein was refolded by ten-fold dilution into Buffer
D (20 mM Iris, pH 8.0/ 0.15M NaC1/ 2 mM EGTA/ 2     ZnC12) and applied to a Superdex 200
size-exclusion column (GE Healthcare; Piscataway, NJ) equilibrated in Buffer D. Eluate fractions were
assayed by SDSPAGE followed by Coomassie blue staining and Western blotting. Peak fractions
10were pooled, sterile filtered and stored at -80C.       SDS-PAGE and Western Blot analysis: Protein
identity and purity of STF2.HPV16 E6 (SEQ ID NO: 679 ) was determined by SDS-PAGE. An aliquot
of 5 mg of each sample was diluted in SDS-PAGE sample buffer with or without 100 mM DYE as a
reductant. The samples were boiled for 5 minutes and loaded onto a 10% 15polyacrylamide gel
(LifeGels; French's Forest, New South Wales, AUS) and electrophoresed. The gel was stained with
Coomassie R250 (Bio-Rad; Hercules, CA) to visualize protein bands. For western blot, 0.5 lig/lane
total protein was electrophoresed as described above and the gels were then electro-transferred to a
PVDF membrane and blocked with 5% (w/v) non-fat dry milk before probing with 20anti-flagellin
antibody (Inotek; Beverly, MA). After probing with alkaline phosphatase-conjugated secondary
antibodies (Pierce; Rockland, IL), protein bands were visualized with an alkaline phosphatase
chromogenic substrate (Promega; Madison, WI). Protein assay: Total protein concentration for all
proteins was determined 25using the Micro BCA (bicinchonic acid) Assay (Pierce; Rockland, IL) in the
microplate format, using bovine serum albumin as a standard, according to the manufacturer's
instructions. 



Endotoxin assay: Endotoxin levels for all proteins were determined using the      QCL-1000
Quantitative Chromogenic LAL test kit (Cambrex; E. Rutherford, NJ), 30following the manufacturer's
instructions for the microplate method.  - 324 -       TLR bioactivity assay: HEIC293 cells constitutively
express TLR5, and secrete several soluble factors, including IL-8, in response to TLR5 signaling. Cells
were seeded in 96-well microplates (50,000 cells/well), and STF2.HPV16 E6 (SEQ ID NO: 679) was
added and incubated overnight. The next day, the conditioned medium 5was harvested, transferred to
a clean 96-well microplate, and frozen at -20C. After thawing, the conditioned medium was assayed
for the presence of IL-8 in a sandwich ELISA using an anti-human IL-8 matched antibody pair (Pierce;
Rockland, IL) #M801E and M802B) following the manufacturer's instructions. Optical density was
measured using a microplate spectrophotometer (FARCyte, GE Healthcare; 10Piscataway, NJ).
Animal studies: Female C57B/6 mice (Jackson Laboratory, Bar Harbor, ME) were used at the age of
6-8 weeks. Mice were divided into groups of 6 and received inguinal subcutaneous (s.c.)
immunizations on days 0 and 14 as follows: 9. PBS (Phosphate-buffered saline) 1510. 3 Kg of
STF2.HPV16 E6 (SEQ ID NO: 679) in PBS 11. 30 pg STF2.HPV16E6 (SEQ ID NO: 679) in PBS 12. 3
lAg of STF2.HPVI6E6 (SEQ ID NO: 679) formulated in TiterMax Gold adjuvant ( CytRx; Norcross,
GA), according to the manufacturer's instructions. 2013. 30 )1g of STF2.HPV16 E6 (SEQ ID NO: 679 )
formulated in TiterMax Gold adjuvant. Seven (7) days following the primary immunization and seven
(7) days following the booster immunization, 2 animals from each group were sacrificed, spleens
removed and splenocytes used in ELISPOT assays to analyze antigen-specific 25 immune responses.
Antigen-specific ELISPOT assays: Spleen cells (106 cells/well) from animals 7 days following the
primary immunization or 7 days following the booster immunization with of STF2.HPV16 E6 (SEQ ID
NO: 679 ) were added to 96-well Multiscreen-IP plates (Millipore; Billerica, MA) coated with anti-IFNy
or IL-5 capture 30antibody (eBioscience; San Diego, CA) diluted in PBS according to the
manufacturer's instructions. T cells were then stimulated overnight with nave  -325 -
antigen-presenting cells (APCs) (106 cells/well) in the absence or presence of a HPV E6 - specific
antigenic peptide, NH3- EVYDFAFRDL - COOH (AnaSpec; San Jose, CA) (SEQ ID NO: 680).
Anti-CD3 (BD Pharmingen; San Jose, CA) was used as a positive control at a final concentration of
0.25 pg/ml. Plates were incubated 



5overnight at 376C/5% CO2, then washed and incubated with biotinylated detection antibody diluted
in PBS/10% fetal bovine serum (PBS) according to the manufacturer's instructions. Plates were
developed using the ELISPOT Blue Color Development Module according to the manufacturer's
protocol (R&D Systems; Minneapolis, MN). Antigen-specific responses were assayed in duplicate from
10 individual animals and quantified using an automated ELISPOT reader (Cellular Technology Ltd.;
Cleveland, OH). Data is represented as the number of antigen-specific responses/106 APC. Results
and Discussion Protein yield and purity: STF2.HPV16 E6 (SEQ ID NO: 679) was produced 15in high
yield from E. coli cell culture. After purification the yield was about 5.7 mg total protein, the purity was
estimated to be greater than about 85% by SDS-PAGE, with an endotoxin level of about 0.97 EU/pg.
However, the final size exclusion chromatography (SEC) step in the purification showed the
STF2.HPV16 E6 (SEQ ID NO: 679) protein eluting in the void volume (data not shown). This result
suggested 20 that the protein is not monomeric and is likely to be aggregated. The STF2.HPV16 E6
(SEQ ID NO: 679) fusion protein showed positive in vitro TLR5 bioactivity, albeit lower than that
usually seen for monomeric flagellin-antigen fusion proteins       Immunogenicity of STF2.HPV16 E6
(SEO ID NO: 679): The results of the ELISPOT assay indicate that mice developed antigen-specific T
cell responses 25 following a single immunization with STF2.HPV E6 (SEQ ID NO: 679) and that
mock-immunized mice did not. Upon stimulation with antigen presenting cells (APCs) primed with the
HPV16 E6 peptide (SEQ ID NO: 680), approximately 10 cells/ 106 splenocytes secreted IFN-y, vs.
none in the mock immunized group. A similar number of cells from animals immunized with
STF2.HPV16 E6 (SEQ ID NO: 30 679) secreted IL-5, vs. approximately 3 in the mock group. Nave
APCs mock-primed with buffer did not stimulate production of IFN-y or IL-5 in any of the groups. As a
- 326 - positive control, half of the mouse groups were immunized with STF2.HPV16 E6 (SEQ ID NO:
679) protein formulated in TiterMax Gold adjuvant ( CytRx; Norcross, GA). Not surprisingly, this
powerful adjuvant (which is not acceptable for human use) significantly boosted the number of IFN-y
and IL-5 secreting cells. 5ELISPOT assays performed on spleen cells harvested 7 days following the
booster immunization with STF2.HPV16 E6 (SEQ ID NO: 679) showed a significant increase in E6
antigen-specific T-cell responses over cells harvested following the primary immunization. Upon
stimulation with antigen presenting cells (APCs) primed with the HPV16 E6 peptide (SEQ ID NO: 680),
>150 cells/ 106 splenocytes in 10 the 3 pg group and >50 cells/ 106 splenocytes in the 30 pg group
secreted IFN-y. >40 cells/ 106 splenocytes in the 3 mg group and >20 cells/ 106 splenocytes in the 30
pg group secreted IL-5. Fewer than 10 cells/106 splenocytes in the mock-immunized group secreted
IFN-y or IL-5. Thus, in both post-boost dose groups the IFN-y response predominated over the IL-5
response, whereas these responses were roughly 15 equivalent when assayed following the primary
immunization. As seen with mice receiving only one immunization, mice immunized twice with
STF2.HPV16 E6 (SEQ ID NO: 679) protein formulated in TiterMax Gold adjuvant ( CytRx; Norcross,
GA) showed an enhanced T-cell response as compared with mice immunized twice with
STF2.1-IPV16 E6 (SEQ ID NO: 679) protein formulated in PBS only. 20One factor which may
influence the immune response elicited by STF2. HPV16 E6 (SEQ ID NO: 679 ) in this experiment is
the aggregated state of the STF2.HPV16 E6 (SEQ ID NO: 209 ) fusion protein, which may hinder the
flagellin domain from signaling properly through TLR5. Monomeric STF2.HPV16 E6 (SEQ 



ID NO: 679) fusion protein may elicit stronger antigen-specific T-cell responses. 25 Mutation of one or
more cysteine residues in the E6 protein to another amino acid may result in an E6 - flagellin fusion
protein which is monomeric or less aggregated than the wild-type E6 - flagellin fusion protein by
eliminating or decreasing the possibility of inappropriate disulfide bonding.  - 327 - EQUIVALENTS
While this invention has been particularly shown and described with references to example
embodiments thereof, it will be understood by those skilled in the art that various changes in form and
details may be made therein without departing 5from the scope of the invention encompassed by the
appended claims.  - 328 - CLAIMS 1. A composition that includes a fusion protein comprising (i) at
least a portion of a flagellin that activates a Toll-like Receptor 5, wherein the portion of the flagellin has
at least about 80% identity to the contiguous amino acid sequence as set forth in SEQ ID NO: 29 or
includes, in sequence, an amino-domain 0, an amino-domain 1, an amino-domain 2, a
carboxy-domain 2, a carboxy-domain 1 and a carboxy-domain 0 and (ii) an antigen that includes at
least a portion of an influenza viral hemagglutinin protein, for use in therapy as an immune response
stimulating agent. 2. The composition of Claim 1, wherein the dose to be administered to a human in
at least one dose selected from the group consisting of about a 10.0 jig dose, about a 5.0 jig dose,
about a 3.0 jig dose, about a 2.5 jig dose, about a 1.0 jig dose, about a 0.5 jig dose, about a 0.3 jig
dose, about a 0.25 jig dose, about a 0.1 jig dose, about a 0.05 jig dose, about a 0.025 jig dose and
about a 0.01 jig dose. 3. The composition of Claim 1, wherein administration of the composition to the
human provides protective immunity against an infection consequent to exposure of the human to a
source of the antigen. 4. A composition that includes at least one nanoparticle comprising, (a)at least a
portion of at least one Toll-like Receptor agonist, wherein the Toll-like Receptor 5 agonist includes,
(i)at least a portion of a flagellin that has at least about 80% identity to the contiguous amino acid
sequence as set forth in SEQ ID NO: 29; or  - 329 - (ii)in sequence, an amino-domain 0, an
amino-domain 1, an amino- domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxydomain
0; and (b)at least a portion of at least one antigen, wherein the Toll-like Receptor agonist and the
antigen are associated with the nanoparticle and the molar ratio of the Toll-like Receptor agonist to the
antigen is no greater than about lfor use in therapy as an immune response stimulating agent. 



5.A composition that includes at least one nanoparticle comprising, (a)at least a portion of at least one
Toll-like Receptor 7 agonist, (b)at least a portion of at least one Toll-like Receptor 5 agonist, that
includes, (i) at least a portion of a flagellin that has at least about 80% identity to the contiguous amino
acid sequence as set forth in SEQ ID NO: 29; or (ii) in sequence, an amino-domain 0, an
amino-domain 1, an amino-domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxydomain
0; and (c)at least a portion of at least one antigen, wherein the Toll-like Receptor 7 agonist and the
antigen are contained within the nanoparticle and the Toll-like Receptor 5 agonist is associated with
an outer surface of the nanoparticle for use in therapy as an immune response stimulating agent.
6.The composition of Claim 5, wherein the nanoparticle further includes at least a portion of at least
one additional Toll-like Receptor agonist selected from the group consisting of Toll-like Receptor 8
agonist and a Toll-like Receptor 9 agonist. 7.A composition that includes at least one nanoparticle
comprising, (a)at least a portion of at least one Toll-like Receptor 5 agonist, that includes,  - 330 - at
least a portion of a flagellin that has at least about 80% identity to the contiguous amino acid
sequence as set forth in SEQ ID NO: 29; or (ii)in sequence, an amino-domain 0, an amino-domain 1,
an amino- domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxydomain 0, (b) at least a
portion of at least one antigen, and (c) at least a portion of at least one additional Toll-like Receptor
agonist selected from the group consisting of a Toll-like Receptor 7 agonist, a Toll-like Receptor 8
agonist and a Toll-like Receptor 9 agonist, wherein the additional Toll-like Receptor agonist and,
optionally, the antigen are contained within the nanoparticle and the Toll-like Receptor 5 agonist is
associated with a surface of the nanoparticle for use in therapy as an immune response stimulating
agent. 8. The composition of Claim 7, wherein the antigen and the Toll-like Receptor 5 agonist are
associated with an outer surface of the nanoparticle. 



9. Use of a fusion protein comprising (i) at least a portion of a flagellin that activates a Toll-like
Receptor 5, wherein the portion of the flagellin has at least about 80% identity to the contiguous amino
acid sequence as set forth in SEQ ID NO: 29 or includes, in sequence, an amino-domain 0, an
amino-domain 1, an amino-domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxy-domain
0 and (ii) an antigen that includes at least a portion of an influenza viral hemagglutinin protein, in the
preparation of an immune response stimulating agent for the therapeutic and/or prophylactic treatment
of a medical condition related to the immune response. 10. Use of the fusion protein of Claim 9,
wherein the dose to be administered to a human in at least one dose selected from the group
consisting of about a 10.0 jag dose, about a 5.0 jag dose, about a 3.0 jag dose, about a 2.5 jig dose,
about a 1.0  -331 - jig dose, about a 0.5 jig dose, about a 0.3 jig dose, about a 0.25 jig dose, about a
0.1 jig dose, about a 0.05 jig dose, about a 0.025 jig dose and about a 0.01 jig dose. 11.Use of the
fusion protein of Claim 9, wherein administration of the agent to the human provides protective
immunity against an infection consequent to exposure of the human to a source of the antigen. 12.Use
of a composition that includes at least one nanoparticle comprising, (a)at least a portion of at least one
Toll-like Receptor agonist, wherein the Toll-like Receptor 5 agonist includes, (i) at least a portion of a
flagellin that has at least about 80% identity to the contiguous amino acid sequence as set forth in
SEQ ID NO: 29; or (ii) in sequence, an amino-domain 0, an amino-domain 1, an amino-domain 2, a
carboxy-domain 2, a carboxy-domain 1 and a carboxydomain 0; and (b)at least a portion of at least
one antigen, wherein the Toll-like Receptor agonist and the antigen are associated with the
nanoparticle and the molar ratio of the Toll-like Receptor agonist to the antigen is no greater than
about 1 in the preparation of an immune response stimulating agent to be administered to a subject for
the therapeutic and/or prophylactic treatment of a medical condition related to the immune response.
13.Use of a composition that includes at least one nanoparticle comprising, (a) at least a portion of at
least one Toll-like Receptor 7 agonist, (b) at least a portion of at least one Toll-like Receptor 5 agonist,
that includes,  - 332 - (ii)in sequence, an amino-domain 0, an amino-domain 1, an amino- domain 2, a
carboxy-domain 2, a carboxy-domain 1 and a carboxydomain 0; and (c)at least a portion of at least
one antigen, wherein the Toll-like Receptor 7 agonist and the antigen are contained within the 



nanoparticle and the Toll-like Receptor 5 agonist is associated with an outer surface of the
nanoparticle in the preparation of an immune response stimulating agent to be administered to a
subject for the therapeutic and/or prophylactic treatment of a medical condition related to the immune
response. 14. The use of Claim 13, wherein the nanoparticle further includes at least a portion of at
least one additional Toll-like Receptor agonist selected from the group consisting of Toll-like Receptor
8 agonist and a Toll-like Receptor 9 agonist. 15. Use of a composition that includes at least one
nanoparticle comprising, (a) at least a portion of at least one Toll-like Receptor 5 agonist, that
includes, at least a portion of a flagellin that has at least about 80% identity to the contiguous amino
acid sequence as set forth in SEQ ID NO: 29; or (ii)in sequence, an amino-domain 0, an
amino-domain 1, an amino- domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxydomain
0, (b) at least a portion of at least one antigen, and (c) at least a portion of at least one additional
Toll-like Receptor agonist selected from the group consisting of a Toll-like Receptor 7 agonist, a
Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist, wherein the additional Toll-like
Receptor agonist and, optionally, the antigen are contained within the nanoparticle and the Toll-like
Receptor 5 agonist is associated with a surface of the nanoparticle in the preparation of an immune
response stimulating agent to be administered to a subject for the therapeutic  - 333 - and/or
prophylactic treatment of a medical condition related to the immune response. 16. The use of Claim
15, wherein the antigen and the Toll-like Receptor 5 agonist are associated with an outer surface of
the nanoparticle. 17. The composition of Claim 1, wherein the portion of the flagellin has at least about
85%, at least 90%, at least 95%, at least 98% or at least 99% identity to SEQ ID No: 29. 
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CLAIMS  

 

1. A composition that includes a fusion protein comprising (i) at least a portion of a 

flagellin that activates a Toll-like Receptor 5, wherein the portion of the flagellin 

has at least about 80% identity to the contiguous amino acid sequence as set forth 

in SEQ ID NO: 29 or includes, in sequence, an amino-domain 0, an amino-

domain 1, an amino-domain 2, a carboxy-domain 2, a carboxy-domain 1 and a 

carboxy-domain 0 and (ii) an antigen that includes at least a portion of an 

influenza viral hemagglutinin protein, for use in therapy as an immune response 

stimulating agent. 

 

2. The composition of Claim 1, wherein the dose to be administered to a human in at 

least one dose selected from the group consisting of about a 10.0 µg dose, about a 

5.0 µg dose, about a 3.0 µg dose, about a 2.5 µg dose, about a 1.0 µg dose, about 

a 0.5 µg dose, about a 0.3 µg dose, about a 0.25 µg dose, about a 0.1 µg dose, 

about a 0.05 µg dose, about a 0.025 µg dose and about a 0.01 µg dose. 

 

3. The composition of Claim 1, wherein administration of the composition to the 

human provides protective immunity against an infection consequent to exposure 

of the human to a source of the antigen. 

 

4. A composition that includes at least one nanoparticle comprising, 

(a) at least a portion of at least one Toll-like Receptor agonist, wherein the 

Toll-like Receptor 5 agonist includes, 

(i) at least a portion of a flagellin that has at least about 80% identity 

to the contiguous amino acid sequence as set forth in SEQ ID NO: 

29; or 
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(ii) in sequence, an amino-domain 0, an amino-domain 1, an amino-

domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxy-

domain 0; and  

(b) at least a portion of at least one antigen, wherein the Toll-like Receptor 

agonist and the antigen are associated with the nanoparticle and the molar 

ratio of the Toll-like Receptor agonist to the antigen is no greater than 

about 1for use in therapy as an immune response stimulating agent. 

 

5. A composition that includes at least one nanoparticle comprising, 

(a)  at least a portion of at least one Toll-like Receptor 7 agonist,  

(b) at least a portion of at least one Toll-like Receptor 5 agonist, that includes, 

(i) at least a portion of a flagellin that has at least about 80% identity 

to the contiguous amino acid sequence as set forth in SEQ ID NO: 

29; or 

(ii) in sequence, an amino-domain 0, an amino-domain 1, an amino-

domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxy-

domain 0; and 

(c) at least a portion of at least one antigen,  

wherein the Toll-like Receptor 7 agonist and the antigen are contained within the 

nanoparticle and the Toll-like Receptor 5 agonist is associated with an outer 

surface of the nanoparticle for use in therapy as an immune response stimulating 

agent. 

 

6. The composition of Claim 5, wherein the nanoparticle further includes at least a 

portion of at least one additional Toll-like Receptor agonist selected from the 

group consisting of Toll-like Receptor 8 agonist and a Toll-like Receptor 9 

agonist. 

 

7. A composition that includes at least one nanoparticle comprising, 

(a) at least a portion of at least one Toll-like Receptor 5 agonist, that includes, 
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(i) at least a portion of a flagellin that has at least about 80% identity 

to the contiguous amino acid sequence as set forth in SEQ ID NO: 

29; or 

(ii) in sequence, an amino-domain 0, an amino-domain 1, an amino-

domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxy-

domain 0, 

(b) at least a portion of at least one antigen, and  

(c) at least a portion of at least one additional Toll-like Receptor agonist 

selected from the group consisting of a Toll-like Receptor 7 agonist, a 

Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist,  

wherein the additional Toll-like Receptor agonist and, optionally, the antigen are 

contained within the nanoparticle and the Toll-like Receptor 5 agonist is 

associated with a surface of the nanoparticle for use in therapy as an immune 

response stimulating agent. 

 

8. The composition of Claim 7, wherein the antigen and the Toll-like Receptor 5 

agonist are associated with an outer surface of the nanoparticle. 

 

9. Use of a fusion protein comprising (i) at least a portion of a flagellin that activates 

a Toll-like Receptor 5, wherein the portion of the flagellin has at least about 80% 

identity to the contiguous amino acid sequence as set forth in SEQ ID NO: 29 or 

includes, in sequence, an amino-domain 0, an amino-domain 1, an amino-domain 

2, a carboxy-domain 2, a carboxy-domain 1 and a carboxy-domain 0 and (ii) an 

antigen that includes at least a portion of an influenza viral hemagglutinin protein, 

in the preparation of an immune response stimulating agent for the therapeutic 

and/or prophylactic treatment of a medical condition related to the immune 

response. 

 

10. Use of the fusion protein of Claim 9, wherein the dose to be administered to a 

human in at least one dose selected from the group consisting of about a 10.0 µg 

dose, about a 5.0 µg dose, about a 3.0 µg dose, about a 2.5 µg dose, about a 1.0 
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µg dose, about a 0.5 µg dose, about a 0.3 µg dose, about a 0.25 µg dose, about a 

0.1 µg dose, about a 0.05 µg dose, about a 0.025 µg dose and about a 0.01 µg 

dose. 

 

11. Use of the fusion protein of Claim 9, wherein administration of the agent to the 

human provides protective immunity against an infection consequent to exposure 

of the human to a source of the antigen. 

 

12. Use of a composition that includes at least one nanoparticle comprising, 

(a) at least a portion of at least one Toll-like Receptor agonist, wherein the 

Toll-like Receptor 5 agonist includes, 

(i) at least a portion of a flagellin that has at least about 80% identity 

to the contiguous amino acid sequence as set forth in SEQ ID NO: 

29; or 

(ii) in sequence, an amino-domain 0, an amino-domain 1, an amino-

domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxy-

domain 0; and  

(b) at least a portion of at least one antigen,  

wherein the Toll-like Receptor agonist and the antigen are associated with the 

nanoparticle and the molar ratio of the Toll-like Receptor agonist to the antigen is 

no greater than about 1 in the preparation of an immune response stimulating 

agent to be administered to a subject for the therapeutic and/or prophylactic 

treatment of a medical condition related to the immune response. 

 

13. Use of a composition that includes at least one nanoparticle comprising, 

(a)  at least a portion of at least one Toll-like Receptor 7 agonist,  

(b) at least a portion of at least one Toll-like Receptor 5 agonist, that includes, 

(i) at least a portion of a flagellin that has at least about 80% identity 

to the contiguous amino acid sequence as set forth in SEQ ID NO: 

29; or 
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(ii) in sequence, an amino-domain 0, an amino-domain 1, an amino-

domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxy-

domain 0; and 

(c) at least a portion of at least one antigen,  

wherein the Toll-like Receptor 7 agonist and the antigen are contained within the 

nanoparticle and the Toll-like Receptor 5 agonist is associated with an outer 

surface of the nanoparticle in the preparation of an immune response stimulating 

agent to be administered to a subject for the therapeutic and/or prophylactic 

treatment of a medical condition related to the immune response. 

 

14. The use of Claim 13, wherein the nanoparticle further includes at least a portion 

of at least one additional Toll-like Receptor agonist selected from the group 

consisting of Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist. 

 

15. Use of a composition that includes at least one nanoparticle comprising, 

(a) at least a portion of at least one Toll-like Receptor 5 agonist, that includes, 

(i) at least a portion of a flagellin that has at least about 80% identity 

to the contiguous amino acid sequence as set forth in SEQ ID NO: 

29; or 

(ii) in sequence, an amino-domain 0, an amino-domain 1, an amino-

domain 2, a carboxy-domain 2, a carboxy-domain 1 and a carboxy-

domain 0, 

(b) at least a portion of at least one antigen, and  

(c) at least a portion of at least one additional Toll-like Receptor agonist 

selected from the group consisting of a Toll-like Receptor 7 agonist, a 

Toll-like Receptor 8 agonist and a Toll-like Receptor 9 agonist,  

wherein the additional Toll-like Receptor agonist and, optionally, the antigen are 

contained within the nanoparticle and the Toll-like Receptor 5 agonist is 

associated with a surface of the nanoparticle in the preparation of an immune 

response stimulating agent to be administered to a subject for the therapeutic 
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and/or prophylactic treatment of a medical condition related to the immune 

response. 

 

16. The use of Claim 15, wherein the antigen and the Toll-like Receptor 5 agonist are 

associated with an outer surface of the nanoparticle. 

 

17. The composition of Claim 1, wherein the portion of the flagellin has at least about 

85%, at least 90%, at least 95%, at least 98% or at least 99% identity to SEQ ID No: 

29. 

 




