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1

Janssen Vaccines & Prevention B.V.

INFLUENZA VIRUS VACCINES AND USES THEREOF

INTRODUCTION

The invention relates to the field of medicine. Provided herein are influenza A

hemagglutinin (HA) stem domain polypeptides, nucleic acids encoding said
polypeptides, pharmaceutical compositions comprising the same, and methods of their

use.

BACKGROUND

Influenza viruses are major human pathogens, causing a respiratory disease

(commonly referred to as “influenza” or “the flu”) that ranges in severity from sub-
clinical infection to primary viral pneumonia which can result in death. The clinical
effects of infection vary with the virulence of the influenza strain and the exposure,
history, age, and immune status of the host. Every year it is estimated that
approximately 1 billion people worldwide undergo infection with influenza virus,
leading to severe illness in 3-5 million cases and an estimated 300,000 to 500,000 of
influenza related deaths. The bulk of these infections can be attributed to influenza A
viruses carrying H1 or H3 hemagglutinin subtypes, with a smaller contribution from
Influenza B viruses, and therefore representatives of these are typically included in the
seasonal vaccine. The current immunization practice relies on early identification of
circulating influenza viruses to allow for timely production of an effective seasonal
influenza vaccine. Apart from the inherent difficulties in predicting the strains that
will be dominant during the next season, antiviral resistance and immune escape also
play a role in failure of current vaccines to prevent morbidity and mortality. In
addition, the possibility of a pandemic caused by a highly virulent viral strain
originating from animal reservoirs and reassorted to increase human to human spread,
still poses a significant and realistic threat to global health.

Influenza viruses are enveloped RNA viruses that belong to the family of
Orthomyxoviridae. Their genomes consist of eight single-stranded RNA segments that
code for 11 different proteins, one nucleoprotein (NP), three polymerase proteins (PA,
PB1, and PB2), two matrix proteins (M1 and M2), three non-structural proteins (NS1,
NS2, and PB1-F2), and two external glycoproteins: hemagglutinin (HA) and

neuraminidase (NA).
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Influenza A viruses are widely distributed in nature and can infect a variety of
birds and mammals. The viruses are classified on the basis of differences in antigenic
structure of the HA and NA proteins, with their different combinations representing
unique virus subtypes that are further classified into specific influenza virus strains.
Although all known subtypes can be found in birds, currently circulating human
influenza A subtypes are HIN1 and H3N2. Phylogenetic analysis of influenza A viruses
has demonstrated a subdivision of hemagglutinins into two main, so-called phylogenetic
groups: inter alia the H1, H2, H5 and H9 subtypes in phylogenetic group 1 (the group 1
viruses) and inter alia the H3, H4 and H7 subtypes in phylogenetic group 2 (group 2
viruses).

The influenza type B virus strains are strictly human. The antigenic variation
in HA within the influenza type B virus strains is smaller than those observed within
the type A strains. Two genetically and antigenically distinct lineages of influenza B
virus are circulating in humans, as represented by the B/Yamagata/16/88 (also
referred to as B/Yamagata) and B/Victoria/2/87 (B/Victoria) lineages. Although the
spectrum of disease caused by influenza B viruses is generally milder than that caused
by influenza A viruses, severe illness requiring hospitalization is still frequently
observed with influenza B infection.

It is known that antibodies that neutralize the influenza virus are primarily
directed against hemagglutinin (HA). Hemagglutinin or HA is a trimeric glycoprotein
that is anchored in the viral membrane and has a dual function: it is responsible for
binding to the cell surface receptor sialic acid and, after uptake, it mediates the fusion
of viral and endosomal membrane leading to the release of viral RNA into the cytosol
of the target cell. HA comprises a large head domain and a smaller stem domain. The
stem domain is anchored in to the viral membrane via a C-terminal transmembrane
domain sequence. The protein is post-translationally cleaved to yield two HA
polypeptides, HA1 and HA2 (the full sequence is referred to as HAO) (Fig. 1A). The
membrane distal head region is mainly derived from HA1 and the membrane
proximal stem region primarily from HA2. Cleavage of the HA precursor molecule
HAO is required to activate virus infectivity, and the distribution of activating
proteases in the host is one of the determinants of pathogenicity of the influenza virus.
The HAs of mammalian and nonpathogenic avian viruses are cleaved extracellularly,
which limits their spread in hosts to tissues where the appropriate proteases are

encountered. On the other hand, the HAs of pathogenic viruses are cleaved
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intracellularly by ubiquitously occurring proteases and therefore have the capacity to
infect various cell types and cause systemic infections.

The reason that the seasonal influenza vaccine must be updated every year is
the large variability of the virus. In the HA protein this variation is particularly
manifested in the head domain where antigenic drift and shift have resulted in a large
number of different variants. Since this is also the area that is immunodominant, most
neutralizing antibodies are directed against this domain and act by interfering with
receptor binding. The combination of immunodominance and large variation of the
head domain explains why infection with a particular strain does not lead to immunity
to other strains: the antibodies elicited by the first infection only recognize a limited
number of strains closely related to the virus of the primary infection.

Recently, influenza hemagglutinin stem polypeptides, lacking the complete
influenza hemagglutinin globular head domain or a substantial part of it, have been
described and have been used to generate an immune response to one or more
conserved epitopes of the stem domain polypeptide. It is believed that epitopes of the
stem polypeptide are less immunogenic than the highly immunogenic regions of a
globular head domain, and that the absence of a globular head domain in the stem
polypeptide might allow an immune response against one or more epitopes of the
stem polypeptide to develop (Steel et al., 2010). Steel et al. thus created an influenza
HA stem polypeptide by deleting amino acid residue 53 to 276 from the HA1 domain
of the A/Puerto Rico/8/1934 (HIN1) and A/Hong Kong/1968 (H3N2) strains and
replacing the deleted sequence by a short flexible linking sequence GGGG.
Vaccination of mice with the H3 HK68 construct did not elicit antisera that were
cross-reactive with group 1 HAs. In addition, as shown in W02013/079473, the stem
polypeptides were unstable and did not adopt the correct conformation as proven by
the lack of binding of antibodies that were shown to bind to conserved epitopes in the
stem region.

Bommakanti et al. (2010) described an HA2 based polypeptide comprising
amino acid residues 330-501 (HA2), a 7-amino acid linker (GSAGSAG), amino acid
residues 16-55 of HA1, a 6-amino acid linker GSAGSA, followed by residues 290-
321 of HA1, with the mutations V297T, I300E, Y302T and C305T in HA1. The
design was based on the sequence of H3 HA (A/Hong Kong/1968). The polypeptide
did only provide cross-protection against another influenza virus strain within the H3
subtype (A/Phil/2/82 but not against an H1 subtype (A/PR/8/34). In a more recent
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paper by Bommakanti et al. (2012), a stem polypeptide based on HA from HIN1
A/Puerto Rico/8/1934 (HIHAOHAG6) was described. In this polypeptide, the
equivalent of amino acid residues 48 to 288 have been deleted and mutations 1297T,
V300T, I1302N, C305S, F392D, F395T, and L402D have been made. Both the H3 and
H1 based polypeptides were expressed in E. coli and therefore lack the glycans that
are part of the naturally occurring HA proteins.

More recently, Lu et al. (2014) also described soluble stem polypeptides
derived from the HA of HIN1 A/California/05/2009. In the final design, the amino
acid residues from 52 to 277 were deleted (the leader sequence is also not present) and
two mutations were introduced in the B-loop of the protein, i.e. F392D, and L402D.
Furthermore, the polypeptide contained a C-terminal trimerization domain (foldon). In
addition, two intermonomer disulfide bridges were introduced, one in the area of the
trimeric foldon domain, and one at position 416 and 417 (i.e. G416C and F417C in
H3 numbering). The polypeptide was produced in an E. coli based cell free system,
(and thus lacks the glycans that are part of the naturally occurring HA proteins) and
was recovered in a denatured form, which needs to be refolded prior to use. The
refolded protein failed to bind the broadly neutralizing antibody (bnAb) CR6261
which is binding to a conserved conformational stem epitope. No immunological or
protection data from influenza challenge were shown.

In another paper Mallajosyula et al. (2014) also described an influenza HA
stem polypeptide. In this design, based on HA from HIN1 A/Puerto Rico/8/1934, not
only a large part of the HA1 sequence was deleted (residue 48 to 289, H3 numbering),
but also large part of the N- and C-terminal sequences of HA2 (residues 323 to 369
and 443 to end, respectively). The polypeptide contained a foldon trimerization
domain at the C-terminus and was also produced in E. coli, so is lacking the naturally
occurring glycans on viral HA. The polypeptide was shown to bind the bnAbs
CR6261, F10 and FI6v3, and protected mice from a leathal influenza virus challenge
(1ILD90 of HIN1 A/Puerto Rico/8/1934). Equivalent polypeptides derived from HA
of HIN1 A/New Caledonia/20/1999 and HIN1 A/California/04/2009 could also
partially protect. A polypeptide derived from HSN1 A/Viet Nam/1203/2004 only gave
limited protection in this challenge model. Moreover, the challenge model used was
mild with a relatively low dose administerd (1-2 LD90).

Lastly, Yassine et al. (2015) also described the development of a stabilized
HA stem polypeptide derived from HA of HIN1 A/New Caledonia/20/1999. In this
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design, a large part of the HA1 sequence (residue 43 to 313, H3 numbering) and HA2
sequence (residue 504 to end) have been deleted. In addition, the design contains two
stabilizing mutations (K380M and E432L) in HA2 and is genetically fused to the
ferritin subunit of H. pylori to create self-assembling nanoparticles displaying the
stabilized HA-stem polypeptide. The stabilized HA-stem polypeptide seemed not
soluble or functional without being fused to the ferritin subunit. The HA stem-ferritin
polypeptide assembled to nanoparticles was tested in a heterosubtypic HSN1 2004 VN
influenza virus challenge model (25 x LDso and 1,000 x TCIDso in mouse and ferrets,
respectively) and could protect mice from death whereas only partial protection was
observed in ferrets. It is unclear how much ferritin response would be induced in
humans and which effect that would have for multiple administrations.

There thus still exists a need for a safe and effective “universal” vaccine that
stimulates the production of a robust, broadly neutralizing antibody response and that
offers protection against a broad set of current and future influenza virus strains (both
seasonal and pandemic), in particular a vaccine that provides protection against one or
more influenza A virus subtypes within phylogenetic group 1 and/or group 2, for the

effective prevention and/or treatment of influenza.

SUMMARY

The present invention provides novel polypeptides derived from influenza
hemaggluinin (HA), which polypeptides comprise the influenza HA stem domain and
lack the globular head region, herein referred to as influenza hemagglutinin (HA)
stem polypeptides. The polypeptides induce an immune response against HA when
administered to a subject, in particular a human subject. The polypeptides of the
invention present conserved epitopes of the membrane proximal stem of the HA
molecule to the immune system in the absence of dominant epitopes that are present
in the membrane distal head domain. Thus, part of the primary sequence of the HAO
protein, i.e. the part making up the head domain has been deleted, and the remaining
amino acid sequence has been reconnected, either directly or, in some embodiments,
by introducing a short flexible linking sequence (‘linker’) to restore the continuity of
the amino acid chain. The resulting amino acid sequence is further modified by
introducing specific modifications that stabilize the native 3-dimensional structure of

the remaining part of the HA molecule.
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In a first aspect, the present invention relates to group 1 influenza A
hemagglutinin (HA) stem polypeptides comprising an HA1 and an HA2 domain, said
polypeptides comprising an amino acid sequence which comprises, as compared to
the amino acid sequence of a full-length HA polypeptide comprising an HA1 and an
HA2 domain:

@) a deletion of the head region in the HA1 domain;

(ii)  amodification of the trimerization region in the HA2 domain,

preferably a modification in the C-helix,

(iii)  at least 2 cysteine residues (capable of) forming an intramonomeric

disulphide bridge;

(iv)  atleast 2 cysteine residues (capable of) forming an intermonomeric

disulphide bridge;
wherein the amino acid corresponding to the amino acid at position 392 isP, Ror Y,
preferably P or R, and the amino acid corresponding to the amino acid at position 434
is Q, and wherein the numbering of the amino acid positions is based on H3
numbering as used in Winter et al. (1981).

In certain embodiments, the present invention relates to group 1 influenza A
hemagglutinin (HA) stem polypeptides comprising an HA1 and an HA2 domain,
wherein said HA stem polypeptides comprise an amino acid sequence which
comprises, as compared to the amino acid sequence of the full-length HA polypeptide
(HAO) comprising an HA1 and an HA2 domain:

(i) a deletion of the head region in the HA1 domain, said deletion comprising at least
the amino acid sequence from the amino acid corresponding to the amino acid at
position 53 up to and including the amino acid corresponding to the amino acid at
position 302;

(ii) a modification of the trimerization region in the HA2 domain, preferably a
modification of the trimerization region in the C-helix, said trimerization region
comprising the amino acid sequence from the amino acid corresponding to the amino
acid at position 405 up to and including the amino acid corresponding to the amino
acid at position 419;

(iii) a cysteine at the amino acid position corresponding to position 310 and a cysteine
at the position corresponding to position 422 (capable of) forming an intramonomeric

disulphide bridge;
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(iv) a cysteine at the position corresponding to position 397 in combination with a
cysteine at the position corresponding to position 405; or a cysteine at the position
corresponding to position 396 in combination with a cysteine at the position
corresponding to position 408; or or a cysteine at the position corresponding to
position 399 in combination with a cysteine at position 405;

wherein the amino acid at the position corresponding to position 392 is P, Ror Y,
preferably P or R, and wherein the amino acid at the position corresponding to
position 434 is Q; and wherein the numbering of the amino acid positions is based on
H3 numbering as used in Winter et al. (1981).

According to the present invention it has surprisingly been shown that the
novel influenza HA stem polypeptides of the invention can be expressed in high
levels, are overwhelmingly trimeric in cell culture supernatant, have an increased
melting temperature which leads to greater stability. In addition, the HA stem
polypeptides of the invention mimick the stem of the full-length HA by stably
presenting the epitope of HA stem binding bnAbs, such as CR9114 and/or CR6261.

In a further aspect, the present invention provides nucleic acid molecules
encoding the influenza HA stem polypeptides.

In yet another aspect, the invention provides vectors, in particular recombinant
adenoviral vectors, comprising the nucleic acids encoding the influenza HA stem
polypeptides.

In a further aspect, the invention provides methods for inducing an immune
response against influenza HA in a subject in need thereof, the method comprising
administering to the subject an influenza HA stem polypeptide, a nucleic acid molecule,
and/or a vector according to the invention.

In another aspect, the invention provides pharmaceutical compositions
comprising an influenza HA stem polypeptide, a nucleic acid molecule and/or a vector
according to the invention, and a pharmaceutically acceptable carrier.

In a further aspect, the invention provides influenza HA stem polypeptides,
nucleic acid molecules encoding said influenza HA stem polypeptides, and/or vectors
comprising said nucleic acid molecules for use as a medicament, in particular for use as
a vaccine for the prevention and/or treatment of a disease or condition caused by an
influenza virus A strain from phylogenetic group 1 and/or 2 and/or an influenza B virus

strain.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1.

FIG. 5.

FIG. 6.

FIG. 7.

A. Schematic overview of the polypeptides of the invention; B. Removal of
the head region of HA results in the stem polypeptides of the invention
(mini-HA); C. Three-dimensional representation of a stem-based

polypeptide of the invention.

Schematic drawing of the A/Brisbane based parental construct 5367.

Schematic drawing of the A/Brisbane based parental construct 5369.

Schematic drawing of an embodiment of a polypeptide of the invention,
showing the new mutation of the amino acid at position 392 in the B-loop
into P or R, a mutation of the amino acid at position 434 into Q and a
mutation at position 442 into A, and further comprising a mutation of the

amino acid at position 404 into Q.

Levels of expression and trimer content of several polypeptides of the
invention (grey) and the parental designs (black). A: Protein expression
levels as determined by OCTET (CR9114); B and C: Trimer content as
determined by AlphaLISA (values are expressed in % relative to
polypeptide UFV160656 that is set to 100%; value for polypeptide 5367 is
an estimate based on Western blot). The experiment was performed
multiple times and these data are representative for the values observed.

The stabilizing mutations are shown in the left panels.

The pooled Affinity Chromatography elution fractions separated by Size
Exclusion Chromatography; aggregates, trimers and monomers are
indicated (Panel A and B). SEC-MALS analysis of the pooled trimer
fraction indicates that the polypeptide of the invention is very pure and

homogeneous in molar mass (Panel C).

SEC profiles of the trimeric stem polypeptide of the invention and Fab
fragments. The overlay shows the chromatograms of the polypeptide
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(black), the Fab-fragment (dashed) and of the sample containing both
(grey). The results for polypeptide 160656 are displayed. The overlapping
peaks in panel A indicate that the Fab used as negative control does not
bind to the polypeptide, whereas the polypeptides pre-incubated with
Fab6261 (Panel B) and Fab9114 (Panel C) display a peak shift (reduced
retention time) indicating complex formation (one trimer bound by three

Fab fragments).

Schematic representation of the HA head domain (HA1) removal. In the
parental design, the head domain is removed and the two HA1 ends are
connected by an artificial “GGGG-linker” (left panel). In the polypeptides
of the invention the ends are directly connected (alternative cutting
position) or by means of a homologous linker sequence originating from the

head domain.

Expression levels, antibody binding and trimer content of the polypeptides
of the invention, as determined by AlphaLISA. A: expression levels, B:
CR9114 binding and C: Trimer content. Designs including the alternative
cuts are colored grey (left panel), designs including alternative linkers are
colored light grey. All data are normalized to reference design UFV160360
(black).

Expression levels and trimerization of polypeptides of the invention.
Expression levels were determined by OCTET (panel A) and trimer content
by AlphaL.ISA (panel B). Data are normalized to reference polypeptide
UFV150850.

Normalized expression levels, trimer content and CR9114 binding. Culture
supernatants were analyzed by AlphaLISA. Reference construct
UFV160097 contains the GCN4 like heptad repeat and is indicated in black
whereas the polypeptide containing the alternative heptad repeat is colored
grey. The CR9114 binding levels were normalized by the determined

expression level.
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FIG. 13.

FIG. 15:

FIG. 17:
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Expression and antibody binding to polypeptide variants with alternative C-
terminal truncations. A: Westernblot using an HA-specific single domain
antibody. Almost all samples display a clear band on trimeric height that is
similar to both reference polypeptides (UFV5367 and UFV5369). B:
Binding of polypeptides to broadly neutralizing antibody CR9114 as
determined by OCTET, shown are relative Kon values of the polypeptides
compared to reference design UFV5367 and UFV5369.

Normalized expression level, trimer content and CR9114 binding. Culture
supernatants were analyzed by AlphaLISA. Reference construct
UFV160090 is indicated in black whereas the polypeptide containing
introduced cysteines at alternative positions are colored grey. Trimer
content and CR9114 binding levels were normalized based on the

determined expression level.

Numbering of amino acid positions in H1 A/California/07/09 and in
UFV160664, according to H3 numbering of Winter et al.(1981).

H1 A/Brisbane/59/07 FL HA-specific antibody titers after immunization of
mice with polypeptides of the invention. The dashed line indicates the
LLOQ (Lower Limit of Quantification), the horizontal line per group

denotes the group median.

Upper panel: Survival proportion during the follow-up period after HIN1
A/Brisbane/59/07 challenge of mice immunized with polypeptides of the
invention. Bottom panel: Relative bodyweight during the follow-up period
after HIN1 A/Brisbane/59/07 challenge of mice immunized with
polypeptides of the invention. Relative bodyweight change was expressed
relative to Day 0. Cumulative bodyweight loss during the follow-up period
was determined by calculating the Area Under the Curve (AUC). Error

bars denote 95% confidence interval.

Upper panel: Survival proportion during the follow-up period after HIN1
A/Puerto Rico/8/34 challenge of mice immunized with polypeptides of the
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invention. Bottom panel: Relative bodyweight during the follow-up period
after HIN1 A/Puerto Rico/8/34 challenge of mice immunized with
polypeptides of the invention. Relative bodyweight change was expressed
relative to Day 0. Cumulative bodyweight loss during the follow-up period
was determined by calculating the Area Under the Curve (AUC). Error

bars denote 95% confidence interval.

H1 A/California/07/09 FL HA-specific antibody titers after immunization of
ferrets with polypeptides of the invention. Statistical comparison of
different dosages of polypeptide of the invention and SOC to the adjuvant
only group using censored ANOVA with post-hoc t-test, starting at highest
dose and Bonferroni adjustment for multiple comparisons. Dashed lines
indicate ULLOQ (Uper Limit of Quantification) and LLOQ. Horizontal line

per group denotes group median.

H1 A/California/07/09 FL HA stem-specific antibody titers after
immunization of ferrets with polypeptides of the invention. Statistical
comparison of different dosages of polypeptide of the invention and SOC to
the adjuvant only group using censored ANOVA with post-hoc t-test,
starting at highest dose and Bonferroni adjustment for multiple

comparisons. Horizontal line per group denotes group median.

Lung viral load titers at the end of the follow-up period (day 4 after
challenge) after immunization of ferrets with polypeptides of the invention
followed by challenge with HIN1 A/NL/602/09. Horizontal line per group
denotes group median, open symbols denote samples at the Limit Of
Detection (LOD).

Survival during the 5 day follow-up period of ferrets immunized with
polypeptides of the inventions, H5 FL HA (positive challenge control) and
adjuvant only (negative challenge control), followed by challenge with
H5N1 A/Indonesia/05/05.
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FIG. 24:

FIG. 25:

FIG. 26:

FIG. 27:
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Cumulative (AUC) bodyweight loss of individual animals, obtained from
consecutive daily bodyweight measurements during the follow-up period
(day 0 to 5), relative to the bodyweight ay day 0 after immunization of
ferrets with polypeptides of the invention followed by challenge with HSN1
A/Indonesia/05/05. Horizontal line per group denotes group median.

Lung viral load titers at day of death or the end of the follow-up period (day
5 after challenge) after immunization of ferrets with polypeptides of the
invention followed by challenge with HSN1 A/Indonesia/05/05. Horizontal
line per group denotes group median, open symbols denote samples at the

Limit Of Detection (LOD).

Cumulative (AUC) throat viral load, obtained from consecutive daily throat
swabs during the follow-up period (day 0 to 5), relative to the bodyweight
ay day 0 after immunization of ferrets with polypeptides of the invention
followed by challenge with HSN1 A/Indonesia/05/05. Horizontal line per

group denotes group median.

H1 A/California/07/09 FL HA-specific antibody titers after immunization
of mice with polypeptides of the invention. The dashed line indicates the
LLOQ (Lower Limit of Quantification), open symbols represent samples on

LLOQ, the horizontal line per group denotes the group median.

H1 A/California/07/09 FL HA stem-specific antibody titers after
immunization of mice with polypeptides of the invention. The dashed line
indicates the LLOQ (Lower Limit of Quantification), open symbols
represent samples on LLOQ), the horizontal line per group denotes the

group median.

IFN-y producing T-cells per million splenocytes of immunized mice, after
in vitro stimulation with UFV160664 peptides. The dashed line indicates
the LLOQ (Lower Limit of Quantification), open symbols represent

samples on LLOQ, the horizontal line per group denotes the group median.
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FIG. 28: In vitro characterization of culture supernatants of EXPI-CHO expressed
trimeric stem polypeptides derived from different Group 1 influenza strains
wherein the mutations of the UFV160664 construct were transferred.

A. Protein expression levels as determined by OCTET (anti-His2); B. SEC
profiles, trimer and monomer peak indicated with respectively ‘T’ and ‘M’;
C. Binding curves of the polypeptides to mAb CR9114 and MD3606 as
determined by AlphalLISA. The mutations of the trimeric stem polypeptide
of the invention in strain A/California/07/09) are transferrable to other
Group 1 backbones; trimeric mini-HA is expressed and binding of stem

specific antibody CR9114 and multidomain MD3606 is observed.

DEFINITIONS

Definitions of terms as used in the present invention are given below.

An amino acid according to the invention can be any of the twenty naturally
occurring (or ‘standard’ amino acids) or variants thereof, such as e.g. D-proline (the D-
enantiomer of proline), or any variants that are not naturally found in proteins, such as
e.g. norleucine. The standard amino acids can be divided into several groups based on
their properties. Important factors are charge, hydrophilicity or hydrophobicity, size and
functional groups. These properties are important for protein structure and protein—
protein interactions. Some amino acids have special properties such as cysteine, that can
form covalent disulfide bonds (or disulfide bridges) to other cysteine residues, proline
that forms a cycle to the polypeptide backbone, and glycine that is more flexible than
other amino acids. Table 12 shows the abbreviations and properties of the standard
amino acids.

The term “included” or “including” as used herein is deemed to be followed by
the words “without limitation”.

As used herein, the term "infection" means the invasion by, multiplication
and/or presence of a virus in a cell or a subject. In one embodiment, an infection is an
"active" infection, i.e., one in which the virus is replicating in a cell or a subject. Such
an infection is characterized by the spread of the virus to other cells, tissues, and/or
organs, from the cells, tissues, and/or organs initially infected by the virus. An

infection may also be a latent infection, i.e., one in which the virus is not replicating.
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In certain embodiments, an infection refers to the pathological state resulting from the
presence of the virus in a cell or a subject, or by the invasion of a cell or subject by the
virus.

Influenza viruses are typically classified into influenza virus types: genus A, B
and C. The term “influenza virus subtype” as used herein refers to influenza A virus
variants that are characterized by combinations of the hemagglutinin (H) and
neuramidase (N) viral surface proteins. According to the present invention influenza
virus subtypes may be referred to by their H number, such as for example “influenza
virus comprising HA of the H3 subtype”, “influenza virus of the H3 subtype” or “H3
influenza”, or by a combination of a H number and an N number, such as for example
“influenza virus subtype H3N2” or “H3N2”. The term “subtype” specifically includes
all individual “strains”, within each subtype, which usually result from mutations and
show different pathogenic profiles, including natural isolates as well as man-made
mutants or reassortants and the like. Such strains may also be referred to as various
“isolates” of a viral subtype. Accordingly, as used herein, the terms “strains” and
“isolates” may be used interchangeably. The current nomenclature for human influenza
virus strains or isolates includes the type (genus) of virus, i.e. A, B or C, the
geographical location of the first isolation, strain number and year of isolation, usually
with the antigenic description of HA and NA given in brackets, e.g. A/Moscow/10/00
(H3N2). Non-human strains also include the host of origin in the nomenclature.

The influenza A virus subtypes can further be classified by reference to their
phylogenetic group. Phylogenetic analysis has demonstrated a subdivision of
hemagglutinins into two main groups: inter alia the H1, H2, HS and H9 subtypes in
phylogenetic group 1 (“group 1” influenza viruses) and inter alia the H3, H4, H7 and
H10 subtypes in phylogenetic group 2 (“group 2” influenza viruses).

As used herein, the term "influenza virus disease" or “influenza” refers to the
pathological condition resulting from the presence of an influenza virus, e.g. an
influenza A or B virus, in a subject. As used herein, the terms "disease" and "disorder"
are used interchangeably. In specific embodiments, the term refers to a respiratory
illness caused by the infection of the subject by the influenza virus.

As used herein, the term "nucleic acid" or “nucleic acid molecule” is intended
to include DNA molecules (e.g., cDNA or genomic DNA) and RNA molecules (e.g.,
mRNA) and analogs of the DNA or RNA generated using nucleotide analogs. The

nucleic acid can be single-stranded or double-stranded. The nucleic acid molecules
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may be modified chemically or biochemically or may contain non-natural or
derivatized nucleotide bases, as will be readily appreciated by those of skill in the art.
Such modifications include, for example, labels, methylation, substitution of one or
more of the naturally occurring nucleotides with an analog, internucleotide
modifications such as uncharged linkages (e.g., methyl phosphonates,
phosphotriesters, phosphoramidates, carbamates, etc.), charged linkages (e.g.,
phosphorothioates, phosphorodithioates, etc.), pendent moieties (e.g., polypeptides),
intercalators (e.g., acridine, psoralen, etc.), chelators, alkylators, and modified
linkages (e.g., alpha anomeric nucleic acids, etc.). A reference to a nucleic acid
sequence encompasses its complement unless otherwise specified. Thus, a reference
to a nucleic acid molecule having a particular sequence should be understood to
encompass its complementary strand, with its complementary sequence. The
complementary strand is also useful, e.g., for anti-sense therapy, hybridization probes
and PCR primers.

As used herein, the numbering of the amino acids in HA is based on H3
numbering, as described by Winter et al. (1981). The numbering of the amino acid
residues or amino acid positions thus refers to the numbering in the full length H3 HA
(in particular, the numbering of amino acid positions in A/Aichi/2/68), as described
by and shown in Fig. 2 in Winter et al. (1981). The numbering in particular refers to
the numbering of the amino acid positions in SEQ ID NO: 15. For example, the
wording ‘the amino acid at position 392” or “the amino acid corresponding to the
amino acid at position 392” (which are used interchangeably throughout this
application) refers to the amino acid residue that is at position 392 according to the H3
numbering of Winter et al. (1981). It is noted that, because in the polypeptides of the
invention part of the HA1 domain (the head domain) has been deleted, the numbering,
as used herein, does not necessarily refer to the actual positions of the amino acids in
the HA stem polypeptides of the invention. It will furthermore be understood by the
skilled person that equivalent amino acids in other influenza virus strains and/or
subtypes, such as in H1 HA, and in the stem polypeptides of the invention, can be
determined by sequence alignment (as shown e.g in Fig. 14).

"Polypeptide" refers to a polymer of amino acids linked by amide bonds as is
known to those of skill in the art. As used herein, the term can refer to a single
polypeptide chain linked by covalent amide bonds. The term can also refer to multiple

polypeptide chains associated by non-covalent interactions such as ionic contacts,
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hydrogen bonds, Van der Waals contacts and hydrophobic contacts. Those of skill in
the art will recognize that the term includes polypeptides that have been modified, for
example by post-translational processing such as signal peptide cleavage, disulfide
bond formation, glycosylation (e.g., N-linked and O-linked glycosylation), protease
cleavage and lipid modification (e.g. S-palmitoylation).

"HA stem polypeptide" refers to a HA derived polypeptide which does not
comprise the head domain of a naturally-occurring (or wild-type) hemagglutinin
(HA). As used herein, the term "wild-type" refers to HA from influenza viruses that

are circulating naturally.

DETAILED DESCRIPTION

Influenza viruses have a significant impact on global public health, causing
millions of cases of severe illness each year, thousands of deaths, and considerable
economic losses. Current trivalent or quidrivalent influenza vaccines elicit a potent
neutralizing antibody response to the vaccine strains and closely related isolates, but
rarely extend to more diverged strains within a subtype or to other subtypes. In addition,
selection of the appropriate vaccine strains presents many challenges and frequently
results in sub-optimal protection. Furthermore, predicting the subtype of the next
pandemic virus, including when and where it will arise, is currently still impossible.

Hemagglutinin (HA) is the major envelope glycoprotein from influenza viruses
which is the major target of neutralizing antibodies. Hemagglutinin has two main
functions during the entry process. First, hemagglutinin mediates attachment of the virus
to the surface of target cells through interactions with sialic acid receptors. Second,
after endocytosis of the virus, hemagglutinin subsequently triggers the fusion of the
viral and endosomal membranes to release its genome into the cytoplasm of the target
cell. HA comprises a large ectodomain of ~500 amino acids that is cleaved by host-
derived enzymes to generate 2 polypeptides (HA1 and HA2) that remain linked by a
disulfide bond. The majority of the N-terminal fragment (the HA1 domain, 320-330
amino acids) forms a membrane-distal globular “head domain” that contains the
receptor-binding site and most determinants recognized by virus- neutralizing
antibodies. The smaller C-terminal portion (HA2 domain, ~180 amino acids) forms a
stem-like structure that anchors the globular domain to the cellular or viral membrane.
The degree of sequence identity between subtypes is smaller in the HA1 polypeptides
(34% - 59% identity between subtypes) than in the HA2 polypeptide (51%- 80%
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identity). The most conserved region is the sequence around the protease cleavage site,
particularly the HA2 N- terminal 23 amino acids, which is conserved among all
influenza A virus subtypes (Lorieau et al., 2010). Part of this region is exposed as a
surface loop in the HA precursor molecule (HAO0), but becomes inaccessible when HAQ
is cleaved into HA1 and HA2.

Most neutralizing antibodies bind to the loops that surround the receptor binding
site and thereby interfere with receptor binding and attachment. Since these loops are
highly variable, most antibodies targeting these regions are strain-specific, explaining
why current vaccines elicit such limited, strain-specific immunity. Recently, however,
fully human monoclonal antibodies against influenza virus hemagglutinin with broad
cross-neutralizing potency were generated, such as e.g. CR6261. Functional and
structural analysis have revealed that these antibodies interfere with the membrane
fusion process and are directed against highly conserved epitopes in the stem domain of
group 1 influenza HA protein (Throsby et al., 2008; Ekiert et al. 2009, WO
2008/028946). With the identification of CR9114 (as described in W02013/007770)
which cross-reacts with many group 1 and 2 HA molecules, it has become clear that it is
possible for the human immune system to elicit very broad neutralizing antibodies
against influenza viruses. However, given the need for a yearly vaccination scheme
these antibodies are apparently not elicited, or only to a very low extent, following
infection or vaccination with (seasonal) influenza viruses of subtypes H1 and/or H3.

According to the present invention novel HA stem polypeptides are provided
that mimic the specific epitopes of the antibody CR6261 (comprising a heavy chain
variable region of SEQ ID NO: 11 and a light chain variable region of SEQ ID NO: 12)
and/or the antibody CR9114 (comprising a heavy chain variable region of SEQ ID NO:
9 and a light chain variable region of SEQ ID NO: 10). The polypeptides of the
invention can be used to elicit influenza virus neutralizing antibodies, preferably cross-
neutralizing antibodies when administered in vivo, either alone, or in combination with
other prophylactic and/or therapeutic treatments. With “cross-neutralizing antibodies”,
antibodies are meant that are capable of neutralizing at least two, preferably at least
three, four, or five different subtypes of influenza A viruses from phylogenetic groupl,
or at least two, preferably at least three, four, or five different subtypes of influenza A
viruses from phylogenetic group 2, or at least two different subtypes of influenza B
viruses, or antibodies that are capable of neutralizing at least one group 1 influenza

virus, and at least one group 2 influenza virus and/or at least on influenza B virus.



10

15

20

25

19766

18

Influenza HA stem polypeptides stably presenting the epitopes of these
antibodies have previously been described in W02013/079473. At least some of these
HA stem polypeptides were capable of stably presenting the epitope of CR6261 and/or
CR9114 and were shown to be immunogenic in mice. Additional HA stem domain
polypeptides, capable of stably presenting the epitope of CR6261 and/or CR9114 were
described in W02014/191435, W02016/005480 and WO2016/005482.

The HA stem polypeptides of the present invention, comprising novel
modifications, show an increased level of expression in mammalian cells, an
increased propensity to trimerize (e.g. as measured by AlphaLISA) and/or an
increased level of thermo-stability (e.g. as measured by, Dynamic Scanning
Fluorimetry/Calorimetry (DSF/DSC)), as compared to the previously described HA
stem polypeptides. In addition, the affinity of all tested bnAb to the polypeptide of the
invention is less than 1nM (measured by Octet and ELISA), which is similar to the
affinity of the antibodies to full-length HA. This clearly shows that the polypeptides
mimick the stem of native, full length HA. The novel HA stem polypeptides
furthermore do not require any artificial linkers, tags, nor N- or C-terminal
trimerization domains.

The present invention thus provides group 1 influenza A hemagglutinin (HA)
stem polypeptides comprising an HA1 and an HA2 domain, said polypeptides
comprising an amino acid sequence which comprises, as compared to the amino acid
sequence of a full-length HA polypeptide (HAO) comprising an HA1 and an HA2
domain:

@) a deletion of the head region in the HA1 domain;

(i)  amodification of the trimerization region in the HA2 domain,

preferably a modification in the C-helix,

(iii)  at least 2 cysteine residues forming an intramonomeric disulphide

bridge;

(iv)  atleast 2 cysteine residues forming an intermonomeric disulphide

bridge;

wherein the amino acid corresponding to the amino acid at position 392 is P, R
or Y, preferably P or R, and the amino acid corresponding to the amino acid at
position 434 is Q, and wherein the numbering of the amino acid positions is based on

H3 numbering according to Winter et al. (1981).



10

15

20

25

30

19766

19

The present invention thus provides HA stem polypeptides (i.e. headless HA
polypeptides), comprising:

a modification of the trimerization region in the HA2 domain, preferably a
modification in the C-helix,

at least 2 cysteine residues forming an intramonomeric disulphide bridge;

at least 2 cysteine residues forming an intermonomeric disulphide bridge;

wherein the amino acid corresponding to the amino acid at position 392 is P, R
or Y, preferably P or R, and the amino acid corresponding to the amino acid at
position 434 is Q, and wherein the numbering of the amino acid positions is based on
H3 numbering as used in Winter et al. (1981).

In certain embodiments, the present invention provides group 1 influenza A
hemagglutinin (HA) stem polypeptides comprising an HA1 and an HA2 domain,
wherein said HA stem polypeptides comprise an amino acid sequence which
comprises, as compared to the amino acid sequence of a full-length HA polypeptide
(HAO) comprising an HA1 and an HA2 domain comprising an HA1 and an HA2
domain:

(i) a deletion of the head region in the HA1 domain, said deletion comprising

at least the amino acid sequence from the amino acid at position 53 up to
and including the amino acid at position 302;

(ii) a modification of the trimerization region in the HA2 domain, preferably a
modification in the trimerization region in the C-helix, said region
comprising the amino acid sequence from the amino acid corresponding to
the amino acid at position at position 405 up to and including the amino
acid corresponding to the amino acid at position at position 419;

(iii) a cysteine at position 310 and a cysteine at position 422;

(iv) a cysteine at position 397 in combination with a cysteine at position 405;
or a cysteine at position 396 in combination with a cysteine at position
408; or or a cysteine at position 399 in combination with a cysteine at
position 405;

wherein the amino acid corresponding to the amino acid at position 392 is P, R
or Y, preferably P or R, and wherein the amino acid corresponding to the amino acid
at position 434 is Q; wherein the numbering of the amino acid positions is based on

H3 numbering according to Winter et al. (1981).
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In certain embodiments, the present invention provides group 1 influenza A
hemagglutinin (HA) stem polypeptides comprising:

(i) adeletion of the head region in the HA1 domain, said deletion comprising

at least the amino acid sequence from the amino acid at position 53 up to
and including the amino acid at position 302;

(i) a modification of the trimerization region in the HA2 domain, preferably a
modification in the trimerization region in the C-helix, said region
comprising the amino acid sequence from the amino acid at position 405
up to and including the amino acid at position 419;

(iii) a mutation of the amino acids at positions 310 and 422 into C;

(iv) a mutation of the amino acid at position 397 into C and a mutation of the
amino acid at position 405 into C; or a mutation of the amino acid at
position 396 into C and a mutation of the amino acid at position 408 into
C; or a mutation of the amino acid at position 399 into C and a mutation
of the amino acid at position 405 into C;

wherein the polypeptides further comprise at least one mutation in the B-loop, said B-
loop comprising the amino acid sequence from the amino acid at position 385 up to
and including the amino acid at position 404, wherein said at least one mutation in the
B-loop is a mutation of the amino acid at position 392 into P, R or Y, preferably into
P or R; and wherein the polypeptides comprise a mutation of the amino acid at
position 434 into Q;

wherein the numbering of the amino acid positions is based on H3 numbering as used
in Winter et al. (1981).

According to the present invention, it has surprisingly been found that HA stem
polypeptides having the amino acid residue Y,P or R, preferably P or R, at position 392,
e.g. by introducing a mutation of the amino acid at position 392 in the B-loop into Y, P
or R, preferably into P or R; in combination with the amino acid position Q at position
434, e.g. by introducing a mutation of the amino acid at position 434 into Q, showed
increased expression levels, an increased propensity to trimerize and/or an increased

stability, compared to the previously described HA stem polypeptides. In addition, the

"HA stem polypeptides of the invention are capable of inducing an immune response

against influenza virus.
As is known to those of skill in the art, a full-length influenza hemagglutinin
(HAO) typically comprises an HAl domain and an HA2 domain. The stem domain is
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formed by two segments of the HAl domain and most or all of the HA2 domain. The
two segments of the HAI domain are separated, in the primary sequence, by the
globular head domain. As described herein, the HA stem polypeptides of the
invention comprise an amino acid sequence which comprises several modifications in
the HA1 and/or HA2 domain, as compared to the amino acid sequence of the wild-
type, full-length HA polypeptide (HAO), in particular the amino acid sequence of a
group 1 HA.

Thus, at least part of the highly variable and immunodominant head in the HA
domain of the influenza HA polypeptide, said part comprising at least the amino acid
sequence starting with the amino acid at position 53 up to and including the amino acid
at position 302, has been deleted from the full-length HA (HAO) protein to create a stem
polypeptide, also called “mini-HA” (Fig. 1A, second design). The remaining parts of the
HA1 domain are linked, either directly or through a linker of 1 to 10 amino acids. Thus,
for example, when the amino acid sequence from the amino acid at position 53 up to
and including the amino acid at position 302 is deleted, the amino acid at position 52 is
linked to the amino acid at position 303, either directly, or through replacement of the
deleted head region with a linker of 1 to 10 amino acids. The deletion of the amino acid
sequence from the amino acid at position 53 up to and including the amino acid at
position 302 is the minimal deletion in the HA1 domain (Fig. 1A, second design).
According to the invention, also a larger part of the HA1 domain may be deleted, e.g.
the amino acid sequence starting with the amino acid at position 46 up to and including
the amino acid at position 308, as shown in Figure 1A, third design.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 46 up to and including the amino acid
at position 306.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 47 up to and including the amino acid
at position 306.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 48 up to and including the amino acid
at position 306.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 49 up to and including the amino acid

at position 306.
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In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 50 up to and including the amino acid
at position 306.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 51 up to and including the amino acid
at position 306.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 52 up to and including the amino acid
at position 306.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 53 up to and including the amino acid
at position 306.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 53 up to and including the amino acid
at position 305.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 48 up to and including the amino acid
at position 304.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 48 up to and including the amino acid
at position 305.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 46 up to and including the amino acid
at position 302.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 46 up to and including the amino acid
at position 308.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 47 up to and including the amino acid
at position 308.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 48 up to and including the amino acid

at position 308.
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In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 49 up to and including the amino acid
at position 308.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 50 up to and including the amino acid
at position 308.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 51 up to and including the amino acid
at position 308.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 52 up to and including the amino acid
at position 308.

In certain embodiments, the deletion in the HA1 domain comprises the amino
acid sequence from the amino acid at position 53 up to and including the amino acid
at position 308.

In a preferred embodiment, the deletion in the HA1 domain comprises at least
the amino acid sequence from the amino acid at position 47 up to and including the
amino acid at position 306.

In a preferred embodiment, the deletion in the HA1 domain consists of the
amino acid sequence from the amino acid at position 47 up to and including the amino
acid at position 306.

In some embodiments, the deletion in the HA1 domain has been replaced by a
linking sequence of 1 to 10 amino acids.

In addition, the HA stem polypeptides of the invention comprise a
modification of the trimerization region in the HA2 domain, preferably a modification
in the C-helix, in order to improve trimerization of the HA stem polypeptides after
deletion of the head region. According to the invention, said modification in the HA2
domain is a modification that enhances trimerization of the HA stem polypeptide.

In certain embodiments, said modification comprises the introduction of a
heterologous trimerization domain in the C-helix. It is generally understood that the C-
helix comprises the amino acid sequence from the amino acid at position 405 up to and
including the amino acid at position 434 (H3 numbering). In a preferred embodiment,
said heterologous trimerization domain has been introduced at a position corresponding

to the amino acid sequence from the amino acid at position 405 up to and including the
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amino acid at position 419 (Fig. 1A). Thus, in certain embodiments, the original (wt)
amino acid sequence in the HA2 domain from position 405 up to position 419 has been
replaced by a heterologous trimerization sequence of the same length, i.e. with an
identical number of amino acids.

In certain embodiments, the heterologous trimerization domain is a GCN4
sequence.

In certain preferred embodiments, the heterologous trimerization sequence
comprises an amino acid sequence selected from the group consisting of:

RMKQIEDKIEEIESK (SEQ ID NO: 18);

RIKQIEDKIEEIESK (SEQ ID NO: 19);

RMEALEKKVDDIEKK (SEQ ID NO: 20);

RIEALEKKVDDIEKK (SEQ ID NO: 21);

RMENLEKKVDDIEEK (SEQ ID NO: 22); and

RIENLEKKVDDIEEK (SEQ ID NO: 23).

In some embodiments, at least one of the amino acids of the heterologous
trimerization sequence has been mutated into C, enabling the formation of an
intermonomeric cysteine bridge.

In certain preferred embodiments, the heterologous trimerization sequence thus
comprises an amino acid sequence selected from the group consisting of:

CMKQIEDKIEEIESK (SEQ ID NO: 24);

CIKQIEDKIEEIESK (SEQ ID NO: 25);

CMEALEKKVDDIEKK (SEQ ID NO: 26),

CIEALEKKVDDIEKK (SEQ ID NO: 27);

RMECLEKKVDDIEKK (SEQ ID NO: 28); and

RIECLEKKVDDIEKK (SEQ ID NO: 29).

In a preferred embodiment, the heterologous trimerization sequence comprises
the amino acid sequence CMKQIEDKIEEIESK (SEQ ID NO: 24).

In certain embodiments, the modification comprises an optimization of the
heptad repeat sequence in the C-helix, preferably in the trimerization region comprising
the amino acid sequence from the amino acid at position 405 up to and including the
amino acid at position 419. A heptad repeat, denoted [abcdefg]n, typically has
hydrophobic residues at a and d, and polar/charged residues at e and g. These motifs are

the basis for most coiled coil structures, which are a structural motif in proteins in which
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alpha-helices are coiled together like the strands of a rope (dimers and trimers are the
most common types) (Ciani et al., 2010).

As a further modification, the HA stem polypeptides according to the invention
comprise at least two cysteine residues (capable of) forming an intramoneric cysteine
(or disulphide) bridge. An engineered cysteine bridge can be introduced by mutating at
least one (if the other is already a cysteine), but usually by mutating two residues that
are spatially close into cysteine, which will spontaneously or by active oxidation form a
covalent bond between the sulfur atoms of these residues. In a preferred embodiment,
the polypeptides comprise a cysteine at position 310 and a cysteine at position 422,
enabling the formation of an intramonomeric cysteine bridge. In certain embodiments,
the polypeptides comprise a mutation of the amino acid at positions 310 and 422 into C,
creating said intramonomeric cysteine bridge. These cysteine residues thus form an
intramonomeric cysteine (or disulphide) bridge which stabilizes the protein (see Fig. 4).

Furthermore, in order to obtain stable trimeric HA stem polypeptides, the
polypeptides of the invention comprise at least two cysteine residues forming an
intermonomeric (interprotomeric) cysteine bridge. Thus, in certain embodiments, the
polypeptides comprise a cysteine at position 397 in combination with a cysteine at
position 405; or a cysteine at position 396 in combination with a cysteine at position
408; or or a cysteine at position 399 in combination with a cysteine at position 405.

In certain embodiments, the polypeptides comprise a mutation of the amino acid
at position 397 into C and a mutation of the amino acid at position 405 into C; or a
mutation of the amino acid at position 396 into C and a mutation of the amino acid at
position 408 into C; or a mutation of the amino acid at position 399 into C and a
mutation of the amino acid at position 405 into C, creating an intermonomeric cysteine
bridge between the cysteine at position 397 of a first monomer and the cysteine at
position 405 of a second monomer; or between between the cysteine at position 396 of a
first monomer and the cysteine at position 408 of a second monomer; or between the
cysteine at position 399 of a first monomer and the cysteine at position 405 of a second
monomer. It is noted that, in some embodiments, the amino acids at position 405 and
408 are within the heterologous trimerization sequence.

In a preferred embodiment, the polypeptides comprise a cysteine at position 397
and a cysteine at position 405, creating an intermonomeric cysteine bridge between the
cysteine at position 397 of a first monomer and the amino acid at position 405 of a

second monomer.
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In certain preferred embodiments, the polypeptides comprise a mutation of the
amino acid at position 397 into cysteine and a mutation of the amino acid at position
405 into cysteine, creating an intermonomeric cysteine bridge between the cysteine at
position 397 of a first monomer and the amino acid at position 405 of a second
monomer.

Furthermore, in certain embodiments, at least one mutation has been introduced
in the so-called B-loop, which B-loop comprises the amino acid sequence starting from
the amino acid at position 385 up to and including the amino acid at position 404 (see
Fig. 1C). According to the invention, the at least one mutation is a mutation of the
amino acid at position 392 into P, R or Y, preferably into R or P. The mutation into R (a
charged amino acid) eliminates the original exposed hydrophobic amino acid (F in most
influenza HAs) after the head domain removal, and increases solubility and expression
of the expressed stem polypeptides. The mutation into a P amino acid reduces the helix
propensity of the B-loop. In certain embodiments, the at least one mutation in the B-
loop is a mutation of the amino acid at position 392 into R. In certain embodiments, the
at least one mutation in the B-loop is a mutation of the amino acid at position 392 into
P.

Furthermore, in certain embodiments of the polypeptides of the invention, the
amino acid corresponding to the amino acid at position 395 is I, the amino acid
corresponding to the amino acid at position 399 is Y or C, preferably Y, the amino acid
corresponding to the amino acid at position 400 is P, the amino acid corresponding to
the amino acid at position 401 is K, the amino acid corresponding to the amino acid at
position 402 is S, and/or the amino acid corresponding to the amino acid at position 404
is R or Q (again numbering according to H3 numbering). In certain embodiments, the
amino acid at position 392 is P or R, the amino acid at position 395 is I; the amino acid
at position 399 is Y; the amino acid at position 402 is S; and the amino acid at position
404 isRor Q.

In preferred embodiments, the polypeptides, as compared to a wild-type HA
polypeptide, thus comprise at least one additional mutation in the B-loop selected from
the group consisting of:

- amutation of the amino acid corresponding to the amino acid at position
395 into I;
- amutation of the amino acid corresponding to the amino acid at position

399 into Y or C, preferably Y;
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- amutation of the amino acid corresponding to the amino acid at position
400 into P;

- amutation of the amino acid corresponding to the amino acid at position
401 into K;

- amutation of the amino acid corresponding to the amino acid at position
402 into S; and

- amutation of the amino acid corresponding to the amino acid at position
404 into Q or R.

In certain embodiment, the polypeptides, as compared to a wild-type HA
polypeptide, comprise a mutation of the amino acid at position 392 into P or R, a
mutation of the amino acid at position 395 into I; a mutation of the amino acid at
position 399 into Y; a mutation of the amino acid at position 402 into S; and optionally
a mutation of the amino acid at position 404 into Q or R.

In certain embodiments, the amino acid at position 392 is P or R, the amino acid
at position 395 is I; the amino acid at position 399 is Y; the amino acid at position 401 is
K; the amino acid at position 402 is S; and optionally the amino acid at position 404 is R
or Q.

In another preferred embodiment, the polypeptides, as compared to a wild-type
HA polypeptide, comprise a mutation of the amino acid at position 392 into P or R, a
mutation of the amino acid at position 395 into I; a mutation of the amino acid at
position 399 into Y; a mutation of the amino acid at position 401 into K; a mutation of
the amino acid at position 402 into S; and optionally a mutation of the amino acid at
position 404 into R or Q.

In certain embodiments, the polypeptides of the invention comprise a B-loop
comprising an amino acid sequence selected from the group consisting of:

IEKMNTQYTAIGKEYNKSER (SEQ ID NO: 126);

IEKMNTQYTAIGCEYNKSER (SEQ ID NO: 127);

IEKMNTQPTAIGCEYNKSEQ (SEQ ID NO: 128);

IEKMNTQRTAIGCEFNKSEQ (SEQ ID NO: 129);

IEKMNTQPTAIGCEYNKSER (SEQ ID NO: 130);

IEKMNTQPTAIGCEFNKSEQ (SEQ ID NO: 131);

IEKMNTQRTAIGCEYNKSER (SEQ ID NO: 132);

IEKMNTQRTAICKEYPKSEQ (SEQ ID NO: 133); and
IEKMNTQRTAIGKECNKSER (SEQ ID NO: 134).
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Furthermore, according to the invention, the amino acid at position 434 is Q. In
certain embodiments, the HA stem polypeptides thus comprise a mutation of the amino
acid at position 434 into Q which improves its hydrogen bond interactions. In certain
embodiments, the amino acid at position 434 is Q and the amino acid at position 442 is
A. In certain embodiments, the polypeptides comprise a mutation of the amino acid at
position 434 into Q, and a mutation at position 442 into A. These mutations improve the
trimer interface interactions in the D and E helices and the nearby fusionpeptide and
B2B3-loop.

It is again noted that as used herein the numbering of the amino acid positions is
based on H3 numbering according to Winter et al. (1981). It is also again noted that the
numbering of the amino acid positions as used herein is based on the numbering of the
positions in a full length H3 HA polypeptide (HA0). Thus, as used herein, “an amino
acid at position 434” refers to the amino acid at position 434 in H3 HAO. The
numbering thus does not refer to the actual positions of the amino acids in the HA stem
polypeptides of the invention, due to deletion of the head region (see Fig. 14).

Furthermore, in certain embodiments, the amino acid corresponding to the amino
acid at position 323 is K and/or the amino acid corresponding to the amino acid at
position 326 is K. In a preferred embodiment, the amino acid at position 323 is K and
the amino acid at position 326 is K.

In certain embodiments, the amino acid corresponding to the amino acid at
position 339 is T.

In certain embodiments, the amino acid corresponding to the amino acid at
position 438 is E and/or the amino acid corresponding to the amino acid at position 442
is L

In certain embodiments, the HA stem polypeptides thus further comprise one or
more additional mutations in the HA1 and/or HA2 domain, as compared to a wild-type
HA polypeptide.

In certain embodiments, the polypeptides comprise a mutation of the amino acid
corresponding to the amino acid at position 323 into K and/or a mutation of the amino
acid corresponding to the amino acid at position 326 into K. These mutations increase
the solubility and expression of the molecule. In another embodiment, the stem
polypeptides of the invention comprise a mutation of the amino acid at position 323 into

K and mutation of the amino acid at position 326 into K.
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In certain embodiments, the polypeptides comprise a mutation of the amino acid
corresponding to the amino acid at position 339 into T. This mutation removes a solvent
exposed hydrophobic amino acid in the fusion peptide loop (FP loop) and thereby
increases the solubility of the molecule.

In certain preferred embodiments, the amino acid at position 323 is K, the amino
acid at position 326 is K, the amino acid at position 339 is T, the amino acid at position
392is Y, P or R, preferably P or R, the amino acid at position 395 is I, the amino acid at
position 399 is Y, the amino acid at position 402 is S, the amino acid at position 404 is
Q or R, the amino acid at position 434 is Q.

In certain preferred embodiments, the polypeptides comprise a mutation of the
amino acid at position 323 into K, a mutation of the amino acid at position 326 into K, a
mutation of the amino acid at position 339 into T, a mutation of the amino acid at
position 392 into P or R, a mutation of the amino acid at position 395 into I, a mutation
of the amino acid at position 399 into Y,a mutation of the amino acid at position 402
into S, a mutation of the amino acid at position 404 into Q or R, and a mutation of the
amino acid at position 434 into Q.

In certain preferred embodiments, the amino acid at position 323 is K, the
amino acid at position 326 is K, the amino acid at position 339 is T, the amino acid at
position 392 is P or R, the amino acid at position 395 is I, the amino acid at position 399
is Y, the amino acid at position 402 is S, the amino acid at position 404 is Q or R, the
amino acid at position 434 is Q, and the amino acid at position 442 is A.

In certain preferred embodiments, the polypeptides comprise a mutation of the
amino acid at position 323 into K, a mutation of the amino acid at position 326 into K, a
mutation of the amino acid at position 339 into T, a mutation of the amino acid at
position 392 into P or R, a mutation of the amino acid at position 395 into I, a mutation
of the amino acid at position 399 into Y,a mutation of the amino acid at position 402
into S, a mutation of the amino acid at position 404 into Q or R, and a mutation of the
amino acid at position 434 into Q, and a mutation of the amino acid at position 442 into
A.

In certain embodiments, the polypeptides comprise at least one further mutation
selected from the group consisting of a mutation of the amino acid corresponding to the
amino acid at position 438 into E as a possible alternative negatively charged amino
acid and a mutation of the amino acid corresponding to the amino acid at position 442

into I to increase hydrophobicity in the trimer interface.
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According to the invention, the HA stem polypeptide is a group 1 HA
polypeptide. Thus, according to the invention, the modifications described herein have
been introduced in HA of an influenza virus from phylogenetic group 1, such as an
influenza virus comprising HA of the H1, H2 or H5 subtype, resulting in the HA stem
polypeptides of the invention. In certain embodiments, the HA stem polypeptide is an
H1 HA polypeptide. Thus, in certain embodiments, the HA stem polypeptide is derived
from HA of an influenza A virus comprising HA of a H1 subtype, such as from the
influenza virus A/Brisbane/59/2007 (HIN1), with the amino acid sequence SEQ ID
NO:1, or A/California/07/09 (HIN1), with the amino acid sequence of SEQ ID NO: 2. It
will be understood by the skilled person that the polypeptides of the invention may also
be derived from HA of other influenza A virus strains from group 1, including but not
limited to A/Texas/UR06-0526/2007 ( HIN1) (SEQ ID NO: 3), A/NewYork/629/1995
(HIN1) (SEQ ID NO: 4), A/AA_Marton/1943 (HIN1) (SEQ ID NO: 5), A/Puerto
Rico/8/1934 (H1), A/Michigan/45/2015 (H1), A/Adachi/2/57 (H2N2) (SEQ ID NO: 6),
A/Singapore/1/57 (H2N2) (SEQ ID NO: 7), or influenza viruses comprising HA of the
H5 subtype, including but not limited to A/Vietnam/1203/2004 (H5N1) (SEQ ID NO: 8)
or A/Hong Kong/156/97 (HS).

As described above, the stem polypeptides may or may not comprise a linking
sequence of 1- 10 amino acid residues replacing the deleted HA1 sequence and thereby
linking the two remaining HA1 parts. In certain embodiments, the linking sequence
comprises from 1 to 5 amino acids. In certain embodiments, the linking sequence
comprises 2, 3 or 4 amino acids. The linking sequence may be a heterologous linking
sequence, i.e. an amino acid sequence that does not occur in naturally occurring, or
wild-type, HA, such as, but not limited to G, GS, GGG, GSG, GSA, GSGS, GSAG,
GGGG, GSAGS, GSGSG, GSAGSA, GSAGSAG, and GSGSGSG.

In preferred embodiments, the linking sequence is a homologous linking
sequence, i.e. an amino acid sequence derived from the deleted corresponding head
region such as, but not limited to AGSG, AGS, GSG, HAGA, DQEG, DTPV, FPKT,
EPGD, EPG, TGNL. TPSS, TPS, ATGN, YPGD.

In preferred embodiments, the polypeptides do not comprise a linking sequence.

As decribed above, cleavage of the influenza HAO protein (in HA1 and HA2) is
required for its activity, facilitating the entry of the viral genome into the target cells by

causing the fusion of the host endosomal membrane with the viral membrane.
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In certain embodiments, the polypeptides of the invention comprise the natural
protease cleavage site. Thus, it is known that the Arg (R) - Gly (G) sequence spanning
HA1 and HA2 (i.e. amino acid positions 329 and 330) is a recognition site for trypsin
and trypsin-like proteases and is typically cleaved for hemagglutinin activation (Fig.
1A).

In certain embodiments, the polypeptides do not comprise a protease cleavage
site. Thus, in certain preferred embodiments, the protease cleavage site has been
removed by mutation of the amino acid residue at position 329 into any amino acid
other than arginine (R) or lysine (K). In certain embodiments, the amino acid residue
at position 329 is not arginine (R). In a preferred embodiment, the polypeptides
comprise a mutation of the amino acid at position 329 into glutamine (Q). Thus, in
certain embodiments, the polypeptides of the invention comprise the cleavage site
knock-out mutation R329Q to prevent putative cleavage of the molecule during
production in vitro or in vivo after administration.

In other embodiments, the polypeptides comprise a polybasic cleavage site,
e.g. a Furin cleavage site (as described in Example 6). Thus, the polypeptides can be
cleaved by furin-like proteases within the cell to produce a cleaved mini-HA, similar
to a natively folded and processed HA.

In certain embodiments, the polypeptides do not comprise a signal sequence.
The signal sequence (sometimes referred to as signal peptide, targeting signal,
localization signal, localization sequence, transit peptide, leader séquence or leader
peptide) is a short peptide (usually 16-30 amino acids long) that is present at the N-
terminus of the majority of newly synthesized proteins that are destined towards the
secretory pathway. Signal sequences function to prompt a cell to translocate the
protein, usually to the cellular membrane. In many instances the amino acids
comprising the signal peptide are cleaved off the protein once its final destination has
been reached. In influenza HA, the signal sequences typically comprise the first 16
amino acids of the amino acid sequence of the full-length HAO (corresponding to the
amino acids from position -6 to position 10 according to H3 numbering).

In certain embodiments, the polypeptides comprise (part of) a signal sequence.
The polypeptides may comprise (part of) the wild-type signal sequence or may
comprise (part of) alternative signal sequences, such as, but not limited to a signal
sequence selected from the group of:

MGSTAILGLLLAVLQGVCA (SEQ ID NO: 136) and
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MGMTSALLALLALALKPGAWA (SEQ ID NO: 137).

In certain embodiments, the polypeptides comprise an HA2 domain including
the transmembrane and cytoplasmic domain (corresponding to the amino acid
sequence starting with the amino acid corresponding to the amino acid at position 515
up to and including the amino acid corresponding to the amino acid at position 550
(H3 numbering)).

To produce secreted (soluble) stem polypeptides, in certain embodiments the
polypeptides do not comprise the transmembrane and cytoplasmic domain. Thus, in
certain embodiments, the polypeptides comprise a truncated HA2 domain, in
particular an HA2 domain that is truncated at the C-terminal end. A truncated HA2
domain according to the invention thus is shorter than the full length HA2 sequence,
by deletion of one or more amino acid residues at the C-terminal end of the HA2
domain.

In certain embodiments, the C-terminal part of the HA2 domain starting with
the amino acid corresponding to the amino acid at position 516 has been deleted, thus
removing substantially the full transmembrane and cytoplasmic domain.

In certain embodiments, also a part of the C-terminal helix has been deleted.
According to the present invention it has been found that even when a larger part of
the HA2 domain is deleted, stable soluble HA stem polypeptides can be provided.
Thus, in certain embodiments, the C-terminal part of the HA2 domain starting at he
amino acid sequence at position 500, 501, 502, 503, 504, 505, 506, 507, 508, 509,
510, 511, 512, 513, 514 or 515 has been deleted (again numbering according to H3
numbering as described by Winter et al., supra) to produce a soluble polypeptide
following expression in cells (Fig. 12).

In a preferred embodiment, the C-terminal part of the HA2 domain from the
position corresponding to 516 has been deleted.

Optionally, a heterologous amino acid sequence (i.e. an amino acid sequence
that does not naturally occur in influenza HA) has been linked to the (truncated) HA2
domain.

Thus, in certain embodiments, His-tag sequences, e.g. HHHHHH (SEQ ID
NO: 113) or HHHHHHH (SEQ ID NO: 114.), or a FLAG tag (DYKDDDDK) (SEQ
ID NO: 115) or a combination of these have been linked to the C-terminal amino acid
of the (optionally truncated) HA2 domain for detection and/or purification purposes.

In certain embodiments, the heterologous amino acid sequence, such as the His-tag
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sequence, may be connected to the (truncated) HA2 domain through a linker. In
certain embodiments, the linker may contain (part of) a proteolytic cleavage site, e.g.
the amino acid sequence IEGR (SEQ ID NO: 116) or LVPRGS (SEQ ID NO: 117) to
enzymatically remove the His-tag sequence after purification.

In certain embodiments, the heterologous amino acid sequence that is linked to
the C-terminal amino acid of the (truncated) HA2 domain comprises an amino acid
sequence selected from the group consisting of:
GYIPEAPRDGQAYVRKDGEWVLLSTFL (foldon), (SEQ ID NO: 118),

SGRDYKDDDDKLVPRGSPGSGYIPEAPRDGQAYVRKDGEWVLLSTFLGHHH
HHH (Flag — Foldon — His tag), (SEQ ID NO: 119),

SGRDYKDDDDKPGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSHHH
HHH (FLAG- GS linker — His tag), (SEQ ID NO: 120),

EGRAAAGGSGGGGSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNL
GVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFK
VILHYGTLVIDGVTPNMIDYFGRPYEGIAVFDGKKITVTGTLWNGNKIIDERLI
NPDGSLLFRVTINGVTGWRLCERILAAAAWSHPQFEKGAAWSHPQFEKGAA
WSHPQFEK (Nanoluc — Strep tag), (SEQ ID NO: 121),

EGRAAAGGSGGGGSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNL
GVSVTPIQRIVLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFK
VILHYGTLVIDGVTPNMIDYFGRPYEGIA VFDGKKITVTGTL WNGNKIIDERLI
NPDGSLLFRVTINGVTGWRLCERILAGAAEPEA (Nanoluc — C tag), (SEQ ID
NO: 122),

EGRAAAWSHPQFEKGAAWSHPQFEKGAAWSHPQFEK (Strep tag, SEQ ID NO:
154),

EGRAAALPETGGGAAEPEA (Sortase - C tag), (SEQ ID NO: 123),
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SGRDYKDDDDKPGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSWSH
PQFEKGAAWSHPQFEKGAAWSHPQFEK (FLAG — GS linker — Strep tag), (SEQ
ID NO: 124), and

EGRAAAEQKLISEEDLGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGS
WSHPQFEKGAAWSHPQFEKGAAWSHPQFEK (Myc tag - GS linker — Strep tag),
(SEQ ID NO: 125).

In certain embodiments, a heterologous trimerization domain has been linked
to the C-terminal amino acid of the (optionally truncated) HA2 domain, such as, but
not limited to a “Foldon” trimerization domain (as described by Letarov et al. (1993);
S-Guthe et al. (2004)),

In certain embodiments, the HA stem polypeptides comprise an amino acid
sequence comprising at least the amino acids 1-234 of SEQ ID NO: 30;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 31;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 52;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 53;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 54;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 55;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 56;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 57;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 58;
an amino acid sequence comprising at least the amino acids 1-237 of SEQ ID NO: 59;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 60;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 61;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 62;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 63;
an amino acid sequence comprising at least the amino acids 1-230 of SEQ ID NO: 64;
an amino acid sequence comprising at least the amino acids 1-231 of SEQ ID NO: 65;
an amino acid sequence comprising at least the amino acids 1-232 of SEQ ID NO: 66;
an amino acid sequence comprising at least the amino acids 1-233 of SEQ ID NO: 67;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 68;
an amino acid sequence comprising at least the amino acids 1-235 of SEQ ID NO: 69;
an amino acid sequence comprising at least the amino acids 1-236 of SEQ ID NO: 70;

an amino acid sequence comprising at least the amino acids 1-237 of SEQ ID NO: 71;
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an amino acid sequence comprising at least the amino acids 1-238 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-228 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-229 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-230 of SEQ ID NO:

an amino acid sequence comprising at least the amino acids 1-231 of SEQ ID NO:

72;
73;
74;
75;
76;
77,
78;

an amino acid sequence comprising at least the amino acids 1-2320f SEQ ID NO: 79;

an amino acid sequence comprising at least the amino acids 1-233 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-235 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-233 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-235 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-233 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-233 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-233 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-232 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-237 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-238 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-231 of SEQ ID NO:
an amino acid sequence comprising at least the amino acids 1-231 of SEQ ID NO:

an amino acid sequence comprising at least the amino acids 1-237 of SEQ ID NO:

80;
81;
82;
83;
84;
85;
86;
87;
88;
89;
90;
91;
92;
93;
94,
95;
96;
97;
98;
99;
100;
101;
102;
103;
104;
105;
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an amino acid sequence comprising at least the amino acids 1-231 of SEQ ID NO: 106;
an amino acid sequence comprising at least the amino acids 1-237 of SEQ ID NO: 107;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 108;
an amino acid sequence comprising at least the amino acids 1-231 of SEQ ID NO: 109;
an amino acid sequence comprising at least the amino acids 1-231 of SEQ ID NO: 110;
an amino acid sequence comprising at least the amino acids 1-237 of SEQ ID NO: 111;
an amino acid sequence comprising at least the amino acids 1-237 of SEQ ID NO: 112;
an amino acid sequence comprising at least the amino acids 1-234 of SEQ ID NO: 135;
an amino acid sequence comprising at least the amino acids 18-248 of SEQ ID NO: 147;
an amino acid sequence comprising at least the amino acids 18-248 of SEQ ID NO: 148;
an amino acid sequence comprising at least the amino acids 18-248 of SEQ ID NO: 149;
an amino acid sequence comprising at least the amino acids 17-247 of SEQ ID NO: 150;
an amino acid sequence comprising at least the amino acids 17-247 of SEQ ID NO: 151;
an amino acid sequence comprising at least the amino acids 16-246 of SEQ ID NO: 152;
or

an amino acid sequence comprising at least the amino acids 18-248 of SEQ ID NO: 153.

In a preferred embodiment, the polypeptide comprises an amino acid sequence
comprising at least the amino acids 1-231 of SEQ ID NO: 103, 104, 109 or 110.

In certain embodiments, the polypeptides comprise an amino acid sequence
selected from the group consisting of SEQ ID NOs: 31, 31, 52-112 and 135.

In a preferred embodiment, the polypeptide comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 103, 104, 109 and 110.

In certain embodiments, the polypeptides are glycosylated when expressed in
suitable cells (e.g. mammalian cells). The polypeptides may contain one one or more
native glycosylation motifs. In certain embodiments, the polypeptides comprise at
least one additional/introduced glycosylation motif. In certain embodiments, the at
least one glycosylation motif has been introduced by a mutation of the amino acid at
position 402 into S. This mutation will introduce a n-linked glucosylation motif at at
position 400.

The polypeptides may also be administered in combination with or conjugated
to nanoparticles, such as e.g. polymers, liposomes, virosomes, virus-like particles. The
polypeptides may be combined with, encapsidated in or conjugated (e.g. covalently

linked or adsorbed) to the nanoparticles
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The invention further provides nucleic acid molecules encoding the influenza
HA stem polypeptides of the invention. It is understood by a skilled person that
numerous different nucleic acid molecules can encode the same polypeptide as a
result of the degeneracy of the genetic code. It is also understood that skilled persons
may, using routine techniques, make nucleotide substitutions that do not affect the
polypeptide sequence encoded by the polynucleotides described to reflect the codon
usage of any particular host organism in which the polypeptides are to be expressed.
Therefore, unless otherwise specified, a "nucleic acid molecule encoding an amino
acid sequence" includes all nucleotide sequences that are degenerate versions of each
other and that encode the same amino acid sequence.

In certain embodiments, the nucleic acid molecules encoding the influenza HA
stem polypetides are codon optimized for expression in mammalian cells, such as
human cells. Methods of codon-optimization are known and have been described
previously (e.g. WO 96/09378).

In certain embodiments, the nucleic acid molecules encoding the influenza HA
stem polypeptide comprise a nucleic acid sequence selected from SEQ ID NO: 138-
145.

The influenza hemagglutinin stem domain polypeptides can be prepared
according to any technique deemed suitable to one of skill, including techniques
described below. Thus, the polypeptides of the invention may be synthesized as DNA
sequences by standard methods known in the art and cloned and subsequently
expressed, in vitro or in vivo, using suitable restriction enzymes and methods known
in the art.

The invention further relates to vectors comprising a nucleic acid molecule
encoding a polypeptide of the invention. In certain embodiments, a nucleic acid
molecule according to the invention thus is part of a vector, e.g. a plasmid. Such
vectors can easily be manipulated by methods well known to the person skilled in the
art, and are for instance designed to be capable of replication in prokaryotic and/or
eukaryotic cells. The vector used can be any vector that is suitable for cloning DNA
and can be used for transcription of the nucleic acid of interest. When host cells are
used, it is preferred that the vector is an integrating vector. Alternatively, the vector
may be an episomally replicating vector. The person skilled in the art is capable of
choosing suitable expression vectors, and inserting the nucleic acid sequences of the

invention in a functional manner. To obtain expression of nucleic acid sequences
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encoding polypeptides, it is well known to those skilled in the art that sequences
capable of driving expression can be functionally linked to the nucleic acid sequences
encoding the polypeptide, resulting in recombinant nucleic acid molecules encoding a
protein or polypeptide in expressible format. Sequences driving expression may
include promoters, enhancers and the like, and combinations thereof. These should be
capable of functioning in the host cell, thereby driving expression of the nucleic acid
sequences that are functionally linked to them. The person skilled in the art is aware
that various promoters can be used to obtain expression of a gene in host cells.
Promoters can be constitutive or regulated, and can be obtained from various sources,
including viruses, prokaryotic, or eukaryotic sources, or artificially designed.
Expression of nucleic acids of interest may be from the natural promoter or derivative
thereof or from an entirely heterologous promoter (Kaufman, 2000). Some well-
known and much used promoters for expression in eukaryotic cells comprise
promoters derived from viruses, such as adenovirus, e.g. the E1A promoter, promoters
derived from cytomegalovirus (CMV), such as the CMV immediate early (IE)
promoter (referred to herein as the CMV promoter) (obtainable for instance from
pcDNA, Invitrogen), promoters derived from Simian Virus 40 (SV40) (Das et al,
1985), and the like. Suitable promoters can also be derived from eukaryotic cells, such
as methallothionein (MT) promoters, elongation factor 1o (EF-1a) promoter (Gill et
al., 2001), ubiquitin C or UB6 promoter (Gill et al., 2001), actin promoter, an
immunoglobulin promoter, heat shock promoters, and the like. Testing for promoter
function and strength of a promoter is a matter of routine for a person skilled in the
art, and in general may for instance encompass cloning a test gene such as lacZ,
luciferase, GFP, etc. behind the promoter sequence, and test for expression of the test
gene. Of course, promoters may be altered by deletion, addition, mutation of
sequences therein, and tested for functionality, to find new, attenuated, or improved
promoter sequences. According to the present invention, strong promoters that give
high transcription levels in the eukaryotic cells of choice are preferred.

The constructs may be transfected into eukaryotic cells (e.g. plant, fungal,
yeast or animal cells) or suitable prokaryotic expression systems like E. coli using
methods that are well known to persons skilled in the art. In some cases, a suitable
‘tag’ sequence (such as for example, but not limited to, a his-, myc-, strep-, sortase, or
flag-tag) or complete protein (such as for example, but not limited to, maltose binding

protein or glutathione S transferase) may be added to the sequences of the invention,
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as described above, to allow for purification and/or identification of the polypeptides
from the cells or supernatant. Optionally a sequence containing a specific proteolytic
site can be included to afterwards remove the tag by proteolytic digestion.

In preferred embodiments, the polypeptides are produced in mammalian cells.

Purified polypeptides can be analyzed by spectroscopic methods known in the
art (e.g. circular dichroism spectroscopy, Fourier Transform Infrared spectroscopy
and NMR spectroscopy or X-ray crystallography) to investigate the presence of
desired structures like helices and beta sheets. ELISA, AlphaLISA, biolayer
interferometry (Octet) and FACS and the like can be used to investigate binding of the
polypeptides of the invention to the broadly neutralizing antibodies, such as CR6261
and/or CR9114. Thus, polypeptides according to the invention having the correct
conformation can be selected. Trimeric content can be analyzed for example by using
SDS gel electrophoresis under non-reducing conditions, size exclusion
chromatography in the presence of antibody Fab fragments of broadly neutralizing
antibodies, such as CR6261 and/or CR9114, as well as AlphaLISA using differently
labled antibodies. Stability of the polypeptides can be assessed as decribed above after
temperature stress, freeze-thaw cycles, increased protein concentration, or agitation.
The melting temperature of the polypeptide can further be assed by Differential
Scanning Fluorimetry (DSF) and/or Differential Scanning Calorimetry (DSC).

In certain embodiments, the vector is a human recombinant adenovirus. The
present invention thus also provides recombinant adenoviral vectors comprising a
nucleic acid molecule encoding a HA stem polypeptide according to the invention. In
a preferred embodiment, the nucleic acid molecule encoding the stem polypeptide
comprises a nucleic acid sequence selected from the group consisting of SEQ ID NO:
142, SEQ ID NO: 143, SEQ ID NO: 144 and SEQ ID NO: 145.

The preparation of recombinant adenoviral vectors is well known in the art.
The term ‘recombinant’ for an adenovirus, as used herein implicates that it has been
modified by the hand of man, e.g. it has altered terminal ends actively cloned therein
and/or it comprises a heterologous gene, i.e. it is not a naturally occurring wild type
adenovirus. In certain embodiments, an adenoviral vector according to the invention is
deficient in at least one essential gene function of the E1 region, e.g. the Ela region
and/or the E1b region, of the adenoviral genome that is required for viral replication.
In certain embodiments, an adenoviral vector according to the invention is deficient in

at least part of the non-essential E3 region. In certain embodiments, the vector is
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deficient in at least one essential gene function of the E1 region and at least part of the
non-essential E3 region. The adenoviral vector can be "multiply deficient," meaning
that the adenoviral vector is deficient in one or more essential gene functions in each
of two or more regions of the adenoviral genome. For example, the aforementioned
E1l-deficient or E1-, E3-deficient adenoviral vectors can be further deficient in at least
one essential gene of the E4 region and/or at least one essential gene of the E2 region
(e.g., the E2A region and/or E2B region). Adenoviral vectors, methods for
construction thereof and methods for propagating thereof, are well known in the art
and are described in, for example, U.S. Pat. Nos. 5,559,099, 5,837,511, 5,846,782,
5,851,806, 5,994,106, 5,994,128, 5,965,541, 5,981,225, 6,040,174, 6,020,191, and
6,113,913.

In certain embodiments, the adenovirus is a human adenovirus of the serotype
26 or 35.

The invention further provides pharmaceutical composition comprising a
polypeptide, a nucleic acid, and/or a vector according to the invention, and
pharmaceutically acceptable carrier. The invention in particular relates to
pharmaceutical compositions comprising a therapeutically effective amount of the
polypeptides, nucleic acids, and/or vectors of the invention. The pharmaceutical‘
compositions further comprise a pharmaceutically acceptable carrier. In the present
context, the term "pharmaceutically acceptable" means that the carrier, at the dosages
and concentrations employed, will not cause unwanted or harmful effects in the
subjects to which they are administered. Such pharmaceutically acceptable carriers
and excipients are well known in the art (see Remington's Pharmaceutical Sciences,
18th edition, A. R. Gennaro, Ed., Mack Publishing Company [1990]; Pharmaceutical
Formulation Development of Peptides and Proteins, S. Frokjaer and L. Hovgaard,
Eds., Taylor & Francis [2000]; and Handbook of Pharmaceutical Excipients, 3rd
edition, A. Kibbe, Ed., Pharmaceutical Press [2000]). The term "carrier" refers to a
diluent, excipient, or vehicle with which the polypeptides, nucleic acids, and/or
vectors are administered. Saline solutions and aqueous dextrose and glycerol solutions
can e.g. be employed as liquid carriers, particularly for injectable solutions.

The invention further relates to polypeptides, nucleic acids, and/or vectors as

described herein for use as a medicament.
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The invention in particular relates to polypeptides, nucleic acids, and/or
vectors as described herein for use in inducing an immune response against an
influenza virus.

The invention also relates to methods for inducing an immune response
against an influenza A virus in a subject in need thereof, the method comprising
administering to said subject, a polypeptide, nucleic acid molecule and/or vector as
described above. A subject according to the invention preferably is a mammal that is
capable of being infected with an influenza virus, or otherwise can benefit from the
induction of an immune response, such subject for instance being a rodent, e.g. a
mouse, a ferret, or a domestic or farm animal, or a non-human-primate, or a human.
Preferably, the subject is a human subject.

In certain embodiments, the invention provides methods for inducing an
immune response against a group 1 influenza A virus. The immune response may
comprise a humoral (i.e. the induction of influenza virus neutralizing antibodies)
and/or a cellular immune response. In certain embodiments, the invention provides
methods for inducing an immune response against at least two, three, four, five or six
subtypes of influenza A viruses. In certain embodiments, the invention provides
methods for inducing an immune response against an influenza virus comprising HA
of the H1 subtype.

In certain embodiments, the immune response induced is effective to prevent
and/or treat an influenza virus infection caused by a group 1 influenza A virus, such
as an influenza A virus comprising HA of the H1 subtype, and/or an influenza A virus
comprising HA of the H2 subtype, and/or an influenza A virus comprising HA of the
H5 subtype. In certain embodiments, the immune response induced is effective to
prevent and/or treat an influenza virus infection caused by an influenza A virus
comprising HA of the H1 subtype.

The invention further relates to polypeptides, nucleic acids, and/or vectors as
described herein for use as an influenza vaccine.

In certain embodiments, the polypeptides, nucleic acid molecules and/or
vectors of the invention are administered in combination with an adjuvant. The
adjuvant for may be administered before, concomitantly with, or after administration
of the polypeptides, nucleic acid molecules and/or vectors of the invention. Examples
of suitable adjuvants include aluminium salts such as aluminium hydroxide and/or

aluminium phosphate; oil-emulsion compositions (or oil-in-water compositions),
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including squalene-water emulsions, such as MF59 (see e.g. WO 90/14837); saponin
formulations, such as for example QS21 and Immunostimulating Complexes
(ISCOMS) (see e.g. US 5,057,540; WO 90/03184, WO 96/11711, WO 2004/004762,
WO 2005/002620); bacterial or microbial derivatives, examples of which are
monophosphoryl lipid A (MPL), 3-O-deacylated MPL (3dMPL), CpG-motif
containing oligonucleotides, ADP-ribosylating bacterial toxins or mutants thereof,
such as E. coli heat labile enterotoxin LT, cholera toxin CT, pertussis toxin PT, or
tetanus toxoid TT, Matrix M, or combinations thereof. In addition, known
immunopotentiating technologies may be used, such as fusing the polypeptides of the
invention to proteins known in the art to enhance immune response (e.g. tetanus
toxoid, CRM197, rCTB, bacterial flagellins or others) or including the polypeptides in
virosomes, or combinations thereof.

Administration of the polypeptides, nucleic acid molecules, and/or vectors
according to the invention can be performed using standard routes of administration.
Non-limiting examples include parenteral administration, such as intravenous,
intradermal, transdermal, intramuscular, subcutaneous, etc, or mucosal administration,
e.g. intranasal, oral, and the like. The skilled person will be capable to determine the
various possibilities to administer the polypeptides, nucleic acid molecules, and/or
vectors according to the invention, in order to induce an immune response.

In certain embodiments, the polypeptide, nucleic acid molecule, and/or vector is
administered more than one time, i.e. in a so-called homologous prime-boost regimen.
The administration of the second dose can be performed, for example, one week after
the administration of the first dose, two weeks after the administration of the first dose,
three weeks after the administration of the first dose, one month after the administration
of the first dose, six weeks after the administration of the first dose, two months after the
administration of the first dose, 3 months after the administration of the first dose, or 4
months or more after the administration of the first dose, etc, up to several years after
the administration of the first dose of the polypeptide, nucleic acid molecule, and/or
vector of the invention. It is also possible to administer the polypeptides, nucleic aid
molecules and/or vectors more than twice, e.g. three times, four times, etc, so that the
first priming administration is followed by more than one boosting administration.

The polypeptides, nucleic acid molecules, and/or vectors may also be

administered, either as prime, or as boost, in a heterologous prime-boost regimen.
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The invention further provides methods for preventing and/or treating,
preferably preventing, an influenza virus disease in a subject in need thereof, comprising
administering to said subject a polypeptide, a nucleic acid molecule and/or a vector as
described herein. A therapeutically effective amount refers to an amount of the
polypeptide, nucleic acid, and/or vector that is effective for preventing, ameliorating
and/or treating a disease or condition resulting from infection by an influenza virus.
Prevention encompasses inhibiting or reducing the spread of influenza virus or
inhibiting or reducing the onset, development or progression of one or more of the
symptoms associated with infection by an influenza virus. Ameloriation as used in
herein may refer to the reduction of visible or perceptible disease symptoms, viremia, or
any other measurable manifestation of influenza infection.

A subject in need of treatment includes subjects that are already inflicted with a
condition resulting from infection with an influenza virus, as well as those in which
infection with influenza virus is to be prevented. The polypeptides, nucleic acids and/or
vectors of the invention thus may be administered to a naive subject, i.e., a subject that
does not have a disease caused by an influenza virus infection or has not been and is not
currently infected with an influenza virus infection, or to subjects that already have been
infected with an influenza virus.

In an embodiment, prevention and/or treatment may be targeted at patient groups
that are susceptible to influenza virus infection. Such patient groups include, but are not
limited to e.g., the elderly (e.g. > 50 years old, > 60 years old, and preferably > 65 years
old), the young (e.g. < 5 years old, < 1 year old), hospitalized patients,
immunocompromised subjects, and patients who have been treated with an antiviral
compound but have shown an inadequate antiviral response.

The polypeptides, nucleic acid molecules and/or vectors of the invention may be
administered to a subject in combination with one or more other active agents, such as
alternative influenza vaccines, monoclonal antibodies, antiviral agents, antibacterial
agents, and/or immunomodulatory agents. The one or more other active agents may be
beneficial in the treatment and/or prevention of an influenza virus disease or may
ameliorate a symptom or condition associated with an influenza virus disease. In some
embodiments, the one or more other active agents are pain relievers, anti-fever
medications, or therapies that alleviate or assist with breathing.

The invention is further illustrated in the following examples and figures. The

examples are not intended to limit the scope of the invention in any way.
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EXAMPLES

Example 1: Preparation of stem-based polypeptides of the invention

In WO2013/079473, a first series of influenza hemagglutinin stem
polypeptides, compositions and vaccines and methods of their use in the prevention
and/or treatment of influenza, were described, including the polypeptides H1-mini2-
cluster 1+5+6-GCN, both as membrane-bound form (with natural transmembrane
domain, SEQ ID NO: 45 in W02013/079473) and as soluble form thereof, s-H1-
mini2-cluster]+5+6-GCN4 (without natural transmembrane domain, SEQ ID NO:
145 in W02013/079473).

In WO2014/191435, additional stem polypeptides derived from the full-length
HA of HIN1 A/Brisbane/59/2007 were described, which comprised additional
mutations as compared to H1-mini2-cluster1+5+6-GCN4, and also stably presented
the broadly neutralizing epitope of CR6261 and/or CR9114.

These stem polypeptides were all created by deleting he head domain from
HAL1, in particular the region comprising the amino acids starting from position 46 up
to and including the amino acid at position 306, and replacing the deleted region with
a linker, as described in W02013/079473. It is noted that in W02013/079473, the
numbering of the amino acid positions was based on the numbering of full length HA
of influenza A/Brisbane/59/2007 (i.e. SEQ ID NO: 1 in W02013/079473), whereas in
the current invention the H3 numbering by Winter et al. is used.

The removal of the head domain leaves part of the molecule that was
previously shielded from the aqueous solvent exposed, thereby destabilizing the
structure of the polypeptides of the invention. For this reason, one or more amino acid
residues in the B-loop, i.e. the region comprising the amino acids 385-404 (Fig. 1C)
were mutated to stabilize the polypeptides. Similarly, in the area around the fusion
peptide a number of hydrophobic residues are exposed to the solvent, caused by the
fact that, unlike the native full-length HA, the polypeptides cannot be cleaved and
undergo the associated conformational change that buries the hydrophobic fusion
peptide in the interior of the protein. To address this issue some or all of the
hydrophobic amino acid residues at position 323, 326, and 339 were mutated to
hydrophilic residues as compared to the wild-type full-length HA from
A/Brisbale/59/2007.
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Furthermore, the polypeptides were resistant to protease cleavage by a
mutation of the natural cleavage site, e.g. by mutation of the amino acid at position
329 into Q.

In WO2016/005480 a further series of stem polypeptides was described,
wherein the GCN4 derived sequence RMKQIEDKIEEIESK (SEQ ID NO: 18) was
introduced at position 405 to 419, such as e.g. the polypeptides designated 127H1-t2,
s127H1-t2, and s127H1-t2long, derived from A/Brisbane/59/2007. In addition, stem
polypeptides with the same modifications were made using HA from different
influenza strains, for example polypeptides based on HA deribed from the HIN1
A/California/07/09 strain, such as smH1Cali3964-127H1-t2, and mH1 Cali3964-
127H1-2.

In WO02016/005482 the introduction of an intermonomeric cysteine bridge
was described, resulting in increased amounts of trimeric stem polypeptides, including
the polypeptides designated 127H1-t2-cl18 (also referred to as 5367), and the soluble
version 127H-t2-cl18long, which were based on HA of influenza A/Brisbane/59/2007.
Similar polypeptides were designed based on e.g. HA of the influenza virus
A/California/07/09, e.g. the polypeptides designated mH1 Cali3964-127H1-t2-c118
(also referred to as 5369) and smH1 Cali3964-127H1-t2-cl18long. These stem
polypeptides comprised inter alia a deletion of the head region comprising the amino
acids starting from position 46 up to and including the amino acid at position 306,
wherein the resulting HA1 domains were linked through a 4-amino acid linker
(GGGG); the GCN4 derived sequence RMKQIEDKIEEIESK (SEQ ID NO: 18)
introduced in the HA2 domain at position 405-419; and a mutation of the amino acid
at position 329 into Q to make the polypeptide resistant to protease cleavage. The
polypeptides further comprised a mutation of the amino acid at position 397 into C
and a mutation of the amino acid at position 405 into C (i.e. the first amino acid of the
GCN#4 sequence), thus forming an intermonomeric cysteine bridge between the
cysteine at position 397 of a first monomer and the amino acid at position 405 of a
second monomer.

In the research that led to the present invention, the previously described stem
polypeptides have been optimized. The amino acid sequences of the wild-type HA
derived from A/Brisbane/59/2007 and or A/California/07/09 are the sequences of
SEQ ID NO: 1 and 2, respectively. The polypeptides UFV5367 (SEQ ID NO: 16) and
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UFV5369 (SEQ ID NO: 17) are herein referred to as the “parental strains/constructs”
(schematically shown in Fig. 2 and 3, respectively).

Novel HA stem polypeptides, including e.g. UFV150558 (SEQ ID NO: 30)
and UFV150850 (SEQ ID NO: 53) thus were designed, which comprise additional
modifications as compared to the previously described stem polypeptides UFV5367
(SEQ ID NO: 16) and UFV5369 (SEQ ID NO: 17). In particular, the polypeptides
UFV150558 and UFV 150850 comprise a mutation of the amino acid at position 392
in the B-loop into P or R, in combination with a mutation of the amino acid at position
434 into Q, or a mutation of the amino acid at position 392 in the B-loop into P or R,
in combination with a mutation of the amino acid at position 434 into Q and a
mutation at position 442 into A.

In addition, further stem polypeptides were designed wherein no artificial
linker was used to replace the deteled head region. The stem polypeptides
UFV160655 (SEQ ID NO: 103), UFV160656 (SEQ ID NO: 104), UFV160664 (SEQ
ID NO: 109) and UFV160665 (SEQ ID NO: 110) comprised a deletion of the head
region from the amino acid at position 47 up to and including the amino acid at
position 306, thus leaving a first part of the HA1 domain comprising the amino acids
up to and including the amino. acid 46, and a second part of the HA1 domain
comprising the amino acids starting from the amino acid at position 307 up to the C-
terminal amino acid of the HA1 domain (i.e. the amino acid at position 329). The first
HA1 part was direcly linked to the second HA1 part after deletion of the head, i.e. the
remaining amino acid at position 46 (the C-terminal amino acid of the first part of the
HA1 domain) was connected directly to the remaining amino acid at position 307 (the
N-terminal amino acid of the second part of the HA1 domain). No artificial linker was
introduced (see Fig. 1A, lower construct). The peptides also comprised the additional
mutations of the amino acid at position 392 in the B-loop into P or R, in combination
with a mutation of the amino acid at position 434 into Q, or in combination with a
mutation of the amino acid at position 434 into Q and a mutation at position 442 into

A (as schematically shown in Fig. 4).
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Example 2: Expression of the polypeptides according to the invention

Protein expression in mammalian cells
DNA fragments encoding the polypeptides of the invention UFV150558,

UFV150850, UFV160655, UFV160656, UFV160664 and UFV160665) were
synthesized (Genscript) and cloned in the pcDNA2004 plasmid (in-house modified
pcDNA3 vector with an enhanced CMV promotor). The polypeptides were produced
in HEK293F cells cultured in Freestyle™ medium by transient transfection using
293fectin™ transfection reagent (Invitrogen) of the prepared expression plasmids.
The polypeptides were produced in Expi-CHO cells cultures in ExpiCHO™
Expression medium by transient transfection using the ExpiF ectamine™ transfection
reagent (Gibco, ThermoFisher Scientific). For the Expi-CHO cells culture the
ExpiFectamine CHO enhancer and ExpiCHO feed (Gibco, ThermoFisher Scientific)
were added 1 day post transfection. Culture supernatants containing the secreted
polypeptides were harvested between day 7-11 (for ExpiCHO cells) by centrifugation,
followed by filtration over a 0.2 pm bottle top filter (Corning).

Culture supernatant analysis

The level of expressed polypeptide in the harvested culture supernatant was
assessed through Bio-Layer Interferometry using the OCTET platform. In short,
biotinylated mAb CR9114 was immobilized on Streptavidin (SA) biosensors (Pall
FortéBio) after which a standard curve was established by assessing the binding shift
of a dilution series of a well-defined purified homologous polypeptide. Subsequently,
the binding shift of pre-diluted harvested culture supernatants containing the
polypeptides of the invention (5-15 pg/mL diluted in kinetics buffer) was measured
and the concentration of the polypeptides was calculated using the established
standard curve.

The trimer content of the polypeptides in the culture supernatants was assessed
in AlphaLISA by simultaneous binding of 1.5 nM of CR9114 and 1.5nM of a
Streptactin tagged single domain antibody (SD15016) having the sequence of SEQ ID
NO: 13. Chemiluminescent emission at 615 nm was measured following 2 hours
incubation at room temperature of the polypeptides with the antibody and single
domain antibody in the presence of anti-human-IgG Acceptor and Streptactin Donor

beads (Perkin Elmer). Only trimeric molecules that displayed more than one correctly
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folded epitope were bound by both antibodies simultaneously and thus gave a signal
in this assay (in contrast to monomers and potential aggregates). The polypeptides

were titrated based on protein concentration, as assessed by OCTET.

Results and conclusion

The polypeptide expression levels and trimer content were determined for
three independent 70mL ExpiCHO transfections at day 9 post transfection. The results
are shown in Fig. 5. Compared to the previously described construct 5367 (SEQID
NO: 16 ) (which comprises a deletion in the HA1 domain of amino acids starting from
position 46 up to and including the amino acid at position 306, and comprises a 4G
linker replacing the deleted portion in the HA1 domain), also referred to as the
parental design/construct, the HIN1 A/Brisbane/07/59 based polypeptide UFV160655
(which comprises a deletion in the HA1 domain of amino acids starting from position
47 up to and including the amino acid at position 306, and does not comprise a 4G
linker replacing the deleted portion in the HA1 domain, and includes the point
mutations Y392P, R404Q, E434Q, and S442A) (SEQ ID NO: 103), clearly showed
increased levels of expression (up to 40-fold), reaching ~500mg/L culture supernatant
(Fig. SA).

The HIN1 A/California/07/09 derived parental polypeptide UFV5369 (SEQ
ID NO: 17) was expressed at a level of ~350 mg/L culture supernatant. Polypeptide
UFV150558, similar in design to polypeptide UFV5369, and further including the
point mutations Y392P, R404Q, E434Q, and S442A (SEQ ID NO: 30) was expressed
at a level of ~427 mg/L. The polypeptides UFV160656 (SEQ ID NO: 104)
(comprising a deletion comprising the amino acids from position 47 up to and
including the amino acid at position 306 and not comprising a 4G linker replacing the
deleted portion in the HA1 domain, and comprising the point mutations Y392P,
R404Q, E434Q, and S442A), UFV160664 (comprising the same deletion but only
comprising the point mutations Y392R and E434Q) (SEQ ID NO: 109) and
UFV160665 (comprising the same deletion and comprising the point mutations
Y392P and E434Q) (SEQ ID NO: 110) were expressed at a higher level compared to
5369, up to ~800 mg/L culture supernatant (Fig. SA).

With respect to the trimer content, all polypeptides comprising one or more of
the additional new mutations, independent of both their strain backbone, the size of

the deletion of the head and presence or absence of the 4G linker replacing the deleted
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portion of the HA1 domain, reached levels above 90% which were significantly
higher than was obtained for the parental designs for which only ~25% of the
expressed protein successfully formed trimers (Fig. 5B).

Additional polypeptides comprising a mutation of the amino acid at position
392 into Y, P or R in combination with a mutation of the amino acid at position 434
into Q were made, including UFV160302 (SEQ ID NO: 60) and UFV160303 (SEQ
ID NO: 61). Polypeptide UFV160304 (SEQ ID NO: 62) that comprises a similar
design as polypeptide UFV160302 but does not comprise the point mutation Y392R
showed a lower trimer content (~1,7 fold) (Fig. 5C).

Taken together the polypeptides of the invention described in this Example,
comprising a Y, P or R at position 392, in combination with a Q at position 434,
displayed significantly increased levels of protein expression and trimer content
(percentage of successfully formed trimers) compared to the parental designs. The
presence of these amino acid at the positions 392 and 434 led to a significant

improvement in expression, trimerization and stability.

Example 3: Purification of trimeric polypeptides of the invention

Purification

The polypeptides were purified by means of a two-step protocol. First, the
harvested and clarified culture supernatant was loaded on a HiScale 16/20 column
(GE Healthcare) packed with an affinity resin (Capture Select) that consists of a HA
specific single domain antibody, immobilized on Poros beads (obtained from
ThermoFisher Scientific). This resin is highly specific for H1 strain derived
hemagglutinin proteins. The column was intentionally overloaded by ~15% to
improve isolation of the trimer. Following binding and equilibration in 50 mM Tris,
0.5 M NaCl, pH 7.4 the polypeptides were eluted by applying a step gradient to 0.1 M
Tris, 2 M MgClz, 40% propylene glycol, pH 7.4. Based on the UV signal (A280) the
elution fractions were pooled and filtrated through a Millex-GV 0.22 pm filter
membrane (Merck Millipore). Subsequently, the collected elution peak was applied to
a Superdex 200 pg 26/60 column (GE Healthcare) equilibrated in running buffer (20
mM Tris, 150 mM NaCl, pH 7.8) for polishing purpose, i.e. remove the minimal
amount of multimeric and monomeric protein. The trimer fractions were pooled and

purity was assessed by analytical SEC-MALS in a High Performance Liquid
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Chromatography (HPLC) Infinity 1260 series setup (Agilent). Of each purified
polypeptide 40 pug was run (1 mL/min.) over a TSK gel G3000SWxI column (Sigma-
Aldrich) and the molar mass of the eluted material was measured by a miniDAWN
Treos Multi Angle Light Scattering detector and Optilab T-rex differential
refractometer (Wyatt Technology). The data were analyzed by the Astra 6 software

package and molecular weight calculations were derived from the refractive index

signal.

Results and conclusion

The elution profile of the second purification step (Size Exclusion
Chromatography) indicated that a large amount of non-trimeric (aggregates and
monomer) polypeptide 5367 was present in the pooled elution fractions of the affinity
column. In contrast, the chromatogram of UFV160656 showed only a small amount
of aggregates whereas the major species present was the trimeric polypeptide (Fig. 6A
and B). |

The yield of the parental constructs UFV5367 and UFV5369 was 5 and 70
mg/L, respectively, whereas the yields for the polypeptides of the invention varied
from 120-240 mg/L. The recovery percentage, calculated by comparison of the
amount of protein present in the culture supernatant and the trimeric end product, was
roughly 40-60%. Analysis of the pooled trimer fractions by analytical SEC-MALS
showed that the purified material is pure; no other peaks in the UV signal were
observed (Fig. 6B). Furthermore, the calculated molecular weight, ~96-106 kDa,
corresponded with the expected molecular weight of the glycosylated trimeric
polypeptide (Fig. 6C).

The above data indicated that purification of the polypeptides was achieved by
a straightforward 2 step protocol resulting in very pure trimeric protein with high

efficiency and yields well above 100 mg/L culture supernatant.

Example 4: Characterization of trimerization of polypeptides of the invention by size
exclusion chromatography in the presence of binding Fab fragments

Characterization

The folding and temperature stability of the purified polypeptides was
assessed by (i) SEC-MALS analysis in presence of Fab-fragments, (ii) by Enzyme-
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Linked Immuno Sorbent Assay (ELISA), and (iii) by Differential Scanning
Fluorimetry (DSF).

In-solution binding of Fab fragments to the polypeptides of the invention (also
referred to as “mini-HA proteins™) was monitored by Size Exclusion Chromatography
(SEC) and multi-angle light scattering (MALS) analysis using a high-performance
liquid chromatography system (Agilent) and miniDAWN TREOS instrument coupled
to a Optilab T-rEX Refractive Index detector (Wyatt Technology). In total, 40pg of
the polypeptide or Fab fragments of mAbs CR6261, CR9114 and a negative control
antibody were applied to a TSK-Gel G3000SWxI column (Sigma Aldrich)
equilibrated in running buffer (150 mM NaPi, 50 mM NaCl, pH 7.0). Complex
formation was verified by analysis of the polypeptides incubated in the presence of a
1.2-fold molar excess of Fab fragments. The data were analyzed by the Astra 6
software package and molecular weight calculations were derived from the refractive
index signal.

The avidity of CR6261 and CR9114 binding to the polypeptides was assessed
by biolayer interferometry measurements using an Octet RED384 (F orteBio).
Biotinylated antibodies were immobilized on Streptavidin (SA) Dip and Read
biosensors for kinetics (ForteBio). Real-time binding curves were measured by
applying the sensor in a two-fold dilution series of the polypeptide in PBS diluted 10x
concentrated kinetics buffer (ForteBio). The starting concentrations of the
polypeptides were in the range of 0.15-10 nM. Dissociation constants (KD) were
determined using steady state analysis, assuming a 1:1 binding model for bnAb to the
polypeptides.

In addition, binding of antibodies and single domain antibodies (SDs) to the
stem polypeptides of the invention was assessed by ELISA. First 50 pg per well of the
protein was coated to the surface of OptiPlate-96 high bind plates (Perkin Elmer) in
Phosphate Buffered Saline (PBS). Following overnight incubation at 4°C, washing
(three times with PBS + 0.05% Tween-20), blocking (1.5 hour at Room Temperature
with PBS + 0.05% Tween-20 + 1% Bovine Serum Albumin), and washing (three
times with PBS + 0.05% Tween-20), the plates were incubated for 1 hour at RT with
the mAb and SDs in a three-fold dilution series with a starting concentration of 70 nM
or 100 nM respectively. After another wash (three times with PBS + 0.05% Tween-
20) the Horse Radish Peroxidase conjugated to Mouse anti-human IgG (Jackson) was
added in a 1:1000 dilution in block buffer (PBS + 0.05% Tween-20 + 1% Bovine
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Serum Albumin). After another 1 hour incubation at RT and subsequent wash (three
times with PBS + 0.05% Tween-20), BM Chemiluminescence ELISA Substrate
(Roche) was added and following a 15-minute incubation the luminescent signal was
measured using a Synergy Neo plate reader (Perkin Elmer). The half maximum
effective concentration (ECso) values were calculated by the Spotfire suite (Tibco
Software Inc.). The ECso is directly correlated to the binding strength of the respective
antibody and thereby a measure for the quality of the antigen, i.e. its proper folding
and stability.

The protein temperature stability was determined by DSF through monitoring
the fluorescent emission of the polypeptide solution (6 pg) in the presence of 5x
Sypro Orange Dye (ThermoFisher Scientific). Upon gradual increase of the
temperature, from 25°C to 95°C (60°C per hour), the polypeptides unfold and the
fluorescent dye binds to the exposed hydrophobic residues. The melt curves were
measured using a ViiA7 real time PCR machine (Applied BioSystems) and the Tmso
values were calculated by the Spotfire suite (Tibco Software Inc.). The Tmso values
represent the temperature at which 50% of the protein is unfolded and thus are a
measure for the temperature stability of the polypeptides. Additionally, heat-induced
denaturation was also determined by DSC in which the thermal transition midpoint
(Tm) was determined by monitoring the difference in energy input between the
sample and the reference cell using a MacriCal DSC system (Malvern). At a
concentration of 1 mg/mL the samples were gradually heated, from 20°C to 90°C
(100°C per hour), and the runs were analyzed by the Origin software (Malvemn).
Based on the temperature (°C) vs heat capacity (kcal/mol/°C) plots the Tm values

were calculated.

Results and conclusion

The theoretical molecular weight of the trimeric polypeptides based on amino
acids only is ~90 kDa, however, as each protein contains 5 N-linked glycosylation
motifs (NxT/S) the molecular weight will be higher when produced in a mammalian
expression system. The molecular weights as determined by SEC-MALS analysis
were calculated to be in the range of 96-106 kDa indicating that the proteins are, as

expected, significantly glycosylated (Table 1).
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Table 1. Molecular weight of polypeptides of the invention (second column) and of
the polypeptides in complex with the Fab fragments of bnAb CR6261 and CR9114
(third and fourth column) as determined by SEC-MALS using the signal for the
refractive index. The molecular weight (MW) of Fab6261 and Fab9114 was
determined at ~44 kDa.

Polypeptide MW polypeptide MW polypeptide MW polypeptide

ID (kDa) + Fab6261 (kDa) + Fab9114 (kDa)
UFV5367 98 204 228
UFV160655 96 204 225
UFV5369 97 212 225
UFV160656 103 217 235
UFV160664 98 211 226
UFV160665 106 235 254

Antibody binding to the polypeptides indicates the correct folding of the
polypeptides, and the presence of correctly folded epitopes of the broadly neutralizing
antibodies (bnAbs). In solution binding of Fab-fragments CR9114, CR6261 and a
non-binding Fab (negative control) was assessed by SEC-MALS analysis, as
described above. Upon binding of the Fab-fragment to the polypeptide the molecular
weight increase will result in a visible peak shift (shortened retention time) in the
SEC. Furthermore, monitoring the MALS signal enables a molecular weight
calculation of the complex formed. As anticipated, the Fab-fragment used as negative
control did not bind; i.e. no peak shift of the polypeptide was observed upon addition
of the Fab-fragment (Fig. 7A). In contrast, a clear peak shift to a shorter retention time
was observed upon incubation with the other two Fab-fragments (Fig. 7B and C).
Furthermore, the molecular weight determination of the complex indicated that the
polypeptide binds 3 Fab-fragments (Table 1), confirming that all three monomers
within the trimeric polypeptide are properly folded and accessible for the antibodies.

To further assess the quality and folding of the polypeptides the dissociation
constant (Kp) of the bnAbs CR6261 and CR9114 binding was determined by biolayer
interferometry (Table 2). For all polypeptides, the binding avidity was below 1nM

indicating that the trimeric polypeptides represent the native HA stem surface.
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Table 2. Binding of CR6261 and CR9114 to stem polypeptides of the invention. Kp
values of CR6261 and CR9114 binding as determined by biolayer interferometry and
steady state analysis. Full length HA HIN1 A/Brisbane/59/07 was taken along for

comparison.
Polypeptide ID CR6261 Ko (10 CRI114
HA Brisbane 1.1 0.71
UFV5367 0.48 0.45
UFV160655 0.55 0.49
UFV5369 0.97 0.56
UFV160656 0.60 0.54
UFV160664 0.57 0.46
UFV160665 0.56 0.39

Furthermore, the binding of antibodies was assessed by ELISA. Based on the
S-curves ECso values were calculated that confirmed proper folding of the
polypeptides. Both antibodies bound very strongly with ECso values below 1nM
(Table 3).

Table 3. Binding strength of antibodies to the purified polypeptides as determined by
ELISA (Average EC50 values in nM of the S-curves of 3 independent assays).

Polypeptide ID CR6261 CR9114
UFV5367 0.417 0.410
UFV160655 0.396 0.400
UFV5369 0.391 0.389
UFV160656 0.432 0.410
UFV160664 0.395 0.379
UFV160665 0.425 0.409

The thermal stability is a measure for the resilience of the polypeptides when
exposed to stress, and thus for stability of the polypeptides. The polypeptides of the
invention were gradually heated in the presence of a fluorescent dye that, over the
course of the experiment, binds to the unfolding protein and the resulting change in
fluorescence intensity was used to calculate the Tmso values (Table 4). Whereas the
parental designs (UFV5367 and UFV5369) displayed a Tmso value of ~52 and ~57
°C, respectively, strikingly, the polypeptides of the invention displayed values that are
significantly higher (up to ~7 °C), indicating a significantly improved stability. A
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similar difference between the parental designs and the polypeptides of the invention
was observed for the Tm values as determined by DSC. Overall the Tm-values (DSC)
were ~2°C higher than the Tm50 values (DSF) which was due to the difference in the
way these values are determined; for DSC, the temperature at the peak max was

determined, whereas for DSF the temperature was determined at ¥ peak heights.

Table 4. Overview of Tm50 values of the purified polypeptides as determined by
DSF and DSC.

Polypeptide ID Tmso (°C)
DSF DSC
UFV5367 51.8+0.09 -
UFV160655 58.5+0.21 -
UFV5369 57.2+0.08 59.1+0.01
UFV160656 64.1+0.14 66.2 +£0.07
UFV160664 63.3+-0.12 65.3+0.01
UFV160665 62.5+0.16 65.2+0.16

The molecular weight of the polypeptides, the observed Fab-fragment binding
in solution and the strong binding of Abs indicated that the parental designs and the
polypeptides of the inventions are trimeric and well folded. Furthermore, as indicated
by the calculated Tm50/Tm values, the polypeptides of the invention were
considerably more resistant to thermal stress compared to the parental designs. Taken
together the binding data and thermostability data indicate that the polypeptides of the
invention are trimeric in solution, are properly folded (3 epitopes) and display

significantly improved thermal stability compared to their parental designs.

Example 5: Alternative deletions, linkers and head domain sequences according to

the invention

Designs
The influenza hemagglutinin (HA) stem polypeptides of the invention

described above were derived from full length HA by deleting a part of the HA1
domain comprising the amino acids from position 47 up to and including the amino
acid at position 306. No linking sequence was introduced. In the parental designs the
deletion comprised the amino acids 46-306 and the two HA1 ends after deletion were
connected by an artificial “GGGG-linker” (Fig. 8).



10

15

19766

56

In this Example, further alternative cutting positions of the head and
alternative homologous linkers were explored. Table 5 shows alternative cutting
positions for removal of the HA1 head domain. The HA1 ends in the parental design
are indicated in grey. The construct UFV160360 (SEQ ID NO: 63) comprises a
deletion from the amino acid at position 46 up to and including the amino acid at
position 306 and a 4G linker replacing the deleted portion in the HA1 domain, and
further comprises the point mutations Y392P, R404Q, E434Q, and S442A. New
constructs were made wherein up to 7 additional amino acid residues of the HA1
domain (HA1 up), the first (N-terminal) HA1 domain, and up to 4 additional amino
acid residues of the HA1 down strand (the second, or C-terminal HA1 domain) were
included, or up to 2 amino acid residues deleted, thus varying the size of the head
deletion. These constructs also all comprised the point mutations Y392P, R404Q,
E434Q, and S442A.

Table 5: Alternative head domain deletions, see also Fig. 5). The * indicates the
mutation of a free cysteine (C) to a G. The numbers of the amino acid positions
indicate amino acid position according to H3 numbering convention.

0 eletio H A

A/Brisbane/59/07 N|L|L|E|N|S|H|N|G|K |1lG|[K|CclP|K]Y

A/California/07/09 G|K|L|C|K]|...|T|G|E|C]|P

4
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Table 6 below shows alternative homologous linkers. The HA1 ends in the

parental design are indicated in dark grey. Up to 5 residue long homologous linkers,

i.e. originating from the HA1 domain were introduced to connect the HA1 ends.

Again, the other constructs also all comprised the point mutations Y392P, R404Q,
E434Q, and S442A.

Table 6: Alternative linkers derived from the deleted homologous head domain. The

amino acid positions indicate amino acid position according to H3 numbering

convention.
[] \ ce A 0

A/Brisbane/59/07 N|L|L|E[N|[s|H|N|G|K clpP|K|Y|V]:K"
A/California/07/09 N|{L|L|E|D|K|H|N|G[K|L{|{C|K]|. c|P}|K|Y/[|V]R
AA position # 41| 42| 43| 44|45|46|47)|48|49|50|51|52|53 305|306 (307|308 |309]| 310
UFV160360 NlL|L|E|D|G|G|G|G Ky velico
UFv160380 [N |L|L|E|D|[A|G]|S|G K| vpvic:

UFV160381 [N|L|L|E|[D|A[G|S K v|vick

UFV160382 |N| L |L|E|D|A|G|S|G|1 KLysviies

UFv160383 [N|L|{L|E|D[A|G|S|G|1 St e I A IR oF

UFV160384 {[N|L|L|E|D{G|S|G|1 Ky |ove|res

UFV160385 [N|L|L |E|D|G|S|G K|Y | vicd

UFV16038 |[N|L|[L|E|D{H[A|G|A K|'Y [ .Vi|Cx

UFV160387 |[IN{L (L |E{D|D|(Q|E]|G Ky vi]ic:

UFV160388 ([N|L|L |E|D|(D|T|P|V KoYV Cn

UFV160389 [N |[L|L |E|D|F|P|K|T KX veie:

UFV16039% {N|L|L|E|{D|E|P|G|D K|vY|v].C

UFV160391 |[N|[L|L|E|D|E{P|G K|y |vicC.

UFV160392 |{N|L|L|E|D|T|G|N|L K |'Y'|v:|:c

UFV160393 [Nl L|L|E|D|T|P|S|S K| YA VR

UFV160394 [N |L|{L|E[D|T|P|S Ki|ly | vi|oco

UFV160395 |[N|L|L|E|[D|A|T|G|N K| v vilco

UFV160396 [N|L|L|E|D|Y|P|G|D K|YlvicCk

UFV160397 [N |L{L|E|D|Y|P|G|D ' J.vier

Characterization

DNA fragments encoding the polypeptides listed in table 5 and 6 were

synthesized (Genscript) and cloned in the pcDNA2004 plasmid (in-house modified

pcDNA3 vector with an enhanced CMV promotor). The polypeptides, including a C-

terminal FLAG-linker-His tag for screening purpose, were produced in eukaryotic cell

line Expi293F cells at microscale (200 pL). In short, cells were seeded in a 96-well

microplate format (Greiner) at a cell density of 2.5E+06 viable cells (vc)/mL in Opti-
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MEM (Gibco). Cells were transiently transfected using the ExpiFectamine 293
transfection kit (Gibco) and incubation for 3 days at 37°C, 250 rpm, 8% CO2 and
75% humidity. The culture supernatants were harvested by centrifugation (10 min. at
400xg) using a white 96-well Filter plates (0.22 pm PVDF membrane) to remove
aggregates and cell debris.

The amount of polypeptides present in the culture supernatant, protein folding
and trimer content were all assessed by Amplified Homogeneous Assay (AlphaLISA).
Appropriate polypeptide dilutions in the linear range of the curve were used for
analysis and all data was normalized to construct UFV160360 (SEQ ID NO: 63) that
was set to 100%.

The relative polypeptide quantity in the harvested culture supernatant was
determined by using Nickel donor beads (Perkin Elmer) and Anti-Flag Acceptor
beads (Perkin Elmer). Appropriate dilutions of the culture supernatant in the linear
range of the curve were used to avoid the hook-effect.

Similarly, the folding of the expressed polypeptides was verified by
assessment of binding of antibodies CR9114 (2 nM) and single domain SD15004 (2
nM). For detection of the antibody binding Anti-human IgG Acceptor beads (Perkin
Elmer) and Nickel Donor beads (Perkin Elmer) was used, for detecting binding of the
Streptactin-tagged single domain Anti-His Acceptor beads (Perkin Elmer) and
Streptactin Donor beads (Perkin Elmer) were used.

The multimer content was measured by simultaneous binding of CR9114 (2
nM) and Streptactin tagged SD15016 (2 nM) using a protocol similar to as described
in example 2. The polypeptide was titrated based on protein concentration, as
determined by OCTET. Only trimeric molecules offering both antibodies to bind give

a signal in this assay (in contrast to monomers, dimers and potential aggregates).

Results and conclusion

Overall the polypeptides were expressed at a similar level to the reference
protein (UFV160360) and no significant differences were observed between the
designs with the alternative cutting positions (i.e. alternative head domain deletions)
and the designs in which the HA1 ends were connected with a linker originating from
the head domain (Fig. 9A). Similarly, no significant differences were observed for
binding of bnAb CR9114 (Fig. 9B).
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In contrast, some differences in relative trimer content were observed (Fig.
9C); the designs were less prone to forming trimeric mini-HA. On average, a ~2-fold
decrease was observed for the designs in which an alternative cut was introduced
whereas a ~3-fold decrease was observed across the designs in which the “GGGG-
linker” is replaced by a sequence from the head domain.

These results show that although the trimeric content is somewhat decreased,
well expressing and stable stem polypeptides were obtained which were correctly

folded to present the epitope of the broadly neutralizing antibody CR9114.

Example 6: HAI/HA?2 cleavage site variations: knock out, monobasic and polybasic
cleavage site

Cleavage of the influenza HAO protein (in HA1 and HA2) is required for its
activity, facilitating the entry of the viral genome into the target cells by causing the
fusion of host membrane with the viral membrane. The polypeptides of the invention
described above were all expressed with the cleavage site knock-out mutation R329Q
to prevent putative cleavage of the molecule during production in vitro and/or in vivo.

In this Example, several stem polypeptides were expressed with the natural
monobasic cleavage site or including a polybasic cleavage site, e.g. a Furin cleavage

site (Table 7). The polypeptides also comprised the mutations at position 392 and 434.

Table 7. Cleavage site variants.

D ,,'Cléavagevi‘,Site':‘_ S : Sequence
UFV150850 Knocked out R329Q
UFV160302 Monobasic R329 (wildtype)
UFV160301 Polybasic RRRKK
UFV160503 Polybasic RKRR

Culture supernatant analysis

DNA fragments encoding the polypeptides listed in table 7 were synthesized
as described in Example 5.

The level of expressed polypeptide in the harvested culture supernatant was
assessed through Bio-Layer Interferometry using the OCTET platform. In short
biotinylated mAb CR9114 was immobilized on Streptavidin (SA) biosensors (Pall
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FortéBio) following which a standard curve was established by assessing the binding
shift of a dilution series of a well-defined purified homologous polypeptide.
Subsequently the binding shift of pre-diluted harvested culture supernatant containing
the polypeptide (5-15 pg/mL diluted in kinetics buffer) was measured and the

concentration was calculated using the established reference curve.

Results and conclusion

No effect on the expression level was observed for the polypeptides in which a
monobasic (R)- or polybasic cleavage site (RRRKK) was inserted, i.e. UFV160302
and UFV160301 respectively (Fig. 10). Both polypeptides were expressed at similar
levels and showed similar levels of trimer content compared to the reference
polypeptide UFV150850, which is resistant to protease cleavage through mutation of
the amino acid at position 329 into Q.

For the second introduced polybasic cleavage site introduced (RKRR) a ~2-

fold decrease in expression level and trimer content was observed (UFV160503).

Example 7: Example sequences of GCN4 or alternative heptad repeat trimerization

domains

Designs

In the polypeptides of the invention as decribed aboVe, the N-terminal end of
the C-helix (top part of the molecule, see Fig. 1C), in particular the amino acid
sequence starting from the amino acid at position 405 up to and including the amino
acid at position 419 of the HA2 domain, was replaced by the GCN4 trimerization
domain of SEQ ID NO: 113 in order to improve the trimerization tendency of the
molecule. In this Example, optimizations of the coiled-coil interface were successfully
explored by optimization of the heptad repeat sequence of the C-helix. Table 8 shows
an alternative trimerization sequence in the polypeptide UFV160090 (SEQ ID NO:
56). The mutations in the N-terminal region of the C-helix are highlighted in light
grey. The trimerization sequence of UFV160097 (SEQ ID NO: 58) is identical to the
polypeptides as described in Example 1. The differences of the heptad repeat
sequence in the N-terminal part of the C-helix with the Wild type HA are highlighted

in grey.
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Table 8: Sequences of GCN4 or alternative hepta repeat trimerization domains (for
A/California/07/09 HA derived polypeptides). Numbers at the top indicate amino acid

position according to H3 numbering convention.

wt A/Californi wt (R L|N|K|{K|V|D|D|G L|D
GCN4 160097 |.C | M| K | Q| 1| E|D| K ['T | E|E| 1 E{S|K:
alternative heptad repeat | 160090 | C | 1 [ E |A|K|E|K|K|V|D|D|1|E KK

Culture supernatant analysis

DNA fragments encoding the polypeptides listed in Table 8 were synthesized as
described above in Example 5.

All assessments on the harvested culture supernatants were performed by
AlphaLISA similar as described for example 5. The CR9114 binding data was

normalized on expression level.

Results and conclusion

AlphaLISA assessment of the harvested culture supernatants on polypeptide
expression level, trimer content and CR9114 binding indicated that an alternative
optimization of the C-helix trimer interface (i.e. other than the GCN4-like repeat, as
present in the polypeptides described above) was tolerated. An improved protein
expression level was observed (~2 fold), although a reduction in trimer content was

observed (~2 fold). Binding of CR9114 was not affected (Fig. 11).

Example 8: Alternative truncations at the C-terminus of the stem polypeptides of the

invention

Designs

Hemagglutinin is a membrane protein that is located on the surface of the viral
particle with the C-terminal part of the protein embedded in the viral membrane. For
the soluble versions of the polypeptides of the invention the transmembrane domain
was deleted by a truncation at the start of the transmembrane domain (TM).

Additionally, alternative truncation positions were evaluated as well (Table 9 and 10).
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Table 9. Alternative truncations of the C-terminus of the HA2 domain (for
A/Brisbane/59/07 HA derived polypeptides). Numbers at the top indicate amino acid
positio to H3 numbering convention.

UFV5367
UFV150565
UFV150566
UFV150567
UFV150568
UFV150569
UFV150570
UFV150571
UFV150572
UFV150573
UFV150574

ol Vel Vel e

<| <] <] <| <
<| <] =<| =<| =

HEIEREREE
o|lalololofa

m|m| | m| m| o] =

Rl Rl R| R R R AR
ol Hal Hal Hal Heal Mol B ol Bl o

ol o] ol ol o o] e o &
<| <| <| <[ <| <| <| <| <

vl vl Bivl el Bl Bel vl el el i -

mlm|m| oo o o o @ o]
Rl R R R R AR AR AR

RIAR| R AR AR R R AR AR
ol ol Nl ol Bl Nal Hal Mol Nal Nl Hal B
Z|lz|z|lz|Z|z| 2| Z| 2] Z] 2| 2
Al B R R R R R R R RR

Table 10. Truncation of the C-terminus of the HA2 domain (for A/Califrnia/07/09
HA derived polypeptides). Numbers at the top indicate amino acid position according
to H3 numbering convention.

496[497]498|499}500]501|502|503[504|505]506]507|508{509]510|511]512|513|514]515 5!6 517518 519

A/California/07/09| K| L|N|R|E|E|I|D|G|V|K|L|E|S|T|R|I|Y|Q]|I NEEE?

UFV5369 K|IL|N[R|IE|E|I|D|G|V|K|L|E|S|T|R|I[Y|Q|I]

UFV150575 KLNREEIDGVKLESTRIYQI»VI:

UFV150576 K|L|N|R|E|E|I|D|G|V|K|L}JE|[S|T|R|[I]|Y|Q|I|L]|A

UFV150577 K|L|N|R|E|E|I|D|G|VI|K|L|E|S|T|R|I]Y -

UFV150578 K|LIN|RJE|E|I|D|G|V|K|L|E|S|T|R

UFV150579 K|IL|N|R|E|E|T|D|G|V|K|L|E|S

UFV150580 K|LIN|RJE|E|I|D|G|V|K|L

UFV150581 K|L|N|R|E|E|I|D|G|V

UFV150582 K{LIN|R|E|E]JI|D

UFV150583 K|L[N|R|E|E

UFV150584 K|L|N|R
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Culture supernatant analysis

DNA fragments encoding the polypeptides listed in Table 9 and Table 10 were
synthesized as described in Example 5.

The harvested culture supernatants were analyzed for the presence of
expressed polypeptide by Western Blotting. Samples were run on an SDS-PAGE gel,
4-12% Bis-Tris (ThermoFisher Scientific) under non-reducing conditions and
transferred to a PVDF membrane using the iBlot id 2.0 system (ThermoFisher
Scientific). For visualization of the bands corresponding with the polypeptides the
membrane was blocked with 0.2% blocking agent (Milk powder — BioRad) in TBST
prior to incubation with the H1 strain specific derived Hemagglutinin proteins and
biotinylated single domain antibody (Influenza 6) sufficiently dilution in block buffer.
Following washing (TBST) the membrane was incubated with HRP-labelled
Streptavidin (Becton Dickinson 1:250 dilution in block buffer). Subsequently,
following another wash step (TBST) the protein bands were visualized by incubation
with Trueblue peroxidase substrate (KPL).

Binding of broadly neutralizing monoclonal antibody CR9114 to the expressed
polypeptides of the invention was assessed in the harvested culture supernatant
through Bio-Layer Interferometry using the OCTET platform. In short, two-fold
diluted supernatants in kinetics buffer (Pall FortéBio) were assessed by Streptavidin
(SA) biosensors (Pall FortéBio) loaded with biotinylated CR9114. Curve fitting over
the initial 20 seconds of the association step is performed to calculate Kon values; the
concentration of the polypeptides in the culture supernatants was set to 50mM and the

curves were fitted in a 1:1 model. A MOCK sample was included as negative control.

Results and conclusion

Minimal effect of the alternative C-terminal truncations was observed on the
expression level of the polypeptides. All variants, except UFV150565 and
UFV150574, displayed a clear band at trimeric height in the Western blot analysis of
harvested culture supernatants (Fig. 12A).

The Octet analysis indicated that almost all designs (except UFV150575) did
bind to the immobilized CR9114 (Fig. 12B), although overall lower Kon values were
observed for the C-terminal variants compared to the reference designs 5367 and

5369. This likely was partially due to the basic curve fitting procedure assuming
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identical protein concentration for all designs; however, binding of the polypeptide to
the antibody is evident.

The results clearly show that truncations up to position 502 are possible.

Example 9: Interprotomeric disulfide bridges; alternative positions

Designs

The polypeptides of the invention are purified from the culture supernatant as
covalent trimeric proteins. In the polypeptides as described earlier the covalent link
has been established by the introduction of two cysteine residues, in the B-loop
(position 397) and C-helix (position 405), that form a disulfide bridge by pairing with
the cysteine residue in the adjacent monomer (intermonomeric disulphide bridge). In
this Example, two alternative positions for these interprotomeric disulfide bridges

were explored (Table 11).

Table 11. Alternative positions for the cysteine residues that form inter-protomeric

disulfide bridges. * Knocked out N-linked glycan motif (NxS) at position 400.

BT

ctionat .
neeonat - _ Parental Influ

amino acid|postion _

UFV160090 397 + 405 H1N1 A/California/07/09
UFV160093 398 + 405 H1N1 A/California/07/09
UFV160088* 396 + 408 H1N1 A/Brisbane/59/07

Culture supernatant analysis

DNA fragments encoding the polypeptides were synthesized as described
above.
All assessments on the harvested culture supernatants were performed by AlphalL.ISA

as described in Example 7.
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Results and conclusion

AlphaLISA assessment of the harvested culture supernatants on polypeptide
expression level, trimer content and CR9114 binding indicated that the alternative
inter-protomeric disulfide bridges displayed similar or better than the reference
polypeptide UFV160090 (Fig. 13). These data indicated introduction of cysteine
residues at positions 398 and 405 (UFV160093) and 396 and 408 (UFV160088)
provided an alternative to the inter-protomeric disulfide bridge formed by the
introduced cysteines at the positions 397 and 405 (UFV160090).

Example 10: Protection against lethal challenge with HIN1 A/Brisbane/59/07 afier

immunization of naive mice with polypeptides of the invention

In this example, the protective efficacy (based on survival proportion at the
end of the follow-up period) of a dose range of AIOH3-adjuvanted UFV160664 in
comparison to mock-immunized (PBS) animals and to a fixed dose of UFV4900
(exploratory) was evaluated.

Groups of 8-11 female BALB/c mice (age 6-8 weeks) were intramuscularly
immunized 2 times at a 3-week interval with a dose range of soluble trimeric
UFV160664 adjuvanted with 50 ug AIOH3 (formulated as 2% Alyhydrogel). The
dose range consisted of 4 10-fold dilutions starting at 30 pg up till 0.03 pg. Asa
positive control for the challenge model mice were immunized twice with 30 pg
soluble trimeric UFV4900 (n=10), while 2 immunizations with PBS served as a
negative control (n=11). Four weeks after the last immunization mice were bled to
analyze the immune response (HIN1 A/Brisbane/59/07 full-length (FL) HA ELISA),
and one day later the mice were challenged with 25xL. D50 mouse-adapted HIN1
A/Brisbane/59/07 challenge virus and monitored (survival, weight, clinical scores) for

3 weeks. Survival proportion at end of follow-up was the primary outcome parameter.

Results

It was shown that AIOH;- adjuvanted UFV160664 was immunogenic as HIN1
A/Brisbane/59/07 FL HA ELISA titers were significantly increased (P<0.001; Mann-
Whitney-U test with stepwise, starting at highest dose and Bonferroni adjustment for

multiple comparisons) compared to the PBS group for all doses tested. Titers of the 30
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nug UFV160664 dose immunized animals were comparable to the 30 pg UFV4900
group (Fig 15).

In addition, AIOH3- adjuvanted UFV 160664 provided significant protection
(P<0.003; Fisher’s exact test, Bonferroni correction over constructs, and step-wise
testing, starting at highest dose) for all doses, except 0.03 pg, compared to the PBS
group. Survival proportion of the 30 pg UFV160664 group (87.5%) was comparable
to the 30 pg UFV4900 group (90%) (Fig 16; upper panel). The bodyweight loss
(defined by area under the curve) was significantly reduced (P<0.012; ANOVA, 2-
fold Bonferroni correction over constructs, and step-wise testing, starting at highest
dose) for all doses, except 0.03 pg, compared to the PBS group. Bodyweight loss of
the 30 pg UFV160664 group was comparable to the 30 pg UFV4900 group (Fig 16;

lower panel).

Conclusion

According to the present invention, it has been shown that AIOH3- adjuvanted
UFV160664 is immunogenic and provides protection in a lethal HIN1
A/Brisbane/59/07 mouse challenge model. The immunogenicity and protective
efficacy is comparable to AIOH3- adjuvanted UFV4900.

Example 11: Protection against lethal challenge with HINI A/Puerto Rico/8/34 after

immunization of naive mice with polypeptides of the invention

In this example, the protective efficacy (based on survival proportion at the
end of the follow-up period) of a dose range of 2% Adjuplex- adjuvanted UFV160664
in comparison to mock-immunized (PBS) animals and to a fixed dose of UFV4900
(exploratory) was evaluated.

Again, groups of 8-11 female BALB/c mice (age 6-8 weeks) were
intramuscularly immunized 2 times at a 3-week interval with a dose range of soluble
trimeric UFV160664 adjuvanted with 2% (v/v) Adjuplex. The dose range consisted of
4 10-fold dilutions starting at 30 mcg up till 0.03 pg. As a positive control for the
challenge model mice were immunized twice with 30 pg soluble trimeric UFV4900
(n=10), while 2 immunizations with PBS served as a negative control (n=11). Four

weeks after the last immunization mice were challenged with 12.5xL D50 mouse-
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adapted HIN1 A/Puerto Rico/8/34 challenge virus and monitored (sufvival, weight,
clinical scores) for 3 weeks. Survival proportion at end of follow-up was the primary

outcome parameter.

Results

It was shown that 2% Adjuplex- adjuvanted UFV160664 provided significant
protection (P<0.003; Fisher’s exact test, Bonferroni correction over constructs, and
step-wise testing, starting at highest dose) for all doses, except 0.03 pg, compared to
the PBS group. Survival proportion of the 30 pg UFV160664 group (100%) was
identical to the 30 pg UFV4900 group (100%) (Fig. 17; upper panel).

The bodyweight loss (defined by area under the curve) was significantly reduced
(P<0.026; ANOVA, 2-fold Bonferroni correction over constructs, and step-wise
testing, starting at highest dose) for all doses, compared to the PBS group.
Bodyweight loss of the 30 mcg UFV160664 group was comparable to the 30 mg
UFV4900 group (Fig 17, lower panel).

Conclusion

According to the present invention, it has been shown that 2% Adjuplex-
adjuvanted UFV160664 provides protection in a lethal HIN1 A/Puerto Rico/8/34
mouse challenge model. Protective efficacy is comparable to 2% Adjuplex-

adjuvanted UFV4900.

Example 12: Polypeptides of the invention are immunogenic and shows comparable
efficacy relative to a standard-of-care vaccine in a HIN1 A/Netherlands/602/09 naive
ferret challenge model

In this example, the in vivo immunogenicity and protective efficacy (based on
lung viral load at end of follow-up) of two doses of UFV160664 in comparison to
adjuvant-only immunized animals and to a standard-of-care seasonal influenza
vaccine in a HIN1 A/Netherlands/602/09 naive ferret challenge model was evaluated.

Groups (n=6) of naive female ferrets were immunized intramuscularly three
times, 3 weeks apart, with 50 or 5 pg UFV160664 adjuvanted with 5% Adjuplex. A
negative control group was immunized with adjuvant only. A reference group

representing standard of care was immunized with a commercially available standard-
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of-care (SoC) seasonal influenza vaccine. Four weeks after the final immunization
animals were challenged intratracheally with 105 TCID50 HIN1
A/Netherlands/602/09 at day 0. During the 4-day follow-up period several virological

and clinical parameters were recorded.

Results

It was shown that both doses of 5% Adjuplex- adjuvanted UFV160664 induced
significantly higher H1 A/California/07/09 HA-specific antibody titers compared to
the adjuvant only group titers (P<0.001; censored ANOVA, with post-hoc t-test.
Bonferroni correction for multiple comparisons and stepwise testing, starting at the
highest dose), while SoC did not (Fig 18). Both doses of 5% Adjuplex- adjuvanted
UFV160664 induced significant higher H1 A/California/07/09 HA-specific antibody
titers compared to the adjuvant only group titers (P<0.001; censored ANOVA, with
post-hoc t-test, Bonferroni correction for multiple comparisons and stepwise testing,
starting at the highest dose), while SoC did not (Fig 18).

In addition, both doses of 5% Adjuplex- adjuvanted UFV160664 induced
significantly higher H1 A/California/07/09 HA stem-specific antibody titers
(measured with a CR9114 competition assay) compared to the adjuvant only group
titers (P<0.001; censored ANOVA, with post-hoc t-test, Bonferroni correction for
multiple comparisons and stepwise testing, starting at the highest dose), while SoC
did not (Fig. 19).

The 50 pg 5% Adjuplex- adjuvanted UFV160664 dose and SoC significantly
reduced lung viral load compared to the adjuvant only group titers (50 pg
UFV160664: P<0.001, SoC: P<0.05; censored ANOVA, with post-hoc t-test,
Bonferroni correction for multiple comparisons and stepwise testing, starting at the
highest dose) (Fig 20).

Conclusion
According to the present invention it has been shown that both doses of 5%
Adjuplex- adjuvanted UFV160664 are immunogenic and that the 50 ug dose provides

protection comparable to SoC vaccine reference group.



10

15

20

25

30

19766

69

Example 13: Polypeptides of the invention shows comparable efficacy relative to a
positive control in a HSN1 A/Indonesia/05/05 naive ferret challenge model

In this example, the in vivo immunogenicity and protective efficacy (based on
lung viral load at end of follow-up) of two doses of UFV160664 was evaluated in
comparison to adjuvant-only immunized animals and to a positive control group,
immunized with H5 FL. HA homologous to the challenge strain (exploratory) in a
heterosubtypic HSN1 A/Indonesia/05/05 naive ferret challenge model.

Groups (n=6) of naive female ferrets were immunized intramuscularly three
times, 3 weeks apart, with 50 or 5 pg UFV160664 adjuvanted with 5% Adjuplex. A
negative control group was immunized with adjuvant only. A positive control group
was immunized 5% Adjuplex adjuvanted H5 A/Indonesia/05/05 HA, homologous to
the challenge strain. Four weeks after the final immunization animals were challenged
intratracheally with 10° TCID50 H5N1 A/Indonesia/05/05 at day 0. During the 5 day

follow-up period several virological and clinical parameters were recorded.

Results

It was shown that animals immunized with both doses of 5% Adjuplex-
adjuvanted UFV160664 and the positive control group survived the follow-up period,
while the survival proportion of the adjuvant-only group was 25% (Fig. 21). The
cumulative bodyweight loss during follow up was reduced for four out of 6 animals
immunized with 5% Adjuplex-adjuvanted 50 pg UFV160664 compared to the
adjuvant only group. The positive control group had comparable reduction in body
weight loss to the four animals of the 50 pg UFV160664 group, and reduction in
bodyweight loss was significantly less compared to the adjuvant only group (P<0.001;
ANOVA, with post-hoc t-test, Bonferroni correction for multiple comparisons and
stepwise testing, starting at the highest dose) (Fig. 22).

Both the 5% Adjuplex-adjuvanted 50 mcg UFV160664 and the positive control
group significantly reduced lung viral load compared to the adjuvant only group (50
ng UFV160664: P<0.01, positive control: P<0.05; censored ANOVA, with post-hoc
t-test, Bonferroni correction for multiple comparisons and stepwise testing, starting at
the highest dose) (Fig 23).
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Both the 5% Adjuplex-adjuvanted 50 pg UFV160664 and the positive control
group significantly reduced cumulative (daily swabs) throat viral load compared to the
adjuvant only group (50 mcg UFV160664: P<0.05, positive control: P<0.001;
ANOVA, with post-hoc t-test, Bonferroni correction for multiple comparisons and

stepwise testing, starting at the highest dose) (Fig 24).

Conclusion

According to the present invention, it was show that both the 5 pg and 50 pg
UFV160664 doses prevented mortality. In addition, the 50 pg UFV160664 dose
reduced bodyweight loss and significantly reduced lung and throat viral load,

comparable to the positive control group.

Example 14: Humoral and cellular immunogenicity after immunization of naive mice

with adenoviral vector expressing polypeptide of the invention

In this example, the humoral and cellular immunogenicity of a dose range of
an adenovector 26 (Ad26) containing nucleic acid expressing a polypeptide of the
invention (in particular polypeptide UFV 171590), was evaluated. For comparison,
control mice were immunized with the empty adenovector, a fixed dose of 2%
Adjuplex adjuvanted UFV160664 protein, or a heterologous immunization regimen of
UFV171590 prime, adjuvanted UFV160664 boost, was evaluated.

Groups of female BALB/c mice received two intramuscular immunizations, four
weeks apart. Three groups of eight mice were immunized with either 10%, 10° or 10'°
virus particles (vp) of UFV171590. As negative control, four mice received two
immunizations with 10'° vp of the empty adenovector (Ad26_empty). A group of five
mice received two protein immunizations with 30 pg of soluble trimeric UFV160664
adjuvanted with 2% Adjuplex. A group of five mice received a prime immunization
with 10'° vp UFV171590, followed by a boost immunization with 30 pg UFV160664
adjuvanted with 2% Adjuplex. Three weeks after the boost immunization mice were
sacrificed and blood and spleen samples were isolated to analyze the humoral immune
response to H1 A/California/07/09 (full-length (FL) ELISA and stem-competition
ELISA) and the cellular immune response to UFV160664 peptides (T-cell ELISpot),

respectively.
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Results

It was shown that all doses of the adenovector containing nucleic acid
expressing the polypeptide of this invention induced significant H1 A/California FL
HA ELISA binding titers compared to immunization with the empty vector (108 vp,
10° vp and 10'° vp: p<0.001, likelihood ratio test-based Tobit regression model). (Fig
25). In addition, significant HA stem-specific antibody titers (measured with a
CR9114 competition assay) were induced by 10° and 10'° vp of UFV171590
compared to the empty vector (p<0.001; likelihood ratio test-based Tobit regression
model) (Fig. 26). Both prime-boost with adjuvanted UFV160664 as well as
UFV171590 prime, adjuvanted UFV160664 boost, induced significant H1
A/California/07/09 FL HA binding titers (Fig. 25) and HA stem-specific antibody
titers (p<0.001 likelihood ratio test-based Tobit regression model) (Fig. 26).

In addition to a significant humoral response, UFV171590 induced a
significant IFN-y T-cell response compared to the empty vector as measured after
stimulation by UFV160664 peptides by T-cell ELISpot (Fig. 27). All doses of
UFV171590 induced significant T-cell responses (p<0.001; likelihood ratio test-based
Tobit regression model), as well as the group of mice which received UFV171590-
prime followed by UFV160664-boost immunization (p<0.001). Two immunizations
with adjuvanted UFV160664 did not induce a detectable IFN-y T-cell response (Fig.
27).

Conciusion

It has been shown that an adenovector 26 expressing a polypeptide of the
invention (UFV171590) induces significant humoral and cellular responses to H1
A/California/07/09 FL HA in a mouse model, either in a homologous immunization
regimen or in combination with adjuvanted UFV160664 boost. Adjuvanted
UFV160664 also induced a significant humoral immune response but did not induce a

detectable T-cell response in absence of a prime with UFV171590.
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Example 15: Transfer of mutations from polypeptide 160664 to different Group 1

backbones

Protein expression in mammalian cells

DNA fragments encoding additional polypeptides of the invention (i.e. based
on different HA backbones, see Fig. 28A) were synthesized (Genscript) and cloned in
the pcDNA2004 plasmid (in-house modified pcDNA3 vector with an enhanced CMV
promotor). The polypeptides were produced in Expi-CHO cell cultures in
ExpiCHOTM Expression medium by transient transfection using the
ExpiFectamineTM (Gibco, ThermoFisher Scientific). To the Expi-CHO cells cultures,
ExpiFectamine CHO enhancer and ExpiCHO feed (Gibco, ThermoFisher Scientific)
was added one day post transfection. Culture supernatants containing secreted

polypeptides were harvested at day 7 by centrifugation followed by 0.2 um filtration.

Culture supernatant analysis

The level of expressed polypeptide in the harvested culture supernatant was
assessed through Bio-Layer Interferometry using the OCTET platform. In short,
biotinylated mAb CR9114 was immobilized on Streptavidin (SA) biosensors (Pall
FortéBio) following which a standard curve was established by assessing the binding
shift of a dilution series of a well-defined purified homologous polypeptide.
Subsequently the binding shift of pre-diluted harvested culture supernatant containing
the polypeptide (~5-15 pg/mL diluted in kinetics buffer) was measured and the
concentration was calculated using the established calibration curve.

Secondly, the content of polypeptides of the invention in the Expi-CHO
culture harvests was assessed by analytical SEC in a High-Performance Liquid
Chromatography (HPLC) Infinity 1260 series setup (Agilent). Culture supernatant
containing the polypeptide ~3pug protein injection, except for UFV180500 (0.8pg),
was run (1mL/min.) over a TSK gel G3000SWxI column (Sigma-Aldrich) and the
eluate was monitored by UV detection (OD280, mAU). The SEC profiles were
analyzed by the Astra 6 software package (Wyatt Technology). Folding of the
polypeptide was assessed by Amplified Homogeneous Assay (AlphaLISA). This in-
solution and in-binding equilibrium assay is based on successful binding of both a
donor and acceptor bead to the polypeptide. When in close proximity, laser irradiation

of the donor bead at 680nm generates a flow of singlet oxygen, triggering chemical
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events in nearby acceptor bead, resulting in a chemiluminescent emission at 615nm.
AlphaLISA assay was performed by simultaneous addition of Nickel donor beads (10
pg/mL) and anti-human IgG acceptor beads (10 pg/mL, both PerkinElmer) to culture
supernatant in presence of either CR9114 (2nM) or MD3606 (2nM). The polypeptide-
containing culture supernatants were titrated in a 3-fold dilution range starting at 1667
ng/mL. Read out was performed after 2 hours of incubation (room temperature) using

the EnSight™ multimode plate reader (PerkinElmer).

Results and conclusion
Analysis of the 35mL ExpiCHO transfections shows the His-tagged

polypeptides are expressed (Fig. 28A). The expression levels varied from 42mg/L
(backbone H5 A/Vietnam/1203/04) up to 375mg/L (backbone H1 A/California/07/09)
and indicate that all polypeptides express well. Furthermore, the SEC profiles (Fig.
28B) show that for each expressed polypeptide a significant trimeric (T) and a
monomeric (M) fraction is detectable. Differences in relative trimer and monomer
content were observed depending on the utilized backbone strain. To further assess
the correct folding of the polypeptide, binding of a relevant antibody (CR9114) and
multidomain (MD3606) was assessed by AlphaLISA. For all polypeptide a specific
binding signal for both CR9114 and MD3606 was observed (Fig. 28C). The
expression, SEC profiles and binding data indicate that the mutations according to the
present invention (e.g. the mutations of UFV160664, which is based on strain
A/California/07/09) are transferrable to other Group 1 backboneé. Thus, the
polypeptides UFV180496, UFV180497, UFV190498, UFV180499, UFV180500 and
UFV180501, were all correctly folded and trimeric and secreted into the culture

supernatant.
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alanine Ala A nonpolar Neutral
arginine Arg R polar Positive
asparagine Asn N polar Neutral
aspartic acid Asp D polar Negative
cysteine Cys C nonpolar Neutral
glutamic acid Glu E polar Negative
glutamine Gln Q polar Neutral
glycine Gly G nonpolar Neutral
histidine His H polar positive (10%) neutral (90%)
isoleucine Ile I nonpolar Neutral
leucine Leu L nonpolar Neutral
lysine Lys K polar Positive
methionine Met M nonpolar Neutral
phenylalanine Phe F nonpolar Neutral
proline Pro P nonpolar Neutral
serine Ser S polar Neutral
threonine Thr T polar Neutral
tryptophan Trp w nonpolar Neutral
tyrosine Tyr Y polar Neutral
valine Val \" nonpolar Neutral
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SEQUENCES

SEQ ID NO
MKVKLLVLLC
ENSHNGKLCL
NPENGTCYPG
SCSHNGESSF
IGDQKALYHT
EPGDTIIFEA
AINSSLPFQON
GFIEGGWTGM
KMNTQFTAVG
LDFHDSNVKN
DYPKYSEESK
FWMCSNGSLQ

76

1: H1 Full length (A/Brisbane/59/2007)

TFTATYADTI
LKGIAPLQLG
HFADYEELRE
YRNLLWLTGK
ENAYVSVVSS
NGNLIAPRYA
VHPVTIGECP
VDGWYGYHHQ
KEFNKLERRM
LYEKVKSQLK
LNREKIDGVK
CRICI 565

CIGYHANNST
NCSVAGWILG
QLSSVSSFER
NGLYPNLSKS
HYSRKFTPEI
FALSRGFGSG
KYVRSAKLRM
NEQGSGYARD
ENLNKKVDDG
NNAKEIGNGC
LESMGVYQIL

DTVDTVLEKN
NPECELLISK
FEIFPKESSW
YANNKEKEVL
AKRPKVRDQE
IINSNAPMDK
VTGLRNIPSI
QKSTQONAING
FIDIWTYNAE
FEFYHKCNDE
ATIYSTVASSL

VTVTHSVNLL
ESWSYIVEKP
PNHTVTGVSA
VLWGVHHPPN
GRINYYWTLL
CDAKCQTPQG
QSRGLFGAIA
ITNKVNSVIE
LLVLLENERT
CMESVKNGTY
VLLVSLGAIS

19766
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100
150
200
250
300
350
400
450
500
550

SEQ ID NO 2: H1l Full length (A/California/07/2009)
MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGK
LCKLRGVAPLHLGKCNIAGWILGNPECESLSTASSWSYIVETPSSDNGTCYPGDFID
YEELREQLSSVSSFERFEIFPKTSSWPNHDSNKGVTAACPHAGAKSFYKNLIWLVKK
GNSYPKLSKSYINDKGKEVLVLWGIHHPSTSADQQSLYQONADAYVFVGSSRYSKKFK
PEIATIRPKVRDQEGRMNYYWTLVEPGDKITFEATGNLVVPRYAFAMERNAGSGIIIS
DTPVHDCNTTCQTPKGAINTSLPFQNIHPITIGKCPKYVKSTKLRLATGLRNIPSIQ
SRGLFGAIAGFIEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTONAIDEITNKVNSV
IEKMNTQFTAVGKEFNHLEKRIENLNKKVDDGFLDIWTYNAELLVLLENERTLDYHD
SNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLN
REEIDGVKLESTRIYQILAIYSTVASSLVLVVSLGAISFWMCSNGSLQCRICT

SEQ ID NO 3: A/Texas/UR06-0526/2007 (H1N1)
MKVKLLVLLCTFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGK
LCLLKGTAPLQLGNCSVAGWILGNPECELLISKESWSYIVETPNPENGTCYPGYFAD
YEELREQLSSVSSFERFEIFPKESSWPNHTVTGVSASCSHNGKSSFYRNLLWLTGKN
GLYPNLSKSYANNKEKEVLVLWGVHHPPNIGDQRALYHTENAYVSVVSSHYSRRFTP
EIAKRPKVRDQEGRINYYWTLLEPGDTIIFEANGNLIAPRFAFALSRGFGSGIITSN
APMGECDAKCQTPQGAINSSLPFQNVHPVTIGECPKYVRSAKLRMVTGLRNIPSIQS
RGLFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQOQNAINGITNKVNSVI
EKMNTQFTAVGKEFNKLERRMENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHDS
NVKNLYEKVKNQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEESKLNR
EKIDGVKLESMGVYQILATYSTVASSLVLLISLGAISFWMCSNGSLQCRICT

SEQ ID NO 4: A/NewYork/629/1995 (H1N1)

MKVKLLVLLCAFTATYADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGK
LCRLKGTAPLQLGNCSVAGWILGNPECESLFSKESWSYIAETPNPENGTCYPGYFAD
YEELREQLSSVSSFERFEIFPKESSWPNHTVTKGVTASCSHNGKSSFYKNLLWLTEK
NGLYPNLSKSYVNNKEKEVLVLWGVHHPSNIGDQRATYHTENAYVSVVSSHYSRRFT
PEIAKRPKVRDQEGRINYYWTLLEPGDTITIFEANGNLIAPWYAFALSRGFGSGIITS
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NASMSECDAKCQTPQGAINSSLPFQNVHPVTIGECPKYVRSTKLRMVTGLRNIPSTIQ
SRGLFGAIAGFIEGGWTGMIDGWYGYHHQONEQGSGYAADQKSTQNAIDGITNKVNSV
IEKMNTQFTAVGKEFNKLERRMENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHD
SNVKNLYEKVKNQLKNNAKEIGNGCFEFYHKCNNECMESVKNGTYDYPKYSEESKLN
REKIDGVKLESMGVYQILAIYSTVASSLVLLVSLGAISFWMCSNGSLQCRICI

SEQ ID NO 5: A/AA Marton/1943 (H1N1)
MKARLLVLLCALAATDADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSHNGK
LCRLKGIAPLQLGKCNIAGWILGNPECESLLSERSWSYIVETPNSENGTCYPGDFID
YEELREQLSSVSSFERFEIFSKESSWPKHNTTRGVTAACSHAGKSSFYRNLLWLTEK
DGSYPNLNNSYVNKKGKEVLVLWGVHHPSNIKDQQTLYQKENAYVSVVSSNYNRRFT
PEIAERPKVRGQAGRMNYYWTLLKPGDTIMFEANGNLIAPWYAFALSRGFGSGIITS
NASMHECDTKCQTPQGAINSSLPFONIHPVTIGECPKYVRSTKLRMVTGLRNIPSIQ
SRGLFGAIAGFIEGGWTGMIDGWYGYHHQONEQGSGYAADQKSTONAINGITNKVNSV
IEKMNTQFTAVGKEFNNLEKRMENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHD
SNVKNLYEKVKNQLRNNAKEIGNGCFEFYHKCNNECMESVKNGTYDYPKYSEESKLN
REKIDGVKLESMGVYQILAIYSTVASSLVLLVSLGAISFWMCSNGSLQCRICT

SEQ ID NO 6: A/Adachi/2/57 (H2N2)
MAIIYLILLFTAVRGDQICIGYHANNSTEKVDTILERNVTVTHAKDILEKTHNGKLC
KLNGIPPLELGDCSIAGWLLGNPECDRLLSVPEWSYIMEKENPRNGLCYPGSFNDYE
ELKHLLSSVKHFEKVKILPKDRWTQHTTTGGSQACAVSGNPSFFRNMVWLTKKGSDY
PVAKGSYNNTSGEQMLIIWGVHHPIDETEQRTLYQNVGTYVSVGTSTLNKRSTPEIA
TRPKVNGLGSRMEFSWTLLDMWDTINFESTGNLIAPEYGFKISKRGSSGIMKTEGTL
ENCETKCQTPLGAINTTLPFHNVHPLTIGECPKYVKSEKLVLATGLRNVPQIESRGL
FGAIAGFIEGGWQGMVDGWYGYHHSNDQGSGYAADKESTQKAFDGITNKVNSVIEKM
NTQFEAVGKEFGNLERRLENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVK
NLYDKVRMQLRDNVKELGNGCFEFYHKCDDECMNSVKNGTYDYPKYEEESKLNRNETI
KGVKLSSMGVYQILAIYATVAGSLSLAIMMAGISFWMCSNGSLQCRICI

SEQ ID NO 7: A/Singapore/1/57 (H2N2)
MAIIYLILLFTAVRGDQICIGYHANNSTEKVDTILERNVITVTHAKDILEKTHNGKLC
KLNGIPPLELGDCSIAGWLLGNPECDRLLSVPEWSYIMEKENPRDGLCYPGSFNDYE
ELKHLLSSVKHFEKVKILPKDRWTQHTTTGGSRACAVSGNPSFFRNMVWLTEKGSNY
PVAKGSYNNTSGEQMLIIWGVHHPNDEKEQRTLYQNVGTYVSVGTSTLNKRSTPDIA
TRPKVNGLGSRMEFSWTLLDMWDTINFESTGNLIAPEYGFKISKRGSSGIMKTEGTL
ENCETKCQTPLGAINTTLPFHNVHPLTIGECPKYVKSEKLVLATGLRNVPQIESRGL
FGAIAGFIEGGWQGMIDGWYGYHHSNDQGSGYAADKESTQKAFDGITNKVNSVIEKM
NTQFEAVGKEFSNLERRLENLNKKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVK
NLYDKVRMQLRDNVKELGNGCFEFYHKCDDECMNSVKNGTYDYPKYEEESKLNRNEI
KGVKLSSMGVYQILATIYATVAGSLSLATMMAGISFWMCSNGSLQOCRICI
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SEQ ID NO 8: A/Viet Nam/1203/2004 H5N1)
MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKKHNGKL
CDLDGVKPLILRDCSVAGWLLGNPMCDEFINVPEWSYIVEKANPVNDLCYPGDFNDY
EELKHLLSRINHFEKIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNS
TYPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTYISVGTSTLNQRLVPR
IATRSKVNGQSGRMEFFWTILKPNDAINFESNGNFIAPEYAYKIVKKGDSTIMKSEL
EYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQRERR
RKKRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADKESTQKATDGVTNKVN
STIIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLVLMENERTLDF
HDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQYSEEAR
LKREEISGVKLESIGIYQILSIYSTVASSLALAIMVAGLSLWMCSNGSLQCRICI

>CR9114 VH PROTEIN (SEQ ID NO: 9)
QVQLVQSGAEVKKPGSSVKVSCKSSGGTSNNYAISWVRQAPGQGLDWMGGISPIFGS
TAYAQKFQGRVTISADIFSNTAYMELNSLTSEDTAVYFCARHGNYYYYSGMDVWGQG
TTVTVSS

>CR9114 VL PROTEIN (SEQ ID NO: 10)
SYVLTQPPAVSGTPGQRVTISCSGSDSNIGRRSVNWYQQFPGTAPKLLIYSNDQRPS
VVPDRFSGSKSGTSASLAISGLQSEDEAEYYCAAWDDSLKGAVFGGGTQLTVL

>CR6261 VH PROTEIN (SEQ ID NO: 11)
EVQLVESGAEVKKPGSSVKVSCKASGGPF
RSYAISWVRQAPGQGPEWMGGIIPIFGTT
KYAPKFQGRVTITADDFAGTVYMELSSLR
SEDTAMYYCAKHMGYQVRETMDVWGKGTT
VTVSS

>CR6261 VL PROTEIN (SEQ ID NO: 12)

QS VLTQPPSVSAAPGQKVTISCSGSSSNI
GNDYVSWYQQLPGTAPKLLIYDNNEKRPSG
IPDRFSGSKSGTSATLGITGLQTGDEANY
YCATWDRRPTAYVVFGGGTKLTVLG
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SEQ ID NO 13: SD15016
EVQLVESGGGLVQAGGSLRLSCVASGMFFGIAAMGWYRQAPGKQRELVANITSDFST
NYADSVKDRFTISRDNAENTVYLQMNSLKPEDTAVYYCAADSLGTGWRHYYYWGQGT
QVTVSSAAAWSHPQFEKGAAWSHPQFEKGAAWSHPQFEK

SEQ ID NO: 14: SD15004
EVQLVESGGGLVQPGGSLRLSCAVSISIFDIYAMDWYRQAPGKQRDLVATSFRDGST
NYADSVKGRFTISRDNAKNTLYLOMNSLKPEDTAVYLCHVSLYRDPLGVAGGMGVYW

GKGALVTVSSAARAWSHPQFEKGAAWSHPQFEKGAAWSHPQFEK

SEQ ID NO: 15 CAA24269.1 haemagglutinin (Influenza A

virus (A/Aichi/2/1968 (H3N2)

QDLPGNDNST
ICNNPHRILD
DVPDYASLRS
LNWLTKSGST
RVTVSTRRSQ
LIAPRGYFKM
TYGACPKYVK
YGFRHQNSEG
EVEGRIQDLE
TRRQLRENAE
QIKGVELKSG

ATLCLGHHAV
GIDCTLIDAL
LVASSGTLEF
YPVLNVTMPN
QTIIPNIGSR
RTGKSSIMRS
QNTLKLATGM
TGQAADLKST
KYVEDTKIDL
EMGNGCFKIY
YKDWILWISF

PNGTLVKTIT
LGDPHCDVFQ
ITEGFTWTGV
NDNFDKLYIW
PWVRGLSSRI
DAPIDTCISE
RNVPEKQTRG
QAATIDQINGK
WSYNAELLVA
HKCDNACIES
AISCFLLCVV

DDQIEVTNAT
NETWDLFVER
TONGGSNACK
GIHHPSTNQE
SIYWTIVKPG
CITPNGSIPN
LFGAIAGFIE
LNRVIEKTNE
LENQHTIDLT
IRNGTYDHDV
LLGFIMWACQ

ELVQSSSTGK
SKAFSNCYPY
RGPGSGFFSR
QTSLYVQASG
DVLVINSNGN
DKPFQNVNKI
NGWEGMIDGW
KFHQIEKEFS
DSEMNKLFEK
YRDEALNNRF
RGNIRCNICI

(excluding signal sequence)

50

100
150
200
250
300
350
400
450
500
550

SEQ ID NO 16: UFV5367
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQI

SEQ ID NO 17: UFV5369
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKOSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI V

SEQ ID NO 135: UFV150553
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADQKSTONAINGITNKV
NSVIEKMNTQRTAIGCEFNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQT
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SEQ ID NO 30: UFV150558
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQOSQOGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTONATIDETITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 31: UFV150559
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATIDEITNKV
NSVIEKMNTQRTAIGCEFNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 32: UFV150565
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADQKSTQNATNGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQILAIY

SEQ ID NO 33: UFV150566
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADQKSTONAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQILA

SEQ ID NO 34: UFV150567
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQOGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADQKSTONAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVY

SEQ ID NO 35: UFV150568
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQONAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMG
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SEQ ID NO 36: UFV150569
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLES

SEQ ID NO 37: UFV150570
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKL

SEQ ID NO 38: UFV150571
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGV

SEQ ID NO 39: UFV150572
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKID

SEQ ID NO 40: UFV150573
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADQKSTQNATINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREK

SEQ ID NO 41: UFV150574
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADQKSTONAINGITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KL.NR

SEQ ID NO 42: UFV150575
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQOSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTQNATIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQILAIY
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SEQ ID NO 43: UFV150576
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQOSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQILA

SEQ ID NO 44: UFV150577
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIY

SEQ ID NO 45: UFV150578
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTONAIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTR

SEQ ID NO 46: UFV150579
DTLCIGYHANNSTDTVDTVLEKNVIVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATDETITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLES

SEQ ID NO 47: UFV150580
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKL

SEQ ID NO 48: UFV150581
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTQNAIDETITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGV

SEQ ID NO 49: UFV150582
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTONAIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEID
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SEQ ID NO 50: UFV150583
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQOSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTQNATIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREE

SEQ ID NO 51: UFV150584
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQOSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENERTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNR

SEQ ID NO 52: UFV150849
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADQKSTQNATINGITNKV
NSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLE
FHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQI

SEQ ID NO 53: UFV150850
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLE
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 54: UFV150552
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADQKSTONATINGITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
FHDANVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQI

SEQ ID NO 55: UFV160088
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNKP
SKQSRGLFGAIAGFIEGGWTGMVDGWYGYHHQONEQGSGYAADQKSTONAINGITNKV
NSVIEKMNTQRTAICKEYPKSEQRMECLEKKVDDIEKKIWCYNAELLVLLENQRTLE
FHDINVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQI

SEQ ID NO 56: UFV160090
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQRTAIGCEYNKSERCIEALEKKVDDIEKKIWCYNAELLVLLENQRTLE
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI
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SEQ ID NO 57: UFV160093
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKOSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATDEITNKV
NSVIEKMNTQORTAIGKECNKSERCIEALEKKVDDIEKKIWCYNAELLVLLENQRTLE
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 58: UFV160097
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLE
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 59: UFV160301
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQRRRKKGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEIT
NKVNSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQR
TLEYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYS
EEAKLNREEIDGVKLESTRIYQI

SEQ ID NO 60: UFV160302
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQOSRGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATIDEITNKV
NSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLE
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 61: UFV160303
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQOSRGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTONATIDEITNKV
NSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 62: UFV160304
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSRGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQYTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLE
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO: 63: UFV160360
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQOSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTOQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQT
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SEQ ID NO 64: UFV160361l
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKYVCSTKLRLATGLRNKPSKQS
QGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSVI
EKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHDA
NVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLNR
EEIDGVKLESTRIYQI

SEQ ID NO 65: UFV160362
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKKYVCSTKLRLATGLRNKPSKQ
SQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSV
IEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHD
ANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLN
REEIDGVKLESTRIYQI

SEQ ID NO 66: UFV160363
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHKYVCSTKLRLATGLRNKPSK
QSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNS
VIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYH
DANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKL
NREEIDGVKLESTRIYQT

SEQ ID NO 67: UFV160364
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNKYVCSTKLRLATGLRNKPS
KQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVN
SVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDY
HDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAK
LNREEIDGVKLESTRIYQI

SEQ ID NO 68: UFV160365
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKYVCSTKLRLATGLRNKP
SKOSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNATDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 69: UFV160366
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKKYVCSTKLRLATGLRNK
PSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTOQNATDEITNK
VNSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTL
DYHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEE
AKLNREEIDGVKLESTRIYQI

SEQ ID NO 70: UFV160367
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLKYVCSTKLRLATGLRN
KPSKQSQGLFGATIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDETITN
KVNSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRT
LDYHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSE
EAKLNREEIDGVKLESTRIYQI
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SEQ ID NO 71: UFV160368
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLGKYVCSTKLRLATGLR
NKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTQNAIDEIT
NKVNSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQR
TLDYHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYS
EEAKLNREEIDGVKLESTRIYQI

SEQ ID NO 72: UFV160369
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLGPKYVCSTKLRLATGL
RNKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNAIDETL
TNKVNSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQ
RTLDYHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKY
SEEAKLNREEIDGVKLESTRIYQI

SEQ ID NO: 73: UFV160370
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHGPKYVCSTKLRLATGLRNKP
SKOSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 74: UFV160371
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGEGPKYVCSTKLRLATGLRNKP
SKQOSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 75: UFV160372
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDVCSTKLRLATGLRNKPSKQSQG
LFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTONAIDEITNKVNSVIEK
MNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHDANV
KNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLNREE
IDGVKLESTRIYQI

SEQ ID NO 76: UFV160373
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKVCSTKLRLATGLRNKPSKQSQ
GLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTONAIDEITNKVNSVIE
KMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHDAN
VKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLNRE
EIDGVKLESTRIYQI

SEQ ID NO 77: UFV160374
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHVCSTKLRLATGLRNKPSKQS
QGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTONAIDEITNKVNSVI
EKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHDA
NVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLNR
EEIDGVKLESTRIYQI
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SEQ ID NO 78: UFV160375
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNVCSTKLRLATGLRNKPSKQ
SQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTONATDEITNKVNSV
IEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHD
ANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLN
REEIDGVKLESTRIYQI

SEQ ID NO 79: UFV160376
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGVCSTKLRLATGLRNKPSK
OSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATIDEITNKVNS
VIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYH
DANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKL
NREEIDGVKLESTRIYQI

SEQ ID NO 80: UFV160377
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKVCSTKLRLATGLRNKPS
KOSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNATDEITNKVN
SVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDY
HDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAK
LNREEIDGVKLESTRIYQT

SEQ ID NO 81: UFV160378
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLVCSTKLRLATGLRNKP
SKQOSQGLFGATIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 82: UFV160379
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLGVCSTKLRLATGLRNK
PSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTONATIDETITNK
VNSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTL
DYHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEE
AKLNREEIDGVKLESTRIYQT

SEQ ID NO 83: UFV160380
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDAGSGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 84: UFV160381
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDAGSKYVCSTKLRLATGLRNKPS
KQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTOQNAIDEITNKVN
SVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDY
HDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAK
LNREEIDGVKLESTRIYQIT
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SEQ ID NO 85: UFV160382
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDAGSGIKYVCSTKLRLATGLRNK
PSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNK
VNSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTL
DYHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEE
AKLNREEIDGVKLESTRIYQT

SEQ ID NO 86: UFV160383
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDAGSGIVCSTKLRLATGLRNKPS
KQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVN
SVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDY
HDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAK
LNREEIDGVKLESTRIYQI :

SEQ ID NO 87: UFV160384
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGSGIKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQT

SEQ ID NO 88: UFV160385
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGSGKYVCSTKLRLATGLRNKPS
KQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVN
SVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDY
HDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAK
LNREEIDGVKLESTRIYQI

SEQ ID NO 89: UFV160386
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDHAGAKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQT

SEQ ID NO 90: UFV160387
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDDQEGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 91: UFV160388
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDDTPVKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI
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SEQ ID NO 92: UFV160389
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDFPKTKYVCSTKLRLATGLRNKP
SKOSQGLFGATIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTONATIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 93: UFV160390
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDEPGDKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 94: UFV160391
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDEPGKYVCSTKLRLATGLRNKPS
KQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVN
SVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDY
HDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAK
LNREEIDGVKLESTRIYQTI

SEQ ID NO 95: UFV160392
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDTGNLKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO: 96: UFV160393
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDTPSSKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTONAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI

SEQ ID NO 97: UFV160394
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDTPSKYVCSTKLRLATGLRNKPS
KOSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTONATDEITNKVN
SVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDY
HDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAK
LNREEIDGVKLESTRIYQT

SEQ ID NO 98: UFV160395
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDATGNKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQONEQGSGYAADLKSTONAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQI
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SEQ ID NO 99: UFV160396
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDYPGDKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQTI

SEQ ID NO 100: UFV160397
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDYPGDVCSTKLRLATGLRNKPSK
QSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNS
VIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYH
DANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKL
NREEIDGVKLESTRIYQI

SEQ ID NO 101: UFV160503
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSRKRRGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEIT
NKVNSVIEKMNTORTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQR
TLEYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYS
EEAKLNREEIDGVKLESTRIYQI

SEQ ID NO 102: UFV160504
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
QRERRRKKRGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEI
TNKVNSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQ
RTLEYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKY
SEEAKLNREEIDGVKLESTRIYQI

SEQ ID NO 103: UFV160655
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENSKYVCSAKLRMVTGLRNKPSKQ
SOGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADQKSTONAINGITNKVNSV
IEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDFHD
ANVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEESKLN
REKIDGVKLESMGVYQI

SEQ ID NO 104: UFV160656
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKKYVCSTKLRLATGLRNKPSKQ
SOGLFGAIAGFTEGGWTGMVDGWYGYHHONEQGSGYAADLKSTQNAIDEITNKVNSV
IEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHD
ANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLN
REEIDGVKLESTRIYQI

SEQ ID NO 105: UFV160657
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLGKYVCSTKLRLATGLR
NKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTONAIDEIT
NKVNSVIEKMNTQPTAIGCEYNKSEQCMKQIEDKIEEIESKIWCYNAELLVLLENQR
TLDYHDANVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYS
EEAKLNREEIDGVKLESTRIYQI
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SEQ ID NO 106: UFV160658
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKKYVCSTKLRLATGLRNKPSKQ
SQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSV
IEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLEYHD
SNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLN
REEIDGVKLESTRIYQI

SEQ ID NO 107: UFV160659
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLGKYVCSTKLRLATGLR
NKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEIT
NKVNSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQR
TLEYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYS
EEAKLNREEIDGVKLESTRIYQI

SEQ ID NO: 108: UFV160663
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDGGGGKYVCSTKLRLATGLRNKP
SKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKV
NSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLD
YHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEA
KLNREEIDGVKLESTRIYQT

SEQ ID NO 109: UFV160664
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKKYVCSTKLRLATGLRNKPSKQ
SQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSV
IEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHD
SNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLN
REEIDGVKLESTRIYQI

SEQ ID NO 110: UFV160665
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKKYVCSTKLRLATGLRNKPSKQ
SQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSV
IEKMNTQPTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQRTLDYHD
SNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKLN
REEIDGVKLESTRIYQT

SEQ ID NO 11: UFV160666
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLGKYVCSTKLRLATGLR
NKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEIT
NKVNSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQR
TLDYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYS
EEAKLNREEIDGVKLESTRIYQI

SEQ ID NO 112: UFV160667
DTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNGKLGKYVCSTKLRLATGLR
NKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEIT
NKVNSVIEKMNTQPTAIGCEYNKSERCMKQIEDKIEEIESKIWCYNAELLVLLENQR
TLDYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYS
EEAKLNREEIDGVKLESTRIYQI
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SEQ ID NO 138: UFV160655
ATGAAAGTCAAACTGCTGGTCCTGCTGTGCACCTTCACCGCCACTTACGCCGACACC
ATCTGTATTGGGTACCACGCTAACAACTCCACCGACACAGTGGATACCGTGCTGGAG
AAGAACGTGACCGTGACACACTCTGTGAACCTGCTGGAGAATTCCAAGTACGTCTGC
AGCGCCAAGCTGAGGATGGTGACAGGCCTGAGAAATAAGCCCAGCAAGCAGTCCCAG
GGCCTGTTCGGAGCAATCGCAGGCTTTACCGAGGGAGGATGGACAGGAATGGTGGAC
GGATGGTACGGCTATCACCACCAGAACGAGCAGGGCTCCGGCTATGCCGCCGATCAG
AAGTCTACCCAGAACGCCATCAATGGCATCACAAACAAGGTCAATAGCGTGATCGAG
AAGATGAACACCCAGCCTACAGCCATCGGCTGCGAGTACAATAAGTCCGAGCAGTGC
ATGAAGCAGATCGAGGACAAGATCGAGGAGATCGAGTCTAAGATCTGGTGCTATAAC
GCCGAGCTGCTGGTGCTGCTCGAGAATCAGAGGACCCTGGACTTCCACGATGCCAAC
GTGAAGAATCTGTACGAGAAGGTGAAGTCCCAGCTGAAGAACAATGCCAAGGAGATC
GGCAACGGCTGTTTCGAGTTTTACCACAAGTGCAACGACGAGTGTATGGAGTCCGTG
AAGAATGGCACATACGATTATCCTAAGTATTCTGAGGAGAGCAAACTGAATCGGGAA
AAAATCGATGGCGTGAAACTGGAATCAATGGGGGTGTATCAGATCTAATAA

SEQ ID NO 139: UFV160656
ATGAAGGCCATCCTGGTGGTGCTGCTGTACACCTTCGCCACAGCCAACGCCGACACC
CTGTGCATCGGGTACCACGCCAACAATTCCACCGACACAGTGGATACAGTGCTGGAG
AAGAATGTGACCGTGACACACTCCGTGAACCTGCTGGAGGATAAGAAGTACGTCTGC
AGCACCAAGCTGAGGCTGGCCACAGGCCTGAGAAACAAGCCAAGCAAGCAGTCCCAG
GGCCTGTTCGGAGCCATCGCCGGCTTTACCGAGGGAGGATGGACAGGAATGGTGGAC
GGATGGTACGGCTATCACCACCAGAACGAGCAGGGCAGCGGATACGCCGCCGACCTG
AAGTCCACCCAGAATGCCATCGACGAGATTACCAACAAGGTCAATAGCGTGATTGAG
AAGATGAACACCCAGCCCACAGCCATCGGCTGCGAGTACAATAAGAGCGAGCAGTGT
ATGAAGCAGATTGAGGATAAGATTGAGGAGATTGAGTCCAAGATTTGGTGCTATAAC
GCCGAGCTGCTGGTGCTGCTCGAGAATCAGAGGACCCTGGACTACCACGATGCCAAC
GTGAAGAATCTGTATGAGAAGGTGAGGAGCCAGCTGAAGAACAATGCCAAGGAGATT
GGCAACGGCTGTTTCGAGTTTTACCACAAGTGCGACAACACCTGTATGGAGTCTGTG
AAGAATGGCACATACGATTATCCCAAGTATAGCGAGGAGGCCAAGCTGAATCGGGAG
GAAATCGATGGCGTGAAGCTGGAGAGCACCCGCATCTACCAGATCTAATAA

SEQ ID NO 140: UFV160664
ATGAAGGCCATCCTGGTCGTCCTGCTGTACACTTTCGCCACCGCCAACGCTGATACC
CTGTGCATCGGGTACCACGCTAACAACTCTACCGACACAGTGGATACCGTGCTGGAG
AAGAACGTGACCGTGACACACTCTGTGAATCTGCTGGAGGATAAGAAGTACGTCTGC
AGCACCAAGCTGAGGCTGGCCACAGGCCTGAGAAACAAGCCCAGCAAGCAGAGCCAG
GGCCTGTTTGGAGCAATTGCAGGCTTTACCGAGGGCGGCTGGACAGGCATGGTGGAT
GGCTGGTACGGCTATCACCACCAGAATGAGCAGGGATCTGGATATGCTGCTGACCTG
AAGTCTACCCAGAATGCCATTGATGAGATCACAAACAAGGTCAATAGCGTGATCGAG
AAGATGAACACCCAGCGGACAGCCATCGGCTGCGAGTACAATAAGTCCGAGAGGTGC
ATGAAGCAGATCGAGGACAAGATCGAGGAGATCGAGTCTAAGATCTGGTGCTATAAC
GCCGAGCTGCTGGTGCTGCTCGAGAATCAGCGGACCCTGGACTACCACGACAGCAAC
GTGAAGAATCTGTATGAGAAGGTGCGCTCCCAGCTGAAGAACAATGCCAAGGAGATC
GGCAACGGCTGTTTCGAGTTTTACCACAAGTGCGACAACACCTGTATGGAGTCTGTG
AAGAATGGCACATACGATTATCCCAAGTATAGCGAGGAGGCCAAGCTGAATAGGGAG
GAAATCGATGGCGTGAAGCTGGAGTCTACAAGAATCTACCAGATCTAATAA
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SEQ ID NO 141: UFV160665
ATGAAGGCCATCCTGGTCGTCCTGCTGTACACTTTCGCCACCGCCAACGCTGATACC
CTGTGCATCGGGTACCACGCTAACAACTCTACCGACACAGTGGATACCGTGCTGGAG
AAGAACGTGACCGTGACACACTCTGTGAATCTGCTGGAGGATAAGAAGTACGTCTGC
AGCACCAAGCTGAGGCTGGCCACAGGCCTGAGAAACAAGCCCAGCAAGCAGAGCCAG
GGCCTGTTTGGAGCAATTGCAGGCTTTACCGAGGGCGGCTGGACAGGCATGGTGGAT
GGCTGGTACGGCTATCACCACCAGAATGAGCAGGGATCTGGATATGCTGCTGACCTG
AAGTCTACCCAGAATGCCATTGATGAGATCACAAACAAGGTCAATAGCGTGATCGAG
AAGATGAACACCCAGCCTACAGCCATCGGCTGCGAGTACAATAAGTCCGAGAGGTGC
ATGAAGCAGATCGAGGACAAGATCGAGGAGATCGAGTCTAAGATCTGGTGCTATAAC
GCCGAGCTGCTGGTGCTGCTCGAGAATCAGCGGACCCTGGACTACCACGACAGCAAC
GTGAAGAATCTGTATGAGAAGGTGCGCTCCCAGCTGAAGAACAATGCCAAGGAGATC
GGCAACGGCTGTTTCGAGTTTTACCACAAGTGCGACAACACCTGTATGGAGTCTGTG
AAGAATGGCACATACGATTATCCCAAGTATAGCGAGGAGGCCAAGCTGAATAGGGAG
GAAATCGATGGCGTGAAGCTGGAGTCTACAAGAATCTACCAGATCTAATAA

SEQ ID NO 142: UFV171588 (UFV160655+TM))
ATGAAGGTCAAACTGCTGGTCCTGCTGTGCACTTTTACTGCCACCTACGCTGACACT
ATCTGTATCGGGTACCACGCAAACAACTCAACCGACACAGTGGATACCGTGCTGGAG
AAGAACGTGACCGTGACACACTCCGTGAACCTGCTGGAGAATAGCAAGTACGTCTGC
AGCGCCAAGCTGCGGATGGTGACAGGCCTGAGARATAAGCCCTCTAAGCAGAGCCAG
GGACTGTTCGGAGCAATCGCAGGCTTTACCGAGGGAGGATGGACAGGAATGGTGGAC
GGATGGTACGGCTATCACCACCAGAACGAGCAGGGCAGCGGCTATGCCGCCGATCAG
AAGTCCACCCAGAACGCCATCAATGGCATCACAAACAAGGTGAACAGCGTGATCGAG
AAGATGAACACCCAGCCTACAGCCATCGGCTGCGAGTATAATAAGAGCGAGCAGTGT
ATGAAGCAGATCGAGGACAAGATCGAGGAGATCGAGTCCAAGATCTGGTGCTACAAC
GCCGAGCTGCTGGTGCTGCTGGAGAATCAGCGCACCCTGGACTTCCACGATGCCAAC
GTGAAGAATCTGTATGAGAAGGTGAAGAGCCAGCTGAAGAACAATGCCAAGGAGATC
GGCAACGGCTGTTTCGAGTTTTACCACAAGTGCAACGACGAGTGTATGGAGAGCGTG
AAGAATGGCACCTACGATTATCCTAAGTATTCCGAGGAGTCTAAGCTGAATCGGGAG
AAAATCGATGGCGTGAAGCTGGAGTCCATGGGCGTGTACCAGATCCTGGCCATCTAT
TCTACAGTGGCCAGCTCCCTGGTGCTGCTGGTGAGCCTGGGGGCTATTTCATTCTGG
ATGTGCTCTAACGGCTCTCTCCAGTGTCGCATTTGTATCTGATAA

SEQ ID NO 143: UFV171589 (UFV160656+TM)
ATGAAGGCCATTCTGGTCGTGCTGCTGTACACTTTCGCCACCGCTAACGCTGACACC
CTGTGCATCGGGTACCACGCCAATAACTCCACCGACACAGTGGATACCGTGCTGGAG
AAGAACGTGACCGTGACACACTCTGTGAATCTGCTGGAGGACAAGAAGTACGTCTGC
AGCACCAAGCTGAGGCTGGCCACAGGCCTGAGAAACAAGCCCTCTAAGCAGAGCCAG
GGCCTGTTCGGAGCAATCGCAGGCTTTACCGAGGGAGGATGGACAGGCATGGTGGAT
GGCTGGTACGGCTATCACCACCAGAACGAGCAGGGATCCGGATATGCCGCCGACCTG
AAGTCTACCCAGAATGCCATCGACGAGATCACAAACAAGGTCAATTCTGTGATCGAG
AAGATGAACACCCAGCCTACAGCCATCGGCTGCGAGTACAATAAGAGCGAGCAGTGT
ATGAAGCAGATCGAGGACAAGATCGAGGAGATCGAGTCCAAGATCTGGTGCTATAAC
GCCGAGCTGCTGGTGCTGCTGGAGAATCAGAGGACCCTGGACTACCACGATGCCAAC
GTGAAGAATCTGTATGAGAAGGTGCGGTCCCAGCTGAAGAACAATGCCAAGGAGATC
GGCAACGGCTGTTTCGAGTTTTACCACAAGTGCGACAACACCTGTATGGAGTCCGTG
AAGAATGGCACATACGATTATCCCAAGTATTCTGAGGAGGCCAAGCTGAATCGGGAG
GAAATCGATGGCGTGAAGCTGGAGTCTACCCGCATCTACCAGATCCTGGCCATCTAT
AGCACAGTGGCCAGCTCCCTGGTGCTGGTGGTGTCCCTGGGGGCTATCTCTTTCTGG
ATGTGCTCAAATGGGTCCCTCCAGTGTCGCATCTGTATCTGATAA
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SEQ ID NO 144: UFV171590 (UFV160664+TM)
ATGAAGGCCATTCTGGTCGTGCTGCTGTACACTTTCGCCACCGCTAACGCTGACACC
CTGTGCATCGGGTACCACGCCAATAACTCCACCGACACAGTGGATACCGTGCTGGAG
AAGAACGTGACCGTGACACACTCTGTGAATCTGCTGGAGGACAAGAAGTACGTCTGC
AGCACCAAGCTGAGGCTGGCCACAGGCCTGAGAAACAAGCCCTCTAAGCAGAGCCAG
GGCCTGTTCGGAGCAATCGCAGGCTTTACCGAGGGAGGATGGACAGGCATGGTGGAT
GGCTGGTACGGCTATCACCACCAGAACGAGCAGGGATCCGGATATGCCGCCGACCTG
AAGTCTACCCAGAATGCCATCGACGAGATCACAARACAAGGTCAATTCTGTGATCGAG
AAGATGAACACCCAGAGGACAGCCATCGGCTGCGAGTACAATAAGAGCGAGAGGTGT
ATGAAGCAGATCGAGGACAAGATCGAGGAGATCGAGTCCAAGATCTGGTGCTATAAC
GCCGAGCTGCTGGTGCTGCTGGAGAATCAGAGGACCCTGGACTACCACGATAGCAAC
GTGAAGAATCTGTATGAGAAGGTGCGGTCCCAGCTGAAGAACAATGCCAAGGAGATC
GGCAACGGCTGTTTCGAGTTTTACCACAAGTGCGACAACACCTGTATGGAGTCCGTG
AAGAATGGCACATACGATTATCCCAAGTATTCTGAGGAGGCCAAGCTGAATCGGGAG
GAAATCGATGGCGTGAAGCTGGAGTCTACCCGCATCTACCAGATCCTGGCCATCTAT
AGCACAGTGGCCAGCTCCCTGGTGCTGGTGGTGTCCCTGGGGGCTATCTCTTTCTGG
ATGTGCTCAAATGGGTCCCTCCAGTGTCGCATCTGTATCTGATAA

SEQ ID NO 145: UFV171591 (UFV160665+TM)
ATGAAGGCCATTCTGGTCGTGCTGCTGTACACTTTCGCCACCGCTAACGCTGACACC
CTGTGCATCGGGTACCACGCCAATAACTCCACCGACACAGTGGATACCGTGCTGGAG
AAGAACGTGACCGTGACACACTCTGTGAATCTGCTGGAGGACAAGAAGTACGTCTGC
AGCACCAAGCTGAGGCTGGCCACAGGCCTGAGAAACAAGCCCTCTAAGCAGAGCCAG
GGCCTGTTCGGAGCAATCGCAGGCTTTACCGAGGGAGGATGGACAGGCATGGTGGAT
GGCTGGTACGGCTATCACCACCAGAACGAGCAGGGATCCGGATATGCCGCCGACCTG
AAGTCTACCCAGAATGCCATCGACGAGATCACAAACAAGGTCAATTCTGTGATCGAG
AAGATGAACACCCAGCCTACAGCCATCGGCTGCGAGTACAATAAGAGCGAGAGGTGT
ATGAAGCAGATCGAGGACAAGATCGAGGAGATCGAGTCCAAGATCTGGTGCTATAAC
GCCGAGCTGCTGGTGCTGCTGGAGAATCAGAGGACCCTGGACTACCACGATAGCAAC
GTGAAGAATCTGTATGAGAAGGTGCGGTCCCAGCTGAAGAACAATGCCAAGGAGATC
GGCAACGGCTGTTTCGAGTTTTACCACAAGTGCGACAACACCTGTATGGAGTCCGTG
AAGAATGGCACATACGATTATCCCAAGTATTCTGAGGAGGCCAAGCTGAATCGGGAG
GAAATCGATGGCGTGAAGCTGGAGTCTACCCGCATCTACCAGATCCTGGCCATCTAT
AGCACAGTGGCCAGCTCCCTGGTGCTGGTGGTGTCCCTGGGGGCTATCTCTTTCTGG
ATGTGCTCAAATGGGTCCCTCCAGTGTCGCATCTGTATCTGATAA

SEQ ID NO: 146: MD3606 PROTEIN
EVQLVESGGGLVQPGGSLRLSCAVSISIFDIYAMDWYRQAPGKQRDLVATSFRDGST
NYADSVKGRFTISRDNAKNTLYLOMNSLKPEDTAVYLCHVSLYRDPLGVAGGMGVYW
GKGALVTVSSGGGGSGGGGSEVQLVESGGGLVQAGGSLKLSCAASGRTYAMGWFRQA
PGKEREFVAHINALGTRTYYSDSVKGRFTISRDNAKNTEYLEMNNLKPEDTAVYYCT
AQGQWRAAPVAVAAEYEFWGQGTQVTVSSGGGGSGGGGSEVQLVESGGGLVQPGGSL
RLSCAATGFTLENKAIGWFRQTPGSEREGVLCISKSGSWTYYTDSMRGRFTISRDNA
ENTVYLOMDSLKPEDTAVYYCATTTAGGGLCWDGTTFSRLASSWGQGTQVTVSSGGG
GSGGGGSEVQLVESGGGLVQPGGSLKLSCAASGFTFSTSWMYWLRQAPGKGLEWVSV
INTDGGTYYADSVKDRFTISRDNAKDTLYLOMSSLKSEDTAVYYCAKDWGGPEPTRG
QGTQVTVSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQK
SLSLSPGK
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SEQ ID NO: 147: UFV180496 Hl A/California/07/09
MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKKYVC
STKLRLATGLRNKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADL
KSTQNAIDEITNKVNSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYN
AELLVLLENQRTLDYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESV
KNGTYDYPKYSEEAKLNREEIDGVKLESTRIYQIHHHHHH

SEQ ID NO: 148: UFV180497 Hl A/Michigan/45/2015
MKAILVVLLYTFTTANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKKYVC
STKLRLATGLRNKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADL
KSTQNAIDKITNKVNSVIEKMNTQRTAIGCEYNKSEKCMKQIEDKIEEIESKIWCYN
AELLVLLENQRTLDYHDSNVKNLYEKVRNQLKNNAKEIGNGCFEFYHKCDNTCMESV
KNGTYDYPKYSEEAKLNREKIDGVKLESTRIYQIHHHHHH

SEQ ID NO: 149: UFV180498 Hl A/Puerto Rico/8/1934
MKANLLVLLCALAAADADTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDSKYVC
SAKLRMVTGLRNKPSKQSQGLFGAIAGFTEGGWTGMIDGWYGYHHQNEQGSGYAADQ
KSTQNAINGITNKVNSVIEKMNIQRTAIGCEYNKSEKCMKQIEDKIEEIESKIWCYN
AELLVLLENQRTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCDNECMESV
RNGTYDYPKYSEESKLNREKVDGVKLESMGIYQIHHHHHH

SEQ ID NO: 150: UFV180499 H5 A/Hong Kong/156/97
MEKTVLLLATVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILERTKYVCS
NRLVLATGLRNKPQKESQGLFGAIAGFTEGGWQGMVDGWYGYHHSNEQGSGYAADKE
STQKAIDGVTNKVNSIINKMNTQREAIGCEYNKSERCMKQIEDKIEEIESKVWCYNA
ELLVLMENQRTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESVK
NGTYDYPQYSEEARLNREEISGVKLESMGTYQIHHHHHH

SEQ ID NO: 151: UFV180500 H5 A/Vietnam/1203/04
MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVTHAQDILEKKKYVCS
NRLVLATGLRNKPQKESQGLFGAIAGFTEGGWQGMVDGWYGYHHSNEQGSGYAADKE
STQKAIDGVTNKVNSIIDKMNTQREAIGCEYNKSERCMKQIEDKIEEIESKVWCYNA
ELLVLMENQRTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFYHKCDNECMESVR
NGTYDYPQYSEEARLKREEISGVKLESIGIYQIHHHHHH

SEQ ID NO: 152: UFV180501 H2 A/Singapore/1/57
MAIIYLILLFTAVRGDQICIGYHANNSTEKVDTILERNVTVTHAKDILEKTKYVCSE
KLVLATGLRNKPQKESQGLFGAIAGFTEGGWQGMVDGWYGYHHSNDQGSGYAADKES
TQKAFDGITNKVNSVIEKMNTQREAIGCEYSKSERCMKQIEDKIEEIESKVWCYNAE
LLVLMENQRTLDFHDSNVKNLYDKVRMQLRDNVKELGNGCFEFYHKCDDECMNSVKN
GTYDYPKYEEESKLNRNEIKGVKLSSMGVYQIHHHHHH

SEQ ID NO: 153: UFV171590 (UFV160664+TM)
MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKKYVC
STKLRLATGLRNKPSKQSQGLFGAIAGFTEGGWTGMVDGWYGYHHQNEQGSGYAADL
KSTQNAIDEITNKVNSVIEKMNTQRTAIGCEYNKSERCMKQIEDKIEEIESKIWCYN
AELLVLLENQRTLDYHDSNVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESV
KNGTYDYPKYSEEAKLNREEIDGVKLESTRIYQILAIYSTVASSLVLVVSLGAISFW
MCSNGSLQCRICI
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CLAIMS

1. A group 1 influenza A hemagglutinin (HA) stem polypeptide, comprising an
HA1 and a HA2 domain, said HA stem polypeptide comprising an amino acid

sequence which comprises:

@) a deletion of the head region in the HA1 domain;

(i)  amodification of the trimerization region in the HA2 domain;

(iii)  at least 2 cysteine residues forming an intramonomeric disulphide bridge;
(iv)  at least 2 cysteine residues forming an intermonomeric disulphide bridge;

wherein the amino acid corresponding to the amino acid at position 392 is P, R or Y,
preferably P or R, and the amino acid corresponding to the amino acid at position 434
is Q, and wherein the numbering of the amino acid positions is based on H3

numbering as used in Winter et al. (1981).

2. Polypeptide according to claim 1, wherein said stem polypeptides comprise an

amino acid sequence which comprises:

@) a deletion of the head region in the HA1 domain, said deletion comprising at
least the amino acid sequence from the amino acid corresponding to the amino
acid at position 53 up to and including the amino acid corresponding to the
amino acid at position 302;

(ii)  amodification of the trimerization region in the HA2 domain, preferably a
modification of the trimerization region in the C-helix, said trimerization
region comprising the amino acid sequence from the amino acid
corresponding to the amino acid at position 405 up to and including the amino
acid corresponding to the amino acid at position 419;

(iii)  a cysteine at the amino acid position corresponding to position 310 and a
cysteine at the position corresponding to position 422;

(iv)  acysteine at the position corresponding to position 397 in combination with a
cysteine at the position corresponding to position 405; or a cysteine at the

position corresponding to position 396 in combination with a cysteine at the
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position corresponding to position 408; or or a cysteine at the position

corresponding to position 399 in combination with a cysteine at position 405;

wherein the amino acid at the position corresponding to position 392 is P, R or Y,
preferably P or R, and wherein the amino acid at the position corresponding to

position 434 is Q.

3. Polypeptide according to claim 1 or 2, wherein the deletion in the HA1
domain comprises at least the amino acid sequence from the amino acid at position 47

up to and including the amino acid at position 306.

4, Polypeptide according to claim 1, 2 or 3, wherein the modification of the
trimerization domain comprises the introduction of a heterologous trimerization

domain in the C-helix.

5. Polypeptide aécording to claim 4, wherein the heterologous trimerization

domain is a GCN4 sequence.

6. Polypeptide according to claim 1, 2 or 3, wherein the modification of the
trimerization domain comprises an optimization of the heptad repeat sequence in the

C-helix.

7. Polypeptide according to any of the preceding claims, wherein the amino acid
corresponding to the amino acid 392 is Y, P or R and the amino acid corresponding to
the amino acid at position 434 is Q and the amino acid at the position corresponding

to position 442 is A.

8. Polypeptide according to any one of the preceding claims, comprising a
cysteine at the position corresponding to position 397 in combination with a cysteine

at the position corresponding to position 403.
9. Polypeptide according to any one of the preceding claims, wherein:

- the amino acid at the position corresponding to position 395 is I;

- the amino acid at the position corresponding to position 399is Y or C,
preferably Y;

- the amino acid at the position corresponding to position 400 is P;

- the amino acid at the position corresponding to position 401 is K;
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- the amino acid at the position corresponding to position 402 is S; and/or

- the amino acid at the position corresponding to position 404 is R or Q.

10.  Polypeptide according to any one of the preceding claims, wherein the amino
acid corresponding to the amino acid at position 323 is K and/or the amino acid

corresponding to the amino acid at position 326 is K.

11.  Polypeptide according to any one of the preceding claims, wherein the amino

acid corresponding to the amino acid at position 339 is T.

12.  Polypeptide according to anyone of the preceding claims, wherein the

polypeptide does not comprise a protease cleavage site.

13.  Polypeptide according to claim 12, wherein the amino acid at position 329 is

not arginine (R), preferably wherein the amino acid at position 329 is glutamine (Q).

14.  Polypeptide according to anyone of the preceding claims 1-11, wherein the

polypeptide comprises a natural cleavage site or a polybasic cleavage site.

15.  Polypeptide according to any one of the preceding claims, wherein the

polypeptide comprises (part) of a a signal sequence.

16.  Polypeptide according to any one of the preceding claims, comprising a

truncated HA2 domain.

17.  Polypeptide according to claim 16, wherein the polypeptide does not comprise

a transmembrane and cytoplasmic domain.

18.  Polypeptide according to any one of the preceding claims, wherein at least the
C-terminal part of the HA2 domain starting with the amino acid corresponding to the

amino acid at position 516 has been deleted.

19.  Polypeptide according to anyone of the preceding claims, wherein the deletion

in the HA1 domain has been replaced by a linking sequence of 1-10 amino acids.

20. Nucleic acid encoding a polypeptide according to any one of the precding

claims.
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21.  Vector comprising a nucleic acid molecule encoding a group 1 HA stem

polypeptide according to any one of the claims 1-19.

22.  Vector according to claim 21, wherein the vector is a recombinant adenoviral

vector.

23.  Pharmaceutical composition comprising a polypeptide according to any one of
claims 1 to 19 and/or a nucleic acid according to claim 20, and/or a vector according

to claim 21 or 22, and a pharmaceutically acceptable carrier.

24.  Polypeptide according to any one of claims 1 to 19, a nucleic acid according to
claim 20, and/or a vector according to claim 21 or 22, for use in inducing an immune

response against an influenza virus.

25.  Polypeptide according to any one of claims 1 to 19 and/or a nucleic acid
according to claim 20, and/or a vector according to claim 21 or 22 for use as a

vaccine.
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ABSTRACT

Provided herein are influenza her;lagglutinin stem polypeptides, nucleic acids
encoding said polypeptides, vectors comprising said nucleic acid and pharmaceutical

compositions comprising the same, as well as methods of their use, in particular in the

prevention and/or treatment of influenza virus infections.
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FIG. 17
100+ - AR EEE— 30 mcg UFV160664
..a ;---a- .............. - o 3ng UFV160664
> 75- bt Mmoo
2 L, TTTTTTTT e 0.3 meg UFV160664
5 50 : -.=. 0.03 mcg UFV160664
= 25 -E —— 30 mcg UFV4900
frmimmemem = —— PBS
0 1
0 7 14 21
time (days)
gc 101 T UTTT — 30pg UFV160664
o % 04 ~="1;"""";‘T'I'],:' ]T-J[;[-{_w-:: - - 3pg UFV160664
c o 1 "% 17 LT s .-+ 0.3ug UFV160664
@ o -10 o\ 1
S e 1 ISR LT -- 0.03ug UFV160664
- 2 =20+ . "‘"_. °
55 IS e
s 30 ; — 30ug UFV4900
= 40l — PBS
0 7 14 21
time (days)
FIG. 18
6
5
= 54 OO ..eiiiiiiiiiiiianines uLoQ
1= oo By
0 4- um A
] = .t
i 34 Ad gt
(=) A Lt
<« 2-
_8) ................................. LLOQ
1-
dose éo 5 séc l
(mcd) Fv160664
adjuvant

only



FIG. 19

0.25-

0
o
Y]
<

0.15+
0.10+
0.05+

A stem competition titer
(AOD/10 fold dilution

0.00-

dose

16/21

50 5 SoC

(mca) V160664

FIG. 20

N N
1 1 1

(3]
1

lung viral load
(LOQ1 0 TCleolg)
e &

= N
2

o
1

dose

adjuvant
only

g-
4

A

50 5 SoC

(mca) yrv1e0664

adjuvant
only

19766



19766

17/21
100- TP TSP T @ AV - - e 50 mcg UFV160664
s 000 | e 5 mcg UFV160664
= --=-- HS5FLHA
E 50- adjuvantornily - -
(2]
R 25 ‘
0-
o 1 2 3 4 5
time (days) FIG. 21
200+
O
S d ® A
S e R
£3
=] .
5 O -200 +
22 o La
T 400+ L n
_8 [ | bt
+
-600-
dose 5'0 ‘.'5 H'5 adj'uvant FIG. 22
(mcg) yryqg0ees HA OO
D 8-
g 7- + +
O 64 PS S
- [ +
2 5 - )
D 4. o y
o
= 34
8 2-
E 1 S O -
o
= 0-
dose 50 5 H5 adjuvant FIG. 23
(mca) yeyqeoees HA O



18/21
FIG. 24
; 54 ++
o m
3 :_al 4- —
- E o® | | ++
38 —=-
s e n
282{
Lo
5o 11 —
K}
= 0- 00 W Ak
dose 56 5' H'5 adj.uvant
(med) yry1e0e64 HA MY
FIG. 25
11
n L
0 R
o,
n:
?;, -1 ° .. o®
i} ®e -:_:'_' Seoe
2| Sove ¢
........ P RSN - == - S I 0 @]
-3
Dose: 10%p 10%p 10"%p 30ug 10'%p 10"wp

2x UFV171590 x 30K T
UFV160664 Ad26_empty

prime UFV171590
boost UFV160664

19766



19766

19/21
FIG. 26
g 4
7
1 )
e
3
90
‘E’—e 2] o’ 4‘
g8 °
2 - —--GEE8——O oo LLOQ
r 1
Dose: 10%p 10%p 10"wp 30ug 10'%p 10"%p
2x UFV171590 > 30 T
UFV160664 | Ad26_empty
prime UFV171590
boost UFV160664
FIG. 27
= 10
£ ]
on [} @
@ ®
5 ot W o
g 103 —-o- ° ———
- ®
g- .
(-]
= 102 °
5 ke 00001 10Q
7] . . . . . .
Dose: 10%p 10°%p 10"wp 30pg 10'%p 10'%wp
2x UFV171590 /30ug o,
UFV160664| Ad26_empty
prime UFV171590

boost UFV160664



20/21

ID. Strain Expression
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UFV180497 H1 A/Michigan/45/2015 367 mg/L
UFV180498 H1 A/Puerto Rico/8/1934 244 mg/L
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