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CLAIMS

\An influenza hemagglutinin stem domain polypeptide comprising (a) an influenza

hemsgglutinin HA1 domain that comprises an HA1 N- terminal stem segment, covalently

the A helix and theYelix CD of HA2 have been mutated as compared to a wild-type
influenza HA2 domain\ and wherein the HA1 and HA2 domain are derived from an
influenza A virus subtyp&selected from the group consisting of H1, H5 and H3.
2. A polypeptide according to clgim 1, wherein the polypeptide does not comprise a full-
length HA1 domain.
3. A polypeptide according to claim 1 on\, wherein the polypeptide is glycosylated.

4. A polypeptide according to claim 1, 2 or 3, Spmprising (a) an HA1 N-terminal segment
comprising the amino acids 1-x of HAI, covalently linked by a linking sequence of 0-50
amino acid residues to an HA1 C- terminal stem segiient comprising the amino acids y-

end of HA1, and (b) an influenza hemagglutinin HA2

5. A polypeptide according to any of the claims 1-4, wherein¥he polypeptide comprises
an influenza hemagglutinin HA1 and/or HA2 domain based on IzNfluenza hemagglutinin
from an influenza A virus comprising HA of the H1 subtype, and Wyerein x=any amino

acid between 46 and 60 and y=any amino acid between 290 and 325.

6. A polypeptide according to claim 5, wherein the polypeptide comprises at\influenza
hemagglutinin HA1 and/or HA2 domain based on influenza hemagglutinin frot\an
influenza A virus comprising HA of the H1 subtype selected from the group consi¥ing of

influenza A viruses of Table 7.
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7. A polypeptide according to any of the claims 1-4, wherein the polypeptide comprises

an influenza hemagglutinin HA1 and/or HA2 domain based on influenza hemagglutinin

9. A polypeptide accorling to any of the preceding claims, wherein the polypeptide
comprises one or more fuNher mutations in the HA1 domain and/or the HA2 domain.
10. A polypeptide according to dqy one of the preceding claims, wherein the polypeptide
comprises one or more disulfide bridges.

11. A polypeptide according to any one 0 the preceding claims, wherein the polypeptide

does not comprise the signal sequence.

12. A polypeptide according to claim 11, compris}g an HA1 N-terminal segment
comprising the amino acids p-x of HAL, covalently lixked by a linking sequence of 0-50
amino acid residues to an HA1 C- terminal stem segmeN, comprising the amino acids y-
end of HA1, and (b) an influenza hemagglutinin HA2 dom)jn, wherein p=the first amino

acid of the mature HA.

13. A polypeptide according to any one of the preceding claims, wh¥gein the polypeptide
does not comprise the intracellular and transmembrane sequence of
14. A polypeptide according to claim 13, wherein the polypeptide does not cdqprise the C-
terminal part of the influenza H1 HA2 domain spanning from amino acid residu®\520, 521,

522,523,524, 525, 526, 527, 528, 529 or 530 to the C-terminal amino acid of H1
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15. A polypeptide according to any one of the preceding claims, wherein the polypeptide
electively binds to the antibodies CR6261 and/or CR9114 and does not bind to the
antpody CR8057.

16. A polpeptide according to any one of the preceding claims, wherein the polypeptide
selectively Binds to the antibodies CR8020, CR843 and/or CR9114 and does not bind to
the antibody CR8057.

17. A method for proXiding an influenza hemagglutinin stem domain polypeptide
comprising the steps of:

(a) Providing an influenza NAQ amino acid sequence;

(b) Removing the cleavage sith\between HA1 and HA2;

(c) Removing the amino acid seqdgnce of the globular head domain from the HAQ
sequence;

(d) Introducing one or more mutations Iy the amino acid sequence connecting the C-
terminal residue of helix A to the N-termingl residue of helix CD; and

(¢) Introducing one or more disulfide bridges\p the HA stem domain polypeptide.

18. An influenza hemagglutinin stem domain polypXptide obtainable by the method

according to claim 17.

19. A nucleic acid encoding the polypeptide of any one of clyjms 1 to 16.

20. An immunogenic composition comprising the polypeptide of aky one of claims 1 to

16, and/or a nucleic acid molecule according to claim 19.

21. A polypeptide according to any of the claims 1-16, a nucleic acid accord\pg to claim
19, and/or an immunogenic composition according to claim 20 for use as a me&cament,

in particular for use as a vaccine.
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NEW CLAIMS

An influenza hemagglutinin stem domain polypeptide comprising (a) an H1 HA1 N-terminal
seginent comprising the amino acids 1-x, wherein x is any amino acid between the amino acid on
positioN47 and the amino acid on position 60, covalently linked by a linking sequence of 0-50
amino acitiresidues to an H1 HA1 C- terminal stem segment comprising the amino acids y-end
of HA1, whekin y is any amino acid between the amino acids on position 290 and the amino
acid on position\§25 of H1 HAl, and (b) an influenza hemagglutinin HA2 domain, wherein the
C- terminal amino ¥¢id residue of the HA1 C-terminal stem segment is any amino acid other than
arginine (R} or lysine YK) and wherein one or more amino acids in the amino acid sequence
connecting the C-termina residue of the A helix to the N-terminal residue of the helix CD of
HA2 have been mutated as dompared to a wild-type influenza HA2 and wherein the amino acid
sequence connecting the C-term\jnal residue of the A helix to the N-terminal residue of the helix
CD comprises the amino acid seqdence between residues 402-418 of influenza HA2, comprising
the amino acid sequence MNTQFTAYVGKEFN(H/K)LE(K/R) (SEQ ID NO: 17, and wherein one
or more of the amino acids on position 306, 409, 413 and 416 have been changed into an amino
acid selected from the group consisting of 3T,N,Q,R.H,K.D.E and G, and wherein the
polypeptides comprise a disulphide bridge between the amino acids of position 324 and 436;
wherein the numpering is based on the numberin} of amino acids of the HIN] influenza strain
A/Brishane/59/2007 (SEQ ID NO: 1),

2. An influenza hemagglutinin stem domain polypeptide agcording to claim 1, wherein the
polypeptide comprises hemagglutinin stem domains from or Rased on HA of the influenza virus
AJ/Brisbane/59/2007 (SEQ ID NO: 1) or A/California/04/2009 Q ID NO: 159).

3. An influenza hemagglutinin stem domain polypeptide comprising (3 an H3 HA1 N-terminal
segment comprising the amino acids 1-x, wherein x is any amino acid beékween the amino acid on
position 56 and the amino acid on position 69, covalently linked by a linkin)k sequence of 0-50
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C- terminal amino acid residue of the HA1 C-terminal stem segment is any amino acid other than
ginine (R) or lysine (K) and wherein one or more amino acids in the amino acid sequence
coNpecting the C-terminal residue of the A helix to the N-terminal residue of the helix CD of
HA2Rave been mutated as compared to a wild-type influenza HA2 domain and wherein the
amino aNd seguence connecting the C-terminal residue of the A helix to the N-terminal residue
I\CD comprises the amino acid sequence between residues 400-420 of influenza HAZ,
| comprising th gmino acid sequence (E/GYKTNEKFHQIEKEFSEVEGR (S8EQ ID NO: 104)

and wherein oneXyr more of the amino acids on position 401, 408, 411, 415 and 418 have been

changed into an am¥go acid selected from the group consisting of S, T,N,Q.RHK,D,E and G,

and wherein the fmlyp ides comprise a disulphide bridge between the amino acids of position
326 and 438; wherein the\gumbering is based on the numbering of amino acids of the H3N2
influenza strain A/Wisconsitn67/2005 (SEQ ID NO: §9).

4. An influenza hemagglutinin st
polypeptide comprises HA domains
Kong/1/1968 (SEQ 1D NO: 121)

domain polypeptide according to claim 3, wherein the
A/Wisconsin/67/2005 (SEQ ID NQ: 89) or A/Hong

5. An influenza hemagglutinin stem domain eptide according to any ane of the claims 14,
1 C-terminal stem segment is glutamine

i¢ acid (D) or glutamic acid (E)

wherein the C- terminal amino acid residue of th
(Q), serine (8), threonine (T), asparagine (N), asp

6. A polypeptide according to any one of the preceding cI\jms, wherein the polypeptide does not
comprise a full-length HA1 domain.

7. A polypeptide according to any one of the preceding claims, whegein the polypeptide is
glycosylated.

8. A polypeptide according to any one of the preceding claims, wherein the\polypeptide
comprises an influenza hemagghitinin HA1 and/or HA2 domain based on infl
hemagglutinin from an influenza A virus comprising HA of the H1 subtype selecded from the
group consisting of influenza A viryses of Table 7.
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. A polypeptide according to any of the preceding claims, wherein the polypeptide comprises
ong or more further mutations in the HA1 domain and/or the HA2 domain.

10. A piypeptide according to any one of the preceding claims, wherein the polypeptide docs

not comprise the signal sequence.

11. A polypeptidg according to claim 10, comprising an HA1 N-ferminal segment comprising the
amino acids p-x of NAL covalently linked by a linking sequence of 0-50 amino acid residues to
an HA1 C- terminal st segment comprising the amino acids y-end of HA L, and (b) an
influenza hemagglutinin domain, wherein p=the first amino acid of the mature HA,

12, A polypeptide according to'Rny one of the preceding claims, wherein the polypeptide does not
comprise the intracellular and tranymembrane sequence of HA.

13. A polypeptide according to claim [[N] 12, wherein the amino acid sequence from position 523,
524, 525, 526, 527, 528, 529 or 530 of the NAZ2 domain to the C-terminus has been remaoved.

14, A polypeptide according to any one of claim '\, 2 or claim 5-13, wherein the polypeptide
sclectively binds to the antibodies CR6261 and/or CR9114 and does not bind to the antibody
CR8057.

15. A polypepﬁde according to any one of claim 4-13, wheroin the polypeptide selectively binds
to the antibodies CR8020, CR843 and/or CR2114.

16, A method for providing an influenza hemagglutinin stemn domain\golypeptide comprising the
steps of:

(a) Providing an influenza H1 or H3 HAQ amino acid sequence;

{(b) Removing the cleavage site between HA1 and HA2;

(c) Removing the amino acid sequence of the globular head domain from the HAY sequence;
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(d) Introducing one or more mutations in the amino acid sequence connecting the C-terminal
esidue of helix A to the N-terminal residue of helix CD; and
(\Introducing one or more a disulfide bridges in the HA stem domain.

17. An \efluenza hemagglutinin stem domain polypeptide obtainable by the method according to

claim 18.

18. A nucleic ad\d encoding the polypeptide of any one of claims 1 to 15 or claim 17.

19. An immunogenic fpmposition comprising the pelypeptide of any one of claims 1 to
15 or claim 17, and/or a Nucleice acid molecule according to claim 18,

20. A polypeptide according t\any of the ¢laims 1-15 or claim 17, a nucleic acid according to
claim 18, and/or an immunogenidcomposition according to claim 19 for use as a medicament, in

patticular for use as a vaceine.
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CLAIMS

1. An influenza hemagglutinin stem domain polypeptide comprising (a) an H1 HA1 N-terminal
segment comprising the amino acids 1-52, covalently linked by a linking sequence of 0-10 amino
acid residues to an H1 HA1 C- terminal stem segment comprising the amino acids 321-end of
HA1, and (b) an influenza hemagglutinin HA2 domain, wherein the C- terminal amino acid
residue of the HA1 C-terminal stem segment is any amino acid other than arginine (R) or lysine
(K), and wherein one or more of the amino acids on position 406, 409, 413 and 416 have been
changed into an amino acid selected from the group consisting of S,T,N,Q,R,H,K,D,E and G,
and wherein the polypeptides comprise a disulphide bridge between the amino acids on position
324 and 436;

wherein the numbering is based on the numbering of amino acids of the HIN1 influenza strain

A/Brisbane/59/2007 (SEQ ID NO: 1).

2. An influenza hemagglutinin stem domain polypeptide according to claim 1, wherein the
polypeptide comprises hemagglutinin stem domains from or based on HA of the influenza virus

A/Brisbane/59/2007 (SEQ ID NO: 1) or A/California/04/2009 (SEQ ID NO: 159).

3. An influenza hemagglutinin stem domain polypeptide comprising (a) an H3 HA1 N-terminal
segment comprising the amino acids 1-61, covalently linked by a linking sequence of 0-10 amino
acid residues to an H3 HA1 C- terminal stem segment comprising the amino acids 323-end of
HA1, and (b) an influenza hemagglutinin HA2 domain, wherein the C- terminal amino acid
residue of the HA1 C-terminal stem segment is any amino acid other than arginine (R) or lysine
(K) and wherein one or more of the amino acids on position 401, 408, 411, 415 and 418 have
been changed into an amino acid selected from the group consisting of S,T,N,Q,R,H,K,D,E and
G, and wherein the polypeptides comprise a disulphide bridge between the amino acids of
position 326 and 438; wherein the numbering is based on the numbering of amino acids of the

H3N2 influenza strain A/Wisconsin/67/2005 (SEQ ID NO: 89).
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4. An influenza hemagglutinin stem domain polypeptide according to claim 3, wherein the
polypeptide comprises HA domains of A/Wisconsin/67/2005 (SEQ ID NO: 89) or A/Hong
Kong/1/1968 (SEQ ID NO: 121).

5. An influenza hemagglutinin stem domain polypeptide according to any one of the claims 1-4,
wherein the C- terminal amino acid residue of the HA1 C-terminal stem segment is glutamine

(Q), serine (8S), threonine (T), asparagine (N), aspartic acid (D) or glutamic acid (E)

6. A polypeptide according to any one of the preceding claims, wherein the polypeptide does not
comprise a full-length HA 1 domain.

7. A polypeptide according to any one of the preceding claims, wherein the polypeptide is
glycosylated.

8. A polypeptide according to any one of the preceding claims, wherein the polypeptide
comprises an influenza hemagglutinin HA1 and/or HA2 domain based on influenza
hemagglutinin from an influenza A virus comprising HA of the H1 subtype selected from the

group consisting of influenza A viruses of Table 7.

9. A polypeptide according to any of the preceding claims, wherein the polypeptide comprises

one or more further mutations in the HA1 domain and/or the HA2 domain.

10. A polypeptide according to any one of the preceding claims, wherein the polypeptide does

not comprise the signal sequence.

11. A polypeptide according to any one of the preceding claims, wherein the polypeptide does not

comprise the intracellular and transmembrane sequence of HA.

12. A polypeptide according to claim 11, wherein the amino acid sequence from position 523, 524,

525, 526, 527, 528, 529 or 530 of the HA2 domain to the C-terminus has been removed.
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13. A polypeptide according to any one of claim 1, 2 or claim 5-12, wherein the polypeptide
selectively binds to the antibodies CR6261 and/or CR9114 comprising a heavy chain CDR1
region of SEQ ID NO: 25, a heavy chain CDR2 region of SEQ ID NO: 26, a heavy chain CDR3
region of SEQ ID NO: 27, and a light chain CDR1 region of SEQ ID NO: 28, a light chain
CDR2 region of SEQ ID NO: 29 and a light chain CDR3 region of SEQ ID NO: 30, and does not
bind to the antibody CR8057.

14. A polypeptide according to any one of claim 4-12, wherein the polypeptide selectively binds
to the antibodies CR8020, CR843 and/or CR9114 comprising a heavy chain CDR1 region of
SEQ ID NO: 25, a heavy chain CDR2 region of SEQ ID NO: 26, a heavy chain CDR3 region of
SEQ ID NO: 27, and a light chain CDR1 region of SEQ ID NO: 28, a light chain CDR2 region
of SEQ ID NO: 29 and a light chain CDR3 region of SEQ ID NO: 30 and does not bind to the
antibody CR8057.

15. A method for providing an influenza H1 hemagglutinin stem domain polypeptide comprising
the steps of:

(a) Providing an influenza H1 HAO amino acid sequence;

(b) Removing the cleavage site between HA1 and HA2 by mutating the C-terminal amino acid of
HA1 into an amino acid other that arginine (R) or lysine (K);

(c) Removing the amino acid sequence comprising the amino acid residues from position 53 to and
including the amino acid residue on position 320 of the globular head domain from the HAQ
sequence and joining the remaining parts of the sequence directly, or by introducing a linker
sequences of 1 to 10 amino acids in length;

(d) Introducing one or more mutations in the amino acid sequence connecting the C-terminal
residue of helix A to the N-terminal residue of helix CD; and

(e) Introducing at least a disulfide bridges-in the HA stem domain between amino acids of (or the

equivalent of) position 324 and 436 (numbering according to SEQ ID NO: 1).

16. A method for providing an influenza H3 hemagglutinin stem domain polypeptide comprising
the steps of:

(a) Providing an influenza H3 HAO amino acid sequence;
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(b) Removing the cleavage site between HA1 and HA2 by mutating the C-terminal amino acid of
HAI into an amino acid other that arginine (R) or lysine (K);

(c) Removing the amino acid sequence comprising the amino acid residues from position 62 to
and including the amino acid residue on position 322 of the globular head domain from the HAO
sequence and joining the remaining parts of the sequence directly, or by introducing a linker
sequences of 1 to 10 amino acids in length;

(d) Introducing one or more mutations in the amino acid sequence connecting the C-terminal
residue of helix A to the N-terminal residue of helix CD; and

(e) Introducing at least a disulfide bridges in the HA stem domain between amino acids of (or the

equivalent of) position 326 and 438 (numbering according to SEQ ID NO: 89).

17. An influenza hemagglutinin stem domain polypeptide obtainable by the method according to

claim 15 or 16.

18. A nucleic acid encoding the polypeptide of any one of claims 1 to 14 or claim 17.

19. An immunogenic composition comprising the polypeptide of any one of claims 1 to

14 or claim 17, and/or a nucleic acid molecule according to claim 18.

20. A polypeptide according to any of the claims 1-14 or claim 17, a nucleic acid according to
claim 18, and/or an immunogenic composition according to claim 19 for use as a medicament, in

particular for use as a vaccine.




