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CLAIMS

1. An influenza hemagglutinin (HA) stem domain polypeptide comprising (a) an

Yfluenza hemagglutinin HA1 domain that comprises an HAI N-terminal stem segment,

polypeptide is resistagt to protease cleavage at the junction between HA1 and HA2, and
wherein one or more am\no acids at positions 337, 340, 352, 353, 402, 406, 409, 413
and/or 416 have been mutaXed as compared to the corresponding positions in wild-type

influenza HA.

2. Influenza HA stem domain poly C
HA2 domain are derived from A/Brisbahg/59/2007 (SEQ ID NO: 1).

Rtide according to claim 1, wherein the HA1 and

3. Influenza HA stem domain polypeptide o‘-- ding to claim 1 or 2, wherein x is 52,

y=321 and p=18.

4. Influenza HA stem domain polypeptide according to axy of the preceding claims 1-3,

25

30

523, 524, 525, 526, 527, 526, 528, 529, or 530 of the HA2 dom¥jn to the C-terminus of the

HA2 domain has been removed.

5. Influenza HA stem domain polypeptide according to any of the precedqg claims,
wherein
the mutated amino acid on position 337 is an amino acid selected from the grou
consisting of E, I, K, V, A, and T;

the mutated amino acid on position 340 is an amino acid selected from the group

consisting of I, K,R, T,F,N,Sand Y;

whereinvthevaminofacid*fsequenceffrornﬂposition**(forfthefequ' alent-0of)-519,-520, 521,522, ———— -
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the mutated amino acid on position 352 is an amino acid selected from the group

consisting of D, V, Y, A,ILN, S, and T;

the mutated amino acid on position 353 is an amino acid selected from the group

N sisting of K,R, T, E, G and V;

the jtated amino acid on position 402 is an amino acid selected from the group
consi51 o of E,K,M, V,R, and T;

the mutate\amino acid on position 406 is an amino acid selected from the group

consisting of B\, N, S, T, Y, H, and L;

the mutated amind\acid on position 409 is an amino acid selected from the group consisting

of A,G, LR, T, V,Fend S;
the mutated amino acid O position 413 is an amino acid selected from the group consisting

of F, LN,S, T,Y, G,E, K, \nd V; and

the mutated amino acid on p01’n 416 1s an amino acid selected from the group consisting

of H,I L,N, R, and S.

6. Influenza HA stem domain polype \de according to any of the preceding claims,
wherein the polypeptides comprise the axaino acid sequence:
DTICIGYHANNSTDTVDTVLEKNVTVTHSXNLLENGGGGKYVCSAKLRMVTGL
RNX;PSX,QSQGLFGAIAGX3X4EGGWTGMVDGWYGYHHQNEQGSGYAADQKS
TQNAINGITNKVNSVIEKXsNTQXTAX;,GKEXs sERMKQIEDKIEEIESKQIWC
YNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDE

'CMESVKNGTYDYPKYSEESKLNREKIDGVSGRDYKDDDDKLVPRGSPGSGYIPE

APRDGQAYVRKDGEWVLLSTFLGHHHHHH (SEQ ID NON33),

wherein X; is an amino acid selected from the group consisting of B\ I, K, V, A, and T;

X5 is an amino acid selected from the group consisting of E, K, M, V, R, and T;
X 1s an amino acid selected from the group consisting of F, I, N, S, T, Y, H, and L;
X7 1s an amino acid selected from the group consisting of A, G,I, R, T, V, F, and S;
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X 1s an amino acid selected from the group consisting of F, I, N, S, T, Y, G, E, K, and V;
and

5 1s an amino acid selected from the group consisting of H, I, L, N, R, and S.

TQNAINGITNK XNSVIEKXsNTQX¢TAX;GKEXgNKX,ERMKQIEDKIEEIESK QIW
CYNAELLVLLENER TLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCN
DECMESVKNGTYDYRKYSEESKLNREKIDG (SEQ ID NO: 54),

wherein .‘
the group consisting of E, I, K, V, A, and T; X, isan
consisting of , K, R, T,F, N, Sand Y;

roup consisting of D,F, V, Y, A, LN, S, and T;

X; is an amino acid selected )
amino acid selected from the gro
X3 1s an amino acid selected from th
Xy is an amino acid selected from the growp consisting of I, K, R, T, E, G and V;

X 1s an amino acid selected from the group donsisting of E, K, M, V, R, and T;

X 1s an amino acid selected from the group conyjsting of F,I, N, S, T, Y, H, and L;

X7 1s an amino acid selected from the group consistigg of A, G, L, R, T, V, F, and S;

AfF, LN,S, T,Y,G,E,K, M, and

Xs 1s an amino acid selected from the group consisting

V; and

Xy is an amino acid selected from the group consisting of H, \L, N, R, and S.

8. Influenza HA stem domain polypeptide according to any of the

wherein the polypeptides comprise the amino acid sequence:

CYNAELLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHK
DECMESVKNGTYDYPKYSEESKLNREKIDGVKLESMGVYQIEG (SEQ ID NO:
70),
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wherein

X 1s an amino acid selected from the group consisting of E, I, K, V, A, and T;

A X, is an amino acid selected from the group consisting of I, K, R, T, F, N, S and Y;

\1s an amino acid selected from the group consisting of D, F, V, Y, A, I, N, S, and T;
X4 190 amino acid selected from the group consisting of I, K, R, T, E, G and V;

Xs 1s an'ymino acid selected from the group consisting of E, K, M, V, R, and T;

Xo is an amino acid seledded from the group consisting of H, I, L, N, R, and S.

9. Influenza HA stem domai Rolypeptide according to any of the preceding claims 1-5,
wherein the polypeptides compxise the amino acid sequence:

DTICIGYHANNSTDTVDTVLEKNXTVTHSVNLLENGGGGKYVCSAKLRMVTGL
RNXPSX2QSQGLFGAIAGX3X4EGGWIGMVDGWYGYHHQNEQGSGYAADQKS
TQNAINGITNKVNSVIEKXsNTQXTAX)GKEXsNK XoERMK QIEDKIEEIESK QIW
CYNAELLVLLENERTLDFHDSNVKNLYEKYKSQLKNNAKEIGNGCFEFYHKCN
DECMESVKNGTYDYPKYSEESKLNREKIDGVKLESMGVYQILAIYSTVASSLVL
LVSLGAISFWMCSNGSLQCRICI (SEQ ID NO: 71

wherein

X, is an amino acid selected from the group conSistihg of E, , ,VV, A, and T;

X, 1s an amino acid selected from the group consisting of I, K, R\T, F, N, S and Y;
X3 is an amino acid selected from the group consisting of D, F, V, % A, LN,S,and T;
X4 is an amino acid selected from the group consisting of I, K, R, T, E, § and V;

Xs is an amino acid selected from the group consisting of E, K, M, V, R, and T;

X¢ 18 an amino acid selected from the group consisting of F, I, N, S, T, Y, H, ard L;
X7 is an amino acid selected from the group consisting of A, G, I, R, T, V, F, and'§;
X5 is an amino acid selected from the group consisting of F, I, N, S, T, Y, G, E, K, M
V; and

Xy is an amino acid selected from the group consisting of H, I, L, N, R, and S.
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10. Influenza HA stem domain polypeptide according to any of the preceding claims,
wherein the polypeptides comprises an amino acid sequence selected from the group

\, consisting of SEQ ID NO: 55-76.

11. Innza HA stem domain polypeptide according to any of the preceding claims,
wherei\the polypeptides comprises an amino acid sequence selected from the group
consistingRf SEQ ID NO: 55, SEQ ID NO: 66 and SEQ ID NO: 73.

12. A nucleic acid m¥ ccule encoding a polypeptide according to any one of claims 1 to 11.

13. A vector comprising thcleic acid molecule of claim 12.

[4. A composition comprising the® Rolypeptide of any one of claims 1 to 11, and/or a

nucleic acid molecule according to cIMm 12 and/or a vector according to claim 13.
15. Influenza HA stem domain polypeptide a&cording to any of the claims 1-11, a nucleic
acid according to claim 12, and/or a compositiohaccording to claim 14 for use as a

medicament, in particular for use as a vaccine.

16. Influenza HA stem domain polypeptide according to aQy of the claims 1-11, a nucleic

- acid molecule according to claim 12 and/or a composition acsprding to claim 14 for use

in inducing an immune response against influenza HA protein.

17. Influenza HA stem domain polypeptide according to any of the claxps 1-11, a nucleic
acid molecule according to claim 12 and/or a composition according to clm 14 for use

in the prophylaxis and/or treatment of influenza infection.
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CLAIMS

1. An influenza hemagglutinin (HA) stem domain polypeptide comprising (a) an influenza
hemagglutinin HA1 domain that comprises an HAI N-terminal stem segment, comprising the
amino acids from position 1 to position 52, preferably from position 18 to position 52, of the
HA1 domain, covalently linked by a linking sequence of 0-50 amino acid residues to an HA1 C-
terminal stem segment, comprising the amino acids from position 321 to and including the C-
terminal amino acid of the HA1 domain and (b) an influenza hemagglutinin HA2 domain,
wherein the HA1 and HA2 domain are derived from A/Brisbane/59/2007 (SEQ ID NO: 1),
wherein the hemagglutinin stem domain polypeptide is resistant to protease cleavage at the
junction between HA1 and HA2, and wherein the polypeptide further comprises the mutation
R324C in the HA1 domain and T436C in the HA2 domain and wherein the sequence
MKQIEDKIEEIESKQ (SEQ ID NO: 5) is introduced at position 419-433, and wherein one or
more amino acids at positions 337, 340, 352, 353, 402, 406, 409, 413 and/or 416 have been
mutated as compared to the corresponding positions in wild-type influenza HA,

wherein the polypeptide comprises the amino acid sequence:
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNX;PS
X>QSQGLFGAIAGX3X4EGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNK
VNSVIEKXNTQX6TAX;GKEXsNKXoERMK QIEDKIEEIESKQIWCYNAELLVLLENERTL
DFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVSGRDYKDDDDKLVPRGSPGSGYIPEAPRDGQAYVRKDGEWVLLSTFLG
HHHHHH (SEQ D NO: 53),

X,QSQGLFGAIAGX;X,EGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNK
VNSVIEKXsNTQXTAX,GKEXsNKX,ERMK QIEDKIEEIESKQIWCYNAELLVLLENERTL
DFHDSNVKNLYEK VKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDG (SEQ ID NO: 54),

DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNX,PS
X,QSQGLFGAIAGX;X,EGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNK
VNSVIEKXsNTQX¢TAX;GKEXsNKXoERMK QIEDKIEEIESKQIWCYNAELLVLLENERTL
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DFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQIEG (SEQ ID NO: 70), or
DTICIGYHANNSTDTVDTVLEKNVTVTHSVNLLENGGGGKYVCSAKLRMVTGLRNX;PS
X;QSQGLFGAIAGX3X4EGGWTGMVDGWYGYHHQNEQGSGYAADQKSTQNAINGITNK
VNSVIEKXsNTQXsTAX;GKEXgNKXoERMKQIEDKIEEIESKQIWCYNAELLVLLENERTL
DFHDSNVKNLYEKVKSQLKNNAKEIGNGCFEFYHKCNDECMESVKNGTYDYPKYSEES
KLNREKIDGVKLESMGVYQILATYSTVASSLVLLVSLGAISFWMCSNGSLQCRICI (SEQ
ID NO: 71),

wherein

X is an amino acid selected from the group consisting of E, I, K, V, A, and T;

X, is an amino acid selected from the group consisting of I, K, R, T, F, N, Sand Y;

X3 is an amino acid selected from the group consisting of D, F, V, Y, A, L N, S, and T;

X4 is an amino acid selected from the group consisting of I, K, R, T, E, G and V;

X5 is an amino acid selected from the group consisting of E, K, M, V, R, and T;

Xe is an amino acid selected from the group consisting of F, I, N, S, T, Y, H, and L;

X5 is an amino acid selected from the group consisting of A, G,I, R, T, V, F, and S;

Xg is an amino acid selected from the group consisting of F, LN, S, T, Y, G, E, K, M and V;
and

Xg is an amino acid selected from the group consisting of H, I, L, N, R, and S.

2. Influenza HA stem domain polypeptide according to claim 1, wherein the polypeptides

— —comprises an amino-acid sequence selected-from-the group consisting of SEQ 1D NO:-55-76.

3. Influenza HA stem domain polypeptide according to claim 2, wherein the polypeptides
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 55, SEQ ID
NO: 66 and SEQ ID NO: 73.

4. A nucleic acid molecule encoding a polypeptide according to any one of claims 1 to 3.

5. A vector comprising the nucleic acid molecule of claim 4.
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6. A composition comprising the polypeptide of any one of claims 1 to 3, and/or a nucleic acid

molecule according to claim 4 and/or a vector according to claim 5.

7. Influenza HA stem domain polypeptide according to any one of claims 1 to 3, and/or a nucleic
acid molecule according to claim 4, and/or a composition according to claim 6 for use as a

medicament, in particular for use as a vaccine.

8. Influenza HA stem domain polypeptide according to any of the claims 1 to 3, and/or a nucleic
acid molecule according to claim 4, for use in inducing an immune response against influenza

HA protein.

9. Influenza HA stem domain polypeptide according to any of the claims 1 to 3, and/or a nucleic
acid molecule according to claim 4, for use in the prophylaxis and/or treatment of influenza

infection.




