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MODIFIED MENINGOCOCCAL fHbp POLYPEPTIDES 

This application claims the benefit of European patent applications 14157399.8 (filed February 28 

2014) and 14177566.8 (filed July 17 2014), the complete contents of both of which are hereby 

incorporated herein by reference for all purposes. 

	

5 	TECHNICAL FIELD 

This invention is in the field of protein engineering, relating in particular to the mcningococcal factor 

H binding protein (fHbp), which is known to be a useful vaccine immunogen. 

BACKGROUND ART 

Neisserict meningitidis is a Gram-negative encapsulated bacterium which colonises the upper 

	

10 	respiratory tract of approximately 10% of human population. Conjugate vaccines arc available 

against serogroups A, C, W135 and Y, but the only vaccine which is available for protecting against 

serogroup B in a two-dose regimen is the BEXSEROTM product which was approved in 2013. 

One of the protective immunogens in BEXSEROTm is fHbp, which has also been known as protein 

`741' (SEQ ID NO: 2536 in ref 1; SEQ ID 1 herein), 'NMB1870', `GNA1870' [2-4, T2086', 

	

15 	'LP2086' or 'ORF2086' [5-7]. The 3D structure of this protein is known [8,9], and the protein has 

two 13-ban-els connected by a short linker. Many publications have reported on the protective efficacy 

of this protein in meningococcal vaccines e.g. sec references 10-14. The fHbp lipoprotein is 

expressed in various strains across all serogroups. fHbp sequences have been grouped into three 

variants [2] (referred to herein as vl, v2 and v3), and it has been found in general that serum raised 

	

20 	against a given variant is bactericidal against strains which express that variant, but is not active 

against strains which express one of the other two variants i.e. there is intra-variant cross-protection, 

but not inter-variant cross-protection (except for some v2 and v3 cross-reactivity). 

To increase inter-family cross-reactivity the fHbp sequence has been engineered to contain 

specificities for all three variants [15]. Protein engineering has also been used to remove fHbp's 

	

25 	interaction with siderophores [16] and with factor H [17-25]. Disruption of the interaction with fti 

has been reported for all three variants and is postulated to provide a superior vaccine immunogen 

[22,26]. For v2 polypeptides, however, references 23 and 24 report an inherent instability which is 

also seen in mutants with disrupted fH-binding. The instability appears to arise from the N-terminal 

13-barrel domain, and reference 23 warns that any substitutions in this barrel might promote 

	

30 	instability. 

It is an object of the invention to provide further fHbp v2 and v3 mutants, but having enhanced 

stability. 

DISCLOSURE OF THE INVENTION 

Full-length fHbp from strain 2996 in v2 has the following amino acid sequence (SEQ ID NO: 2): 

MNRTAFCCLSLTAAL I LTACS SGGGGVAADI GAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAA 
QGAEKTYGNGDSLNTGKLKNDKVSRFDF I RQI EVDGQL I TLESGE FQIYKQDHSAVVALQIEK INN PDK 
I DSL INQRSFLVSGLGGEHTAFNQL PDGKAEYHGKAF S S DDAGGKLTYT I DFAAKQGHGKIEHLKTPEQ 
NVELAAAELKADEKSHAVILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEI GIAGKQ 
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The mature lipoprotein lacks the first 19 amino acids of SEQ ID NO: 2 (underlined; provides SEQ 

ID NO: 4), and the AG form of SEQ ID NO: 2 lacks the first 26 amino acids (SEQ ID NO: 5). 

Full-length fHbp from strain M1239 in v3 has the following amino acid sequence (SEQ ID NO: 3): 

MNRTAFCCLSLTTAL I LTAC  S SGGGGSGGGGVAADI GTGLADALTAPLDHKDKGLKSLTLEDS I 
PQNGTLTLSAQGAEKTFKAGDKDNSLNIGKLKNDKI SRFDFVQK I EVDGQT I T LASGEFQI YKQNHSA 
VVALQIEKINNPDKTDSL INQRSFLVSGLGGEHTAFNQL PGGKAEYEIGKAFS SDDPNGRLHYS I DFTK 
KQGYGRIEHLKTLEQNVELA_AAELKADEKSHAVI LGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKI 
GEKVHE I G IAGKQ 

The mature lipoprotein lacks the first 19 amino acids of SEQ ID NO: 3 (underlined; provides SEQ 

	

5 	ID NO: 40), and the AG form of SEQ ID NO: 3 lacks the first 31 amino acids (SEQ ID NO: 17). 

The inventors have identified residues within SEQ ID NO: 2 and SEQ ID NO: 3 which can be 

modified to increase the polypeptide's stability. These residues are generally present across v2 and 

v3 sequences and so their modification can provide v2 and v3 fHbp sequences with enhanced 

stability. Moreover, the inventors have shown that, as well as increasing stability, mutation of these 

	

10 	residues can advantageously decrease binding to human factor H (fH). In addition, however, the 

mutations disclosed herein can be combined with other mutations e.g. to decrease binding to human 

factor H (fH), for which several mutations are already known in the art. 

Thus, in general the invention provides a mutant v2 or v3 fHbp which has increased stability relative 

to a wild-type fHbp (e.g. relative to SEQ ID NOs: 2 or 3) and which, optionally, has lower affinity 

	

15 	for human factor H than a wild-type fHbp (e.g. relative to SEQ ID NOs: 2 or 3). The increase in 

stability and the optional reduction in fH affinity preferably result from the same mutation(s), but in 

some embodiments they may be due to the separate effect of combined mutations. Mutant fHbp 

proteins with both increased stability and reduced fH affinity are preferred. 

In a first embodiment the invention provides a polypeptide comprising a mutant fI-Ibp v2 amino acid 

	

20 	sequence, wherein: (a) the amino acid sequence has at least k% sequence identity to SEQ ID NO: 5, 

and/or comprises a fragment of SEQ ID NO: 5; but (b) the amino acid sequence differs from SEQ ID 

NO: 5 at one or more of the following residues: S32, V33, L39, L41, F69, V100, 1113, F122, L123, 

V124, S125, G126, L127, G128, S151,11239, and/or E240. 

Where feature (a) relates to a fragment, the fragment will include at least one of the residues listed in 

	

25 	(b), but that residue will differ when compared to that residue in SEQ ID NO: 5. A fragment of (a) 

will generally be at least 7 amino acids long e.g. 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 24, 

26, 28, 40, 45, 50, 55, 60 contiguous amino acids or more from SEQ ID NO: 5. The fragment will 

typically include at least one epitope from SEQ ID NO: 5. Epitope identification and mapping is 

established for fHbp [11; 27-31]. Sharing at least 30 contiguous amino acids with SEQ ID NO: 5 will 

	

30 	be typical, and usually a mutant fHbp v2 amino acid sequence will include several (e.g. 2, 3, 4, 5 or 

more) fragments from SEQ ID NO: 5. Overall, a mutant fHbp v2 amino acid sequence can have at 

least k% sequence identity to and include several fragments of SEQ lD NO: 5. 
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The value of k may be selected from 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 

more. It is preferably 90 (i.e. the mutant fHbp v2 amino acid sequence has at least 90% identity to 

SEQ ID NO: 5) and is more preferably 95. 

The polypeptide can, after administration to a host animal, elicit antibodies which can recognise a 

	

5 	wild-type meningococcal polypeptide consisting of SEQ ID NO: 4. These antibodies are ideally 

bactericidal (see below). These antibodies can include some antibodies which do not recognise a vl 

or a v3 polypeptide (e.g. a wild-type meningococcal polypeptide consisting of SEQ ID NO: 46 and a 

wild-type meningococcal polypeptide consisting of SEQ ID NO: 40), although they may also include 

some antibodies which cross-react with vl and/or v3 polypeptides. 

	

10 	The polypeptide has, under the same experimental conditions, a higher stability than the same 

polypeptide but without the sequence difference's of (b) e.g. higher stability than a wild-type 

meningococcal polypeptide consisting of SEQ ID NO: 4. The stability enhancement can be assessed 

using differential scanning calorimetry (DSC) e.g. as discussed in references 32 & 33. DSC has 

previously been used to assess the stability of v2 fHbp [24]. Suitable conditions for DSC to assess 

	

15 	stability can use 20p.M of polypeptide in a buffered solution (e.g. 25mM Tris) with a pH between 6 

and 8 (e.g. 7-7.5) with 100-200mM NaC1 (e.g. 150mM). 

In some embodiments, the polypeptide of the invention is truncated relative to SEQ ID NO: 5. 

Compared to the wild-type mature sequence, SEQ ID NO: 5 is already truncated at the N-terminus 

up to and including the poly-glycine sequence (compare SEQ ID NOs: 4 and 5), but SEQ ID NO: 5 

	

20 	can be truncated at the C-terminus and/or further truncated at the N-terminus. 

The increase in stability is ideally at least 5°C e.g. at least 10°C, 15°C, 20°C, 25°C, 30°C, 35°C or 

more. These temperatures refer to the increase in thermal transition midpoint (Tm) as assessed by 

DSC. Wild-type fHbp shows two DSC peaks during unfolding (one for the N-terminal domain and 

one for the C-terminal domain) and, where a polypeptide of the invention includes both such 

	

25 	domains, the increase refers to the stability of the N-terminal domain, which can occur even below 

40°C with wild-type v2 sequences [24] (whereas C-terminal domains can have a Tm of 80°C or 

more). Thus the mutant fHbp v2 amino acid sequence of the invention preferably has a N-terminal 

domain with a Tm of at least 45°C e.g. .50°C, >55°C, >60°C, >65°C, >70°C, 	, >750t.;-  or even >80°C. 

In a second embodiment, the invention provides a polypeptide comprising a mutant fHbp v3 amino 

	

30 	acid sequence, wherein: (a) the amino acid sequence has at least j% sequence identity to SEQ ID NO: 

17, and/or comprises a fragment of SEQ ID NO: 17; but (b) the amino acid sequence differs from 

SEQ ID NO: 17 at one or more of the following residues: S32, 133, L39, L41, F72, V103, T116, 

F125, L126, V127, S128, G129, L130, G131, S154, H242, and/or E243. 

Where feature (a) relates to a fragment, the fragment will include at least one of the residues listed in 

	

35 	(b), but that residue will differ when compared to that residue in SEQ ID NO: 17. A fragment of (a) 

will generally be at least 7 amino acids long e.g. 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 24, 

26, 28, 40, 45, 50, 55, 60 contiguous amino acids or more from SEQ ID NO: 17. The fragment will 

typically include at least one epitope from SEQ ID NO: 17. Epitopc identification and mapping is 

-3- 



WO 2015/128480 	 PCT/EP2015/054174 

established for fHbp [11; 27-31]. Sharing at least 30 contiguous amino acids with SEQ ID NO: 17 
will be typical. and usually a mutant filly v3 amino acid sequence will include several (e.g. 2, 3, 4, 5 
or more) fragments from SEQ ID NO: 17. Overall, a mutant fl-lbp v3 amino acid sequence can have 
at least" sequence identity to and include several fragments of SEQ ID NO: 17. 

	

5 	The value of _j may be selected from 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 
more. It is preferably 90 (i.e. the mutant fHbp v3 amino acid sequence has at least 90% identity to 
SEQ ID NO: 17) and is more preferably 95. 

The polypeptide can, after administration to a host animal, elicit antibodies which can recognise a 

wild-type meningococcal polypeptide consisting of SEQ ID NO: 40. These antibodies are ideally 

	

10 	bactericidal (see below). These antibodies can include some antibodies which do not recognise a vl 
or a v2 polypeptide (e.g. a wild-type meningococcal polypeptide consisting of SEQ ID NO: 46 and a 
wild-type meningococcal polypeptide consisting of SEQ ID NO: 4), although they may also include 
some antibodies which cross-react with vl and/or v2 polypeptides. 

The polypeptidc has, under the same experimental conditions, a higher stability than the same 

	

15 	polypeptide but without the sequence difference/s of (b) e.g. higher stability than a wild-type 
meningococcal polypeptide consisting of SEQ ID NO: 40. The stability enhancement can be assessed 
using differential scanning calorimetry (DSC) e.g. as discussed in references 32 & 33 DSC has 
previously been used to assess the stability of v3 fHbp [23]. Suitable conditions for DSC to assess 
stability can use 200/1 of polypeptide in a buffered solution (e.g. 25mM Tris) with a pH between 6 

	

20 	and 8 (e.g. 7-7.5) with 100-200mM NaCI (e.g. 150mM). 

In some embodiments, the polypeptide of the invention is truncated relative to SEQ 1D NO: 17. 
Compared to the wild-type mature sequence, SEQ ID NO: 17 is already truncated at the N-terminus 

up to and including the poly-glycine sequence (compare SEQ ID NOs: 40 and 17), but SEQ ID NO: 
17 can be truncated at the C-terminus and/or further truncated at the N-terminus. 

	

25 	The increase in stability is ideally at least 5°C e.g. at least 10°C, 15°C, 20°C, 25°C, 30°C, 35°C or 
more. These temperatures refer to the increase in thermal transition midpoint (Tm) as assessed by 
DSC. Wild-type fHbp shows two DSC peaks during unfolding (one for the N-terminal domain and 
one for the C-terminal domain) and, where a polypeptide of the invention includes both such 
domains, the increase refers to the stability of the N-terminal domain, which can occur at around 

	

30 	60°C or less with wild-type v3 sequences [24] (whereas C-terminal domains can have a Tm of 80°C 
or more). Thus the mutant fHbp v3 amino acid sequence of the invention preferably has a N-terminal 
domain with a Tm of at least 65°C e.g. >70°C, >75°C, or even >80°C. 

Mutations relative to SEQ ID NO: 5 

Polypeptides of the first embodiment of the invention comprise an amino acid sequence which has at 

	

35 	least k% identity to SEQ ID NO: 5, and/or comprise a fragment of SEQ ID NO: 5. In comparison to 
SEQ ID NO: 5, however, this amino sequence has a modification at one or more of amino acid 
residues S32, V33, L39, L41, F69, V100, 1113, F122, L123, V124, S125, G126, L127, G128, S151, 
H239, and/or E240 e.g. at 2, 3, 4, 5 or more of these 17 residues. These residues are numbered 
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according to SEQ ID NO: 5; to match the nascent wild-type sequence (SEQ ID NO: 2), the 

numbering should change +26 (i.e. Ser-32 of SEQ ID NO: 5 is Ser-58 of SEQ ID NO: 2). and to 

match the mature wild-type sequence (SEQ ID NO: 4) the numbering should change +7 (which also 

permits easy comparison with ref. 25). 

	

5 	Preferred residues for mutation are S32, V100, L123, V124, S125, 0126, L127, 0128, H239, and/or 

E240. Mutations at these residues give proteins having good stability compared to wild-type v2. 

Within this subset, preferred residues are S32, L123, V124, S125, G126, L127, and/or G128. The 

most preferred positions are S32, L123, V124, S125, G126, L127, and/or G128, with residues S32 

and/or L123 being particularly preferred e.g. S32V and/or L123R. Where one or more of V100, 

	

10 	S125, and/or G126 is mutated, it is preferred to mutate also a residue outside this trio. 

The specified residue can be deleted, but preferably it is substituted by a different amino acid. For 

example, Ser-32 can be substituted by any of the other 19 naturally-occurring amino acids. When a 

substitution is made, the replacement amino acid in some embodiments may be a simple amino acid 

such as glycine or alanine. In other embodiments, the replacement amino acid is a conservative 

	

15 	substitution e.g. it is made within the following four groups: (1) acidic i.e. aspartate, glutamate; (2) 

basic i.e. lysine, arginine, histidine; (3) non-polar i.e. alanine, valine, leucine, isoleucine, proline, 

phenylalanine, methionine, tryptophan; and (4) uncharged polar i.e. glycine, asparagine, glutamine, 

cysteine, serine, threonine, tyrosine. In other embodiments the substitution is non-conservative. In 

some embodiments the substitution does not use alanine. 

	

20 	Preferred substitutions at the specified residues are as follows: S32V; V33C; L39C; L4I C; F69C; 

V100T; 1113S; F122C; L123R; V1241; S125G or S125T; G126D; L1271; G128A; S151C; H239R; 

E240H. 

Where the mutant ffIbp v2 amino acid sequence includes a substitution at E240, this substitution will 

not be with alanine if only E240 is mutated, although it can be alanine if a further amino acid listed 

	

25 	in (b) is substituted e.g. if residues E240 and H239 are both mutated. Ideally, E240 is not mutated on 

its own, and so a mutant fHbp v2 amino acid sequence with a substitution at E240 should also 

include a substitution at a second residue e.g. at both E240 and H239 (see mutants #1 and #11). 

Where the mutant fHbp v2 amino acid sequence includes a substitution at F122, this substitution will 

not be with alanine if only F122 is mutated, although it can be alanine if a further amino acid listed in 

	

30 	(b) is substituted e.g. if residues F122 and S151 are both mutated. Ideally, F122 is not mutated on its 

own, and so a mutant fHbp v2 amino acid sequence with a substitution at F122 should also include a 

substitution at a second residue. When F122 is substituted it is preferred that S151 is also substituted 

e.g. both are substituted with cysteine, to permit formation of a disulfide bridge (see mutant #10). 

Where the mutant fHbp v2 amino acid sequence includes a substitution at L123, this substitution will 

	

35 	not be with alanine if only L123 is mutated, although it can be alanine if a further amino acid listed 

in (b) is substituted e.g. if residues L123 and S32 are both mutated. If L123 is mutated on its own, 

substitution with arginine is preferred (e.g. see mutant #4). In some embodiments, however, L123 is 

not mutated on its own, and so a mutant fHbp v2 amino acid sequence with a substitution at L123 
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can also include a substitution at a second residue. When L123 is substituted it can be preferred that: 
(i) S32 is also substituted, as seen in mutant #3, and optionally 5125 is also substituted, as seen in 
mutants #20 and #22; or (ii) one or more of residues 124-128 is/arc also substituted e.g. as seen in 
mutant #12. 

	

5 	Where the mutant fHbp v2 amino acid sequence includes a substitution at V124, it is preferred that 
this substitution will not be with alanine if only V124 is mutated, although it can be alanine if a 

further amino acid listed in (b) is substituted e.g. if one or more of residues 123-128 are also mutated. 
If V124 is mutated on its own, substitution with isoleucine is preferred. Ideally, however, V124 is not 
mutated on its own, and so a mutant fHbp v2 amino acid sequence with a substitution at V124 should 

	

10 	also include a substitution at a second residue. When V124 is substituted it is preferred that one or 

more of residues 124-128 is/arc also substituted e.g. as seen in mutant #12. 

Where the mutant fHbp v2 amino acid sequence includes a substitution at L127, it is preferred that 

this substitution will not be with alanine if only L127 is mutated, although it can be alanine if a 

further amino acid listed in (b) is substituted e.g. if one or more of residues 123-128 are also mutated. 

	

15 	If L127 is mutated on its own, substitution with isoleucine is preferred. Ideally, however, L127 is not 
mutated on its own, and so a mutant fHbp v2 amino acid sequence with a substitution at L127 should 

also include a substitution at a second residue. When L127 is substituted it is preferred that one or 
more of residues 124-128 is/are also substituted e.g. as seen in mutant #12. 

Where the mutant fHbp v2 amino acid sequence includes a substitution at S32, it is preferred that this 

	

20 	substitution will not be with alanine if only S32 is mutated, although it can be alanine if a further 
amino acid listed in (b) is substituted e.g. if residues L123 and S32 are both mutated. If S32 is 
mutated on its own, substitution with valine is preferred. Ideally, however, S32 is not mutated on its 

own, and so a mutant fHbp v2 amino acid sequence with a substitution at S32 should also include a 

substitution at a second residue. When S32 is substituted it is preferred that (i) L123 is also 

	

25 	substituted e.g. as seen in mutant #3, and optionally SI25 is also substituted, as seen in mutants #20 
and #22; or (ii) S125 is also substituted e.g. as seen in mutants #19 and #21. 

Where the mutant fHbp v2 amino acid sequence includes a substitution at 1113, this substitution will 

not be with alanine if only 1113 is mutated, although it can be alanine if a further amino acid listed in 
(b) is substituted. If 1113 is mutated on its own, substitution with serine is preferred e.g. as seen in 

	

30 	mutant #7. 

Where the mutant fHbp v2 amino acid sequence includes a substitution at V33, this preferably is not 
with isoleucine. Where the mutant fHbp v2 amino acid sequence includes a substitution at 1113, this 
preferably is not with threonine or with alanine. Where the mutant fHbp v2 amino acid sequence 
includes a substitution at S151, this preferably is not with phenylalanine. Where the mutant fHbp v2 

	

35 	amino acid sequence includes a substitution at both H239 and E240, this preferably is not to 8239 
and Q240. 

Where more than one substitution is made, these may be selected from groups 2A to 20 as follows: 

2A: residues 239 and 240 e.g. mutant #1. 
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2B: residues 32 and 123 e.g. mutant #3. 

2C: residues 125 and 126 e.g. mutant #5. 

2D: residues 100, 125 and 126 e.g. mutant #6. 

2E: residues 33 and 39 e.g. mutant #8. 

	

5 	2F: residues 41 and 69 e.g. mutant #9. 

2G: residues 122 and 151 e.g. mutant #10. 

2H: residues 100, 125, 126, 239 and 240 e.g. mutant #11. 

21: residues 32 and 125 e.g. mutants #19 and #21. 

2J: residues 32, 123 and 125 e.g. mutants #20 and #22. 

	

10 	2K: residues 33 and 39, both substituted by Cys e.g. mutant #8. 

2L: residues 41 and 69, both substituted by Cys e.g. mutant #9. 

2M: residues 122 and 151, both substituted by Cys e.g. mutant #10. 

2N: residues 123, 124, 125, 126, 127 and 128 e.g. mutant #12. 

20: residues 32, 123, 124, 125, 126, 127 and 128. 

	

15 	Thus, for example, if residue 239 is to be substituted then a preferred second residue for substitution 

is 240 (i.e. group 2A); moreover, residues 100, 125 and 126 might also be modified (i.e. group 2H, 

which is a combination of groups 2A and 2D). Within groups 2A to 2N & 20, preferred substitutions 

at the specified positions are those listed above. For groups 2K, 2L & 2M, the intention is to 

introduce a disulfide bridge. Within groups 2A to 2N, preferred mutants are 2A, 2B, 2C, 2D, 2I, 2J, 

	

20 	and 2N. More preferred are 2C, 21, and 2N, with 2N being particularly preferred. Group 2B provides 

the most preferred mutations, and in particular S32V and L123R (e.g. SEQ ID NOs: 20 and 45). 

Group 20 is another preferred set of mutations, which combines 2B, 2C and three further mutations 

(e.g. to give SEQ ID NO: 58). 

The amino acid residues noted for mutation in a v2 sequence are numbered relative to SEQ ID NO: 5 

	

25 	which is from strain 2996. The corresponding amino acid residues in a v2 fHbp from any other strain 

can be readily identified by sequence alignment e.g. being the amino acid which, when aligned to 

SEQ ID NO: 5 using a pairwise alignment algorithm (e.g. the Needleman-Wunsch global alignment 

algorithm, as detailed below), aligns with the amino acid mentioned herein. Often the amino acid will 

be the same as seen in SEQ ID NO: 5 (e.g. residue 32 will be serine), but the alignment will easily 

	

30 	identify if this is not the case. 

In addition to the mutation(s) noted above, which aim to increase stability, a polypeptide of the 

invention can include one or more further mutation(s) e.g. to disrupt the polypeptide's interaction 

with siderophores or, more preferably, to disrupt the polypeptide's ability to bind to fH. 

References 19 and 25 report that the interaction between fI-1 and v2 fHbp can be disrupted by 

	

35 	mutations at residues R80, D211, E218, E248, T220+H222 (double mutation), and G236. Numbered 

according to SEQ ID NO: 5, these residues are R73, D203, E210, E240, T213+H215, and G228. Of 

these positions, polypeptides mutated at D203, E210 or 1213+H215 are preferred because reference 

25 reports no impairment of important epitopes in these mutants. The specific substitutions studied in 
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reference 25 were R73A, D203A, E210A, T213A+H215A, G2281, and E240A; these substitutions 
are suitable for use according to the invention. 

Reference 24 reports that the interaction between f1-1 and v2 fHbp can be disrupted by mutations at 
residues RI45, S193, F194, L 1 95, A265, E267, K268, V272, 1273, L274, E283, T286, H288, F292, 

	

5 	T304, and E313 and E283+T304 (double mutation). Numbered according to SEQ ID NO: 5, these 
residues are R73, S121, F122, L123, A192, E194, K195, V199, 1200, L201, E210, T213, H215, 
F219, T231, and E240 and E210+T231. Four of these overlap with reference 25 (E2 I 0, T213, H215, 
E240). The specific substitutions studied in reference 24 used alanine (except for A265P and T304E), 
and these substitutions are suitable for use according to the invention. 

	

10 	Reference 24 reports that certain substitutions in v2 can increase affinity for tH, and these should be 
avoided if the intention is to disrupt binding to fH e.g. E85 in SEQ ID NO: 5 (residue 157 in ref. 24). 

Residues which interact with siderophores can be mutated, using the guidance in references 16 and 
34 e.g. by aligning SEQ ID NO: 5 herein with SEQ ID NO: 4 of reference 16 to identify residues 
which can interact with siderophores e.g. with catecholates, hydroxamates or carboxylatcs. 

	

15 	Further residues which can be mutated include, but are not limited to, S23, L24, D30, Q31, R34, 
D95, and/or L102 e.g. using the mutations suggested in reference 35. 

The polypeptide of the first embodiment can comprise any of SEQ ID NOs: 18 to 36. Similarly, 
taking into account the 'AG' mutation (i.e. truncation of the nascent N-terminus up to and including 
the native poly-Gly sequence), the polypeptide of the first embodiment can comprise any of SEQ ID 

	

20 	NOs: 18 to 36 excluding amino acids 1-26 thereof. For example, the polypeptide of the first 
embodiment can comprise SEQ ID NO: 45, or can comprise SEQ ID NO: 58. 

Considering the possibility of further point mutations (e.g. to disrupt interactions with siderophores 
and/or fH) the polypeptide of the first embodiment can comprise any of SEQ ID NOs: 18 to 36 (or 
any of SEQ ID NOs: 18 to 36 excluding amino acids 1-26 thereof, such as SEQ ID NO: 45) but 

	

25 	modified by up to 5 single amino acid changes (i.e. 1, 2, 3, 4 or 5 single amino acid substitutions, 
deletions and/or insertions) provided that the modified sequence can, after administration to a host 
animal, elicit antibodies which bind to a meningococcal fHbp polypeptide consisting of the amino 
acid sequence of SEQ ID NO: 46. Such amino acid changes should not reverse the mutations in these 
sequences relative to the wild-type sequence e.g. SEQ ID NO: 45 should not be mutated at residue 

	

30 	V32 or R123. 

The invention also provides a polypeptide comprising a fHbp v2 amino acid sequence, wherein the 
v2 amino acid sequence is identical to a v2 wild-type amino acid sequence except for a mutation at 
the amino acid position corresponding to Leu-123 of SEQ ID NO: 5, provided that the mutation is 
not a substitution to alanine (e.g. wherein the mutation is a substitution to argininc). For instance, the 

	

35 	polypeptide can comprise SEQ ID NO: 5, but with a mutation (other than L123A) at L123. 

SEQ ID NOs: 59 and 60 are two further examples of v2 mutants, namely the mature form of mutants 
#3 & #4 for strain 8047. 
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Mutations relative to SEO ID NO: 17 

Polypcptides of the second embodiment of the invention comprise an amino acid sequence which has 

at least j% identity to SEQ ID NO: 17, and/or comprise a fragment of SEQ ID NO: 17. In 

comparison to SEQ 1D NO: 17, however, this amino sequence has a modification at one or more of 

	

5 	amino acid residues S32, 133, L39, L41, F72, V103, T116, F125, L126, V127, S128, G129, L130, 

G131, S154, H242, and/or E243 e.g. at 2, 3, 4, 5 or more of these 17 residues. These residues are 

numbered according to SEQ ID NO: 17; to match the nascent wild-type sequence (SEQ ID NO: 3), 

the numbering should change +31 (i.e. Ser-32 of SEQ ID NO: 17 is Ser-63 of SEQ ID NO: 3), and to 

match the mature wild-type sequence (SEQ ID NO: 40) the numbering should change +12. 

	

10 	Preferred residues for mutation arc S32, V103, L126, V127, S128, G129, L130, G131, H242, and/or 

E243. Within this subset, preferred residues arc S32, L126, V127, 5128, G129, L130, and/or G131. 

The most preferred positions are S32, L126, V127, 5128, G129, L130, and/or G131, with residues 

S32 and/or L126 being particularly preferred e.g. S32V and/or L126R. 

The specified residue can be deleted, but preferably it is substituted by a different amino acid. For 

	

15 	example, Ser-32 can be substituted by any of the other 19 naturally-occurring amino acids. When a 

substitution is made, the replacement amino acid in some embodiments may be a simple amino acid 

such as glycine or alanine. In other embodiments, the replacement amino acid is a conservative 

substitution e.g. it is made within the following four groups: (1) acidic i.e. aspartate, glutamate; (2) 

basic i.e. lysinc, arginine, histidine; (3) non-polar i.e. alanine, valinc, leucine, isoleucinc, prolinc, 

	

20 	phenylalanine, methionine, tryptophan; and (4) uncharged polar i.e. glycine, asparagine, glutamine, 

cysteine, serine, threonine, tyrosine. In other embodiments the substitution is non-conservative. In 

some embodiments the substitution does not use alanine. 

Preferred substitutions at the specified residues are as follows: S32V; I33C; L39C; L41C; F72C; 

V103T; T116S; F125C; L126R; V1271; S128G or S128T; G129D; L1301; G131A; S154C; H242R; 

25 E243H. 

Where the mutant fHbp v3 amino acid sequence includes a substitution at E243, this substitution will 

not be with alanine if only E243 is mutated, although it can be alanine if a further amino acid listed 

in (b) is substituted e.g. if residues E243 and H242 are both mutated. Ideally, E243 is not mutated on 

its own, and so a mutant fHbp v3 amino acid sequence with a substitution at E243 should also 

	

30 	include a substitution at a second residue e.g. at both E243 and H242. 

Where the mutant flibp v3 amino acid sequence includes a substitution at F125, this substitution will 

not be with alanine if only F125 is mutated, although it can be alanine if a further amino acid listed in 

(b) is substituted e.g. if residues F125 and S154 are both mutated. Ideally, F125 is not mutated on its 

own, and so a mutant fHbp v3 amino acid sequence with a substitution at F125 should also include a 

	

35 	substitution at a second residue. When F125 is substituted it is preferred that S154 is also substituted 

e.g. both are substituted with cysteine, to permit formation of a disulfide bridge. 

Where the mutant fHbp v3 amino acid sequence includes a substitution at L126, this substitution will 

not be with alaninc if only L126 is mutated, although it can be alaninc if a further amino acid listed 
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in (b) is substituted e.g. if residues L126 and S32 are both mutated. If L126 is mutated on its own, 
substitution with arginine is preferred. In some embodiments, however, L126 is not mutated on its 
own, and so a mutant fIlbp v3 amino acid sequence with a substitution at L 126 can also include a 
substitution at a second residue. When L126 is substituted it can be preferred that: (i) S32 is also 

	

5 	substituted, and optionally S128 is also substituted; or (ii) one or more of residues 127-131 is/are also 
substituted. 

Where the mutant fHbp v3 amino acid sequence includes a substitution at VI27, it is preferred that 
this substitution will not be with alanine if only V127 is mutated, although it can be alanine if a 
further amino acid listed in (b) is substituted e.g. if one or more of residues 126-131 are also mutated. 

	

10 	If V127 is mutated on its own, substitution with isoleucine is preferred. Ideally, however, V127 is not 
mutated on its own, and so a mutant fHbp v3 amino acid sequence with a substitution at V127 should 
also include a substitution at a second residue. When V127 is substituted it is preferred that one or 
more of residues 127-131 is/are also substituted. 

Where the mutant fHbp v3 amino acid sequence includes a substitution at L130, it is preferred that 

	

15 	this substitution will not be with alanine if only L130 is mutated, although it can be alanine if a 
further amino acid listed in (b) is substituted e.g. if one or more of residues 126-131 are also mutated. 
If L130 is mutated on its own, substitution with isoleucine is preferred. Ideally, however, L130 is not 
mutated on its own, and so a mutant fHbp v3 amino acid sequence with a substitution at L130 should 
also include a substitution at a second residue. When L130 is substituted it is preferred that one or 

	

20 	more of residues 127-131 is/are also substituted. 

Where the mutant fHbp v3 amino acid sequence includes a substitution at S32, it is preferred that this 
substitution will not be with alanine if only S32 is mutated, although it can be alanine if a further 
amino acid listed in (b) is substituted e.g. if one or more of residues if residues L126 and S32 are 
both mutated. If S32 is mutated on its own, substitution with valine is preferred. Ideally, however, 

	

25 	S32 is not mutated on its own, and so a mutant fHbp v3 amino acid sequence with a substitution at 
S32 should also include a substitution at a second residue. When S32 is substituted it is preferred that 
(i) L126 is also substituted, and optionally 5128 us also substituted, or (ii) S128 is also substituted. 

Where the mutant fHbp v3 amino acid sequence includes a substitution at TI 13, this substitution will 
not be with alanine if only T113 is mutated, although it can be alanine if a further amino acid listed 

	

30 	in (b) is substituted. If T113 is mutated on its own, substitution with serine is preferred. 

Where the mutant fHbp v3 amino acid sequence includes a substitution at 133, this preferably is not 
with valine. Where the mutant fHbp v3 amino acid sequence includes a substitution at T116, this 
preferably is not with isoleucine. Where the mutant fHbp v3 amino acid sequence includes a 
substitution at G129, this preferably is not with serine. Where the mutant ffIbp v3 amino acid 

	

35 	sequence includes a substitution at both H242 and E243, this preferably is not to R242 and Q243. 

Where more than one substitution is made, these may be selected from groups 3A to 30 as follows: 
3A: residues 242 and 243. 
3B: residues 32 and 126. 



WO 2015/128480 	 PCT/EP2015/054174 

3C: residues 128 and 129. 

3D: residues 103, 128 and 129. 

3E: residues 33 and 39. 

3F: residues 41 and 72. 

	

5 	3G: residues 125 and 154. 

3H: residues 103, 128, 129, 242 and 243. 

31: residues 32 and 128. 

3J: residues 32, 126 and 128. 

3K: residues 33 and 39, both substituted by Cys. 

	

10 	3L: residues 41 and 72, both substituted by Cys. 

3M: residues 125 and 154, both substituted by Cys. 

3N: residues 126, 127, 128, 129, 130 and 131. 

30: residues 32, 126, 127, 128, 129, 130 and 131. 

Thus, for example, if residue 242 is to be substituted then a preferred second residue for substitution 

	

15 	is 243 (i.e. group 3A); moreover, residues 103, 128 and 129 might also be modified (i.e. group 3H, 

which is a combination of groups 3A and 3D). Within groups 3A to 3N & 30, preferred substitutions 

at the specified positions are those listed above. For groups 3K, 3L & 3M, the intention is to 

introduce a disulfide bridge. Within groups 3A to 3N, preferred mutants are 3A, 3B, 3C, 3D, 31, 3J, 

and 3N. More preferred are 3C, 31, and 3N, with 3N being particularly preferred. Group 3B provides 

	

20 	the most preferred mutations, and in particular S32V and L126R (e.g. comprising SEQ ID NO: 44). 

Group 30 is another preferred mutation, which combines 3B, 3C and three further mutations (e.g. to 

give SEQ ID NO: 61). Mutation L126R alone provides SEQ ID NO: 53. 

The amino acid residues noted for mutation in a v3 sequence are numbered relative to SEQ ID NO: 

17 which is from strain M1239. The corresponding amino acid residues in a v3 fHbp from any other 

	

25 	strain can be readily identified by sequence alignment e.g. being the amino acid which, when aligned 

to SEQ ID NO: 17 using a pairwise alignment algorithm (e.g. the Needleman-Wunsch global 

alignment algorithm, as detailed below), aligns with the amino acid mentioned herein. Often the 

amino acid will be the same as seen in SEQ ID NO: 17 (e.g. residue 32 will be serine), but the 

alignment will easily identify if this is not the case. 

	

30 	In addition to the mutation(s) noted above, which aim to increase stability, a polypeptide of the 

invention can include one or more further mutation(s) e.g. to disrupt the polypeptide's interaction 

with siderophores or, more preferably, to disrupt the polypeptide's ability to bind to fH. 

Reference 24 reports that the interaction between fH and v3 fHbp can be disrupted by mutations at 

residues Q107, 1147, L156, A157, L195, V196, V272, E283, T286, T304, V311, E313 and 

	

35 	E283+T304 (double mutation). Numbered according to SEQ ID NO: 17, these residues are: Q35, 

178, L87, A88, L126, V127, V202, E213, T216, T234, V241, E243 and E213+T234. The specific 

substitutions studied in reference 24 used alanine (except for A157E and T231E), and these 

substitutions are suitable for use according to the invention. Residues T216 and E243 are also 

reported in reference 23. Reference 36 reports that the interaction between fH and v3 fHbp can be 
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disrupted by mutations at residues H288 and G318 (H218 and G248 numbered according to SEQ ID 
NO: 17), and these substitutions are suitable for use according to the invention e.g. H218R, G248D. 

Ref. 24 reports that certain substitutions in v3 can increase affinity for fH, and these should be 
avoided if the intention is to disrupt binding to f1-1 e.g. P44 in SEQ ID NO: 17 (residue 106 in ref. 24) 

	

5 	Residues which interact with siderophores can be mutated, using the guidance in references 16 and 
34 e.g. by aligning SEQ ID NO: 17 herein with SEQ ID NO: 4 of reference 16 to identify residues 
which can interact with siderophores e.g. with catecholates, hydroxamates or carboxylates. 

The polypeptide of the second embodiment can comprise any of SEQ ID NOs: 41 to 44. Considering 
the possibility of further point mutations (e.g. to disrupt interactions with siderophores and/or f1-1) the 

	

10 	polypeptide of the first embodiment can comprise any of SEQ ID NOs: 41 to 44 but modified by up 
to 5 single amino acid changes (i.e. 1, 2, 3, 4 or 5 single amino acid substitutions, deletions and/or 
insertions) provided that the modified sequence can, after administration to a host animal, elicit 
antibodies which bind to a meningococcal fHbp polypeptide consisting of the amino acid sequence of 
SEQ ID NO: 40. Such amino acid changes should not reverse the mutations in these sequences 

	

15 	relative to the wild-type sequence e.g. SEQ ID NO: 44 should not be mutated at residue V32 or 
R126. 

The invention also provides a polypeptide comprising a fHbp v3 amino acid sequence, wherein the 
v3 amino acid sequence is identical to a v3 wild-type amino acid sequence except for a mutation at 
the amino acid position conesponding to Leu-126 of SEQ ID NO: 17, provided that the mutation is 

	

20 	not a substitution to alanine (e.g. wherein the mutation is a substitution to arginine). For instance, the 
polypeptide can comprise SEQ ID NO: 17, but with a mutation (other than L126A) at L126. 

Polypeptides 

Polypeptides of the invention can be prepared by various means e.g. by chemical synthesis (at least 
in part), by digesting longer polypeptides using proteases, by translation from RNA, by purification 

	

25 	from cell culture (e.g. from recombinant expression or from N.meningitidis culture), etc. 
Heterologous expression in an E.coli host is a preferred expression route. 

Polypeptides of the invention are ideally at least 100 amino acids long e.g. 150aa, 175aa, 200aa, 
225aa, or longer. They include a mutant fHbp v2 and/or v3 amino acid sequence, and the mutant 
fHbp v2 or v3 amino acid sequence should similarly be at least 100 amino acids long e.g. 150aa, 

	

30 	175aa, 200aa, 225aa, or longer. 

The fHbp is naturally a lipoprotein in Nineningitidis. It has also been found to be lipidated when 
expressed in E.coli with its native leader sequence or with heterologous leader sequenes. 
Polypeptides of the invention may have a N-terminus cysteine residue, which may be lipidated e.g. 
comprising a palmitoyl group, usually forming tripalmitoyl-S-glyceryl-cystcine. In other 

	

35 	embodiments the polypeptides are not lipidated. 

Polypeptides are preferably prepared in substantially pure or substantially isolated form (i.e. 
substantially free from other Neisserial or host cell polypeptides). In general, the polypeptides are 
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provided in a non-naturally occurring environment e.g. they are separated from their 

naturally-occurring environment. In certain embodiments, the polypeptide is present in a composition 

that is enriched for the polypcptidc as compared to a starting material. Thus purified polypeptide is 

provided, whereby purified means that the polypcptidc is present in a composition that is 

	

5 	substantially free of other expressed polypeptides, whereby substantially free is meant that more than 

50% (e.g. >75%, >80%, >90%, >95%, or >99%) of total polypeptide in the composition is a 

polypeptide of the invention. 

Polypeptides can take various forms (e.g. native, fusions, glycosylated, non-glycosylated, lipidated, 

disulfide bridges, etc.). 

	

10 	SEQ ID NOs 4, 5, 17 and 40 do not include a N-terminus methionine. If a polypeptide of the 

invention is produced by translation in a biological host then a start codon is required, which will 

provide a N-terminus methionine in most hosts. Thus a polypeptide of the invention will, at least at a 

nascent stage, include a methionine residue upstream of said SEQ ID NO sequence. 

Cleavage of nascent sequences means that the mutant fHbp v2 or v3 amino acid sequence might 

	

15 	itself provide the polypeptidc's N-terminus. In other embodiments, however, a polypeptide of the 

invention can include a N-terminal sequence upstream of the mutant fHbp v2 or v3 amino acid 

sequence. In some embodiments the polypeptide has a single methionine at the N-terminus 

immediately followed by the mutant fHbp v2 or v3 amino acid sequence; in other embodiments a 

longer upstream sequence may be used. Such an upstream sequence may be short (e.g. 40 or fewer 

	

20 	amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 

17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to direct 

protein trafficking, or short peptide sequences which facilitate cloning or purification (e.g. a histidine 

tag i.e. His„ where 11 = 4, 5, 6, 7, 8, 9, 10 or more). Other suitable N-terminal amino acid sequences 

will be apparent to those skilled in the art e.g. the native upstream sequences present in SEQ ID NO: 

	

25 	2 or SEQ ID NO: 3. 

A polypeptide of the invention may also include amino acids downstream of the final amino acid of 

the mutant fHbp v2 or v3 amino acid sequence. Such C-terminal extensions may be short (e.g. 40 or 

fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 

18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include sequences to direct 

	

30 	protein trafficking, short peptide sequences which facilitate cloning or purification (e.g. comprising a 

histidine tag i.e. His„ where n = 4, 5, 6, 7, 8, 9, 10 or more), or sequences which enhance polypeptide 

stability. Other suitable C-terminal amino acid sequences will be apparent to those skilled in the art. 

In some embodiments, the invention excludes polypeptides which include a histidine tag (c. f. refs. 24 

& 25), and in particular a hexahistidine tag at the C-terminus. 

	

35 	The term "polypeptide" refers to amino acid polymers of any length. The polymer may be linear or 

branched, it may comprise modified amino acids, and it may be interrupted by non-amino acids. The 

terms also encompass an amino acid polymer that has been modified naturally or by intervention; for 

example, disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or any 
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other manipulation or modification, such as conjugation with a labeling component. Also included 

within the definition are, for example, polypeptides containing one or more analogs of an amino acid 

(including, for example, unnatural amino acids, etc.). as well as other modifications known in the art. 

Polypeptides can occur as single chains or associated chains. 

	

5 	Polypeptides of the invention may be attached or immobilised to a solid support. 

Polypeptides of the invention may comprise a detectable label e.g. a radioactive label, a fluorescent 

label, or a biotin label. This is particularly useful in immunoassay techniques. 

As disclosed in reference 164, fHbp can be split into three domains, referred to as A, B and C. 

Taking SEQ ID NO: 1, the three domains are (A) 1-119, (B) 120-183 and (C) 184-274: 

MNRTAFCCLSLTTAL ILIAC S SGGGGVAADI GAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLA 
AQGAEKTYGNGDS LNTGKLKNDKVSRFDF I RQ I EVDGQL I ILES GE FQVYKQSHSALTAFQTEQ I QD S  
EHSGICMVAICRQFRI GD IAGEHTSFDKLPEGGRATYRGTAFGS DDAGGKL  TY T I DFAAKQGNGK I EHLK 
SPELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGSYSLGIFGGKAQEVAGSAEVKTVNGIRHIGLAA 
KQ 

	

10 	The mature form of domain 'A', from Cys-20 at its N-terminus to Lys-1 19 , is called 'Amature'. 

Multiple fHbp sequences are known and these can readily be aligned using standard methods. By 

such alignments the skilled person can identify (a) domains 'A' (and 'AmaLuTe'),  'B' and 'C' in any 

given fHbp sequence by comparison to the coordinates in the MC58 sequence, and (b) single 

residues in multiple fHbp sequences e.g. for identifying substitutions. For ease of reference, however, 

	

15 	the domains are defined below: 

— Domain 'A' in a given fHbp sequence is the fragment of that sequence which, when aligned to 

SEQ ID NO: 1 using a pairwise alignment algorithm, starts with the amino acid aligned to Met-1 

of SEQ ID NO: 1 and ends with the amino acid aligned to Lys-119 of SEQ ID NO: 1. 

— Domain 'Amm,,,e' in a given fHbp sequence is the fragment of that sequence which, when aligned 

	

20 	to SEQ ID NO: 1 using a pairwise alignment algorithm, starts with the amino acid aligned to 

Cys-20 of SEQ ID NO: 1 and ends with the amino acid aligned to Lys-119 of SEQ ID NO: I. 

— Domain 'B' in a given fHbp sequence is the fragment of that sequence which, when aligned to 

SEQ 1D NO: 1 using a pairwise alignment algorithm, starts with the amino acid aligned to 

Gln-120 of SEQ ID NO: 1 and ends with the amino acid aligned to Gly-183 of SEQ ID NO: 1. 

	

25 	Domain 'C' in a given fHbp sequence is the fragment of that sequence which, when aligned to 

SEQ ID NO: 1 using a pairwise alignment algorithm, starts with the amino acid aligned to 

Lys-184 of SEQ ID NO: 1 and ends with the amino acid aligned to Gln-274 of SEQ ID NO: 1. 

The preferred pairwise alignment algorithm for defining the domains is the Needleman-Wunsch 

global alignment algorithm [158], using default parameters (e.g. with Gap opening penalty = 10.0, 

	

30 	and with Gap extension penalty = 0.5, using the EBLOSUM62 scoring matrix). This algorithm is 

conveniently implemented in the needle tool in the EMBOSS package [159]. 
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In some embodiments, a mutant fHbp v2 or v3 amino acid sequence of the invention is truncated to 

remove its domain A. In general, however, it is preferred that the mutant fHbp v2 or v3 amino acid 

sequence should include both a N-terminal (3-barrel and a C-terminal 13-barrel. 

In some embodiments, a polypeptide comprises an amino acid sequence as described above, except 

	

5 	that up to 10 amino acids (i.e. 1, 2, 3, 4, 5, 6. 7, 8, 9 or 10) at the N-terminus and/or up to 10 amino 

acids (i.e. 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10) at the C-terminus are deleted. 

Polypeptides of the invention typically consist of an artificial amino acid sequence, namely a 

sequence which is not present in any naturally-occurring meningococci. 

Affinity for factor H can be quantitatively assessed using surface plasmon resonance e.g. as disclosed 

	

10 	in references 18 and 21-24 with immobilised human fH. Mutations which provide an affinity 

reduction (i.e. an increase in the dissociation constant, KD) of at least 10-fold, and ideally at least 

100-fold, is prefeiTed (when measured under the same experimental conditions relative to the same 

polypeptide but without the mutation). 

Nucleic acids 

	

15 	The invention provides nucleic acid encoding a polypeptide of the invention as defined above. 

Nucleic acids of the invention may be prepared in many ways e.g. by chemical synthesis (e.g. 

phosphoramidite synthesis of DNA) in whole or in part, by digesting longer nucleic acids using 

nucleases (e.g. restriction enzymes), by joining shorter nucleic acids or nucleotides (e.g. using ligases 

or polymerases), from genomic or eDNA libraries, etc. 

	

20 	Nucleic acids of the invention can take various forms e.g. single-stranded, double-stranded, vectors, 

primers, probes, labelled, unlabelled, etc. 

Nucleic acids of the invention are preferably in isolated or substantially isolated form. 

The term "nucleic acid" includes DNA and RNA, and also their analogues, such as those containing 

modified backbones, and also peptide nucleic acids (PNA), etc. 

	

25 	Nucleic acid according to the invention may be labelled e.g. with a radioactive or fluorescent label. 

The invention also provides vectors (such as plasmids) comprising nucleotide sequences of the 

invention (e.g. cloning or expression vectors, such as those suitable for nucleic acid immunisation) 

and host cells transformed with such vectors. 

Bactericidal responses 

	

30 	Preferred polypeptides of the invention can elicit antibody responses that arc bactericidal against 

meningococci. Bactericidal antibody responses are conveniently measured in mice and are a standard 

indicator of vaccine efficacy (e.g. see end-note 14 of ref. 37; also ref. 38). 

Polypeptides of the first embodiment invention can preferably elicit an antibody response which is 

bactericidal against a N.meningitidis strain which expresses a v2 fHbp sequence e.g. one or more of 

	

35 	strains 961-5945, 2996, 96217, 312294, 11327, a22, gb013 (=M01-240013), e32, m1090, m4287, 

860800, 599, 95N477, 90-18311, ell, m986, m2671, 1000, m1096, m3279, bz232, dk353, m3697, 
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ngh38, and/ or L93/4286. Bactericidal responses can for instance be assessed against var2 strain 

M2091 (ATCC 13091). 

Preferred polypeptides of the first embodiment invention can elicit antibodies in a mouse which are 

bactericidal against strain M2091 in a serum bactericidal assay. 

	

5 	Polypeptides of the second embodiment invention can preferably elicit an antibody response which is 

bactericidal against a N.meningitidis strain which expresses a v3 fHbp sequence e.g. one or more of 

strains M1239, 16889, gb355 (=M01-240355), m3369, m3813, ngpl65. Bactericidal responses can 

for instance be assessed against var3 strain MO1-240355, which is a Neisseria MLST reference 

strains (id 19265 in ref. 39) which has been fully sequenced (see EMBL ID CP002422 [40]) 

	

10 	Prefened polypeptides of the second embodiment invention can elicit antibodies in a mouse which 

are bactericidal against strain MO1-240355 in a serum bactericidal assay. 

For example, an immunogenic composition comprising these polypeptides can provide a serum 

bactericidal titer of >1:4 using the Goldsehneider assay with human complement [41-43], and/or 

providing a serum bactericidal titer of >1:128 using baby rabbit complement. 

15 Immunisation 

Polypeptides of the invention may be used as the active ingredient of immunogenic compositions, 

and so the invention provides an immunogenic composition (e g. a vaccine) comprising a 

polypeptide of the invention. 

The invention also provides a method for raising an antibody response in a mammal, comprising 

	

20 	administering an immunogenic composition of the invention to the mammal. The antibody response 

is preferably a protective and/or bactericidal antibody response. The invention also provides 

polypeptides of the invention for use in such methods. 

The invention also provides a method for protecting a mammal against a Neisserial (e.g. 

meningococcal) infection, comprising administering to the mammal an immunogenic composition of 

	

25 	the invention. 

The invention provides polypeptides of the invention for use as medicaments (e.g. as immunogenic 

compositions or as vaccines) or as diagnostic reagents. It also provides the use of nucleic acid or 

polypeptide of the invention in the manufacture of a medicament for preventing Neisserial 

(e.g. meningococcal) infection in a mammal. 

	

30 	The mammal is preferably a human. The human may be an adult or, preferably, a child. Where the 

vaccine is for prophylactic use, the human is preferably a child (e.g. a toddler or infant); where the 

vaccine is for therapeutic use, the human is preferably an adult. A vaccine intended for children may 

also be administered to adults e.g. to assess safety, dosage, immunogcnicity, etc. 

The uses and methods are particularly useful for preventing/treating diseases including, but not 

	

35 	limited to, meningitis (particularly bacterial, such as meningococcal, meningitis) and bacteremia. For 

instance, they are suitable for active immunisation of individuals against invasive meningococcal 

disease caused by N.meningitidis (for example in serogroup B). 
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Efficacy of therapeutic treatment can be tested by monitoring Neisserial infection after 

administration of the composition of the invention. Efficacy of prophylactic treatment can be tested 

by monitoring immune responses against fHbp after administration of the composition. 

lmmunogcnicity of compositions of the invention can be determined by administering them to test 

	

5 	subjects (e.g. children 12-16 months age, or animal models) and then determining standard 

parameters including serum bactericidal antibodies (SBA) and EL1SA titres (GMT). These immune 

responses will generally be determined around 4 weeks after administration of the composition, and 

compared to values determined before administration of the composition. A SBA increase of at least 

4-fold or 8-fold is preferred. Where more than one dose of the composition is administered, more 

	

10 	than one post-administration determination may be made. 

Preferred compositions of the invention can confer an antibody titre in a patient that is superior to the 

criterion for seroprotection for each antigenic component for an acceptable percentage of human 

subjects. Antigens with an associated antibody titre above which a host is considered to be 

seroconverted against the antigen are well known, and such titres are published by organisations such 

	

15 	as WHO. Preferably more than 80% of a statistically significant sample of subjects is seroconverted, 

more preferably more than 90%, still more preferably more than 93% and most preferably 96-100%. 

Compositions of the invention will generally be administered directly to a patient. Direct delivery 

may be accomplished by parenteral injection (e.g. subcutaneously, intraperitoneally, intravenously, 

intramuscularly, or to the interstitial space of a tissue), or by rectal, oral, vaginal, topical, 

	

20 	trans dermal, intranasal, ocular, aural, pulmonary or other mucosal administration. intramuscular 

administration to the thigh or the upper aim is preferred. injection may be via a needle (e.g. a 

hypodermic needle), but needle-free injection may alternatively be used. A typical intramuscular 

close is about 0.5 ml. 

The invention may be used to elicit systemic and/or mucosal immunity. 

	

25 	Dosage treatment can be a single dose schedule or a multiple dose schedule. Multiple doses may be 

used in a primary immunisation schedule and/or in a booster immunisation schedule. A primary close 

schedule may be followed by a booster dose schedule. Suitable timing between priming doses (e.g. 

between 4-16 weeks), and between priming and boosting, can be routinely determined. 

The immunogenic composition of the invention will generally include a pharmaceutically acceptable 

	

30 	carrier, which can be any substance that does not itself induce the production of antibodies harmful 

to the patient receiving the composition, and which can be administered without undue toxicity. 

Pharmaceutically acceptable carriers can include liquids such as water, saline, glycerol and ethanol. 

Auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, and the like, 

can also be present in such vehicles. A thorough discussion of suitable carriers is available in ref. 44. 

	

35 	Neisserial infections affect various areas of the body and so the compositions of the invention may be 

prepared in various forms. For example, the compositions may be prepared as injectables, either as 

liquid solutions or suspensions. Solid forms suitable for solution in, or suspension in, liquid vehicles 

prior to injection can also be prepared. The composition may be prepared for topical administration 
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e.g. as an ointment, cream or powder. The composition be prepared for oral administratio❑ e.g. as a 
tablet or capsule, or as a syrup (optionally flavoured). The composition may be prepared for 
pulmonary administration e.g. as an inhaler, using a fine powder or a spray. The composition may be 
prepared as a suppository Of pessary. The composition may be prepared for nasal, aural or ocular 

	

5 	administration e.g. as drops. Compositions suitable for parenteral injection are most preferred. 

The composition is preferably sterile. It is preferably pyrogen-free. It is preferably buffered e.g. at 
between pH 6 and pH 8, generally around pH 7. Where a composition comprises an aluminium 
hydroxide salt, it is preferred to use a histidine buffer [45]. Compositions of the invention may be 
isotonic with respect to humans. 

	

10 	Immunogenic compositions comprise an immunologically effective amount of immunogen, as well 
as any other of other specified components, as needed. By 'immunologically effective amount', it is 
meant that the administration of that amount to an individual, either in a single dose or as part of a 
series, is effective for treatment or prevention. The term "prevention" means that the progression of 
the disease is reduced and/or eliminated, or that the onset of the disease is eliminated. For example, 

	

15 	the immune system of a subject may be primed (e.g by vaccination) to trigger an immune response 
and repel infection such that the onset of the disease is eliminated. A vaccinated subject may thus 
get infected, but is better able to repel the infection than a control subject. This amount varies 
depending upon the health and physical condition of the individual to be treated, age, the taxonomic 
group of individual to be treated (e.g. non-human primate, primate, etc.), the capacity of the 

	

20 	individual's immune system to synthesise antibodies, the degree of protection desired, the 

formulation of the vaccine, the treating doctor's assessment of the medical situation, and other 
relevant factors. It is expected that the amount will fall in a relatively broad range that can be 

determined through routine trials. Dosage treatment may be a single close schedule or a multiple dose 
schedule (e.g. including booster doses). The composition may be administered in conjunction with 

	

25 	other immunoregulatory agents. 

Adjuvants which may be used in compositions of the invention include, but arc not limited to 
insoluble metal salts, oil-in-water emulsions (e.g. MF59 or ASO3, both containing squalenc), 
saponins, non-toxic derivatives of LPS (such as monophosphoryl lipid A or 3-0-deacylated MPL), 
imrnunostimulatoiy oligonucleotides, detoxified bacterial ADP-ribosylating toxins, microparticles, 

	

30 	liposomes, imidazoquinolones, or mixtures thereof. Other substances that act as immunostimulating 
agents are disclosed in chapter 7 of ref. 46. 

The use of an aluminium hydroxide and/or aluminium phosphate adjuvant is particularly preferred, 

and polypeptides arc generally adsorbed to these salts. These salts include oxyhydroxides and 
hydroxyphosphates (e.g. see chapters 8 & 9 of ref. 46). The salts can take any suitable form (e.g. gel, 

	

35 	crystalline, amorphous, etc.). 

Further antigenic components 

Compositions of the invention include mutant v2 and/or v3 fHbp sequence. It is useful if the 
composition should not include complex or undefined mixtures of antigens e.g. it is preferred not to 
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include outer membrane vesicles in the composition. Polypeptides of the invention are preferably 

expressed recombinantly in a heterologous host and then purified. 

As well as including a flibp polypeptide, a composition of the invention may also include one or 

more further neisserial immunogen(s), as a vaccine which targets more than one immunogen per 

	

5 	bacterium decreases the possibility of selecting escape mutants. Thus a composition can include a 

second polypeptide that, when administered to a mammal, elicits an antibody response that is 

bactericidal against meningococcus. The second polypeptide can be a meningococcal fHbp, but will 

often not be a fFIbp e.g. it may be a NHBA sequence, a NadA sequence, etc. 

Any such further neisserial immunogen may be present as a separate polypeptide to the mutant v2 or 

	

10 	v3 fHbp of the invention or may be present as a fission polypeptide with the modified fHbp. For 

instance, fusion of meningococcal 936 polypeptide and fHbp polypeptides is known [55,56]. Fusion 

proteins comprising SEQ ID NO: 44 and/or SEQ ID NO: 45 are particularly prefened, optionally 

wherein SEQ ID NO: 44 and/or 45 is/are modified by up to 5 single amino acid changes (i.e. 1, 2, 3, 

4 or 5 single amino acid substitutions, deletions and/or insertions) as described elsewhere herein. 

	

15 	A composition of the invention may include a NHBA antigen. The NHBA antigen was included in 

the published genome sequence for meningococcal serogroup B strain MC58 [47] as gene NMB2132 

(GenBank accession number G1:7227388; SEQ ID NO: 6 herein). The sequences of NHBA antigen 

from many strains have been published since then. For example, allelic forms of NHBA can be seen 

in Figures 5 and 15 of reference 48, and in example 13 and figure 21 of reference 1 (SEQ IDs 3179 

	

20 	to 3184 therein). Various immunogenic fragments of the NHBA antigen have also been reported. 

Preferred 287 antigens for use with the invention comprise an amino acid sequence: (a) having 50% 

or more identity (e.g. 60%, 65%, 70%,  75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 

97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 6; and/or (b) comprising a fragment of at least 'n' 

consecutive amino acids of SEQ ID NO: 6, wherein 	is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 

	

25 	30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). Preferred fragments of (b) comprise an 

cpitopc from SEQ ID NO: 6. The most useful NHBA antigens of the invention can elicit antibodies 

which, after administration to a subject, can bind to a meningococcal polypeptide consisting of amino 

acid sequence SEQ ID NO: 6. Advantageous NHBA antigens for use with the invention can elicit 

bactericidal anti-meningococcal antibodies after administration to a subject. 

	

30 	A composition of the invention may include a NadA antigen. The NadA antigen was included in the 

published genome sequence for meningococcal serogroup B strain MC58 [47] as gene NMB1994 

(GenBank accession number GI:7227256; SEQ ID NO: 7 herein). The sequences of NadA antigen 

from many strains have been published since then, and the protein's activity as a Ncisscrial adhesin 

has been well documented. Various immunogenic fragments of NadA have also been reported. 

	

35 	Preferred NadA antigens for use with the invention comprise an amino acid sequence: (a) having 

50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 

96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 7; and/or (b) comprising a fragment of at 

least 'n' consecutive amino acids of SEQ ID NO: 7, wherein 	is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 
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20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). Preferred fragments of (b) 
comprise an epitope from SEQ 1D NO: 7. The most useful NadA antigens of the invention can elicit 
antibodies which, after administration to a subject, can bind to a meningococcal polypeptide 
consisting of amino acid sequence SEQ ID NO: 7. Advantageous NadA antigens for use with the 

	

5 	invention can elicit bactericidal anti-meningococcal antibodies after administration to a subject. SEQ 

ID NO: 15 is one such fragment. 

A composition of the invention may include a NspA antigen. The NspA antigen was included in the 

published genome sequence for meningococcal serogroup B strain MC58 [47] as gene NMB0663 
(GenBank accession number GI:7225888; SEQ ID NO: 8 herein). The antigen was previously known 

	

10 	from references 49 & 50. The sequences of NspA antigen from many strains have been published 
since then. Various immunogenic fragments of NspA have also been reported. Preferred NspA 
antigens for use with the invention comprise n amino acid sequence: (a) having 50% or more identity 

(e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 
99.5% or more) to SEQ ID NO: 8; and/or (b) comprising a fragment of at least consecutive amino 

	

15 	acids of SEQ ID NO: 8, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 
70, 80, 90, 100, 150, 200, 250 or more). Preferred fragments of (b) comprise an epitope from SEQ ID 
NO: 8. The most useful NspA antigens of the invention can elicit antibodies which, after 
administration to a subject, can bind to a meningococcal polypeptide consisting of amino acid 
sequence SEQ ID NO: 8. Advantageous NspA antigens for use with the invention can elicit 

	

20 	bactericidal anti-meningococcal antibodies after administration to a subject. 

Compositions of the invention may include a meningococcal HmbR antigen. The full-length HmbR 
sequence was included in the published genome sequence for meningococcal serogroup B strain 

MC58 [47] as gene NMB1668 (SEQ ID NO: 9 herein). The invention can use a polypeptide that 
comprises a full-length HmbR sequence, but it will often use a polypeptide that comprises a partial 

	

25 	HmbR sequence. Thus in some embodiments a HmbR sequence used according to the invention may 
comprise an amino acid sequence having at least i% sequence identity to SEQ ID NO: 9, where the 
value of i is 50, 60, 70, 80, 90, 95, 99 or more. In other embodiments a HmbR sequence used 
according to the invention may comprise a fragment of at least j consecutive amino acids from SEQ 
ID NO: 9, where the value ofj is 7, 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 

	

30 	150, 200, 250 or more. In other embodiments a HmbR sequence used according to the invention may 
comprise an amino acid sequence (i) having at least i% sequence identity to SEQ ID NO: 9 and/or 
(ii) comprising a fragment of at least j consecutive amino acids from SEQ ID NO: 9. Preferred 
fragments of j amino acids comprise an epitope from SEQ ID NO: 9. Such epitopes will usually 
comprise amino acids that are located on the surface of HmbR. Useful epitopes include those with 

	

35 	amino acids involved in HmbR's binding to haemoglobin, as antibodies that bind to these epitopes 
can block the ability of a bacterium to bind to host haemoglobin. The topology of HmbR, and its 
critical functional residues, were investigated in reference 51. The most useful HmbR antigens of the 
invention can elicit antibodies which, after administration to a subject, can bind to a meningococcal 

polypeptide consisting of amino acid sequence SEQ ID NO: 9. Advantageous HmbR antigens for use 
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with the invention can elicit bactericidal anti-meningococcal antibodies after administration to a 

subject. 

A composition of the invention may include a NhhA antigen. The NhhA antigen was included in the 

published genome sequence for meningococcal serogroup B strain MC58 [47] as gene NMB0992 

	

5 	(GenBank accession number G1:7226232; SEQ ID NO: 10 herein). The sequences of NbbA antigen 

from many strains have been published since e.g. refs 48 & 52, and various immunogenic fragments 

of NhhA have been reported. It is also known as Hsf. Preferred NhhA antigens for use with the 

invention comprise an amino acid sequence: (a) having 50% or more identity (e.g. 60%, 65%, 70%, 

75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ 

	

10 	ID NO: 10; and/or (b) comprising a fragment of at least 'n' consecutive amino acids of SEQ ID NO: 

10, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 

200, 250 or more). Preferred fragments of (b) comprise an epitope from SEQ ID NO: 10. The most 

useful NhhA antigens of the invention can elicit antibodies which, after administration to a subject, 

can bind to a meningococcal polypeptide consisting of amino acid sequence SEQ ID NO: 10. 

	

15 	Advantageous NhhA antigens for use with the invention can elicit bactericidal anti-meningococcal 

antibodies after administration to a subject. 

A composition of the invention may include an App antigen. The App antigen was included in the 

published genome sequence for meningococcal serogroup B strain MC58 [47] as gene NMB1985 

(GenBank accession number GI:7227246; SEQ ID NO: 11 herein). The sequences of App antigen 

	

20 	from many strains have been published since then. Various immunogenic fragments of App have 

also been reported. Preferred App antigens for use with the invention comprise an amino acid 

sequence: (a) having 50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 

93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 11; and/or (b) comprising a 

fragment of at least 'n' consecutive amino acids of SEQ TD NO: 1 1, wherein 'n' is 7 or more (e.g. 8, 

	

25 	10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). Preferred 

fragments of (b) comprise an epitope from SEQ ID NO: 11. The most useful App antigens of the 

invention can elicit antibodies which, after administration to a subject, can bind to a meningococcal 

polypeptide consisting of amino acid sequence SEQ ID NO: 11. Advantageous App antigens for use 

with the invention can elicit bactericidal anti-meningococcal antibodies after administration to a 

	

30 	subject. 

A composition of the invention may include an Omp85 antigen. The Omp85 antigen was included in 

the published genome sequence for meningococcal serogroup B strain MC58 [47] as gene NMB0182 

(GenBank accession number GI:7225401; SEQ ID NO: 12 herein). The sequences of Omp85 antigen 

from many strains have been published since then. Further information on Omp85 can be found in 

	

35 	references 53 and 54. Various immunogenic fragments of Omp85 have also been reported. Preferred 

Omp85 antigens for use with the invention comprise an amino acid sequence: (a) having 50% or 

more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

98%, 99%, 99.5% or more) to SEQ ID NO: 12; and/or (b) comprising a fragment of at least 'n' 

consecutive amino acids of SEQ ID NO: 12, wherein 'n' is 7 or more (e.g. 8, 10, 12, 14, 16, 18, 20, 
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25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). Prefen-ed fragments of (b) comprise 
an epitupe fiuni SEQ ID NO: 12. The most useful Omp85 antigens of the invention can elicit 
antibodies which, after administration to a subject, can bind to a meningococcal polypeptide 
consisting of amino acid sequence SEQ ID NO: 12. Advantageous Omp85 antigens for use with the 

	

5 	invention can elicit bactericidal anti-meningococcal antibodies after administration to a subject. 

A composition of the invention may include a 936 antigen. The 936 antigen was included in the 
published genome sequence for meningococcal serogroup B strain MC58 [47] as gene NMB2091 
(SEQ ID NO: 13 herein). Preferred 936 antigens for use with the invention comprise an amino acid 
sequence: (a) having 50% or more identity (e.g. 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 

	

10 	93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to SEQ ID NO: 13; andior (b) comprising a 
fragment of at least 'n' consecutive amino acids of SEQ ID NO: 13, wherein 	is 7 or more (e.g. 8, 
10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250 or more). Preferred 
fragments of (b) comprise an epitope from SEQ ID NO: 13. The most useful 936 antigens of the 
invention can elicit antibodies which, after administration to a subject, can bind to a meningococcal 

	

15 	polypeptide consisting of amino acid sequence SEQ ID NO: 13. The 936 antigen is a good fusion 
partner for fHbp (e.g. see references 55 & 56). 

A composition may comprise: a polypeptide comprising SEQ ID NO: 14; a polypeptide comprising 
SEQ ID NO: 15; and a polypeptide of the invention comprising a mutant fHbp v2 amino acid 
sequence and SEQ ID NO: 13 (cf. refs. 55 & 56). 

	

20 	A composition may comprise: a polypeptide comprising SEQ ID NO: 14; a polypeptide comprising 
SEQ ID NO: 15; and a polypeptide of the invention comprising a mutant fHbp v3 amino acid 
sequence and SEQ ID NO: 13 (cf. refs. 55 & 56). 

In some embodiments, a polypeptide of the invention is combined with a further meningococcal 
fHbp sequence. In particular, a v2 polypeptide can be combined with a vl and/or a v3 polypeptide to 

	

25 	increase the spectrum of strain coverage [162]. Thus a composition can comprise: (i) a polypeptide of 
the inventio❑ comprising a mutant fHbp v2 amino acid sequence; and (ii) a v1 fHbp polypeptide 
and/or a v3 fHbp polypeptide. In other embodiments, a polypeptide of the invention can comprise 

(i) a mutant flibp v2 amino acid sequence and (ii) a vl fHbp amino acid sequence and/or a v3 fHbp 
amino acid sequence. Thus the vi and/or v3 sequences can be combined with the mutant v2 sequence 

	

30 	as separate entities in a composition, or within a fusion polypeptide. 

Similarly, a v3 polypeptide can be combined with a vl and/or a v2 polypeptide to increase the 
spectrum of strain coverage [162]. Thus a composition can comprise: (i) a polypeptide of the 
invention comprising a mutant fHbp v3 amino acid sequence; and (ii) a vl fHbp polypeptide and/or a 

v2 fHbp polypeptide. In other embodiments, a polypeptide of the invention can comprise (i) a mutant 

	

35 	fHbp v3 amino acid sequence and (ii) a vl fHbp amino acid sequence and/or a v2 fHbp amino acid 

sequence. Thus the vl and/or v2 sequences can be combined with the mutant v3 sequence as separate 
entities in a composition, or within a fusion polypeptide. 
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Moreover, mutant v2 and v3 polypeptides can be combined with each other to increase strain 

coverage. Thus a composition can comprise: (i) a polypeptide of the invention comprising a mutant 

filbp v2 amino acid sequence; (ii) a polypeptide of the invention comprising a mutant fHbp v3 amino 

acid sequence; and (iii) a filbp vl polypeptide. In other embodiments, a polypeptide of the invention 

	

5 	can comprise (i) a mutant fHbp v2 amino acid sequence (ii) a mutant v3 fl-Ibp amino acid sequence 

and (iii) a fHbp vl amino acid sequence. Thus the mutant v2 and v3 sequences can be combined with 

a vl sequence as separate entities in a composition, or within a fusion polypeptide. The vl sequence 

can be a wild-type sequence or a mutant sequence. 

A vl fHbp can comprise (a) an amino acid sequence which has at least k% identity to SEQ ID NO: 

	

10 	16, and/or (b) a fragment of SEQ ID NO: 16. Information about 'k' and fragments arc given above. 

The fragment will typically include at least one cpitopc from SEQ ID NO: 16, and the vl fHbp 

polypeptide will include at least one epitope which is not present in the v2 or v3 amino acid sequence 

of the invention, such that antibodies elicited by the vl fHbp can recognise vl strains. Ideally, the vl 

ffIbp can elicit antibodies which are bactericidal against vl strains e.g. against strain MC58 

	

15 	(available from the ATCC as `BAA-335'). The v1 fHbp can include an amino acid mutation which 

disrupts its ability to bind to fit 

A v2 fHbp can comprise (a) an amino acid sequence which has at least k% identity to SEQ ID NO: 5, 

and/or (b) a fragment of SEQ ID NO: 5. Information about 'k' and fragments are given above. The 

fragment will typically include at least one cpitope from SEQ ID NO: 5, and the v2 fHbp polypeptide 

	

20 	will include at least one epitope which is not present in the v3 amino acid sequence of the invention, 

such that antibodies elicited by the v2 fHbp can recognise v2 strains. Ideally, the v2 fl-lbp can elicit 

antibodies which are bactericidal against v2 strains e.g. against strain M2091 (ATCC 13091). The v2 

fHbp can be a polypeptide of the first embodiment. 

A v3 fHbp can comprise (a) an amino acid sequence which has at least k% identity to SEQ ID NO: 

	

25 	17, and/or (b) a fragment of SEQ ID NO: 17. Information about `k' and fragments are given above. 

The fragment will typically include at least one epitope from SEQ ID NO: 17, and the v3 fHbp 

polypeptide will include at least one epitopc which is not present in the v2 amino acid sequence of 

the invention, such that antibodies elicited by the v3 fHbp can recognise v3 strains. Ideally, the v3 

fHbp can elicit antibodies which are bactericidal against v3 strains e.g. against strain M01-240355. 

	

30 	The v3 fHbp can be a polypeptide of the second embodiment. 

Thus, for instance, the invention provides a polypeptide comprising, within a single polypeptide 

chain, each of: (i) a fHbp vl amino acid sequence; (ii) a mutant fHbp v2 amino acid sequence; and 

(iii) a mutant fHbp v3 amino acid sequence. The polypeptidc can, after administration to a host 

animal, elicit antibodies which bind to each of: a meningococcal fHbp polypeptide consisting of the 

	

35 	amino acid sequence of SEQ ID NO: 46; a meningococcal fHbp polypeptide consisting of the amino 

acid sequence of SEQ ID NO: 4; and a meningococcal fHbp polypeptide consisting of the amino acid 

sequence of SEQ ID NO: 40. The sequence of (i) can comprise an amino acid sequence which has at 

least k% identity to SEQ ID NO: 16. The sequence of (ii) can comprise an amino acid sequence 
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which has at least k% identity to SEQ ID NO: 5, but differing from SEQ ID NO: 5 at one or more of 
the following residues: S32, V33, L39, L41, F69, V100,1113, F122, L123, VI24, S125, (3126, L127, 
G128, S151, 11239, and/or E240. The sequence of (iii) can comprise an amino acid sequence which 
has at least k% identity to SEQ ID NO: 17, but differing from SEQ ID NO: 17 at one or more of the 

	

5 	following residues: S32, 133, L39, L41, F72, V103, T116, F125, L126, V127, S128, G129, L130, 
G131, S154, H242, and/or E243. In a preferred embodiment: the sequence of (i) comprises SEQ ID 
NO: 16, optionally modified by up to 5 single amino acid changes (i.e. 1, 2, 3, 4 or 5 single amino 
acid substitutions, deletions and/or insertions); the sequence of (ii) comprises SEQ ID NO: 45, 
optionally modified by up to 5 single amino acid changes (i.e. I, 2, 3, 4 or 5 single amino acid 

	

10 	substitutions, deletions and/or insertions), provided such amino acid changes do not reverse the 
mutations in these sequences relative to the wild-type sequence; and the sequence of (iii) comprises 
SEQ ID NO: 44, optionally modified by up to 5 single amino acid changes (i.e. 1, 2, 3, 4 or 5 single 
amino acid substitutions, deletions and/or insertions e.g. to give SEQ ID NO: 53), provided such 
amino acid changes do not reverse the mutations in these sequences relative to the wild-type 

	

15 	sequence. Amino acid sequences (i), (ii) and (iii) can be arranged in any order from N- to C-terminus 
in the polypeptide, but arc preferably in the order (ii), then (iii), then (i). For instance, the invention 
provides a polypeptide of formula -A-B-C- wherein: A comprises SEQ ID NO: 45, optionally 
modified by up to 3 single amino acid substitutions; B comprises SEQ ID NO: 44, optionally 
modified by up to 3 single amino acid substitutions; and C comprises SEQ ID NO: 16, optionally 

	

20 	modified by up to 3 single amino acid substitutions (e.g. substitution(s) to to disrupt binding to fH). 
A preferred C comprises SEQ ID NO: 49, where residue Arg-34 is mutated to Ser as reported for the 
`1Z41S' mutation in ref. 21. 

A particularly preferred polypeptide comprises amino acid sequence SEQ ID NO: 47. This sequence 
includes, from N-terminus to C-terminus: the mutant v2 (SEQ ID NO: 45); the mutant v3 (SEQ ID 

	

25 	NO: 44); and the mutant vl (SEQ ID NO: 49). Between these three mutant fHbp sequences there is 
in each case a linker sequence, SEQ ID NO: 50. In one embodiment, the polypeptide comprises 
amino acid sequence SEQ ID NO: 48, which has a N-terminus methionine, then SEQ ID NO: 37, and 
then SEQ ID NO: 47. 

SEQ ID NO: 47 (alone, or within SEQ ID NO: 48) can optionally be modified by up to 5 single 

	

30 	amino acid changes (i.e. 1, 2, 3, 4 or 5 single amino acid substitutions, deletions and/or insertions), 
provided such amino acid changes do not reverse the mutations in the v1, v2, and v3 sequences 
relative to the wild-type sequence i.e. amino acid residues V32, R123, V285, R379, and S543 of SEQ 
ID NO: 47 should not be mutated to S32, L123, S285, L379, and R543. In one exceptional 
embodiment, however, V285 can revert to S285 and/or V32 can revert to S32. 

	

35 	The mutant fusion can ideally elicit antibodies which bind to each of: a wild-type vl meningococcal 
fHbp polypeptide consisting of amino acid sequence SEQ ID NO: 46; a wild-type v2 meningococcal 
fHbp polypeptide consisting of amino acid sequence SEQ ID NO: 4; and a wild-type v3 
meningococcal fHbp polypeptide consisting of amino acid sequence SEQ ID NO: 40. 
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In addition to Neisserial polypeptide antigens, the composition may include antigens for immunising 

against other diseases or infections. For example, the composition may include one or more of the 

following further antigens: 

- a saccharide antigen from N.meningitidis scrogroup A, C, W135 and/or Y, such as the 

	

5 	saccharide disclosed in ref 57 from serogroup C (see also ref. 58) or in ref. 59. 

- a saccharide antigen from Streptococcus pneumoniae [e.g. 60, 61, 62]. 

- an antigen from hepatitis A virus, such as inactivated virus [e.g. 63, 64]. 

- an antigen from hepatitis B virus, such as the surface and/or core antigens [e.g. 64, 65]. 

- a diphtheria antigen, such as a diphtheria toxoid [e.g. chapter 3 of ref. 66] e.g. the CRIA,7  

	

10 	mutant [e.g. 67]. 

- a tetanus antigen, such as a tetanus toxoid (e.g. chapter 4 of ref. 66). 

- an antigen from Bordetella pertussis, such as pertussis holotoxin (PT) and filamentous 

haemagglutinin (FHA) from Bpertussis, optionally also in combination with pertactin and/or 

agglutinogens 2 and 3 (e.g. refs. 68 & 69). 

	

15 	- a saccharide antigen from Haemophilia influenzae B [e.g. 58]. 

- polio antigen(s) [e.g. 70, 71] such as IPV. 

- measles, mumps and/or rubella antigens (e.g. chapters 9, 10 & 11 of ref. 66). 

- influenza antigen(s) (e.g. chapter 19 of ref. 66), such as the haemagglutinin and/or 

neuraminidase surface proteins. 

	

20 	- an antigen from Moraxella catarrhalis [e.g. 72]. 

- an protein antigen from Streptococcus agalactiae (group B streptococcus) [e.g. 73, 74]. 

- a saccharide antigen from Streptococcus agalactiae (group B streptococcus). 

- an antigen from Streptococcus pyogenes (group A streptococcus) [e.g. 74, 75, 76]. 

- an antigen from Staphylococcus aureus [e.g. 77]. 

	

25 	The composition may comprise one or more of these further antigens. 

Toxic protein antigens may be detoxified where necessary (e.g. detoxification of pertussis toxin by 

chemical and/or genetic means [69]). 

Where a diphtheria antigen is included in the composition it is preferred also to include tetanus 

antigen and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred also to 

	

30 	include diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is 

prefeiTed also to include diphtheria and tetanus antigens. DTP combinations are thus preferred. 

Saccharide antigens are preferably in the form of conjugates. Canier proteins for the conjugates are 

discussed in more detail below. 

Antigens in the composition will typically be present at a concentration of at least 114/m1 each. In 

	

35 	general, the concentration of any given antigen will be sufficient to elicit an immune response against 

that antigen. 

Immunogenic compositions of the invention may be used therapeutically (i.e. to treat an existing 

infection) or prophylactically (i.e. to prevent future infection). 
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As an alternative to using proteins antigens in the immunogenic compositions of the invention, 
nucleic acid (which could be RNA, such as a self-replicating RNA, or DNA, such as a plasmid) 
encoding the antigen may be used. 

In some embodiments a composition of the invention comprises in addition to the flibp sequence, 

	

5 	conjugated capsular saccharide antigens from 1, 2, 3 or 4 of meningococcus serogroups A, C, W135 
and Y. In other embodiments a composition of the invention comprises in addition to the fHbp 
sequence, at least one conjugated pneumococcal capsular saccharide antigen. 

Meningococcus serogroups Y. W 135 C and A 
Current serogroup C vaccines (MenjugateTM [57,78], MeningitecTM and NeisVac-CTM) include 

	

10 	conjugated saccharides. McnjugatcTM and MeningitecTm have oligosaccharidc antigens conjugated to 
a CRM197  carrier, whereas NeisVac-CTM uses the complete polysaccharide (de-O-acetylated) 
conjugated to a tetanus toxoid carrier. The MenactraTm vaccine contains conjugated capsular 

saccharide antigens from each of serogroups Y, W135, C and A. 

Compositions of the present invention may include capsular saccharide antigens from one or more of 
15 meningococcus serogroups Y, W135, C and A, wherein the antigens are conjugated to carrier 

protein(s) and/or are oligosaccharides. For example, the composition may include a capsular 
saccharide antigen from: serogroup C; serogroups A and C; serogroups A, C and W135; serogroups 
A, C and Y; serogroups C, W135 and Y; or from all four of serogroups A, C, W135 and Y. 

A typical quantity of each men ingococcal saccharide antigen per dose is between 1 ag and 20pg 

	

20 	e.g. about lng, about 2.5ag, about 4ag, about 5ag, or about lOgg (expressed as saccharide). 

Where a mixture comprises capsular saccharides from both serogroups A and C, the ratio (w/w) of 
McnA saccharide:MenC saccharide may be greater than 1 (e.g. 2:1, 3:1, 4:1, 5:1, 10:1 or higher). 
Where a mixture comprises capsular saccharides from serogroup Y and one or both of serogroups C 
and W135, the ratio (w/w) of MenY saccharide:MenW135 saccharide may be greater than 1 (e.g. 

	

25 	2:1, 3:1, 4:1, 5:1, 10:1 or higher) and/or that the ratio (w/w) of MenY saccharide:MenC saccharide 
may be less than 1 (e.g. 1:2, 1:3, 1:4, 1:5, or lower). Preferred ratios (w/w) for saccharides from 
serogroups A:C:W135:Y are: 1:1:1:1; 1:1:1:2; 2:1:1:1; 4:2:1:1; 8:4:2:1; 4:2:1:2; 8:4:1:2; 4:2:2:1; 
2:2:1:1; 4:4:2:1; 2:2:1:2; 4:4:1:2; and 2:2:2:1. Preferred ratios (w/w) for saccharides from serogroups 

C:W135:Y are: 1:1:1; 1:1:2; 1:1:1; 2:1:1; 4:2:1; 2:1:2; 4:1:2; 2:2:1; and 2:1:1. Using a substantially 

	

30 	equal mass of each saccharide is preferred. 

Capsular saccharides may be used in the form of oligosaccharides. These are conveniently formed by 
fragmentation of purified capsular polysaccharide (e.g. by hydrolysis), which will usually be 
followed by purification of the fragments of the desired size. 

Fragmentation of polysaccharides is preferably performed to give a final average degree of 

	

35 	polymerisation (DP) in the oligosaccharide of less than 30 (e.g. between 10 and 20, preferably 

around 10 for serogroup A; between 15 and 25 for serogroups W135 and Y, preferably around 15-20; 
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between 12 and 22 for serogroup C; etc.). DP can conveniently be measured by ion exchange 

chromatography or by colorimetric assays [79]. 

If hydrolysis is performed, the hydrolysate will generally be sized in order to remove short-length 

oligosaccharides [58]. This can be achieved in various ways, such as ultrafiltration followed by 

	

5 	ion-exchange chromatography. Oligosaceharides with a degree of polymerisation of less than or 

equal to about 6 are preferably removed for serogroup A, and those less than around 4 are preferably 

removed for serogroups W135 and Y. 

Preferred MenC saccharide antigens arc disclosed in reference 78, as used in MenjugateTM. 

The saccharide antigen may be chemically modified. This is particularly useful for reducing 

	

10 	hydrolysis for serogroup A [80]. De-O-acetylation of meningococcal saccharides can be performed. 

For oligosaccharides, modification may take place before or after depolymerisation. 

Where a composition of the invention includes a MenA saccharide antigen, the antigen is preferably 

a modified saccharide in which one or more of the hydroxyl groups on the native saccharide has/have 

been replaced by a blocking group [80]. This modification improves resistance to hydrolysis. 

	

15 	Covalent conjugation  

Capsular saccharides in compositions of the invention will usually be conjugated to carrier protein(s). 

In general, conjugation enhances the immunogenicity of saccharides as it converts them from 

T-independent antigens to T-dependent antigens, thus allowing priming for immunological memory. 

Conjugation is particularly useful for paediatric vaccines and is a well known technique. 

	

20 	Typical carrier proteins arc bacterial toxins, such as diphtheria or tetanus toxins, or toxoids or 

mutants thereof. The CRM,97  diphtheria toxin mutant [81] is useful, and is the carrier in the 

PREVNARTM product. Other suitable carrier proteins include the N.meningitidis outer membrane 

protein complex [82], synthetic peptides [83,84], heat shock proteins [85,86], pertussis proteins 

[87,88], cytokines [89], lymphokincs [89], hormones [89], growth factors [89], artificial proteins 

	

25 	comprising multiple human CD4+  T cell epitopes from various pathogen-derived antigens [90] such 

as N19 [91], protein D from H.irtfluenzae [92-94], pneumolysin [95] or its non-toxic derivatives [96], 

pneumococcal surface protein PspA [97], iron-uptake proteins [98], toxin A or B from C.dtlficile 

[99], recombinant P.aentginosa exoprotcin A (I-EPA) [100], etc. 

Any suitable conjugation reaction can be used, with any suitable linker where necessary. 

	

30 	The saccharide will typically be activated or fimctionalised prior to conjugation. Activation may 

involve, for example, cyanylating reagents such as CDAP (e.g. 1-cyano-4-dimethylamino pyridinium 

tetrafluoroborate [101,1 02,etc.]). Other suitable techniques use carbodiimides, hydrazides, active 

esters, norborane, p-nitrobenzoic acid, N-hydroxysuccinimide, S-NHS, EDC, TSTU, etc. 

Linkages via a linker group may be made using any known procedure, for example, the procedures 

	

35 	described in references 103 and 104. One type of linkage involves reductive amination of the 
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polysaccharide, coupling the resulting amino group with one end of an adipic acid linker group, and 
then coupling a potent to the other end of the adipic acid linker group [105,106]. Other linkers 
include B-propionamido [107], nitrophenyl-ethylamine [108], haloacyl halides [109], glycosidic 
linkages [110], 6-aminocaproic acid [11 I], ADH [112], C4 to C12  moieties [113] etc. As an 

	

5 	alternative to using a linker, direct linkage can be used. Direct linkages to the protein may comprise 

oxidation of the polysaccharide followed by reductive amination with the protein, as described in, for 
example, references 114 and 115. 

A process involving the introduction of amino groups into the saccharide (e.g. by replacing terminal 

=0 groups with -NH)) followed by derivatisation with an adipic diester (e.g. adipic acid 

	

10 	N-hydroxysuccinimido diester) and reaction with carrier protein is preferred. Another preferred 

reaction uses CDAP activation with a protein D carrier e.g. for MenA or MenC. 

Outer membrane vesicles  
Some compositions of the invention do not include complex or undefined mixtures of antigens, 
which arc typical characteristics of OMVs. However, the invention can be used in conjunction with 

	

15 	OMVs, as fHbp has been found to enhance their efficacy [4], in particular by over-expressing the 
polypeptides of the invention in the strains used for OMV preparation. See also below. 

This approach may be used in general to improve preparations of N.meningitidis serogroup B 
microvesicles [116], 'native OMVs' [117], blebs or outer membrane vesicles [e.g. refs. 118 to 123, 
etc.]. These may be prepared from bacteria which have been genetically manipulated [124-127] e.g. 

	

20 	to increase immunogenicity (e.g. hyper-express immunogens), to reduce toxicity, to inhibit capsular 
polysaccharide synthesis, to down-regulate PorA expression, etc. They may be prepared from 
hyperblebbing strains [128-131]. Vesicles from a non-pathogenic Neisser•ia may be included [132]. 
OMVs may be prepared without the use of detergents [133,134]. They may express non-Neisserial 

proteins on their surface [135]. They may be LPS-depleted. They may be mixed with recombinant 

	

25 	antigens [118,136]. Vesicles from bacteria with different class I outer membrane protein subtypes 
may be used e.g. six different subtypes [137,138] using two different genetically-engineered vesicle 
populations each displaying three subtypes, or nine different subtypes using three different 
genetically-engineered vesicle populations each displaying three subtypes, etc. Useful subtypes 
include: P1.7,16; P1.5-1,2-2; P1.19,15-1; P1.5-2,10; P1.12-1,13; P1.7-2,4; P1.22,14; P1.7-1,1; 

	

30 	P1.18-1,3,6. 

Host cells 

The invention provides a bacterium which expresses a polypeptide of the invention. The bacterium 
may be a meningococcus or an E.coli. The bacterium may constitutively express the polypeptide, but 
in some embodiments expression may be under the control of an inducible promoter. The bacterium 

	

35 	may hyper-express the polypeptide (ef. ref.139). Expression of the polypeptide is ideally not phase 
variable. 

The invention also provides outer membrane vesicles prepared from a bacterium of the invention 
(particularly from a meningococcus). It also provides a process for producing vesicles from a 
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bacterium of the invention. Vesicles prepared from these strains preferably include the polypeptide of 

the invention, which should be in an immunoaccessible form in the vesicles i.e. an antibody which 

can bind to purified polypeptide of the invention should also be able to bind to the polypeptide which 

is present in the vesicles. 

	

5 	These outer membrane vesicles include any proteoliposomic vesicle obtained by disruption of or 

blebbing from a meningococcal outer membrane to form vesicles therefrom that include protein 

components of the outer membrane. Thus the term includes OMVs (sometimes referred to as 

`blebs'), microvesicles (MVs [116]) and 'native OMVs' (`NOMVs' [117]). 

MVs and NOMVs are naturally-occurring membrane vesicles that form spontaneously during 

	

10 	bacterial growth and are released into culture medium. MVs can be obtained by culturing Neisseria 

in broth culture medium, separating whole cells from the smaller MVs in the broth culture medium 

(e.g. by filtration or by low-speed centrifugation to pellet only the cells and not the smaller vesicles), 

and then collecting the MVs from the cell-depleted medium (e.g. by filtration, by differential 

precipitation or aggregation of MVs, by high-speed centrifugation to pellet the MVs). Strains for use 

	

15 	in production of MVs can generally be selected on the basis of the amount of MVs produced in 

culture e.g. refs. 130 & 131 describe Neisseria with high MV production. 

OMVs are prepared artificially from bacteria, and may be prepared using detergent treatment (e.g. 

with deoxycholate), or by non-detergent means (e.g. see reference 134). Techniques for forming 

OMVs include treating bacteria with a bile acid salt detergent (e.g. salts of lithocholic acid, 

	

20 	chenodeoxycholic acid, ursodeoxycholic acid, deoxycholic acid, cholic acid, ursocholic acid, etc., 

with sodium deoxycholate [140 & 141] being preferred for treating Neisseria) at a pH sufficiently 

high not to precipitate the detergent [142]. Other techniques may be performed substantially in the 

absence of detergent [134] using techniques such as sonication, homogenisation, microfluidisation, 

cavitation, osmotic shock, grinding, French press, blending, etc. Methods using no or low detergent 

	

25 	can retain useful antigens such as NspA and fHbp [134]. Thus a method may use an OMV extraction 

buffer with about 0.5% deoxycholatc or lower e.g. about 0.2%, about 0.1%, <0.05% or zero. 

A useful process for OMV preparation is described in reference 143 and involves ultrafiltration on 

crude OMVs, rather than instead of high speed centrifugation. The process may involve a step of 

ultracentrifugation after the ultrafiltration takes place. OMVs can also be purified using the two stage 

	

30 	size filtration process described in ref. 154. 

Vesicles for use with the invention can be prepared from any meningococcal strain. The vesicles will 

usually be from a serogroup B strain, but it is possible to prepare them from serogroups other than B 

(e.g. reference 142 discloses a process for serogroup A), such as A, C, W135 or Y. The strain may be 

of any serotype (e.g. 1, 2a, 2b, 4, 14, 15, 16, etc.), any serosubtype, and any immunotype (e.g. Ll; 

	

35 	L2; L3; L3,3,7; L10; etc.). The meningococci may be from any suitable lineage, including 

hyperinvasive and hypervirulent lineages e.g. any of the following seven hypervirulent lineages: 

subgroup 1; subgroup 111; subgroup IV-1; ET-5 complex; ET-37 complex; A4 cluster; lineage 3. 
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Bacteria of the invention may, in addition to encoding a polypeptide of the invention, have one or 
inure further modifications. For instance, they may have a modified fiat gene [144]. Expression of 
/7s/.7,4 expression may be up-regulated with concomitant poril and cps knockout. Further knockout 
mutants of N.meningitidis for OMV production arc disclosed e.g. in reference 150. Reference 145 

	

5 	discloses the construction of vesicles from strains modified to express six different PorA subtypes. 
Mutant Neisseria with low endotoxin levels, achieved by knockout of enzymes involved in LPS 
biosynthesis, may also be used [146,147]. Mutant Neisseria engineered to reduce or switch off 
expression of at least one gene involved in rendering toxic the lipid A portion of LPS, in particular of 
Ipx11 gene, can be used with the invention [148]. Similarly, mutant Neisseria engineered to reduce 

	

10 	or switch off expression of at least one gene involved in the capsular polysaccharide synthesis or 
export, in particular of synX and/or ctrA genes can be used with the invention. These or others 
mutants can all be used with the invention. 

Thus a strain used with the invention may in some embodiments express more than one PorA 
subtype. 6-valent and 9-valent PorA strains have previously been constructed. The strain may 

	

15 	express 2, 3, 4, 5, 6, 7, 8 or 9 of PorA subtypes: P1.7,16; P1.5-1,2-2; P1.19,15-1; P1.5-2,10; 
P1.12-1,13; P1.7-2,4; P1.22,14; PI.7-1,1 and/or P1.18-1,3,6. In other embodiments a strain may have 
been down-regulated for PorA expression e.g. in which the amount of PorA has been reduced by at 
least 20% (e.g. >30%, >40%, >50%, >60%, >70%, >80%, >90%, >95%, etc.), or even knocked 
out, relative to wild-type levels (e.g. relative to strain H44/76). 

	

20 	In some embodiments a strain may hyper-express (relative to the corresponding wild-type strain) 
certain proteins. For instance, strains may hyper-express NspA, protein 287 [118], fHbp [139] 
(including fHbp of the invention), TbpA and/or TbpB [136], Cu,Zn-superoxide dismutase, HmbR, 
etc. 

A gene encoding a polypeptide of the invention may be integrated into the bacterial chromosome or 

	

25 	may be present in episomal form e.g. within a plasmid. 

Advantageously for vesicle production, a meningococcus may be genetically engineered to ensure 
that expression of the polypeptide is not subject to phase variation. Methods for reducing or 
eliminating phase variability of gene expression in meningococcus are disclosed in reference 149. 
For example, a gene may be placed under the control of a constitutive or inducible promoter, or by 

	

30 	removing or replacing the DNA motif which is responsible for its phase variability. 

In some embodiments a strain may include one or more of the knockout and/or hyper-expression 
mutations disclosed in references 122, 124, 128, and 150. For instance, following the guidance and 
nomenclature in these four documents, useful genes for down-regulation and/or knockout include: 
(a) Cps, CtrA, CtrB, CtrC, CtrD, FrpB, GalE, HtrB/MsbB, LbpA, LbpB, LpxK, Opa, Opc, Pi1C, 

	

35 	PorB, SiaA, SiaB, SiaC, SiaD, TbpA, and/or TbpB; (b) CtrA, CtrB, CtrC, CtrD, FrpB, GalE, 
HtrB/MsbB, LbpA, LbpB, LpxK, Opa, Opc, PhoP, Pi1C, PmrE, PmrF, SiaA, SiaB, SiaC, SiaD, 
TbpA, and/or TbpB ; (c) ExbB, ExbD, rmpM, CtrA, CtrB, CtrD, GalE, LbpA, LpbB, Opa, Opc, Pi1C, 
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PorB, SiaA, SiaB, SiaC, SiaD, TbpA, and/or TbpB; or (d) CtrA, CtrB, CtrD, FrpB, OpA, OpC, PiIC, 

PorB, SiaD, SynA, SynB, SynX and/or SynC. 

Where a mutant strain is used, in some embodiments it may have one or more, or all, of the following 

characteristics: (i) down-regulated or knocked-out LgtB and/or GalE to truncate the meningococcal 

	

5 	LOS; (ii) up-regulated TbpA; (iii) up-regulated NhhA; (iv) up-regulated 01111)85; (v) up-regulated 

LbpA; (vi) up-regulated NspA; (vii) knocked-out PorA; (viii) down-regulated or knocked-out FrpB; 

(ix) down-regulated or knocked-out Opa; (x) down-regulated or knocked-out Opc; (xii) deleted cps 

gene complex. A truncated LOS can be one that does not include a sialyl-lacto-N-neotetraose epitope 

e.g. it might be a galactose-deficient LOS. The LOS may have no a chain. 

	

10 	Depending on the men ingococcal strain used for preparing the vesicles, they may or may not include 

the strain's native fHbp antigen [151]. 

In one preferred embodiment, a meningococcus does not express a functional MItA protein. As 

discussed in refs. 152 & 153, knockout of M1tA (the membrane-bound lytic transglycosylasc, also 

known as GNA33) in meningococcus provides bacteria which spontaneously release large amounts 

	

15 	of membrane vesicles into culture medium, from which they can be readily purified. For instance, the 

vesicles can be purified using the two stage size filtration process of ref. 154, comprising: (i) a first 

filtration step in which vesicles are separated from the bacteria based on their different sizes, with the 

vesicles passing into the filtrate; and (ii) a second filtration step in which the vesicles are retained in 

the retentate. The M1tA mutation (down-regulation or knockout) has been used in `GMMA' vaccines 

	

20 	[155], and can conveniently be combined with further down regulation or knockout of in particular of 

at least one gene involved in rendering toxic the lipid A portion of LPS, particularly of Ipx11 and/or 

of at least one gene involved in the capsular polysaccharide synthesis or export, particularly of synX 

and/or etrA genes. GMMA (Generalized Modules for Membrane Antigens) are genetically 

detoxified OMV that are produced from meningococcal strains that have been engineered to release 

25 GMMA with reduced reactogenicity and increased immunogenicity. GMMA induce less 

proinflammatory cytokines than OMV when tested in the monocyte activation test (MAT). 

A preferred meningococcal strain for a `GIVIMA' vaccine using this approach expresses a mutant v2 

fHbp and/or a mutant v3 fHbp of the invention, and expression can be driven by strong promoters. 

Vesicles released by this strain include the mutant v2 and/or v3 fHbp proteins in immunogenic form, 

	

30 	and administration of the vesicles can provide bactericidal antibody response as discussed in 

reference 155. The strain can also express a vl fHbp, or a vl fHbp can instead be provided as a 

separate recombinant protein in soluble form (and the vl fHbp can be a wild-type or a mutant 

sequence e.g. mutated to disrupt its ability to bind to fH, as discussed above). The invention provides 

such strains, and also provides the vesicles which these strains release e.g. as purified from culture 

	

35 	media after growth of the strains. A preferred v2 mutant for expression in these strains has a mutation 

at S32 and/or L123 as discussed herein, and a preferred v3 mutant for expression in these strains has 

a mutation at S32 and/or L126 as discussed herein. Thus vesicles prepared from meningococci 

expressing these v2 and v3 mutant fHbp sequences are particularly preferred immunogens for use in 
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vaccines of the invention. A useful wild-type v2 sequence for mutagenesis in this way comprises 

SEQ ID NO: 51 or SEQ ID NO: 54 (comprising AG form SEQ 113 NO: 55), and a useful wild-type 
v3 sequence for mutagenesis in this way comprises SEQ ID NO: 52. 

Useful promoters for use in such strains include those disclosed in references 156 and 157. For 

	

5 	instance, the promoter can be: (a) the promoter from a porin gene, preferably porA or porB, 
particularly from N.Ineningitidis; or (b) a rRNA gene promoter (such as a 16S rRNA gene), 
particularly from Alaneningitidis. Where a meningococcal porin promoter is used, it is preferably 
from porA, and even more particularly a -10 region from a meningococcal porA gene promoter, 
and/or a -35 region from a meningococcal porA gene promoter (preferably wherein the -10 region 

	

10 	and the -35 region arc separated by an intervening sequence of 12-20 nucleotides, and wherein the 

intervening sequence either contains no poly-G sequence or includes a poly-G sequence having no 
more than eight consecutive G nucleotides). Where a rRNA gene promoter is used, it can comprise 

more particularly (i) a -10 region from a meningococcal rRNA gene promoter and/or (ii) a -35 region 

from a meningococcal rRNA gene promoter. It is also possible to use a hybrid of (a) and (b), for 

	

15 	instance to have a -10 region from a porA promoter and a -35 region from a rRNA promoter (which 

can be a consensus -35 region). A useful promoter can thus be a promoter which includes either (i) a 

-10 region from a (particularly meningococcal) rRNA gene and a -35 region from a (particularly 

meningococcal) porA gene, or (ii) a -10 region from a (particularly meningococcal) porA gene and a 
-35 region from a (particularly meningococcal) rRNA gene. 

	

20 	if LOS is present in a vesicle it is possible to treat the vesicle so as to link its LOS and protein 

components ("intra-bleb" conjugation [150]). 

General 

The term "comprising" encompasses "including" as well as "consisting" e.g. a composition 
"comprising" X may consist exclusively of X or may include something additional e.g. X + Y. 

	

25 	References to "comprising" (or "comprises", etc.) may optionally be replaced by references to 
"consisting of" (or "consists of', etc.). The term "consisting essentially of limits the scope of a 
claim to the specified materials or steps "and those that do not materially affect the basic and novel 
characteristic(s)" of the claimed invention. 

The term "about" in relation to a numerical value x is optional and means, for example, x+10%. 

	

30 	The word "substantially" does not exclude "completely" e.g. a composition which is "substantially 
free" from Y may be completely free from Y. Where necessary, the word "substantially" may be 
omitted from the definition of the invention. 

"Sequence identity" can be determined by the Smith-Waterman homology search algorithm as 

implemented in the MPSRCH program (Oxford Molecular), using an affine gap search with 

	

35 	parameters gap open penalty=1 2 and gap extension penalty-1, but is preferably determined by the 
Needleman-Wunsch global alignment algorithm [158], using default parameters (e.g. with Gap 
opening penalty = 10.0, and with Gap extension penalty = 0.5, using the EBLOSUM62 scoring 
matrix). This algorithm is conveniently implemented in the needle tool in the EMBOSS package 
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[159]. Where the application refers to sequence identity to a particular SEQ ID, the identity should be 

calculated over the entire length of that SEQ ID. 

The term "fragment" in reference to polypeptide sequences means that the polypeptide is a fraction 

of a frill-length protein. Such fragments may possess qualitative biological activity in common with 

	

5 	the full-length protein, for example, a fragment may contain or encode one or more epitopes, such as 

immunodominant epitopes, that allow similar immune response to be raised to the fragment as to the 

full length sequence. Polypeptide fragments generally have an amino (N) terminus portion and/or 

carboxy (C) terminus portion deleted as compared to the native protein, but wherein the remaining 

amino acid sequence of the fragment is identical to the amino acid sequence of the native protein. 

	

10 	Polypeptide fragments may contain, for example: about 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 

32, 24, 26, 28, 40, 45, 50, 55, 60, 70, 80, 90, 100, 150, 200, 240, 241, 242, 243, 244, 245, 246, 247, 

248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262 contiguous amino acids, 

including all integers in between, of a reference polypeptide sequence, for example between 50 and 

260, 50 and 255, 50 and 250, 50 and 200, 50 and 150 contiguous amino acids of a reference 

15 	polypeptide sequence. The term fragment explicitly excludes full length fHbp polypeptides and 

mature lipoproteins thereof. 

After serogroup, meningococcal classification includes serotype, serosubtype and then immunotype, 

and the standard nomenclature lists serogroup, serotype, serosubtype, and immunotype, each 

separated by a colon e.g. B:4:P1.15:L3,7,9. Within serogroup B, some lineages cause disease often 

20 	(hyperinvasive), some lineages cause more severe forms of disease than others (hypervirulent), and 

others rarely cause disease at all. Seven hypervirulent lineages are recognised, namely subgroups 1, 

III and IV-1, ET-5 complex, ET-37 complex, A4 cluster and lineage 3. These have been defined by 

multilocus enzyme electrophoresis (MLEE), but multilocus sequence typing (MLST) has also been 

used to classify meningococci. The four main hypervirulent clusters are ST32, ST44, ST8 and ST11 

25 complexes. 

In general, the invention does not encompass the various fHbp sequences specifically disclosed in 

references 2, 3, 5, 6, 7, 160, 161, 162, 163, 164, 165, 166, and 167. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the different sensitivity of fHbp variants to chymotrypsin cleavage. The arrow shows 

30 	the position of full-length fHbp proteins. 

Figure 2 shows western blot analysis of v2 mutants. Lanes are: (1 & 2) Recombinant purified v2 wild 

type; (4) v2 wild type lysate; (5) mutant #1; (6) mutant #2; (7) mutant #4; (8) mutant #5; (9) mutant 

#7; (10) mutant #8; (11) mutant #12; (12) mutant #14 (13) mutant #15; (14) fHbp var2 NAG-trx 

control i.e. v2 protein where N-terminal sequence GPDSDRLQQRR (SEQ ID NO: 37) is replaced by 

35 	GSKDI SS (SEQ ID NO: 38). Lanes 2-14 included chymotrypsin. M is molecular markers. 

Figure 3 shows further western blot analysis of v2 mutants. Lanes are: (1&2) mutant #3; 

(3&4) mutant #6; (5&6) mutant #9; (7&8) mutant #10; (9&10) mutant #13; (11&12) Agono; 

(13&14) v2 wildtype; (15&16) mutant #22. Odd-numbered lanes are for proteins which were 
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incubated without chymotrypsin, whereas even-numbered lanes were for proteins incubated with 

chymotrypsin. The Agono' protein is a recombinant v2 where the N-terminal sequence (SEQ ID 

NO: 37) has been removed. 

Figure 4 shows further western blot analysis of v2 mutants. Lanes are: (1&2) mutant #11; 

	

5 	(3&4) N-trx; (5-7) mutant #19; (8&9) mutant #20; (10&11) mutant #21. Lanes 2, 4, 7, 9 and 11 

proteins which were incubated with chymotrypsin, whereas the other lanes had no chymotrypsin. The 

`1\1-trx' protein is a recombinant v2 where the N-terminal sequence (SEQ ID NO: 37) is replaced by 

SEQ ID NO: 39. 

Figure 5 shows DSC results for wild-type and S58V/L149R mutant v2 fHbp. The C-terminal domain 

	

10 	was unaffected by the mutation, but the Tm of the N-terminal domain was increased by >20°C 

(marked with the arrow). The y-axis shows Cp (kcal/mol/°C), and the x-axis show temperature (°C). 

Figure 6 shows the SPR response of wild-type (solid) and mutant (dashed) v2 fHbp. 

Figure 7 shows the SPR response of v3 fHbp, either as wild-type (top) or with various mutations. 

Figure 8 shows DSC results for the triple fusion protein of SEQ ID NO: 48. The axes are as in Fig.5. 

	

15 	SPECIFIC EMBODIMENTS OF THE INVENTION 

The invention provides the following specific numbered embodiments: 

1. A mutant v3 or v2 fHbp which has increased stability relative to a wild-type fHbp and, 

preferably, also has lower affinity for human factor H than a wild-type fHbp; 

for instance: 

	

20 	(A) a polypeptide comprising a mutant fHbp v2 amino acid sequence, wherein: (a) the amino 

acid sequence has at least 80% sequence identity to SEQ ID NO: 5 and/or comprises a 

fragment of SEQ ID NO: 5 which is at least 7 amino acids long and contains at least one of 

the residues listed in (b); but (b) the amino acid sequence differs from SEQ ID NO: 5 at one 

or more of the following residues: 32, 33, 39, 41, 69, 100, 113, 122, 123, 124, 125, 126, 127, 

	

25 	128, 151, 239, and/or 240; provided that: 

• if the mutant fHbp v2 amino acid sequence includes a substitution only at residue 32, 

either this substitution is not with alanine or at least one further residue listed in (b) is 

substituted; 

• if the mutant fHbp v2 amino acid sequence includes a substitution only at residue 113, 

	

30 	 either this substitution is not with alanine or at least one further residue listed in (b) is 

substituted. 

• if the mutant fHbp v2 amino acid sequence includes a substitution only at residue 122, 

either this substitution is not with alanine or at least one further residue listed in (b) is 

substituted; 
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• if the mutant fHbp v2 amino acid sequence includes a substitution at residue 123, either 

this substitutio❑ is not with alanine or at least one further residue listed in (b) is 

substituted; 

• if the mutant flibp v2 amino acid sequence includes a substitution only at residue 124, 

	

5 	 either this substitution is not with alanine or at least one further residue listed in (b) is 

substituted; 

• if the mutant fHbp v2 amino acid sequence includes a substitution only at residue 127, 

either this substitution is not with alanine or at least one further residue listed in (b) is 

substituted; and 

	

10 	• if the mutant fHbp v2 amino acid sequence includes a substitution only at residue 240, 

either this substitution is not with alanine or at least one further residue listed in (b) is 

substituted. 

or (B) a polypeptide comprising a mutant fHbp v3 amino acid sequence, wherein: (a) the amino acid 

sequence has at least 80% sequence identity to SEQ ID NO: 17 and/or comprises a fragment of 

	

15 	SEQ ID NO: 17 which is at least 7 amino acids long and contains at least one of the residues 

listed in (b); but (b) the amino acid sequence differs from SEQ ID NO: 17 at one or more of the 

following residues: 32, 33, 39, 41, 72, 103, 116, 125, 126, 127, 128, 129, 130, 131, 154, 242, 

and/or 243; provided that: 

• if the mutant fHbp v3 amino acid sequence includes a substitution at residue 32, either 

	

20 	 this substitution is not with alanine or at least one further residue listed in (b) is 

substituted; 

• if the mutant fHbp v3 amino acid sequence includes a substitution at residue 113, either 

this substitution is not with alanine or at least one further residue listed in (b) is 

substituted. 

	

25 	• if the mutant fHbp v3 amino acid sequence includes a substitution only at residue 125, 

either this substitution is not with alaninc or at least one further residue listed in (b) is 

substituted; 

• if the mutant fHbp v3 amino acid sequence includes a substitution at residue 126, either 

this substitution is not with alanine or at least one further residue listed in (b) is 

	

30 	 substituted; 

• if the mutant filbp v3 amino acid sequence includes a substitution at residue 127, either 

this substitution is not with alanine or at least one further residue listed in (b) is 

substituted; 

• if the mutant fHbp v3 amino acid sequence includes a substitution at residue 130, either 

	

35 	 this substitution is not with alanine or at least one further residue listed in (b) is 

substituted; and 

• if the mutant fHbp v3 amino acid sequence includes a substitution only at residue 243, 

either this substitution is not with alanine or at least one further residue listed in (b) is 

substituted. 
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2. The polypeptide of embodiment 1(B), wherein the amino acid sequence differs from SEQ 1D 
NO: 17 by substitution at one or more of the residues listed in (b); for instance, where the 
substitution(s) arc selected from the group consisting of: S32V; 133C; L39C; L41C; F72C; V103T; 
T116S; F125C; L126R; V1271; S128G or S128T; G129D; L1301; G131A; S154C; H242R; and 

5 E243H. 

3. The polypeptide of embodiment 1(B) or embodiment 2, comprising more than one substitution at 
the residues listed in (b), and selected from groups 3A to 30 as noted above. 

4. The polypeptide of embodiment 1(A), wherein the amino acid sequence differs from SEQ ID 
NO: 5 by substitution at one or more of the residues listed in (b); for instance, where the 

10 	substitution(s) are selected from the group consisting of: S32V; V33C; L39C; L41C; F69C; V1OOT; 
1113S; F122C; L123R; V1241; S125G or S125T; G126D; L1271; G128A; S151C; H239R; and 
E240H. 

5. The polypeptide of embodiment 1(A) or embodiment 4, comprising more than one substitution at 
the residues listed in (b), and selected from groups 2A to 20 as noted above. 

15 	6. The polypeptide of any of embodiments 1-5, also including one or more further mutation(s) 
which disnipt(s) the polypeptide's ability to bind to human factor H; for instance, in v2 including a 
substitution at one or more of R73, D203, E210, G228, 5121, F122, L 1 23, A192, E194, V199, 1200, 
L201, T213, H215, F219, T231, and E240, or in v3 including a substitution at one or more of Q35, 
1178, L87, A88, L126, V127, V202, E213, T216, T234, V241, and E243. 

20 	7. A polypeptide comprising: 

• amino acid sequence SEQ ID NO: 44, optionally with 1, 2, 3, 4, or 5 single amino acid 
substitutions, deletions and/or insertions, wherein the polypeptide can elicit antibodies which bind to 
a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID NO: 40 (for 
example, comprising amino acid sequence SEQ ID NO: 44 with 1, 2, or 3 single amino acid 

25 	substitutions), but not mutated at residue V32 or R126; 

• amino acid sequence SEQ ID NO: 45, optionally with 1, 2, 3, 4, or 5 single amino acid 
substitutions, deletions and/or insertions, wherein the polypeptide can elicit antibodies which bind to 
a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID NO: 2 (for 
example, comprising amino acid sequence SEQ ID NO: 45 with 1, 2, or 3 single amino acid 

30 	substitutions), but not mutated at residue V32 or R123; 

• a fHbp v3 amino acid sequence, wherein the v3 amino acid sequence is identical to a v3 
wild-type amino acid sequence except for a mutation at the amino acid position corresponding to 
Leu-126 of SEQ ID NO: 17, provided that the mutation is not a substitution to alanine (e.g. wherein 
the mutation is a substitution to arginine); 

35 	• a fHbp v2 amino acid sequence, wherein the v2 amino acid sequence is identical to a v2 
wild-type amino acid sequence except for a mutation at the amino acid position corresponding to 
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Leu-123 of SEQ 1D NO: 5, provided that the mutation is not a substitution to alanine (e.g. wherein 

the mutation is a substitution to arginine); or 

• amino acid sequence SEQ ID NO: 47, optionally with 1, 2, 3, 4, or 5 single amino acid 

substitutions, deletions and/or insertions, wherein the polypeptide can elicit antibodies which bind to 

	

5 	each of: a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID NO: 

46; a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID NO: 4; and 

a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID NO: 40 (for 

instance, consisting of amino acid sequence SEQ ID NO: 48). 

8. A plasmid or other nucleic acid comprising a nucleotide sequence encoding the polypeptide of 

	

10 	any of embodiment 1 to 7. 

9. A host cell transformed with the plasmid of embodiment 8; e.g. wherein the cell is a 

meningococcal bacterium, such as a meningococcal bacterium having down-regulation or knockout 

of niltA and also optionally has down-regulation or knockout of: (i) at least one gene involved in 

rendering the lipid A portion of LPS toxic, particularly of /pc//,-  and/or (ii) at least one gene involved 

	

15 	in capsular polysaccharide synthesis or export, particularly of synX and/or ctrl. 

10. Membrane vesicles prepared from the host cell of embodiment 9, wherein the vesicles include a 

polypeptide of any one of embodiments 1 to 7. 

11. An immunogenic composition comprising a polypeptide of any one of embodiments 1 to 7, or a 

vesicle of embodiment 10. 

	

20 	12. The composition of embodiment 11, further comprising a second polypeptide that, when 

administered to a mammal, elicits an antibody response that is bactericidal against meningococcus. 

13. The composition of embodiment 11 or 12, further comprising (i) a conjugated capsular 

saccharide from N.meningitidis serogroup A, C, W135 and/or Y and/or (ii) a conjugated capsular 

saccharide from S.pneunioniae 

	

25 	14. A method for raising an antibody response in a mammal, comprising administering an 

immunogenic composition of any of embodiments 11 to 13. 

MODES FOR CARRYING OUT THE INVENTION 

_WIT mutations 

The v2 fHbp is recognised as being unstable. To analyse the underlying structural reasons for this 

	

30 	undesirable property, with a view to engineering the sequence to improve stability, the inventors 

analysed sequence alignments and 3D structures of fHbp polypeptides. One area of particular interest 

was the structural interface between the N-terminal and C-terminal domains [168]. 

The inventors identified the mutations explained in Table 1. Three of the positions identified for 

mutation overlap with references 24 and 25, but the invention does not encompass the polypeptides 

	

35 	reported in the prior art i.e. where the polypeptides include substitutions solely at these positions by 

alanine. For instance, E240 can be substituted with histidine to match v 1 , and is ideally paired with 

substitution at residue H239 (mutants #1 and #11). Similarly, if F122 is substituted then it is 
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preferably paired with substitution at S151, both with cysteine to permit formation of a disulfide 
bridge (mutant #10). Also, if L123 is substituted then it is can be substituted with arginine (rather 

than alanine), or it can be paired with substitution at other residues e.g. at S32 (see mutant #3), at 
S125 (see mutants #20 and #22), or with substitution at residues 124-128 (sec mutant #12). 

	

5 	Stability studies 

Unstable proteins tend to be less folded and for this reason prone to cleavage and degradation by 

proteases. Figure 1 shows that v2 ffIbp is more sensitive to chymotrypsin degradation than v1 and 

v3, and so this test can be used to assess stability of the mutant proteins. 

For Figure 1, wild-type tlibp vl, v2 and v3 were prepared at 0.5mg/pL in 50mM Tris-HC1, 150mM 

	

10 	NaC1, pH 8. Chymotrypsin was added at 1:100 (w/w) ratio. Samples were incubated at 24°C, 50mL 

volume, no shaking. Samples were extracted and boiled for 0, 1, 3, or 6 hours; then run on 12% bis-

Tris gel (MES buffer). The left-hand lane, marked *, indicates a sample incubated for 6 hours 
without protease. 

Cell lysates of E. coli expressing the recombinant proteins have been incubated with 1:100 w/w ratio 

	

15 	chymotrypsin for 3 hours at 25 °C. The degradation pattern has been analysed by Western blotting 
following the incubation with an immune polyclonal serum elicited in rabbit against all three fHbp 

variants. The presence of cleavage products at lower apparent molecular weight (Figures 2-4) is 

interpreted as an indication of instability, whereas persistence of a band corresponding to an apparent 

MW of —30 kDa is interpreted as an indication of increased stability. Mutants #1-6, #12 and #22 all 

	

20 	showed increased resistance to chymotrypsin cleavage compared to the wild type v2. 

DSC has been used as an independent approach to assess the effects of mutations on the stability of 
purified recombinant fHbp v2 proteins. T. (melting temperature) measured by DSC corresponds to 

the temperature at which the analysed protein is 50% in the folded state and 50% in the unfolded 
state. Changes which stabilize the conformation of a protein will increase Tm, whereas destabilizing 

	

25 	changes will decrease Tm. As seen in Figure 3D of ref. 24, the DSC profile of wild-type v2 fHbp 
shows two Tin values: Tilii  at —40°C, which corresponds to the melting temperature of the N-terminal 
domain, and T., at —80°C corresponding to the melting temperature of the C-terminal domain. 

Values of Tmi and T., for analyzed mutants are shown in Table I. Mutants #2, #4, #5, #12, #19 and 
#21 showed increased T. of the N-terminal domain relative to the wild-type protein, and this effect 

	

30 	was more marked for mutants #2, #4 and #12. 

Size-exclusion chromatography (SEC) was used to assess the percentage of monomeric protein, and 
results are also shown in Table 1. 

Mutants #2, #3, and #4 

Mutant #3 (group 2B) gave the best overall results in the v2 stability studies. This protein (SEQ ID 

	

35 	NO: 20) includes mutations at Ser-58 (S32 in SEQ ID NO: 5) and Leu-1 49 (L123 in SEQ ID NO: 5), 

with substitutions by Val and Arg, respectively. The mutant v2 protein (SEQ ID NO: 20, comprising 

SEQ ID NO: 45) was analysed by DSC and, compared to the wild-type sequence, the T. of its 
N-terminus domain is >20°C higher (Figure 5). 
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In a serum bactericidal assay this v2 mutant could compete for binding to human antibodies which 

had been raised using a wild-type v2 sequence. 

Although the S58V and L149R mutations had been introduced to improve stability, and did indeed 

achieve this goal, Figure 6 shows that the mutant v2 polypeptide (clotted line) surprisingly showed 

	

5 	much reduced binding to fH compared to the wild-type v2 sequence (solid line) when measured by 

surface plasmon resonance against immobilised fH. The S58V mutation on its own had little impact 

on fH binding, and the S58V/L149R double mutant showed higher fH binding than fHbp carrying 

only the L149R mutant. 

When mutant #3 was further combined with the `E313A' mutation in v2 there was a complete loss of 

	

10 	f1-1 binding as assessed by SPR. 

The equivalent mutations were introduced into a v3 sequence (SEQ ID NO: 17), to give v3 mutant 

SEQ ID NO: 44. The effects of the individual S58V and L149R mutations on fH binding were 

studied in v3 (i.e. the v3 equivalents of v2 mutants #2 and #4). Thus, numbered according to SEQ ID 

NO: 17, mutation S32V or L126R was introduced into the v3 sequence. These two mutants were 

	

15 	compared to two different wild-type v3 sequences, and also to the `E313A' mutant which is known 

to disrupt fH binding in v3 [23]. 

As shown in Figure 7, wild-type v3 binds fH (top two lines). The S58V mutation, which was 

designed to improve stability, reduced the SPR peak value by about 2-fold. Most surprisingly, the 

L149R mutation (again, designed to improve stability) reduced fH affinity to a similar level to the 

	

20 	known E313A mutant (bottom two lines). 

The S58V and L149R mutations in v3 were also studied by DSC, and were found to increase the 

N-terminal T,,, by 5.5°C (S58V) or by 6.7°C (L149R) relative to wild-type. The T. of both mutants 

was higher than seen in the v2 double mutant (63.5°C — see Table 1). The L149R v3 mutant also 

showed a higher Tn, value for its C-terminal domain, whereas there was almost no shift here for the 

	

25 	S58V v3 mutant. SPR showed that fH binding by mutant #2 was reduced by about a half, but for 

mutant #4 fH affinity was reduced to a similar level to the known E313A mutant (as also seen with 

v2). When the two mutations were combined (i.e. mutant #3) the T. increase compared to wild-type 

was 11.2°C. When the `E313A' mutation was added to mutant #3 fH binding was almost completely 

eliminated, although the T. of the N-terminal domain also decreased by 2.9°C when compared to 

	

30 	mutant #3 (while remaining 8.3°C higher than v3 wild-type). The `E313A' mutation alone was 

much less stable than wild-type, showing a T,„ decrease of 6.3°C. 

Thus mutations #2 and #4 can be used alone, or in combination (i.e. mutant #3), optionally with 

further mutations, to stabilise v2 or v3 fHbp but also to disrupt fH affinity. 

A serum bactericidal assay was used for assessing the immunogenic efficacy of mutants #3 and #4 in 

	

35 	v2 and v3. In addition, the `E313A' mutant was also tested in v2 and v3, either alone or in 

combination with the #3 mutations. Wild-type v2 and v3 fHbp were also tested for comparison. The 

proteins were administered at 20n/dose with an aluminium hydroxide adjuvant and the resulting 
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sera were tested for bactericidal activity against a panel of seven strains (four v2 strains, three v3 
strains) including strains which express the same fHbp as the starting wild-type flibp sequences 
(i.e. v2 sequence 2.16 and v3 sequence 3.42). 

Results for the v2 proteins were as follows (SEQ ID is for the AG form; * = homologous fHbp): 

Protein 
SEQ 
ID 

SBA against v2 strains SBA against v3 strains 

v2.16* v2.19 v2.21 v2.24 v3.42* v3.28 v3.30 

w.t. 5 32768 32 32 1024 >32768 <16 32 

#4 21 32768 <16 <16 128 1024 <16 16 

#3 45 4096 32 <16 <16 >32768 128 <16 

#3+E313A 57 4096 16 <16 <16 >32768 <16 <16 

E313A 56 128 16 <16 <16 4096 <16 <16 

5 	Results for the v3 proteins were as follows: 

Protein 
SEQ 
ID 

SBA against v3 strains SBA against v2 strains 

v3.42* v3.28 v3.30 v2.16* v2.19 v2.21 v2.24 

w.t. 17 >32768 512 1024 1024 32 64 256 

#4 53 1024 <16 16 <16 16 <16 128 

#3 44 4096 32 16 4096 <16 16 16 

#3+E313A 43 256 <16 16 64 <16 <16 16 

E313A 41 4096 32 256 8192 32 32 128 

Combination of mutants #2 and #12 

Mutants #2 and #12 each showed improvements in v2 stability, so these two mutants were combined 
into a single fHbp (SEQ ID NO: 58, AG form). Compared to mutant #12 the N-terminal T. of this 

10 	combined mutant increased by a further 4.2°C, giving the highest T. of any of the tested mutant v2 
proteins. Furthermore, it showed a strongly reduced fH binding (SPR peak value reduced about 8x). 

Mutant fusion protein 

Mutant v2 and v3 sequences were fused via a GSGGGG linker (SEQ ID NO: 50), also with a mutant 
v 1 sequence, to give SEQ ID NO: 48. This sequence includes the S58V and Ll 49R mutations for 

15 	both v2 and v3, and the R41S mutation [21] for vl . SEQ ID NO: 47 includes, from N-terminus to C-
terminus: v2 mutant #3 (SEQ ID NO: 45); v3 mutant #3 (SEQ ID NO: 44); and v1 `R.41S' mutant 
(SEQ ID NO: 49), connected by the glycine-rich linker sequence, SEQ ID NO: 50. The fusion 
protein can conveniently be expressed by adding a N-terminus sequence of Met-[SEQ ID NO: 37]-, 
thus providing a mature protein SEQ ID NO: 48. 

20 	This fusion protein thus takes advantage of the observation that mutant #3 provides for both v2 and 
v3 a large increase in stability (TO and a large decrease in fH affinity. For vl the R41S mutation has 
little effect on thermal stability but strongly reduces fH binding. 
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DSC studies of the triple fusion protein (Figure 8) show that the three N-terminal transitions fall 

together in a broad peak centred at 68°C. The three C-termini transitions also fall together. UPLC 

showed that the protein was 94.9% pure, and HPLC analysis showed <1.5% oligomers. 

Mutant proteins expressed in '6%41MA' membrane vesicles 

	

5 	A vl meningococcal strain was prepared with knockouts of mltA, /p.11,/ and ,synX to provide a 

genetic background for hyper-expressing v2 and v3 fHbp lipoproteins under the control of the `ST2' 

promoter [157] in a `GMMA' vaccine. The v2 genes were integrated into the genome at the deleted 

Ipx1,1 locus whereas the v3 genes were integrated at the synX locus. In addition, the native vi fHbp 

gene was deleted so that v2 and v3 could be studied without interference. 

	

10 	Mutants #3 and #4 were tested for v2, and mutant #4 was tested for v3. In addition, a strain with both 

of the v2 and v3 #4 mutants was prepared. For these bacteria fHbp expression and fH binding were 

assessed by FACS. 

For strains expressing only v2 fHbp FACS showed that the various proteins were expressed at 

similar levels, at levels 2 logs higher than the background 4fiabp strain. In terms of al binding, 

	

15 	however, mutants #3 and #4 showed much less binding, with binding in mutant #4 being only 

slightly above background. These results minor the SPR data obtained with recombinant v2 proteins. 

For the strain expressing v3 mutant #4 FACS showed full expression of fHbp, but its fH binding was 

abolished (matching the ffI binding seen with the `11222R' mutation [19,25]). 

For the strain expressing mutant #4 from v2 and v3, both fHbp proteins could be detected by FACS 

	

20 	but f1-1 binding was only slightly above that seen in the background 4flibp strain. 

Western blot analysis was used to test the stability of fHbp expression in these bacteria when 

growing in liquid culture for 6 days. Expression of mutant v2 proteins remained stable over time, 

even when v3 was co-expressed. Expression of mutant v3 proteins also remained stable, except in the 

strain expressing both the v2 and v3 mutant, where v3 expression declined over time. 

	

25 	It will be understood that the invention is described above by way of example only and modifications 

may be made whilst remaining within the scope and spirit of the invention. 

SEQUENCE LISTING 

>SEQ ID NO: 1 IMC58, vii 

MNRTAFCCLSLTTAL IL TACS SGGGGVAADIGAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFI RQ IEVDGQL I T LESGEFQVYKQSHSALTAFQTEQ IQDSEHSGKMVAKRQFR I 

GD IAGEH TS FDKL PEGGRATYRG TAFG S DDAGGK LT YT I DFAAKQGNGK I EH LKS PE LNVDLAAA DI KP DGKRHA 

VI SG SVL YNQAEKGS YS LG I FGGKAQEVAG SAEVKTVNG I RH IGLAAKQ 

>SEQ ID NO: 2 [2996, v2] 

MNRTAFCCLS L TAAL I LTACS SGGGGVAAD IGAGLADALTAPLDHK DKSLOS LT LDQSVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFI RQ IEVDGQL I T LESGEFQI YKQDHSAVVALQ I EK INI1PDK I DSLINQRSFLV 

SG LGGEH TAFNQL PDGKAE YHGKAF S S DDAGGKLTYT I DFAAKQGHGK I EHLKT PEQI1VE LAAAE LKADEK SHAV 

I LGDTRYGSEEKGTYHLALFGDRAQE IAGSATVK IGEKVHE I G IAGKQ 
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>SEQ ID NO: 3 [1111239, v.3] 

MNRTAFCCLS L TTAL I L TACS SGGGGS GGCCVAAD IGTGLADALTAPLDHKDKGLKS LTLEDS I PQNGTLTLSAQ 
GAEKT FKAG DK DNSLNTGKLKNDK I SRFDFVQKIEVDGQT I TLASGEFQ I YKQNHSAVVALQIEK INNPDKTDSL 
INQRS FLVS GLGG EH TAFNQL PGGKAEYHGKAFS SDDPNGRLHYS I DF TKKQGYGR I EH LK TLEQNVELA.AAE LK 
ADEKS HAV I LGDTRYGSEEKGTYHLALFGDRAQE IAGSATVK IGEKVHE I G I AGKQ 

>SEQ ID NO: 4 [2996 mature] 

CS SG G GGVAAD IGAGLADALTAPLDHKDKSLQSL TLDQSVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSR 
FDF I RQ I EVDGQL I T LE SGEFQ I YKQDHSAVVALQ I EK INNP DK I DS L INQRS FLVSGLGGEHTAFNQL PDGKAE 
YHGKAFS SDDAGGKLTYT I DFAAKQGHGK I EHLKTPEQNVELAAAELKADEKSHAVI LG DTRYGSEEKGTYHLAL 
FGDRAQE IAGSATVK I GEKVHE I G I AGKQ 

>SEQ ID NO: 5 12996 AG] 

VA_AD I GAGLADAL TAPL DHKDKS LQ S LT LDQSVRKNEK LKLAAQGAEKTYGNG DS LN TGKLKNDKVS RF DF I RQ I 
EVDGQLI TLESGEFQ I YKQDHSAVVALQ IEK INN PDKI DS LINQRS FLVSGLGGEHTAFNQLPDGKAEYHGKAFS 
S DDAGGKLTYT I D FAAKQGHGK I EH LK T PEQNVELAAAELKADEKS HAV I LG DT RYG SEEKGTYHLALFGDRAQE 
IAGSATVK I GEKVHE I G IAGKQ 

>SEQ ID NO: 6 [NHBAJ 

MFKRSVIAMAC I FALSACGGGGGGS PDVKSADTLSKPAAPVVSEKETEAKEDAPQAGSQGQGAPSAQGSQDMAAV 
SEENTGNGGAVTADNPKNEDEVAQNDMPQNAAGTDSSTPNHTPDPNMLAGNMENQATDAGESSQPANQPDMAI•IAA 
DGMQG DD PSAGGQNAGNTA_AQGANQAGNNQA_AGS S DP I PASNPAPANGGS NFGRVDLANGVL I DG P S QN I T LTHC 
KGDSCSGNNFLDEEVQLKSEFEKLS DADK I SNYKKDGKNDKFVGLVADSVQMKG I NQY I I FYK PK PT S FARFRRS 
ARSRRSLPAEMPL I PVNQADTLIVDGEAVSLTGHSGNI FA PE GNYRYL TYGAEKL PGGS YALRVQGE PAKGEMLA 
GAAVYNGEVLH FH TENGRPY P TRGRFAAKVDFGSKSVDG I I D SGDD LHMGTQKFKAA I DGNGFKGTWTENG SGDV 
SGKFYGPAGEEVAGKYSYRPTDAEKGGFGVFAGKKEQD 

>SEQ ID NO: 7 [NadAJ 

MSMKH FPSKVL T TA I LATFCSGALA_ATS DDDVKKAATVAIVAAYNNGQE I NG FKAGE T I YD IGEDGT I TQK DATA 
ADVEADDFKGLGLKKVVTN LTK TVNENKQNVDAKVKAAES E I EKLT TK LADT DAALADT DAALDE T TNALNKLGE 
N I T TFAEETKTNIVK I DEKLEAVAD TVDKHAEAFND TADS LDETNTKADEAVK TANEAKQTAEETKQNVDAKVKA 
AE TAAGKAEAAAG TANTAADKAEAVAAKVT D I KAD IATNKAD IAKN SARI DS LDKNVANLRKE TRQG LAEQAALS 
GLFQ PYNVGRFNVTAAVGGYKS E SAVAIG TGFRF TENFAAKAGVAVGT S SG S SAAYHVGVNYEW 

>SEQ ID NO: 8 1NspA] 

MKKALATL IALALPAAALAEGASGFYVQADAAHAKASS SLGSAKGFS PRI SAGYR INDLRFAVDYTRYKNYKA PS 
TDFKLYS I GASAI YDFDTQS PVK PY LGARLS LNRASVDLGGS DS FSQT S I GLGVL TGVS YAVT PNVDLDAGYRYN 
Y I GKVNTVKNVRS GE LSAGVRVKF 

>SEQ ID NO: 9 [1-Iniblq 

MK PLQML P I AALVG S I F GN PVLAADEAAT E T T PVKAE I KAVRVKGQRNA PAAVERVNLNR I KQEM I R DNK D LVRY 
S TDVG LS DS GRHQKG FAVRGVEGNRVGVS I DGVNLPDS EENS LYARYGI1FN S S RLS I D PELVRN I E IVKGADSFN 
TGSGALGGGVNYQT LQGRD LLLDDRQFGVMMKNGYS TRNREWTNTLGFGVSNDRVDAALLY SQRRGHET E SAGNR 
GYAVEGE GS GANI RGSARG I PDS SKHKYNHHALGK IAYQ INDNHRI GAS LNGQQGHNYTVEESYNL TAS SWREAD 
DVNRRRNANLFYEWMPDSNWLSS LKADFDYQK TKVAAVNNKGSFPMDYSTWTRNYNQKDLDE I YNRSMDTRFKRF 
T LRLDSH PLQLGGGRHRLS FKT FVS RRDFENLNRDDYYFS GRVVRT TS S I QH PVK TTNY GFS LS DQ I QWNDVFS S 
RAG I RYDHTKMT PQE LNAECHAC DK T PPAANT YKGWSGFVGLAAQLNQAWRVGYD I T SGYRVPNAS EVY FTYNHG 
SGNWL PNPNLKAERS T THT LS LQGRSEKGMLDANLYQSNYRNFLSEEQKLT TS GT PG CTEENAYYG I CS DPYKEK 
L DWQMKN I DKARI RG I E LTGRLNVDKVAS FVPEGWKLFGS LGYAKSKL SG DNS LLS TQPLKVIAG 'DYES PS EKTI7 
GVFS RLT YLGAKKVK DAQY TVYENKGWGT PLQKKVKDY PW LNKSAYVF DMYG FY K PAKN LT LRAGVYNLFNRKYT 
TWDS LRG LYS Y S T TNAVDRDGKGLDRYRAPGRNYAVSLEWKF 

>SEQ ID NO: 10 [N1111,4] 

MNK I Y RI I WN SALNATANINSE L T RN HT KRASATVKTAVLAT L LFATVQASANNEEQEEDLY LD PVQRTVAVL IVN 
SDKEGTGEKEKVEENSDWAVYFNEKGVLTARE I T LKAG DNLK IKQNGTNFTYS LKKDLTDLTSVGTEKLSFSANG 
NKVN I TS DTKG LNFAKE TAGTNG DT TVHLNG I GS TLTDTLLNTGAT TNVINDI\IVT DDEKKRAASVKDVLNAGWNI 
KGVKPGT TAS DNVDFVRTYDTVEFLSADTKTT TVNVESKDNGKKTEVKIGAKT SV IKEKDGKLVT GKDKGE 11GS S 
T DEGE GLVTAKEV I DAVNKAGWRMK T T TAN GQTGQADK FE TVT S GTNV TFAS GKGTTATVSKDDQGN I TVMYDVN 
VG DALNVNQLQNS GWNLDS KAVAGS SGKV I S GNVS PSKGKMDETVN INAGNNIE I TRNGKN I D IAT SMT PQFSSV 
S LGAGADAP TL SVDGDALNVGSKKDNK PVR I TNVAPGVKEGDVTNVAQ LKGVAQN LNNR I DNVDGNARAG I AQAI 
ATAGLVQAY LPGKSMMAIGGGTYRGEAGYAIGYS S I SDGGNW I I KG TASGNS RGH FGASASVGYQW 
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>SEQ II) NO: 11 /App/ 

MK TT DKRITETHRKAPK TGRIRFS PAYLA I CLSFG I LPQAWAGHTYFG INYQYYRDFAENKGKFAGAKD I EVYN 
KEGE LVGKSHTNA PI-II DFSWSRNGVAALVGDQY IVSVAHNGGYNNVDFGAEGRITPDQHRFTYK I VKRNNYKAGT 
KGHPYGGDYHMPRLHKFVT DAEPVEMTSYMDGRKYI DONNYPDRVR I GAGRQYWRS DEDE PUNRES S YH IASAYS 
WLVGGNTFAQI1GSGGGTVNLGSEKIKHS PYGFLP TGGS FG DS GS PMF I YDAQKQKWLINGVLQTGUPY I GKSNGF 
QLVRKDWFY DE I FAGDTHSVFYE PRQNGKYS FNDDFINGTGK INAKHEHNS L PNRLKTRTVQLITIVS L SE TARE PV 
YHAAGGVNS YR PRLIINGED I S FI DEGKGE L I L TSN INQGAGGLYFQGDFTVS PENNE TWQGAGVH I S E DS TVTWE 
VNGVANDRLSK IGEGTLHVQAKGENQGS I SVGDGTV I LDQQADDKGKKQAFS E I GLVSGRGTVQL NADNQFNPDK 
LYFGFRGGP,LDLNGHSLSFHRIQNTDEGAMIVNHNQDKES TVT I TGNKDIAT TGNI.IIIS L DSYKE TAYNGWFGEED 
TIKTNGRIAILVYQRAAEDRTLLLSGGTNLNGN I TQTNGKL FFSGRP T PHAYNHLNDFDISQKEG I PRGE I\T4D1.1 
INRTFKAEI-IFQ IKGGQAVVSRNVAKVKGDWHLSNHAQAVFGVAPHQSHT I CTRSD4ITGLINCVEKT I TDDKVIAS 
LTKTD I S GNVDLADHAHLNLTGLAT LNGNLSANG DTRY TVSHHATQNGNLS LVGNAQATFNQAT LNGNT SASGNA 
SFNLS DHAVQNGS LTLSGNAKANVS HSALNGIIVS LADKAVFHFESSRFTGQI SGGKDTALHLKDS EWTL PS GTEL 

GIILIILDITATITLNSAYRHDAAGAQTGSATDAPRRRSRRSRRSLLSVTPPTSVESRFNTLTVNGKLNGQGTFRF['•1S 
EL FGYRS DKLKLAES SEGT YTLAVNNTGNE PASLEQLTVVEGKDNK PL SENLNFTLQNEHVDAGAWRYQL I RKDG 
EFRLHNPVKEQEL S DKLGKAEAKKQAEKDNAQSL DAL IAAGP.DAVEKTESVAE PARQAGGENVG I MQAEEEKKRV 
QA DKDTALAKQREAETRPATTAFPRARRARRDLPQLQPQPQPQPQRDL SP.YANSGL SEFSATLNSVFAVQDEL D 
RVFAE DRRNAVVIT SG IRDTKHYRSQDFRAYRQQT DLRQ I GMQKNLGSGRVG I LFSHNRTENTFDDG I GNSARLAH 
GAVFGQYG I DRFY I G I SAGAGFS SGSL S DG IGGK IRRRVLHYG I QARYRAGFGGFG I EPH I GATRYFVQKADYRY 
EIIVN IAT PG LAFNRYPAG IKADYSFKPAQH IS I T PYLS LSYTDAASGKVRTRVNTAVLAQDFGKTRSAEWGVNAE 
I KGFT LS LHAAAAKG PQLEAQHSAG I KLGYRW 

>SEQ ID NO: 12 lOmp85] 

MKLKQ IASALMMLG IS PLALADFT I QD IRVEGLQRTEPSTVFNYLPVKVGDTYNDTHGSA I IKS LYATGFFDDVR 
VETADGQLLLTVIERPT I GSLNI TGAKMLQNDAI KKNLES FGLAQSQYFNQAT LIVQAVAGLKEEYLGRGKLIII Q I 
TPKVTKLARNRVD IDIT I DEGKSAK I T DI EFEGNQVYS DRKLMRQMSLTEGG IWTWLTRSKFNEQKFAQDMEKV 
TDFYQNFIGYFDFP. I LDT DI QTNEDK TKQT I K I TVHEGGRFRWGKVS IEGDTNEVPKAELEKLLTMKPGKWYERQQ 
MTAVLGE I QNRMGSAGYAYSE I SVQPL PNAETKTVDFVLH IEPGRK I YVNE I H I TGNNKTRDEVVRRELRQMESA 
PYDTSKLQRSKERVELLGYFDNVQFDAVPLAGTPDKVDLNMS LTERSTGSLDLSAGGIVQDTGLVHSAGVSQDNLF 
GTGKSAALRASRS KT T LNGSLS FTD PYFTADGVS LGYDVYGKAFDPRKAS TS I KQYK TT TAGAG I RMSVPVTEYD 
RVNFG LVAEHLTVNT YNKAPKHYADFI KKYGKTDGT DGS FKGWLYKGTVGGIGRNKTDSALW PTRGYLTGVNAE IA 
LPGSKLQYYSATHNQTWFFPLSKTFTLMLGGEVG IAGGYGRTKE I PFFENFYGGGLG SVRGYESGT LGPKVYDEY 
GEKI SYGGNKKANVSAELLFPMPGAKDARTVRLS LFADAGSVWDGKTYDDNSSSATGGRVQNIYGAGNTHKSTFT 
NE LRYSAGGAVTWLS PLGPMKESYAYPLKKKPEDE I QRFQFQLGTTF 

>SEQ ID NO: 13 INA1B20911 

MVSAV IGSAAVGAKSAVDRRT TGAQTDDIAVMALRIETTARSYLRQNNQTKGYTPQ I SVVGYDRHLL LLGQVATEG 
EKQFVGQ IARSEQAAEGVYNY I TVASL PRTAGD IAGDTV/NTS KVRATLLG I S PATPARVKIVTYGNVTYVMG I LT 

PEEQAQ I TQKVST TVGVQKV I TLYQNYVQR 

>SEQ ID NO: 14 JNHBA fusion] 

HAS PDVKSADT LS KPAAPVVSEKETEAKEDAPQAGSQGQGAPSAQGGQDMAAVSEENTGNGGAAATDKPKNEDEG 
AQNDMPQNAADTDSLTPNHTPASNMPAGNMENQAPDAGESEQPANQPDMANTADGMQGDDPSAGGENAGNTAAQG 
THQAENNQTAG SQN PAS STNPSATNSGGDFGRINVGNSW I DGPSQNI TLTHCKGDSCSGIINFLDEEVQLKSEFE 
KLSDADK SNYKK DGKII DGKNDKFVGLVADSVQMKG INQY I I FYKPKPTS FARFRRSARSRRS L PAEMPL I PVNQ 
ADTL IVDGEAVSLTGHS GN I FAPEGNYRYLTYGAEKLPGGSYALP.VQGE PSKGEMLAGTAVYNGEVLHFHTENGR 
PS PS RGRFAAKVDFGSKSVDG I I DSGDGLHMGTQKFKAAI DGIIGFKGTWTENGGGDVSGKFYG PAGEEVAGKYSY 
RP TDAEXGGFGVFAGKKEQDGSGGGGATYKVDEYHANARFAI DHFNTS TNVGGFYGLTGSVEFDQAKRDGKIDIT 
I PVAIILQSGSQHFTDHLKSAD I FDAAQYPD IREVSTKFNFNGKKLVSVDGNL TMHGK TAPVKLKAEKFNCYQS PM 

AK TEVCGGDFS TT I DRTKWGVDYLVNVGMTKSVR I D IQ I EAAKQ 

>SEQ ID NO: 15 INatIA fragment] 

ATNDDDVKKAATVAIAAAYNNGQE I NGFKAGET I YD I DEDGT I TKKDATAADVEADDFKGLGLKKWTNLTKTVN 
ENKQNVDAKVKAAESE I EKLT TKLADTDAALADT DAAL DATTNALNKLGEN I TTFAEETKTNIVK I DEKLEAVAD 
TVDKHAEAFND TADS LDETNTKADEAVKTANEAKQTAEETKQNVDAKVKAAE TAAGKAEAAAGTANTAADKAEAV 
AAKVT D I KADIATNKDN IAKKANSADVY TREESDSKFVRI DGLNAT TEKLDTRLASAEKS IADHDTRLNGLDK TV 
SDLRKETRQGLAEQAAL SG LFQPYNVG 

>SEQ ID NO: 16 IMC58, AGI 

VAAD I GAGLADAL TAPL DHKDKGLQSLTLDQSVRKNEKLKLAAQGAEK TYGNGDS LIT TGKLKN DKVSRFDF IRQI 
EVDGQL I TLESGE FQVYKQSHSALTAFQTEQ I QDSEHSGKMVAKR.QFRIGDIAGEHTSFDKLPEGGRATYR.GTAF 
GS DDAGGKLTY T I DFAAKQGNGK I EHLKS PELNVDLAAAD IKPDGKRHAV I SGSVLYNQAEKGS YS LGI FGGKAQ 
EVAGSAEVKTVNG I RH I GLAAKQ 
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>SEQ ID NO: 17 M1239, AG] 

vA A D IGTGLADALTAPLDHKDKGLKSLTLEDS I PQNCTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKI SRFDFV 
QK IEVDGQT I TLASGEFQ I YKQNHSAVVALQIEK INNPDKTDSL INQRSFLVS GLGGEHTAFIIQL PGGKAEYHGK 
AFSSDDLDNGRLHYS I DFTKKQGYGR IEHLK TLEQNVE LAAAE LKADEKSHAV I LGDTRYGSEEKGTYHLALFGDR 
AQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 18 (MUTANT #1 

PrbIRTAFCCLS L TAAL I L TACS SGGGGVAAD IGAGLADALTAPLDHKDKSLQS L TLDQSVRKNEKLKLAAQGAEKT 
YGNGDSLNTGKLKNDKVSRFDF I RQ iEvDGQL I TLESGEFQI YKQDHSAVVALQIEK INN PDKI DS L INQRSFLV 
SGLGGEHTAFNQLPDGKAEYHGKAFSS DDAGGKLTYT I DFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAV 
I LGDTRYGSEEKGTYHLALFGDRAQEIAGSATVK IGEKVRHI G IAGKQ 

>SEQ ID NO: 19 (MUTANT #21 

MI1RTAFCCLS L TAAL I L TACS SGGGGVA_AD IGAGLADALTAPLDHKDKSLQSLTLDQVVRK1IEKLKLAAQGAEKT 
YGNGDSLIITGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQP.SFLV 
SGLGGEHTAFNQL PDGKAEYHGKAFSS DDAGGKLTYT I DFAAKQGHGK IEHLKTPEQNVELAAAELKADEKSHAV 
ILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVK IGEKVRH I GIAGKQ 

>SEQ ID NO: 20 [MUTANT #31 

MNRTAFCCLSL TAAL I LTACS SGGGGVAAD I GAGLADALTAPLDHK DKSLQS LTLDQVVRKNEKLKLAAQGAEKT 
YGNGDSLNTGKLKNDKVSRFDFI RQIEvDGQL ITLESGEFQI YKQDHSAVVALQIEKINNPDKI DSL INQRSFRV 
SGLGGEHTAFNQL PDGKAEYHGKAFSSDDAGGKL TY T I DFAAKQGHGKIEHLKT PEQNVELAAAELKADEKSHAV 
ILGDTRYGSEEKGTyHLALFGDRAQE IAGSATVK I GEKVHE I GIAGKQ 

>SEQ ID NO: 21 [MUTANT #4J 

mNRTAFCCLSLTAAL I LTACSSGGGGVA_AD IGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKT 
YGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQL I T LESGEFQ I YKQDHSAVVALQIEKINNPDKI DS L INQPSFRV 
SGLGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYT I DFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAV 
ILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 22 [MUTANT #51 

MNRTAFCCLSLTAAL I L TACS SGGGGVAAD I GAGLADALTAPLDHKDK SLQS LTLDQSVRKNEKLKLAAQGAEKT 
YGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQL I T LE SGEFQI YKQDHSAVVALQIEKINNPDKI DS L INQRSFLV 
GD LGGEHTAFNQL PDGKAEYHGKAF SS DDAGGKL TY T I DFAAKQGHGK IEHLKT PEQNVELAAAELKADEKSHAV 
ILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 23 MUTANT #6] 
MNRTAFCCLSLTAAL I LTACSSGGGGVA_ADIGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKT 
YGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQL I TLESGEFQI YKQDHSAVTALQIEKINNPDKIDSL INQRSFLV 
GD LGGEHTAFNQL pDGKAE YHGKAFSS DDAGGKLTy I DFAAKQGHGKIEHLKT PEQNVELAAAELKADEKSHAV 
ILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 24 [MUTANT #71 

MNRTAFCCLSLTAAL I LTACSSGGGGvA_ADI GAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKT 
YGNGDSLNTGKLKIADKVSRFDFIRQ iEvDGQL I TLESGEFQI YKQDHSAVVALQIEK INNPDKSDSL INQRSFLV 
SGLGGEHTAFNQL PDGKAEYHGKAFSSDDAGGKLTYT I DFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAV 
ILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 25 MUTANT #81 

MNRTAFCCLS L TAAL I LTACS SGGGGVA_AD IGAGLADALTAPLDHK DK SLQS L T LDQSCRKNEKCKLAAQGAEKT 
YGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQL I T LESGEFQI YKQDHSAVVALQ IEKINNPDKI DS L INQRSFLV 
SGLGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYT I DFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAV 
ILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 26 !MUTANT #91 
MNRTAFCCLSLTAAL I LTACS SGGGGVA_AD I GAGLADALTAPLDHKDK SLQS LTLDQSVRKNEKLKCAAQGAEKT 
YGNGDSLNTGKLKNDKVSRCDFI RQ I EVDGQL I TLESGEFQI YKQDHSAVVALQ I EK INNPDK I DS L INQRSFLV 
SGLGGEHTAFNQLPDGICAEYHGKAFSSDDAGGKLTYT I DFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAV 
ILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

>SEQ ID NO: 27 [MUTANT #10] 

MNRTAFCCLSL TAAL I L TACS SGGGGVA_AD IGAG LADALTAPLDHKDKSLQS L TLDQSVRKNEKLKLAAQGAEKT 
YGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQL I T LESGEFQ I YKQDHSAVVALQI EK INNPDK I DS L INQRSCLV 
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SGLGGEHTAFNQLPDGKAEYHGKAFSCDDAGGKLTYT I DFAAKQGHGK IEHLKTPEQNVELAAAELKADEKSHAV 

I LGDTRYGS EEKGTYHLALFGDRAQE I AGSATVK I GEKVHE I G IAGKQ 

>SEQ ID NO: 28 (MUTANT #111 

MNRTAFCCLSLTAAL I LTACSSGGGGVA_AD IGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQLITLESGEFQIYKQDHSAVTALQIEKINNPDKIDSLINQRSFLV 

GDLGGEHTAFNQLPDGKAEYHGNAFSSDDAGGKLTYT I DFAAKQGHGK I EHLKT PEQNVELAAAELKADEKSHAV 

I LGDTRYGSEEKGTYHLALFGDRAQE I AGSATVK I GEKVRHI GIAGKQ 

>SEQ ID NO: 29 MILITANT #121 

MNRTAFCCLS L TAAL I LTACSSGGGGVAAD IGAGLADALTAPLDHKDKSLQSLTLDQSVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDF I RQ IEVDGQL I T LESGEFQI YKQDHSAVVALQ IEK INNPDK I DSL INQP.SFRI 

GD IAGEHTAFNQL PDGKAE YHGKAFS S DDAGGKLTYT I DFAAKQGHGK IEHLKT PEQNVELAAAELKADEKSHAV 

ILGDTRYGSEEKGTYHLALFGDRAQE IAGSATVK IGEKVHE I GIAGKQ 

>SEQ ID NO: 30 [MUTANT #13J 

MNRTAFCCLSL TAAL I L TACS SGGGGVAAD I GAGLADALTAPLDHKDKSLQS LTLDQSVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDF I RQ I EVDGQL I TLESGEFQI YKQDHSAVTALQI EK INNPDK I DSL INQRSFLV 

SG LGGEHTAFNQL PDGKAEYHGKAFSS DDAGGKLTYT I DFAAKQGHGK IEHLKTPEQNVELAAAELKADEKSHAV 

ILGDTRYGSEEKGTYHLALFGDRAQEIAGSATVK IGEKVHE I G IAGKQ 

>SEQ ID NO: 31 [MUTANT #141 

MNRTAFCCLSLTAAL I LTACS SGGGGVAAD I GAGLADALTAPLDHKDKSLQS LTLDQSVRKNEKLKCAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFI RQIEVDGQL I T LESGEFQI YKQDHSAVVALQI EK INNPDKI DSLINQRSFLV 

SGLGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYT I DFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAV 

I LGDTRYGSEEKGTYHLALFGDRAQE IAGSATVK IGEKVHE I GIAGKQ 

>SEQ ID NO: 32 [MUTANT #151 

MNRTAFCCL S L TAAL I LTACS SGGGGVAAD I GAG LADALTAPLDHKDK S LQS LT LDQSVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFI RQ IEVDGQL I TLESGEFQI YKQDHSAVVALQIEKINNPDKIDSLINQRSCLV 

SGLGGEHTAFNQLPDGKAEYHGKAFSSDDAGGKLTYT I DFAAKQGHGKIEHLKT PEQNVELAAAELKADEKSHAV 

I LGDTRYGSEEKGTYHLALFGDRAQEIAGSATVK IGEKVHE I GIAGKQ 

>SEQ ID NO: 33 [MUTANT #191 

MNRTAFC C LS L TAAL I LTACS SGGGGVAAD I GAG LADALTAPLDHKDK SLQS LTLDQVVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFIRQ IEVDGQL I TLESGEFQI YKQDHSAVVALQIEKINNPDKIDSLINQRSFLV 

TGLGGEHTAFNQLPDGKAEYHGKAFSS DDAGGKLTYT I DFAAKQGHGK IEHLKT PEQNVELAAAELKADEKSHAV 

I LGDTRYGS EEKGTYHLALFGDRAQE IAGSATVK IGEKVHE I GIAGKQ 

>SEQ ID NO: 34 [MUTANT #201 

MNRTAFCCLSL TAAL I LTACS SGGGGVA_AD I GAGLADALTAPLDHKDKSLQS LTLDQVVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQL I TLESGEFQI YKQDHSAVVALQIEKINNPDKI DSL INQRSFRV 

TGLGGEHTAFNQLPDGKAEYHGKAFSS DDAGGKLTYT I DFAAKQGHGK IEHLKT PEQNVELAAAELKADEKSHAV 

I LGDTRYGSEEKGTYHLALFG DRAQE I AGSATVK IGEKVHE I GIAGKQ 

>SEQ ID NO: 35 [MUTANT #211 

MNRTAFCCLSL TAAL I LTACSSGGGGVAADIGAGLADALTAPLDHKDKSLQSLTLDQVVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFIRQIEVDGQL I TLESGEFQI YKQDHSAVVALQI EK INNPDK I DSL INQRSFLV 

GGLGGEHTAFNQLPDGKAEYHGKAFSS DDAGGKLTYT I DFAAKQGHGKIEHLKT PEQNVELAAAELKADEKSHAV 

I LGDTRYGSEEKGTYHLAL FGDRAQE IAGSATVK IGEKVHE I GIAGKQ 

>SEQ ID NO: 36 'MUTANT #221 

MNRTAFCC LS LTAAL I L TACS S GGGGVAAD I GAG LADALTAPLDHKDK S LQS LTLDQVVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFIRQ IEVDGQL I TLESGEFQI YKQDHSAVVALQIEK INNPDK I DSL INQRSFRV 

GGLGGEHTAFNQL PDGKAEYHGKAFSS DDAGGKL TY T I DFAAKQGHGKIEHLKT PEQNVELAAAELKADEKSHAV 

I LGDTRYGSEEKGTYHLAL FGDRAQE IAGSATVK IGEKVHE I GIAGKQ 

>SEQ ID NO: 37 

GPDSDRLQQRR 

>SEQ ID NO: 38 

GSKD I SS 

-45- 



WO 2015/128480 	 PCT/EP2015/054174 

>SEQ ID NO: 39 

GSKDISSGGGG 

>SEQ ID NO: 4011111239, mature] 

CS SGGGGSGGGGVAADIGTGLADALTAPL DHK DKGLKS LT LEDS I PQNGTLTLSAQGAEKTFKAGDKDIASLNTGK 
LKNDK ISRFDFVQK I EVDGQT I TLASGEFQ I YKQNHSAVVALQ I EK IL1NPDKTDSLINQRSFLVSGLGGEHTAFN 
QL PGGKAEYHGKAFSS DDPNGRLHY S I DFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAVI LGDTRYGSEE 
KG TY HLALFGDRAQE IAGSATVK I GEKVHE I G IAGE:Q 

>SEQ ID NO: 41 1v3(111239), E243A, AG! 

VAADIGTGLADALTAPLDHKDKGLKSLTLEDS I PQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKI SP.FDFV 
QK IEVDGQT I T LASGEFQ I YKQNHSAVVALQ I EK IITUPDKTDSLIIIQRSFLVSGLGGEHTAFNQLPGGKAEYHGK 
AFSSDDPNGRLHYS I DFTKKQGYGR I EHLK T LEQNVELAAAE LKADEK SHAV I LGDTRYGSEEKGTYHLALFGDR 
AQE IAGSATVK IGEKVHAIGIAGKQ 

>SEQ ID NO: 42 1v3(M1239), S32V+E243A, AG] 

VAADIGTGLADALTAPLDHKDKGLKSLTLEDVI PQNGT LT LSAQGAEKTFKAGDKDNSLNTGKLKNDKI SRFDFV 
QK IEVDGQT I TLASGEFQI YKQNHSAVVALQ I EK 	DK T DSL IIIQRSFLVSGLGGEHTAFNQLPGGKAEYHGK 
AFSS DDPNGRLHYS I DFTKKQGYGRIEHLKTLEQNVELAAAELKADEKSHAV I LGDTRYGSEEKGTYHLALFGDR 
AQE I AGSATVK IGEKVHAIGIAGKQ 

>SEQ ID NO: 43 1v3(M1239), S32V+L126R+E243A, AGJ 

VAAD I GT GLADAL TA PLDHKDKGLK SLT LEDVI PQNG T LT LS AQGAEK TFKAGDKDNSLNTGK LKNDK I SRFDFV 
QK IEVDGQT I T LASGEFQ I YKQNHSAVVALQ I EK INNPDKTDSL INQRSFRVSGLGGEHTAFNQLPGGKAEYHGK 
AF SS DDPNGRLHYS I DF TKKQGYGR IEHLK T LEQINTVELAAAE LKADEK SHAV I LGDTRYGSEEKG TYHLALFGDR 
AQE I AGSATVK I GEKVHAIG I AGKQ 

>SEQ ID NO: 44 1v3, S32V + L126R, z101 

VAADIGTGLADALTAPLDHKDKGLKSLTLEDVI PQNGT LT LSAQGAEKTFKAGDKDNSLNTGKLKNDKI SRFDFV 
QK IEVDGQT I TLASGEFQI YKQNHSAVVALQI EK INNPDKTDSL INQRSFRVSGLGGEHTAFNQLPGGKAEYHGK 
AFSS DDPNGRLHYS I DFTKKQGYGRIEHLKT LEQNVELAAAELKADEKSHAVI LGDT RYGSEEKG TYHLALFGDR 
AQEIAGSATVK IGEKVHE I G IAGKQ 

>SEQ ID NO: 451v2 MUTANT #3 S32V + L123R, AG/ 

VAAD I GAGLADALTAPLDHKDKS LQ SLT LDQVVRKNEKLK LAAQGAEKTYGNGDS LN TGKLKNDKVSRF DF IRQ I 
EVDGQLI TLESGEFQ IYKQDHSAVVALQ IEK INNPDK I DS LINQRSFRVSGLGGEHTAFNQLPDGKAEYHGKAFS 
SDDAGGKLTYT I DFAAKQGHGK I EHLK T PEQNVELAAAELKADEKSHAVI LGDTRYGSEEKGTYHLALFGDRAQE 
IAGSATVK I GEKVHE I G IAGKQ 

>SEQ ID NO: 461MC58, vl, mature] 

C S SGGGGVAAD IGAGLADALTAPLDHKDKGLQ SLTLDQSVRKNEKLKLAAQGAEKTYGNGDS LNTGKLKNDKVSR 
FDF I RQ I EVDGQL I T LESGEFQVYKQSHSALTAFQTEQ IQ DS EHSGKMVAKRQFR I GDIAGEHT S FDKL PEGGRA 
TYRGTAFGSDDAGGKLTYT I DFAAKQGNGK I EHLKS PELNVDLAAADI KPDGKRHAVISGSVLYNQAEKGS YSLG 
I FGGKAQEVAGSAEVKTVNGI RH I GLAAKQ 

>SEQ ID NO: 471v2-v3-v-1 mutant fusion) 

VAAD I GAGLADAL TA PLDHKDKS LQSL TLDQVVRKNEKLK LAAQGAEKTYGNGDS LNTGKLKNDKVSRFDF IRQ I 
EVDGQL I TLESGEFQ I YKQ DHSAVVALQ I EK INN PDK I DS L INQRS FRVSGLGGEHTAFNQLPDGKAEYHGKAFS 
SDDAGGKLTYT I DFAAKQGHGK I EHLKT PEQNVELAAAELKADEKSHAVI LGDTRYGSEEKG TYHLALFGDRAQE 
IAGSATVKIGEKVHEIGIAGKQGSGGGGVAADIGTGLADALTAPLDHKDKGLKSLTLEDVI PQNGTLTLSAQGAE 
KT FKAGDKDNS LNTGKLKNDK I SRFDFVQK IEVDGQT I TLASGEFQ I YKQNHSAVVALQ IEK INNPDKT DSLINQ 
RS FRVSGLGGEHTAFNQLPGGKAEYHGKAFS S DD PHGRLHYS I DFTKKQGYGRI EHLKT LEQNVELAAAELKADE 
KSHAVILGDTRYGSEEKGTYHLALFGDRAQE IAG SATVK I GEKVHE IG IAGKQGSGGGGVAAD I GAGLADALTAP 
LDHKDKGLQSLTLDQSVSKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDF I RQI EVDGQL I TLESGEFQV 
YKQSHSALTAFQTEQ IQDSEHSGKMVAKRQFRIGDIAGEHTS FDKLPEGGRATYRGTAFGSDDAGGKLTYT IDFA 
AKQGNGK IEHLKS PELNVDLAAADIKPDGKRHAVISGSVLYNQAEKGS YSLGI FGGKAQEVAGSAEVKTVNG I RH 
I G LAAKQ 

>SEQ ID NO: 481v2-v3-v-1 mutant fusion, with leaded 

MG PDS DRLQQRRVAADI GAGLADAL TAPL DHK DK SLQS LT LDQVVRKNEKLKLAAQGAEKTYGNGDS LN TGKLKN 
DKVSRFDF I RQ IEVDGQL I TLESGEFQ I YKQDHSAVVALQ I EK INN PDK I DS L INQRSFRVSGLGGEHTAFNQLP 
DGKAEYHGKAF SS DDAGGKLTYT I DFAAKQGHGK IEHLKT PE QNVELAAAELKADEKSHAVI LGDTRYGSEEKGT 
YHLALFGDRAQE IAGSATVK I GEKVHE IG IAGKQGSGGGGVAADIGTGLADALTA PLDHKDKGLKSLTLEDVI PQ 
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NGTLTLSAQGAEKTFKAGDKDNSLNTGKLKIIDKI SRFDFVQK IEVDGQT I T LAS GEFQ I YKQNHSAVVALQ I EK I 

IQN PDKTDSLINQRSFRVSGLGGEHTAFNQLPGGKAEYHGKAFSSDDPNGPLHYSIDFTKKQGYGRIEHLKTLEQN 

VELAAAE LKADEKS HAV ILGDTRYGSEEKGTYHLALFGDRAQE IAGSATVK I GEKVHEI GIAGKQGSGGGGVAAD 

I GAGLADALTAPLDHKDKGLQS LTLDQSVSKNEKLKLAAQGAEKTYGNGDS LN TGKLKNDKVSRFDF I RQ I EVDG 

QL I T LES GEFQVYKQSHSALTAFQTEQ I QDSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAFGSDD 

AGGKLTYT I DFAAKQGNGK IEHLKS PE LNVDLAAAD IKPDGKRHAV I S GSVLYNQAEKGSYSLG I FGGKAQEVAG 

SAEVK TVNG I RH I GLAAKQ 

>SEQ ID NO: 49 IMC58, AG, 'R41S' mutation] 

VAAD I GAGLADAL TAPLDHKDKGLQ SL T LDQSVSKNEK LK LAAQGAEK TYGNGDS LN TGKLKIIDKVSRFDF IRQ I 

EVDGQLI TLESGEFQVYKQSHSALTAFQTEQIQDSEHSGKMVAKRQFRIGDIAGEHTSFDKLPEGGRATYRGTAF 

GSDDAGGKLTYT I DFAAKQGNGKIEHLKSPELNVDLAAADIKPDGKRHAVISGSVLYMAEKGSYSLGI FGGKAQ 

EVAGSAEVKTVNGIRHIGLAAKQ 

>SEQ ID NO: 50 [linker] 

GS GGGG 

>SEQ ID NO: 51 [wild-type v2 sequence e.g. for GMMA approach] 

VAADIGARLADAL TAPL DHKDKSLQSLTLDQSVRKNEKLK LAAQGAEK TYGNG DS LN TGKLKNDKVSRF DFIRQ I 

EVDGQLI TLESGE FQ IYKQDHSAVVALQ IEKINNPDK I DS LINQRS FLVSGLGGEHT.AFNQLPDGKAEYHGKAFS 

SDDAGGKLTYT I DFAAKQGHGKI EHLKT PE QNVE LAAAE LKADEKSHAVI LGDTRYGSEEKGTYHLALFGDRAQE 

IAGSATVK I GEKVHE IG IAGKQ 

>SEQ ID NO: 52 [wild-type v3 sequence e.g. for GMMA approach] 

VAAD I GAGLADALTAPLDHKDKGLQSLTLDQSVRKNEKLKLAAQGAEK TYGNGDS LNTGELKNDKVSREDFIRQI 

EVDGKL I TLESGE FQVYKQSHSALTALQTEQVQDSEDSGKMVAKRQFR I GDIAGEHTSFDKLPKGGSAT YRGTAF 

GS DDAGGKL TY T I DFAAKQGHGK I E HLKS PE LNVELATAE LKADEK SHAV I LG DTRYGGEEKGTYHLAL FG DRAQ 

E IAG SATVK IREKVHE I G IAGKQ 

>SEQ ID NO: 53 [n11239, L126R mutation] 

VAAD I GTGLADALTAPLDHKDKGLK SLTLEDS I PQNGTLTLSAQGAEKTFKAGDKDNSLNTGKLKNDKI SRFDFV 

QK IEVDGQT I T LASGEFQ I YKQNHSAVVALQ IEK INNPDKTDSL INQRSFRVSGLGGEHTAFNQLPGGKAEYHGK 

AFSSDDPNGRLHYS I DFTKKQGYGRIEHLKTLEQNVELAAAELKADEK SHAV I LGDTRYGSEEKGTYHLALFGDR 

AQEIAGSATVK IGEKVHE I G IAGKQ 

>SEQ ID NO: 54 [v2, 8047 strain, wild-type] 

MNRTAFCCLS LTTAL I LTACS SGGGGVAAD IGARLADALTAP LDHK DK SLQS LT LDQSVRKNEKLKLAAQGAEKT 

YGNGDSLNTGKLKNDKVSRFDFIRQ IEVDGQL I T LESGEFQI YKQDHSAVVALQ I EK INNPDKI DSL INQRSFLV 

SGLGGEHTAFNQL PDGKAEYHGKAFSS DDAGGKLTYT I DFAAKQGHGK I EHLKT PEQNVELAAAELKADEKSHAV 

ILGDTRYGSEEKGTYHLAL FGDRAQE IAGSATVK I GEKVHE I G I AGKQ 

>SEQ ID NO: 55 [v2, 8047 strain, AG] 

VAADIGARLADALTAPLDHKDKSLQSL TLDQSVRKNEKLKLAAQGAEKTYGNG DS LN TGKLKNDKVS RF DF IRQ I 

EVDGQLI TLESGEFQIYKQDHSAVVALQIEKINNPDKIDSLINQRSFLVSGLGGEHTAFNQLPDGKAEYHGKAFS 

SDDAGGKLTYT I DFAAKQGHGK I EHLKT PEQNVELAAAELKADEKS HAVI LGDTRYGSEEKGTYHLALFGDRAQE 

IAGSATVK I GEKVHE I G IAGKQ 

>SEQ ID NO: 56 Iv2, E313A' mutant, AG] 

VAAD I GAGLADAL TAPL DHKDKS LQSLTLDQSVRKNEKLKLAAQGAEKTYGNGDS LNTGKLKNDKVSRFDF IRQ I 

EVDGQL I TLESGE FQ I YKQDHSAVVALQ I EKINN PDKI DS L I NQRS FLVSGLGGEHTAFNQLPDGKAEYHGKAFS 

SDDAGGKLTYT IDFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVI LGDTRYGSEEKGTYHLALFGDRAQE 

IAGSATVK I GEKVHA I G IAGKQ 

>SEQ ID NO: 57 [v2, mutant #3 + `E3134, AG] 

VAADIGAGLADALTAPLDHKDKSLQSLTLDQVVRKNEKLKLAAQGAEKTYGNGDSLNTGKLKNDKVSRFDFIRQI 

EVDGQL I TLESGEFQ IYKQDHSAVVALQ I EKINN PDK I DS L I NQRS FRVSGLGGEHTAFNQLPDGKAEYHGKAFS 

SDDAGGKLTYT I DFAAKQGHGKI EHLKTPEQNVE LAAAELKADEKSHAVI LGDTRYGSEEKGTYHLALFGDRAQE 

IAGSATVK I GEKVHAI G IAGKQ 

>SEQ ID NO: 58 [MUTANT #2 + #121 

VAAD I GAGLADAL TAPLDHKDKS LQ SLTLDQVVRKNEKLKLAAQGAEKTYGNGD S LN TGKLKNDKVSRF DF IRQ I 

EVDGQLI TLESGE FQ IYKQDHSAVVALQIEK INNPDKI DSL I NQRSFRIGDIAGEHTAFNQLPDGKAEYHGKAFS 

SDDAGGKLTYT I DFAAKQGHGKI EHLKTPEQNVE LAAAELKADEKSHAVI LGDTRYGSEEKGTYHLALFGDRAQE 

IAGSATVK I GEKVHE IG IAGKQ 
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>SEQ ID NO: .59 fv2, strain 8047 strain, mutant #4, mature] 

CS SGGGGVAADT GARLADA T.T A PT.T1HIMXS T.QSLTLDQSVRKNEKLKLAAQGAEKTYGNGDSLITTGKLKNDKVSR 
FDFI RQI EVDGQL ITLESGEFQI YKQDHSAVVALQIEK INNPDK I DSL INQRSFRVSGLGGEHTAFNQLPDGKAE 
YHGEAFS S DDAGGKL TYT I DFAAKQGHGK I EHLK T PEQNVELAAAELKADEKSHAVI LGDTRYGSEEKGTYHLAL 
FGDRAQE IAGSATVK I GEKVHE I G IAGKQ 

>SEQ ID NO: 6011,2, strain 8047 strain, mutant #3, mature] 
C S SGGGGVAAD I GARLADALTAPLDHKDKS LQSL TLDQVVRKNEKLKLAAQGAEKTYGNGDSLNT GK LKNDKVS R 
FDFI RQIEVDGQL I T LESGEFQI YKQDHSAVVALQI EK INNPDK I DS L INQRS FRVSGLGGEHTAFNQL PDGKAE 
YHGKAFSSDDAGGKLTYTI DFAAKQGHGKIEHLKTPEQNVELAAAELKADEKSHAVI LGDTRYGSEEKGTYHLAL 
FGDRAQE IAGSATVK I GEKVHE I G IAGKQ 

>SEQ ID NO: 61 fv3, mutant #2 + #12, AG] 
VAADIGTGLADALTAPLDHKDKGLKSLTLEDVIPQNGTLTLSAQGAEKTFKAGDKDIISLNTGKLKNDKI SRFDFV 
QKIEVDGQTITLASGEFQIYKQNHSAVVALQIEKINNPDKTDSLINQRSFRIGDIAGEHTAFNQLPGGKAEYHGK 
AFSSDDPNGRLHYS I DFTKKQGYGRIEHLKTLEQNVELAAAELKADEK SHAV I LGDTRYGSEEKGTYHLALFGDR 
AQEIAGSATVK IGEKVHE I G IAGKQ 
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CLAIMS 

1. A mutant v3 or v2 IHbp which is; 

(A) a polypeptide comprising a mutant filhp v2 amino acid sequence, wherein: (a) the amino 

acid sequence has at least 80% sequence identity to SEQ ID NO: 5 and/or comprises a 

fragment of SEQ ID NO: 5 which includes positions 32 and 123 from SEQ ID NO: 5; but (b) 

the amino acid sequence differs from SEQ ID NO: 5 by at least the substitutions S32V and 

L123R; 

or 

(B) a polypeptide comprising a mutant flibp v3 amino acid sequence, wherein: (a) the amino acid 

sequence has at least 80% sequence identity to SEQ ID NO: 17 and/or comprises a fragment 

of SEQ ID NO: 17 which includes position 32 and 126 from SEQ ID NO: 17; but (b) the 

amino acid sequence differs from SEQ 1D NO: 17 by at least the substitutions S32V and 

L126R. 

2. The polypeptide of claim I, wherein: (A) the amino acid sequence further differs from SEQ ID 

NO: 5 by substitution at one or more of V33, L39, L41, F69, V100, 1113, F122, V124, S125, 

G126, L127, G128, 5151, H239, and/or E240; for instance, where the substitution(s) are selected 

from the group consisting of: V33C; L39C; L41C; F69C; V100T; 1113S; F122C; V1241; S125G 

or S125T; 0126D; L1271; G128A; S151C; H239R; E240H; or (B) the 'amino acid sequence 

further differs from SEQ ID NO: 17 by substitution at one or more of 133, L39, L41, F72, V103, 

T116, F125, V127, 5128, G129, L]30, G1"31, S154, H242, and/or E243; for instance, where the 

substitution(s) are selected from the group consisting of: 133C; L39C; L41 C; F72C; V103T; 

TI16S; Fl 25C; V1271; S'128G or S128T; G129D; L1301; G131A; S154C; I-1242R; and E243H. 

3. The polypeptide of claim 1(A), comprising substitutions at multiple residues, wherein the 

multiple residues are selected from groups-2J or 20 as follows: 

2J: residues 32, 123 and 125; or 

20: residues 32, 123, 124, 125, 126, 127 and 128. 

4. The polypeptide of claim 1(A) or claim 2(A), further comprising substitutions V1241, 51250, 

0126D, L1 27I, G128A; for instance, comprising SEQ ID NO: 20 or SEQ ID NO: 45 or SEQ ID 

NO: 58. 

5. The polypeptide of claim 1(13), comprising substitutions at multiple residues, wherein the 

multiple residues are selected from groups 3J or 30 as follows: 

3J: residues 32, 126 and 128; or 

30: residues 32, 126, 127, 128, 129, 130 and 131 

6. The polypeptide of claim 1(B) or claim 2(B), further comprising substitutions V1271, S128G, 

G129D, L1301, G131A; for instance, comprising SEQ 1D NO: 44 or SEQ ID NO: 61. 
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7. The polypeptide of any one of claims 1 to 5, also including one or more further mutation(s) 
which disrupt(s) the polypeptide's ability to bind to human factor H; for instance, in v2 including 
a substitution at one or more of residues R73, D203, E210, 6228, S121, F122, A192, E194, 
VI99, 1200, L201, T213, H215, F219, T231, and E240, or in v3 including a substitution at one or 
more of residues Q35, 1178, L87, A88, V127, V202, E213, T216, H218, T234, V241, E243, and 
G248. 

8. A polypeptide comprising: 

• amino acid sequence SEQ ID NO: 45, optionally with 1, 2, 3, 4, or 5 single amino acid 

substitutions, deletions and/or insertions, wherein the polypeptide can elicit antibodies which 
bind to a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID 

NO: 2 (for example, comprising amino acid sequence SEQ ID NO: 45 with 1, 2, or 3 single 

amino acid substitutions), but not mutated at residue V32 or R123; 

• amino acid sequence SEQ ID NO: 44, optionally with 1, 2, 3, 4, or 5 single amino acid 

substitutions, deletions and/or insertions, wherein the polypeptide can elicit antibodies which 
bind to a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID 
NO: 40 (for example, comprising amino acid sequence SEQ ID NO: 44 with 1, 2, or 3 single 

amino acid substitutions), but not mutated at residue V32 or R126; 

• amino acid sequence SEQ ID NO: 58, optionally with 1, 2, 3, 4, or 5 single amino acid 

substitutions, deletions and/or insertions, wherein the polypeptide can elicit antibodies which 

bind to a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID 
NO: 2 (for example, comprising amino acid sequence SEQ ID NO: 58 with 1, 2, or 3 single 

amino acid substitutions), but not mutated at residue V32 or R123; 

• amino acid sequence SEQ ID NO: 61, optionally with 1, 2, 3, 4, or 5 single amino acid 

substitutions, deletions and/or insertions, wherein the polypeptide can elicit antibodies which 
bind to a meningococcal fHbp polypeptide consisting of the amino acid sequence of SEQ ID 

NO: 2 (for example, comprising amino acid sequence SEQ ID NO: 61 with 1, 2, or 3 single 

amino acid substitutions), but not mutated at residue V32 or R126; 

• a tHbp v3 amino acid sequence, wherein the v3 amino acid sequence is identical to a v3 wild-

type amino acid sequence except for the mutations S32V and L126R; 

• a fHbp v2 amino acid sequence, wherein the v2 amino acid sequence is identical to a v2 wild-

type amino acid sequence except for the mutations S32V and L123R; or 

• amino acid sequence SEQ ID NO: 47, optionally with 1, 2, 3, 4, or 5 single amino acid 
substitutions, deletions and/or insertions, wherein the polypeptide can elicit antibodies which 

bind to each of: a meningococcal fHbp polypeptide consisting of the amino acid sequence of 
SEQ ID NO: 46; a meningococcal fHbp polypeptide consisting of the amino acid sequence of 

SEQ ID NO: 4; and a meningococcal fHbp polypeptide consisting of the amino acid 
sequence of SEQ ID NO: 40 (for instance, consisting of SEQ ID NO: 48). 
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9. A plasmid or other nucleic acid comprising a nucleotide sequence encoding the polypeptide of 

any one of claims 1 to 8. 

10. A host cell transformed with the plasmid of claim 9; for example, wherein the cell is a 

meningococcal bacterium, such as a meoingococcal bacterium having down-regulation or 

knockout of mItil and also optionally has down-regulation or knockout of (i) at least one gene 

involved in rendering the lipid A portion of LPS toxic, particularly of Ipx11; and/or (ii) at least 

one gene involved in the capsular polysaccharide synthesis or export, particularly of synX and/or 

cirA.. 

11. Membrane vesicles prepared from the host cell of claim 10, wherein the vesicles include a 

polypeptide of any one of claims 1 to 8. 

12. An immunogenic composition compriSing a polypeptide ofany one of claim S I to 8, or a vesicle 

ofclaini 11. 

13. The composition of.claim 12, further comprising a second polypeptide that, when administered to 

a mammal, eliCits at antibody response that' is bactericidal against meningOcbccts, 

14. The composition of claim 12 or claim 15, further comprising (i) a conjugated capsular saccharide 

from Nmeningiticlis m•ogroup A, C, W135 and/or Y And/or (ii) a. conjugated capsular,saccharide 

from. S.pneumoniae 
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