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(57) ABSTRACT 

Meningococcal protein NMB 1870 has been described in the 
prior art. The inventors have found that NMB 1870 is an 
effective antigen for eliciting anti-meningococcal antibody 
responses, and that it is expressed across all meningococcal 
serogroups. Forty-two di?‘erent NMB 1870 sequences have 
been identi?ed, and these group into three variants. Serum 
raised against a given variant is bactericidal Within the same 
variant group, 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. For 
maximum cross-strain e?icacy, therefore, the invention uses 
mixture comprising different variants of NMB 1870. 
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FIGURE 6 
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FIGURE 8 

‘Strains M058. NZ394/9f8 07/00 AG'M’QN 

BGA 04.000 16.000 2.04:8 <4 

FACS 

FIGURE 9 

121 
i [41 ammo) 

2 —‘E [21 Mum) 
—— [11 

[1| 21-01, (0) 

4; £21m) @ 
__ [4] A4 (1). (ll 

? A4 (4),(W-135),(¢) 
:; Mdherea 

I. 

1 ___ ‘11112115, 0:) < 
[5] HM! (4) 

U E [2 90 ~_ ma, (c)< 
E21 21-07, (w-1as) 

ET-37 ' [1] 



Patent Application Publication Nov. 9, 2006 Sheet 6 0f 10 US 2006/0251670 A1 

FIGURE 10 

SRFDFIRQIEVDGQLITLESGEFQIYKQI'HSAWALQIEKINNPD 
" ‘ITWSGEFQIYKQI HSAVVALQIEKINNPDKQTZDSL 

QGiGKIEHLKTPEQNVELMAELKADEKSHAVILGDTRYGSEEKGTYH GEIEHLKT‘EQNVELAAAELKADEKSHAVILGDTRYGSEEKGTYH 

type 1 224; .__§QE'qAes type 2 LALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 

type 3 LALFGDRAQEIAGSATVKIGEKVHEIGIAGKQ 



Patent Application Publication Nov. 9, 2006 Sheet 7 0f 10 US 2006/0251670 A1 

FIGURE 11 

_ M658 1961-5945 M12319: i 
I (variant 1) (variant 2) (variant 3) 

1o_o -- - 

‘variant- 1 

l 

0 
n . ‘variant 2. 
E . 

a 
c 

I variant '3‘ 
a: 
o 

.2 M'ab seams 
\ 

0 
-|-| 

o .. ' 

N. " NMB1380. 

m 

GNA1 870i 

0 z _ '_‘., 

10° 102 1o41o° 102. 1o41o° 101°- 104 

Fluorescence 



Patent Application Publication Nov. 9, 2006 Sheet 8 0f 10 US 2006/0251670 A1 

FIGURE 12 

L ST44cpx (26) 
ST44cpx 

' ST1403 
ST 1 10px (3) 

ST1 1 cpx 
ST60 (2) 
ST913 

__ ST60 

ST178 _ 

- ST23cpx 

‘ _r- ST11cpx 

— ST8cpx 

[ -- ST11cpx 
ST35cpx 

P- ST11cpx _ 

— ST32cpx (33) 

ST44cpx (9) 
ST2272 

{ subgroup Ill 
subgroup l 

- ST428 

ST1194 
subgroup I 



Patent Application Publication Nov. 9, 2006 Sheet 9 0f 10 US 2006/0251670 A1 

FIGURE 13 

ST8CpX (8) 
ST1 10px 

ST35cpx 
ST22cpx (3) 
ST1 1 cpx 

I ST1 'lcpx ‘ 
ST2'69cpx 

hST31 ST269cpx 
ST8cpx ‘ 

' ST29 

ST11cpx 
L -— ST162 

ST11cpX _ 

ST269cpx 
- ST916 

ST38 
ST36 

ST20 
ST103 
ST22cpx 
ST23cpx 
ST2006 



Patent Application Publication Nov. 9, 2006 Sheet 10 0f 10 US 2006/0251670 A1 

FIGURE 14 

ST961. - 

ST145 

‘ ' ST213 

—— 8T1 10px _ 

8T1 10px I 

'ST213 

ST269cpx 

ST1 576 



US 2006/0251670 A1 

MULTIPLE VARIANTS OF MENINGOCOCCAL 
PROTEIN NMB1870 

[0001] All documents cited herein are incorporated by 
reference in their entirety. 

TECHNICAL FIELD 

[0002] This invention is in the ?eld of vaccination and, in 
particular, vaccination against disease caused by pathogenic 
bacteria in the genus Neisseria, such as N. meningilidis 
(meningococcus). 

BACKGROUND ART 

[0003] Neisseria meningilidis is a Gram-negative encap 
sulated bacterium Which colonises the upper respiratory tract 
of approximately 10% of human population. Approximately 
once in every 10,000 colonised people (or once in 100,000 
population) the bacterium enters the blood stream Where it 
multiplies and causes sepsis. From the blood stream the 
bacterium can cross the blood-brain barrier and cause men 
ingitis. Both diseases are devastating and can kill 5-15% of 
affected children and young adults Within hours, despite the 
availability of effective antibiotics. Up to 25% of those Who 
survive are left With permanent sequelae. 

[0004] Prevention of disease has been partially accom 
plished by vaccination. Immunisation Was made possible in 
1969 When it Was discovered that protection from disease 
correlates With the presence of serum antibodies able to 
induce complement-mediated killing of bacteria, and that 
puri?ed capsular polysaccharide Was able to induce these 
antibodies. Although polysaccharide and conjugate vaccines 
are available against serogroups A, C, W135 and Y, this 
approach cannot be applied to serogroup B because the 
capsular polysaccharide is a polymer of polysialic acid, 
Which is a self antigen in humans. To develop a vaccine 
against serogroup B, surface-exposed proteins contained in 
outer membrane vesicles (OMVs) have been used. These 
vaccines elicit serum bactericidal antibody responses and 
protect against disease, but they fail to induce cross-strain 
protection 
[0005] The complete genome sequence of serogroup B N. 
meningilidis has been published [2] and has been subjected 
to analysis in order to identify vaccine antigens The 
complete genome sequence of serogroup A N. meningilidis 
is also knoWn [4], and the complete genome sequence of 
Neisseria gonorrhoeae strain FA1090 is available Ref 
erences 6 to 9 disclose proteins from Neisseria meningilidis 
and Neisseria gonorrhoeae, and approaches to expression of 
these proteins are disclosed in references 10 to 12. 

[0006] It is an object of the invention to provide further 
and improved compositions for providing immunity against 
meningococcal disease and/or infection, particularly for 
serogroup B. 

DISCLOSURE OF THE INVENTION 

[0007] One of the ~2200 proteins disclosed in reference 2 
is ‘NMB1870’. The protein Was originally disclosed as 
protein ‘741’ from strain MC58 [SEQ IDs 2535 & 2536 in 
ref. 8; SEQ ID 1herein], and has also been referred to as 
‘GNA1870’[folloWing ref. 3] or as ‘ORF2086’[13]. 

[0008] It has noW been found that NMB1870 is an 
extremely effective antigen for eliciting anti-meningococcal 
antibody responses, and that it is expressed across all 
meningococcal serogroups. 
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[0009] NMB1870 has been found in all meningococcal 
strains tested to date. Forty-two different meningococcal 
NMB1870 sequences have been identi?ed, and it has been 
found that these sequences group into three variants. Fur 
thermore, it has been found that serum raised against a given 
variant is bactericidal Within the same variant group, 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. For maximum cross-strain 
ef?cacy, therefore, more than one variant should be used for 
immunising a patient. 

[0010] The invention therefore provides a composition 
comprising at least tWo of the folloWing antigens: 

[0011] (a) a ?rst protein, comprising an amino acid 
sequence having at least a% sequence identity to SEQ 
ID 24 and/or comprising an amino acid sequence 
consisting of a fragment of at least x contiguous amino 
acids from SEQ ID 24; 

[0012] (b) a second protein, comprising an amino acid 
sequence having at least b% sequence identity to SEQ 
ID 33 and/or comprising an amino acid sequence 
consisting of a fragment of at least y contiguous amino 
acids from SEQ ID 33; and 

[0013] (c) a third protein, comprising an amino acid 
sequence having at least c% sequence identity to SEQ 
ID 41 and/or comprising an amino acid sequence 
consisting of a fragment of at least Z contiguous amino 
acids from SEQ ID 41. 

[0014] The invention also provides the use of NMB1870 
for providing immunity against multiple (eg 2, 3, 4, 5 or 
more) strains and/or serogroups of N. meningilidis. 

[0015] Variability in and betWeen (a), (b) and (c) 

[0016] The value ofa is at least 85 eg 86, 87, 88, 89, 90, 
91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5, 01‘ more. 

[0017] The value ofb is at least 85 eg 86, 87, 88, 89, 90, 
91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5, 01‘ more. 

[0018] The value ofc is at least 85 eg 86, 87, 88, 89, 90, 
91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5, 01‘ more. 

[0019] The values of a, b and c are not intrinsically related 
to each other. 

[0020] The value ofx is at least 7 eg 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,-29, 
30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 
200, 225, 250). The value ofy is at least 7 eg 8, 9, 10, 11, 
12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27, 
28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 
180, 200, 225, 250). The value ofZ is at least 7 eg 8, 9, 10, 
11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26, 
27, 28, 29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 
160, 180, 200, 225, 250). The values of x, y and Z are not 
intrinsically related to each other. 

[0021] It is preferred that any given amino acid sequence 
Will not fall into more than one of categories (a), (b) and (c). 
Any given NMB1870 sequence Will thus fall into only one 
of categories (a), (b) and (c). It is thus preferred that: protein 
(a) has less than i% sequence identity to protein (b); protein 
(a) has less than j% sequence identity to protein (c); and 
protein (b) has less than k% sequence identity to protein (c). 
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The value ofi is 60 or more (eg 61, 62, 63, 64, 65, 66, 67, 
68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 
84, 85, 86, 87, 88, 89, 90, etc.) and is at most a. The value 
ofj is 60 or more (eg 61, 62, 63, 64, 65,66, 67, 68, 69,.70, 
71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 88, 89, 90, etc.) and is at most b. The value ofk is 60 or 
more (eg 61, 62, 63, 64,65, 66, 67, 68, 69, 70, 71, 72, 73, 
74,75, 76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 
90, etc.) and is at most c. The values of i,j and k are not 
intrinsically related to each other. 

[0022] In an example tWo-protein embodiment of the 
invention, therefore, protein (a) might have >85% sequence 
identity to SEQ ID 24, protein (b) might have >85% 
sequence identity to SEQ ID 33, but protein (a) and (b) have 
less than 75% sequence identity to each other. Proteins (a) 
and (b) are therefore each closely related to their ‘prototype’ 
sequences, but they are not so closely related to each other. 

[0023] In an example three-protein embodiment of the 
invention, therefore, protein (a) might have >85% sequence 
identity to SEQ ID 24, protein (b) might have >85% 
sequence identity to SEQ ID 33, protein (c) might have 
>85% sequence identity to SEQ ID 41, but protein (a) and 
(b) have less than 75% sequence identity to each other, 
protein (a) and (c) have less than 75% sequence identity to 
each other, and protein (b) and (c) have less than 75% 
sequence identity to each other. 

[0024] The mixture of tWo or more of (a), (b) and (c) can 
preferably elicit an antibody response Which is bactericidal 
against at least one N. meningilidis strain from each of at 
least tWo of the folloWing three groups of strains: 

[0025] (a) MC58, gl185 (=M01-240185), 1114030, 
1112197, 1112937, 1551001, NZ394/98, 67/00, 93/114, 
bZl98, 1111390, nge28, Inp17592, 00-241341, f6124, 
205900, 111198/172, bZ133, gb149 (=M01-240149), 
11111008, 11111092, 30/00, 39/99, 72/00, 95330, bZl69, 
bZ83, C11385,l144/76, 1111590, 1112934,1112969, 1113370, 
1114215, 1114318,1144/89, 14847. 

[0026] (b) 961-5945, 2996, 96217, 312294, 11327, a22, 
gb013 (=M01-240013), e32, 1111090, 1114287, 860800, 
599, 95N477, 90-18311, C11, 111986, 1112671, 1000, 
1111096, 1113279, bZ232, (111353, 1113697, ngh38, L93/ 
4286. 

[0027] (c) M1239, 16889, gb355 (=M01-240355), 
m3369, m3813, ngp165. 

[0028] For example, the mixture can elicit a bactericidal 
response effective against each of serogroup B N. menin 
gizidis strains MC58, 961-5945 and M1239. 

[0029] The mixture of tWo or more of (a), (b) and (c) can 
preferably elicit an antibody response Which is bactericidal 
against at least 50% of clinically-relevant meningococcal 
serogroup B strains (eg at least 60%, 70%, 80%, 90%, 95% 
or more). 

[0030] The mixture of tWo or more of (a), (b) and (c) can 
preferably elicit an antibody response Which is bactericidal 
against strains of serogroup B N. meningilidis and strains of 
at least one (eg 1, 2, 3, 4) of serogroups A, C, W135 and 
Y. 

[0031] The mixture of tWo or more of (a), (b) and (c) can 
preferably elicit an antibody response Which is bactericidal 
against strains of N gonococcus and/or N cinerea. 
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[0032] The mixture of tWo or more of (a), (b) and (c) can 
preferably elicit an antibody response Which is bactericidal 
against strains from at least tWo of the three main branches 
of the dendrogram shoWn in FIG. 9 (i.e. the dendrogram 
obtained by analysing SEQ IDs 1 to 23 by the Kimura & 
Jukes-Cantor algorithm). 

[0033] The mixture of tWo or more of (a), (b) and (c) can 
preferably elicit an antibody response Which is bactericidal 
against N meningilidis strains in at least 2 (eg 2, 3, 4, 5, 6, 
7) of hypervirulent lineages ET-37, ET-5, cluster A4, lineage 
3, subgroup I, subgroup III, and subgroup IV-1 [14,15]. 

[0034] Compositions of the invention may additionally 
induce bactericidal antibody responses against one or more 
hyperinvasive lineages. 
[0035] The mixture of tWo or more of (a), (b) and (c) can 
preferably elicit an antibody response Which is bactericidal 
against N meningilidis strains in at least at least 2 (eg 2, 3, 
4, 5, 6, 7) of the folloWing multilocus sequence types: ST1, 
ST4, ST5, ST8, ST11, ST32 and ST41 [16]. The mixture 
may also elicit an antibody response Which is bactericidal 
against ST44 strains. 

[0036] Bactericidal antibody responses are conveniently 
measured in mice and are a standard indicator of vaccine 
ef?cacy [eg see end-note 14 of reference 3]. The compo 
sition need not induce bactericidal antibodies against each 
and every MenB strain Within the speci?ed lineages or 
MLST; rather, for any given group of four of more strains of 
serogroup B meningococcus Within a particular hyperviru 
lent lineage or MLST, the antibodies induced by the com 
position are bactericidal against at least 50% (eg 60%, 
70%, 80%, 90% or more) of the group. Preferred groups of 
strains Will include strains isolated in at least four of the 
folloWing countries: GB, AU, CA, NO, IT, US, NZ, NL, BR, 
and CU. The serum preferably has a bactericidal titre of at 
least 1024 (eg 210, 211, 212, 213, 214, 215, 216, 217, 218 or 
higher, preferably at least 214) i.e. the serum is able to kill 
at least 50% of test bacteria of a particular strain When 
diluted 1/1024 eg as described in end-note 14 of reference 
3. 

[0037] Lipoproteins 
[0038] NMB1870 is naturally a lipoprotein in N menin 
gilidis. It has also been found to be lipidated When expressed 
in E. coli. 

[0039] It is preferred that one or more (eg 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10) NMB1870 proteins included in compositions of 
the invention is a lipoprotein. 

[0040] The invention provides a protein comprising an 
amino acid sequence having at least 50% (eg 60%, 70%, 
80%, 85%, 90%,95%, 96%, 97%, 98%, 99%, 99.5% or 
more) sequence identity to one or more of SEQ IDs 24 to 45, 
and/or comprising an amino acid sequence consisting of a 
fragment of at least 7 (eg 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 
45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 225, 
250) contiguous amino acids from one or more of SEQ IDs 
24 to 45 (preferably SEQ IDs 25 to 45), characterised in that 
the protein is a lipoprotein. 

[0041] Preferably, the lipoprotein has a N-terminal cys 
teine residue, to Which the lipid is covalently attached. To 
prepare the lipoprotein via bacterial expression generally 
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requires a suitable N-terninal signal peptide to direct lipi 
dation by diacylglyceryl transferase, followed by cleavage 
by lipoprotein-speci?c (type II) SPase. While the lipoprotein 
of the invention may have a N-terminal cysteine (e.g. SEQ 
IDs 24 to 45), therefore, it Will be a product of post 
translational modi?cation of a nascent protein Which has the 
usual N-terminal methionine (e.g. SEQ IDs 1 to 22). 

[0042] The lipoprotein may be associated With a lipid 
bilayer and may be solubilised With detergent 

[0043] Sequences 
[0044] NMB1870 proteins useful for the invention com 
prise an amino acid sequence having at least 50% (eg 60%, 
70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5% 
or more) sequence identity to one or more of SEQ ID NOS 
1 to 23, and/or comprising an amino acid sequence consist 
ing ofa fragment of at least 7 (eg 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 
35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 
225, 250) contiguous amino acids from one or more of SEQ 
ID NOS 1 to 23. 

[0045] Preferred fragments include: (a) fragments Which 
comprise an epitope, and preferably a bactericidal epitope; 
(b) fragments common to tWo or more of SEQ IDs 1 to 23; 
(c) SEQ IDs 1 to 23 With 1 or more (eg 1, 2, 3, 4, 5, 6, 7, 
8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24, 
25,30, 35, 40, 45, 50, 60,70, 80, 90, 100, 110, 120 or more, 
etc.) N-teminal residues deleted; (d) SEQ IDs 1 to 23 With 
1 or more (eg 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, etc.) C-terminal 
residues deleted; and (e) SEQ IDs 1 to 23 Without their 
signal peptides (e.g. SEQ IDs 24 to 45). These preferred 
fragments are not mutually exclusive eg a fragment could 
fall into category (a) and (b), or category (c) and (d), etc. 

[0046] Further NMB1870 proteins useful for the invention 
comprise an amino acid sequence having at least 50% (eg 
60%, 70%, 80%, 85%, 90%, 95%, 96%/, 97%, 98%, 99%, 
99.5% or more) sequence identity to one or more of SEQ ID 
NOS 123 to 141, and/or comprising an amino acid sequence 
consisting ofa fragment of at least 7 (eg 8, 9, 10, 11, 12, 
13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28, 
29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 
180, 200, 225, 250) contiguous amino acids from one or 
more of SEQ ID NOS 123 to 141. 

[0047] Further NMB1870 proteins usefWll for the inven 
tion comprise an amino acid sequence having at least 50% 
(eg 60%, 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 
99%, 99.5% or more) sequence identity to one or more of 
SEQ ID NOS 1 to 252 of reference 13, and/or comprising an 
amino acid sequence consisting of a fragment of at least 7 
(e.g.8,9,10,11,12,13,14,15,16,17,18,19,20,21,22, 
23,24, 25, 26, 27, 28, 29, 30, 35, 40,45, 50, 60, 70, 80, 90, 
100, 120, 140, 160, 180, 200, 225, 250) contiguous amino 
acids from one or more of SEQ ID NOS 1 to 252 of reference 
13. SEQ ID NOS 300-302 of reference 13 provide consensus 
sequences, and SEQ ID NOS 254-299 are fragments. Pre 
ferred fragments include: (a) fragments Which comprise an 
epitope, and preferably a bactericidal epitope; (b) fragments 
common to tWo or more of SEQ IDs 123 to 141; (c) SEQ IDs 
123 to 141 With1 ormore (eg 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,30, 
35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120 or more, etc.) 
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N-terminal residues deleted; (d) SEQ IDs 123 to 141 With 1 
or more (eg 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, etc.) C-terminal 
residues deleted; and (e) SEQ IDs 123 to 141 Without their 
signal peptides. These preferred fragments are not mutually 
exclusive eg a fragment could fall into category (a) and (b), 
or category (c) and (d), etc. 

[0048] Preferred amino acid sequences With <100% iden 
tity to SEQ ID NOS 1 to 23 and 123 to 141 are allelic 
variants, homologs, orthologs, paralogs, mutants etc. 
thereof. It is preferred that one or more of the differences in 
allelic variants, homologs, orthologs, paralogs or mutants, 
compared to SEQ ID NOS 1 to 23 and 123 to 141, involves 
a conservative amino acid replacement i.e. replacement of 
one amino acid With another Which has a related side chain. 
Genetically-encoded amino acids are generally divided into 
four families: (1) acidic i.e. aspartate, glutamate; (2) basic 
i.e. lysine, arginine, histidine; (3) non-polar i.e. alanine, 
valine, leucine, isoleucine, proline, phenylalanine, methion 
ine, tryptophan; and (4) uncharged polar i.e. glycine, aspar 
agine, glutamine, cysteine, serine, threonine, tyrosine. Phe 
nylalanine, tryptophan, and tyrosine are sometimes 
classi?ed jointly as aromatic amino acids. In general, sub 
stitution of single amino acids Within these families does not 
have a major effect on the biological activity. 

[0049] A preferred subset of proteins does not include the 
amino acid sequence TRSKP (SEQ ID NO: 70) or TRSKPV 
(SEQ ID NO: 71) Within 10 amino acids of the protein’s 
N-terminus. Another preferred subset of proteins does not 
include the amino acid sequence PSEPPFG (SEQ ID NO: 
72) Within 10 amino acids of the protein’s N-terminus. 

[0050] Another preferred subset of proteins for use With 
the invention includes the amino acid sequence (Gly)n, 
Where n is 1, 2, 3, 4 or more eg SEQ ID NO: 73. 

[0051] A characteristic of preferred proteins of the inven 
tion is the ability to induce bactericidal anti-meningococcal 
antibodies after administration to a host animal. 

[0052] Proteins can be prepared by various means eg by 
chemical synthesis (at least in part), by digesting longer 
polypeptides using proteases, by translation from RNA, by 
puri?cation from cell culture (eg from recombinant expres 
sion or from N. meningilidis culture). etc. Heterologous 
expression in an E. coli host is a preferred expression route 
(e.g. strains DH5a, BL21(DE3), BLR, etc.). 
[0053] Proteins of the invention may be attached or immo 
bilised to a solid support. 

[0054] Proteins of the invention may comprise a detect 
able label eg a radioactive label, a ?uorescent label, or a 
biotin label. This is particularly useful in immunoassay 
techniques. 

[0055] Proteins can take various forms (eg native, 
fusions, glycosylated, non-glycosylated, lipidated, disul?de 
bridges, etc.). Proteins are preferably meningococcal pro 
teins. 

[0056] Proteins are preferably prepared in substantially 
pure or substantially isolated form (i.e. substantially free 
from other Neisserial or host cell proteins) or substantially 
isolated form. In general, the proteins are provided in a 
non-naturally occurring environment eg they are separated 
from their naturally-occurring environment. In certain 
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embodiments, the subject protein is present in a composition 
that is enriched for the protein as compared to a control. As 
such, puri?ed protein is provided, Whereby puri?ed is meant 
that the protein is present in a composition that is substan 
tially free of other expressed proteins, Where by substan 
tially free is meant that less than 90%, usually less than 60% 
and more usually less than 50% of the composition is made 
up of other expressed proteins. 

[0057] The term “protein” refers to amino acid polymers 
of any length. The polymer may be linear or branched, it 
may comprise modi?ed amino acids, and it may be inter 
rupted by non-amino acids. The terms also encompass an 
amino acid polymer that has been modi?ed naturally or by 
intervention; for example, disul?de bond formation, glyco 
sylation, lipidation, acetylation, phosphorylation, or any 
other manipulation or modi?cation, such as conjugation 
With a labeling component. Also included Within the de? 
nition are, for example, proteins containing one or more 
analogs of an amino acid (including, for example, unnatural 
amino acids, etc.), as Well as other modi?cations knoWn in 
the art. Proteins can occur as single chains or associated 
chains. 

[0058] The invention also provides proteins comprising an 
amino acid sequence having at least 50%/o (eg 60%, 70%, 
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5% or 
more) sequence identity to one or more of SEQ ID NOS 77, 
79, 82, 83, 85, 87, 88, 89, 90, 91, 92, 93 & 94, and/or 
comnprising an amino acid sequence consisting of a frag 
ment of at least 7 (eg 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 
50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 225, 250) 
contiguous amino acids from one or more of SEQ ID NOS 
77, 79, 82, 83, 85, 87, 88, 89, 90, 91, 92, 93 & 94. 

[0059] Where the invention relates to a single NMB1870 
protein, the invention does not encompass a protein com 
prising an amino acid sequence as disclosed in any of SEQ 
ID NOS: 1 to 302 of reference 13. HoWever, such proteins 
can optionally be used Where the invention relates to 
NMB1870 mixtures 

[0060] Hybrid and Tandem Proteins 

[0061] As mentioned above, NMB1870 may be used in 
the form of a fusion protein, although the proteins may also 
be expressed other than as a fusion protein (e.g. Without 
GST, MBP, his-tag or similar). 

[0062] Fusion proteins can have a C-terminus and/or 
N-terminus fusion partner. Where a N-terminus fusion part 
ner is used With SEQ IDs 1 to 23, the skilled person Will 
realise that the start codon Will (if included) be expressed as 
a valine, because GTG is translated as valine except When it 
is used as a start codon, in Which case it is translated as 
N-formyl-methionine. 
[0063] Suitable N-terminus fusion partners include leader 
peptides from other proteins (particularly other lipopro 
teins), Which may be substituted for the natural NMB1870 
leader peptides (i.e. the sequence prior to the N-terminus 
cysteine may be replaced With another leader peptide of 
interest). Examples are sequences comprising SEQ ID 46, 
and the H. in?uenzae P4 lipoprotein leader sequence [eg 
17]. 
[0064] A preferred type of fusion protein is disclosed in 
references 10, 11 & 12 in Which tWo or more (eg 3, 4, 5, 
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6 or more) Neisserial proteins are joined such that they are 
translated as a single polypeptide chain. In general, such 
hybrid proteins can be represented by the formula: 

Wherein X is an amino acid sequence comprising a Neis 
serial sequence, L is an optional linker amino acid sequence, 
A is an optional N-terminal amino acid sequence, B is an 
optional C-terminal amino acid sequence, and n is an integer 
greater than 1. The value of n is betWeen 2 and x, and the 
value ofx is typically 3, 4, 5, 6, 7, 8, 9 or 10. Preferably n 
is 2, 3 or 4; it is more preferably 2 or 3; most preferably, n=2. 

[0065] According to the present invention, at least one of 
the iXi moieties is a NMB1870 sequence as de?ned 
above. In some hybrid proteins, referred to as ‘tandem’ 
proteins, at least one of the iXi moieties has sequence 
identity to at least one of the other X moieties e.g. X l is SEQ 
ID NO: 24 and X2 is a SEQ ID NO: 25. Proteins in Which 
tWo or three of the three NMB1870 variants are joined as a 
tandem protein are preferred. 

[0066] For X moieties other than X1, it is preferred that the 
native leader peptide should be omitted, particularly Where 
X1 is not a NMB1870 sequence. In one embodiment, the 
leader peptides Will be deleted except for that of the iXi 
moiety located at the N-terminus of the hybrid protein i.e. 
the leader peptide of X1 Will be retained, but the leader 
peptides of X2 . . . Xn Will be omitted. This is equivalent to 
deleting all leader peptides and using the leader peptide of 
X1 as moiety -A-. 

[0067] Preferred NMB1870 sequences for use as iXi 
moieties are truncated up to and including the polyglycine 
sequence found near the mature N-terminus eg the 
NMB1870 sequence Will begin VAA . . . (or IAA . . . for 

strain m3813). Such NMB1870 sequences include SEQ ID 
N05: 80, 81 & 84. 

[0068] For each n instances of [iX-L-], linker amino acid 
sequence -L- may be present or absent. For instance, When 
n=2 the hybrid may be NH2iXl-L1-X2-L2-COOH, NHZi 
XliXziCOOH, NH2iX-Ll-X2%OOH, NH2iXl-X2 
Lz-COOH, etc. Linker amino acid sequence(s) -L- Will 
typically be short (eg 20 or feWer amino acids i.e. 19, 18, 
17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). 
Examples include short peptide sequences Which facilitate 
cloning, poly-glycine linkers (i.e. Gly, Where n=2, 3, 4, 5, 6, 
7, 8, 9, 10 or more), and histidine tags (i.e. His, Where n=3, 
4, 5, 6, 7, 8, 9, 10 or more). Other suitable linker amino acid 
sequences Will be apparent to those skilled in the art. A 
useful linker is GSGGGG (SEQ ID NO: 144), With the 
Gly-Ser dipeptide being formed from a BamHI restriction 
site, thus aiding cloning and manipulation, and the Gly4 
tetrapeptide (SEQ ID NO: 73) is another typical poly 
glycine linker. Another useful linker is SEQ ID NO: 78. 

[0069] -A- is an optional N-terminal amino acid sequence. 
This Will typically be short (eg 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 leader sequences to direct 
protein traf?cking, or short peptide sequences Which facili 
tate cloning or puri?cation (e.g. histidine tags i.e. His, Where 
n=3, 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. If Xl lacks its oWn N-terminus methionine, -A- may 
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provide such a methionine residue in the translated protein 
(eg -A- is a single Met residue). A useful -A- moiety for 
expressing NMB1870 is SEQ ID NO: 86. In mature lipo 
proteins, -A- preferably provides a N-terminus cysteine (eg 
-A- is a single Cys residue). 

[0070] iBi is an optional C-terminal amino acid 
sequence. This Will typically be short (eg 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 protein traf?cking, short peptide sequences Which 
facilitate cloning or puri?cation (e.g. comprising histidine 
tags i.e. His, Where n=3, 4, 5, 6, 7, 8, 9, 10 or more), or 
sequences Which enhance protein stability. Other suitable 
C-terminal amino acid sequences Will be apparent to those 
skilled in the art. 

[0071] In preferred hybrid proteins of the invention, one of 
the X moieties is a ‘protein 936’ sequence. For example, 
Where n=2, A=Met, X1 is a 936 sequence (e.g. SEQ ID NO: 
76, Which is the processed MC58 protein), L1=a poly 
glycine linker (e.g. SEQ ID NO. 144), X2=a NMB1870 
sequence in Which the N-terminus has been deleted up to and 
including its oWn poly-glycine sequence, and L2 and B may 
be omitted. An example of such a hybrid protein is SEQ ID 
NO: 77, in Which truncated NMB1870 from strain m1239 is 
doWnstream of the processed 936 from strain MC58. Further 
examples of hybrid proteins of 936 (2996 strain) and trun 
cated NMB1870 (strain 2996 or M1239) are SEQ ID N05: 
91, 92, 93 & 94. 

[0072] Preferred tandem proteins Where n=3 may have all 
three NMB1870 variants in any order: 

X1 1 1 2 2 3 3 
X2 2 3 1 3 1 2 
X3 3 2 3 1 2 1 

[0073] Preferred tandem proteins Where n=2 may have 
two different NMB1870 variants: 

X1 1 1 2 2 3 3 
X2 2 3 1 3 1 2 

[0074] Examples of tandem proteins Where n=2 (two 
different NMB1870 variants) are SEQ ID NOS: 79, 82, 83, 
85, 87,88, 89 & 90, Which use strains MC58 (variant 1), 
2996 (variant 2) and M]239 (variant 3). 
[0075] An example of a tandem protein Where n=3 is 
given as SEQ ID NO: 142. 

[0076] NadA 

[0077] NadA protein is disclosed in references 191 and 
192. These references disclose three distinct alleles of 
NadA, although some minor variations Were found eg 
serogroup C strain ISS1024 has a variant of allele 2 With a 
single heptad repeat deletion, serogroup C strains ISS759 
and 973-1720 both contain a variant of allele 3 With a single 
amino acid mutation in the leader peptide, and serogroup B 
strain 95330 contains a recombination of alleles 1 and 2. 
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[0078] In sequencing NadA from Haji strains of menin 
gococcus, SEQ ID NO: 143 Was identi?ed. This protein is a 
recombinant of knoWn alleles 2 and 3. 

[0079] The invention provides a protein comprising an 
amino acid sequence having at least 50% (eg 60%, 70%, 
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5% or 
more eg 100%) sequence identity to SEQ ID NO: 143, 
and/or comprising an amino acid sequence consisting of a 
fragment of at least 7 (eg 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 
45, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 225, 
250) contiguous amino acids from SEQ ID NO: 143. 

[0080] Preferred fragments include: (a) fragments Which 
comprise an epitope, and preferably a bactericidal epitope; 
(b) fragments common to SEQ ID NO: 143 and at least one 
of the NadA sequences disclosed in references 191 and 192; 
(c) SEQ ID NO: 143 With1 or more (eg 1, 2, 3, 4, 5, 6, 7, 
8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24, 
25, 30, 35, 40,45, 50, 60, 70, 80, 90, 100, 110, 120 or more, 
etc.) N-terminal residues deleted; (d) SEQ ID NO: 143 With 
1 or more (eg 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, etc.) C-terminal 
residues deleted; and (e) SEQ ID NO: 143 Without its signal 
peptide. These preferred fragments are not mutually exclu 
sive eg a fragment could fall into category (a) and (b), or 
category (c) and (d), etc. Preferred amino acid sequences 
With <100% identity to SEQ ID NO: 143 are allelic variants, 
homologs, orthologs, paralogs, mutants etc. thereof It is 
preferred that one or more of the differences in allelic 
variants, homologs, orthologs, paralogs or mutants, com 
pared to SEQ ID NO: 143, involves a conservative amino 
acid replacement. 

[0081] Nucleic acids 

[0082] The invention provides nucleic acid encoding a 
protein of the invention as de?ned above. The invention also 
provides nucleic acid comprising: (a) a fragment of at least 
11 consecutive nucleotides from said nucleic acid, Wherein n 
is 10 or more (eg 12, 14, 15, 18,20,25,30,35,40, 50,60, 
70, 80, 90, 100, 150, 200, 500 or more); and/or (b) a 
sequence having at least 50% (eg 60%, 70%, 80%, 90%, 
95%, 96%,97%, 98%, 99% or more) sequence identity to 
said nucleic acid. Furthermore, the invention provides 
nucleic acid Which can hybridise to nucleic acid encoding a 
protein of the invention, preferably under “high stringency” 
conditions (eg 650 C. in a 0.1><SSC, 0.5% SDS solution). 

[0083] Nucleic acids of the invention can be used in 
hybridisation reactions (e.g. Northern or Southern blots, or 
in nucleic acid microarrays or ‘gene chips’) and ampli?ca 
tion reactions (e.g. PCR, SDA, SSSR, LCR, TMA, NASBA, 
etc.) and other nucleic acid techniques. 

[0084] Nucleic acids of the invention can be prepared in 
many ways eg by chemical synthesis in Whole or part, by 
digesting longer polynucleotides using nucleases (e.g. 
restriction enzymes), from genomic or cDNA libraries, from 
the bacterium itself, etc. 

[0085] Nucleic acids of the invention can take various 
forms eg single-stranded, double-stranded, vectors, prim 
ers, probes, labelled, unlabelled, etc. 

[0086] Nucleic acids of the invention are preferably in 
isolated or substantially isolated form. 
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[0087] The invention includes nucleic acid comprising 
sequences complementary to those described above eg for 
antisense or probing, or for use as primers. 

[0088] The term “nucleic acid” includes DNA and RNA, 
and also their analogues, such as those containing modi?ed 
backbones, and also peptide nucleic acids (PNA) etc. 

[0089] Nucleic acid according to the invention may be 
labelled eg with a radioactive or ?uorescent label. This is 
particularly useful Where the nucleic acid is to be used in 
nucleic acid detection techniques eg Where the nucleic acid 
is a primer or as a probe for use in techniques such as PCR, 
LCR, TMA, NASBA, etc. 

[0090] The invention also provides vectors 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. 

[0091] Further Antigenic Components 

[0092] Compositions of the invention include a small 
number (eg feWer than t antigens, Where t is 15, 14, 13, 12, 
11, 10, 9, 8, 7, 6, 5, 4 or 3) ofpuri?ed serogroup B antigens. 
It is particularly preferred that the composition should not 
include complex or unde?ned mixtures of antigens eg it is 
preferred not to include outer membrane vesicles in the 
composition. The antigens are preferably expressed recom 
binantly in a heterologous host and then puri?ed. 

[0093] The composition of the invention includes at least 
tWo different NMB1870 proteins. It may also include 
another neisserial antigen, as a vaccine Which targets more 
than one antigen per bacterium decreases the possibility of 
selecting escape mutants. Neisserial antigens for inclusion in 
the compositions include proteins comprising: 

[0094] (a) the 446 even SEQ IDs (i.e. 2, 4, 6, . . . , 890, 
892) disclosed in reference 6. 

[0095] (b) the 45 even SEQ IDs (i.e. 2, 4, 6, . . . , 88, 90) 
disclosed in reference 7; 

[0096] (c) the 1674 even SEQ IDs 2-3020, even SEQ 
IDs 3040-3114, and all SEQ IDs 3115-3241, disclosed 
in reference 8; 

[0097] (d) the 2160 amino acid sequences NMB0001 to 
NMB2160 from reference 2; 

[0098] (e) an amino acid sequence disclosed in refer 
ence 10, 11 or 12; 

[0099] (f) a variant, homolog, ortholog, paralog, mutant 
etc. of (a) to (e); or 

[0100] (g) an outer membrane vesicle prepared from N. 
meningitidis [eg see ref. 139]. 

[0101] In addition to Neisserial 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: 

[0102] antigens from Helicobacter pylori such as CagA 
[18 to 21], VacA[22, 23], NAP [24, 25, 26], HopX [eg 
27], HopY [eg 27] and/or urease. 

[0103] a saccharide antigen from N. meningitidis sero 
group A, C, W135 and/orY, such as the oligosaccharide 
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disclosed in ref. 28 from serogroup C [see also ref. 29] 
or the oligosaccharides of ref. 30. 

[0104] a saccharide antigen from Streptococcus pneu 
moniae [eg 31, 32, 33]. 

[0105] an antigen from hepatitis A virus, such as inac 
tivated virus [eg 34, 35]. 

[0106] an antigen from hepatitis B virus, such as the 
surface and/or core antigens [eg 35, 36]. 

[0107] a diphtheria antigen, such as a diphtheria toxoid 
[e.]g. chapter 3 ofref. 37] eg the CRM197 mutant [eg 
38 . 

[0108] a tetanus antigen, such as a tetanus toxoid [e.g. 
chapter 4 of ref. 37]. 

[0109] an antigen from Bordetella pertussis, such as 
pertussis holotoxin (PT) and ?lamentous haemaggluti 
nin (FHA) from B. pertuisis, optionally also in com 
bination With pertactin and/or agglutinogens 2 and 3 
[eg refs. 39 & 40]. 

[0110] a saccharide antigen from Haemophilus in?uen 
zae B [eg 29]. 

[0111] an antigen from hepatitis C virus (eg 41]. 

[0112] an antigen fromN. gonorrhoeae[e.g. 6,7, 8,42]. 

[0113] an antigen from Chlamydia pneumoniae [e.g. 
refs. 43 to 49]. 

[0114] an antigen from Chlamydia trachomatis [eg 
50]. 

[0115] an antigen from Porphomonas gingivalis [eg 
51]. 

[0116] polio antigen(s) [eg 52, 53] such as lPV. 

[0117] rabies antigen(s) [eg 54] such as lyophilised 
inactivated virus [eg 55, RabAvertTM]. 

[0118] measles, mumps and/or rubella antigens [e.g. 
chapters 9, 10 & 11 of ref. 37]. 

[0119] in?uenza antigen(s) [e.g. chapter 19 of ref. 37], 
such as the haemagglutinin and/ or neuraminidase sur 
face proteins. 

[0120] an antigen from Moraxella catarrhalis [eg 56]. 

[0121] an protein antigen from Streptococcus agalac 
tiae (group B streptococcus) [eg 57, 58]. 

[0122] a saccharide antigen from Streptococcus agalac 
tiae (group B streptococcus). 

[0123] an antigen from Streptococcus pyogenes (group 
Astreptococcus) [eg 58, 59, 60]. 

[0124] an antigen from Staphylococcus aureus [eg 61]. 

[0125] an antigen from Bacillus anthracis [eg 62, 63, 
64]. 

[0126] an antigen from a virus in the ?aviviridae family 
(genus ?avivirus), such as from yelloW fever virus, 
Japanese encephalitis virus, four serotypes of Dengue 
viruses, tick-bome encephalitis virus, West Nile virus. 
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[0127] a pestivirus antigen, such as from classical por 
cine fever virus, bovine viral diarrhoea virus, and/or 
border disease virus. 

[0128] a parvovirus antigen eg from parvovirus B19. 

[0129] a prion protein (eg the CJD prion protein) 

[0130] an amyloid protein, such as a beta peptide [65] 

[0131] a cancer antigen, such as those listed in Table 1 
of ref. 66 or in tables 3 & 4 of ref. 67. 

[0132] The composition may comprise one or more of 
these further antigens. 

[0133] Toxic protein antigens may be detoxi?ed Where 
necessary (e. g. detoxi?cation of pertussis toxin by chemical 
and/or genetic means [40]). 

[0134] 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 include diphtheria and per 
tussis antigens. Similarly, Where a pertussis antigen is 
included it is preferred also to include diphtheria and tetanus 
antigens. OTP combinations are thus preferred. 

[0135] Saccharide antigens are preferably in the form of 
conjugates. Carrier proteins for the conjugates include the N. 
meningilidis outer membrane protein [68], synthetic pep 
tides [69,70], heat shock proteins [71,72], pertussis proteins 
[73,74], protein D from H. in?uenzae [75], cytolines [76], 
lymphokines [76], streptococcal proteins, hormones [76], 
groWth factors [76], toxin A or B from C. di?icile [77], 
iron-uptake proteins [78], etc. A preferred carrier protein is 
the CRM197 diphtheria toxoid [79]. 

[0136] Antigens in the composition Will typically be 
present at a concentration of at least 1 pg/ml each. In 
general, the concentration of any given antigen Will be 
su?icient to elicit an immune response against that antigen. 

[0137] lmmunogenic compositions of the invention may 
be used therapeutically (i.e. to treat an existing infection) or 
prophylactically (i.e. to prevent future infection). 

[0138] As an alternative to using proteins antigens in the 
immunogenic compositions of the invention, nucleic acid 
(preferably DNA eg in the form of a plasmid) encoding the 
antigen may be used. 

[0139] Particularly preferred compositions of the inven 
tion include one, tWo or three of: (a) saccharide antigens 
from meningococcus serogroups Y, W135, C and (option 
ally) A; (b) a saccharide antigen from Haemophilus in?u 
enzae type B; and/or (c) an antigen from Streptococcus 
pneumoniae. 

[0140] Meningococcus serogroups Y, W135. C and 
(optionally) A 

[0141] Polysaccharide vaccines against serogroups A, C, 
W135 & Y have been knoWn for many years. These vaccines 
(MENCEVAX ACW Y 1M and MENOMUNETM) are based 
on the organisms’ capsular polysaccharides and, although 
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they are effective in adolescents and adults, they give a poor 
immune response and short duration of protection, and they 
cannot be used in infants. 

[0142] In contrast to the unconjugated polysaccharide 
antigens in these vaccines, the recently-approved serogroup 
C vaccines (MenjugateTM[80,28], MeningitecTM and 
NeisVac-CTM) include conjugated saccharides. MenjugateTM 
and MeningitecTM have oligosaccharide antigens conjugated 
to a CRM197 carrier, Whereas NeisVac-CTM uses the com 
plete polysaccharide (de-O-acetylated) conjugated to a teta 
nus toxoid carrier. The proposed MenActraTM vaccine con 
tains conjugated capsular saccharide antigens from each of 
serogroups Y, W135, C and A. 

[0143] Compositions of the present invention preferably 
include capsular saccharide antigens from one or more of 
meningococcus serogroups Y, W135, C and (optionally) 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; sero 
groups A, C and Y; serogroups C, W135 and Y; or from all 
four of serogroups A, C, W135 and Y 

[0144] A typical quantity of each meningococcal saccha 
ride antigen per dose is betWeen 1 pg and 20 pg eg about 
1 pg, about 2.5 pg, about 4 pg, about 5 pg, or about 10 pg 
(expressed as saccharide). 

[0145] Where a mixture comprises capsular saccharides 
from both serogroups A and C, the ratio (W/W) of MenA 
saccharide:MenC saccharide may be greater than 1 (eg 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 saccha 
ride:MenW135 saccharide may be greater than 1 (eg 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 (eg 
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 equal mass of each saccharide is 
preferred. 
[0146] Capsular saccharides Will generally be used in the 
form of oligosaccharides. These are conveniently formed by 
fragmentation of puri?ed capsular polysaccharide (eg by 
hydrolysis), Which Will usually be folloWed by puri?cation 
of the fragments of the desired siZe. 

[0147] Fragmentation of polysaccharides is preferably 
performed to give a ?nal average degree of polymerisation 
(DP) in the oligosaccharide of less than 30 (eg betWeen 10 
and 20, preferably around 10 for serogroup A; betWeen 15 
and 25 for serogroups W135 andY, preferably around 15-20; 
betWeen 12 and 22 for serogroup C; etc.). DP can conve 
niently be measured by ion exchange chromatography or by 
colorimetric assays [81]. 

[0148] If hydrolysis is performed, the hydrolysate Will 
generally be siZed in order to remove short-length oligosac 
charides [29]. This can be achieved in various Ways, such as 
ultra?ltration folloWed by ion-exchange chromatography. 
Oligosaccharides With a degree of polymerisation of less 
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than or equal to about 6 are preferably removed for sero 
group A, and those less than around 4 are preferably 
removed for serogroups W135 and Y. 

[0149] Preferred MenC saccharide antigens are disclosed 
in reference 80, as used in MenjugateTM. 

[0150] The saccharide antigen may be chemically modi 
?ed. This is particularly useful for reducing hydrolysis for 
serogroup A [82; see below]. De-O-acetylation of meningo 
coccal saccharides can be performed. For oligosaccharides, 
modi?cation may take place before or after depolymerisa 
tion. 

[0151] Where a composition of the invention includes a 
MenA saccharide antigen, the antigen is preferably a modi 
?ed saccharide in Which one or more of the hydroxyl groups 
on the native saccharide has/have been replaced by a block 
ing group [82]. This modi?cation improves resistance to 
hydrolysis. 

[0152] The number of monosaccharide units having 
blocking groups can vary. For example, all or substantially 
all the monosaccharide units may have blocking groups. 
Alternatively, at least 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80% or 90% of the monosaccharide units may have 
blocking groups. At least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29 or 30 monosaccharide units may have blocking groups. 

[0153] LikeWise, the number of blocking groups on a 
monosaccharide unit may vary. For example, the number of 
blocking groups on a monosaccharide unit may be 1 or 2. 
The blocking group Will generally be at the 4 position and/or 
3-position of the monosaccharide units. 

[0154] The terminal monosaccharide unit may or may not 
have a blocking group instead of its native hydroxyl. It is 
preferred to retain a free anomeric hydroxyl group on a 
terminal monosaccharide unit in order to provide a handle 
for further reactions (e.g. conjugation). Anomeric hydroxyl 
groups can be converted to amino groups (iNH2 or iNH 
E, Where E is a nitrogen protecting group) by reductive 
amination (using, for example, NaBH3CN/NH4Cl), and can 
then be regenerated after other hydroxyl groups have been 
converted to blocking groups. 

[0155] Blocking groups to replace hydroxyl groups may 
be directly accessible via a derivatiZing reaction of the 
hydroxyl group ie by replacing the hydrogen atom of the 
hydroxyl group With another group. Suitable derivatives of 
hydroxyl groups Which act as blocking groups are, for 
example, carbamates, sulfonates, carbonates, esters, ethers 
(e.g. silyl ethers or alkyl ethers) and acetals. Some speci?c 
examples of such blocking groups are allyl, Aloc, benZyl, 
BOM, t-butyl, trityl, TES, TBDPS, TES, TMS, TIPS, PMB, 
MEM, MOM, MTM, THP, etc. Other blocking groups that 
are not directly accessible and Which completely replace the 
hydroxyl group include Cl_12alkyl, C3_l2alkyl, C5_l2aryl, 
C57l2 aryl-Cl_6 alkyl, NRlR2 (R1 and R2 are de?ned in the 
folloWing paragraph), H, F, Cl, Br, COZH, CO2(C1_6alkyl), 
CN, CF3, CCl3, etc. Preferred blocking groups are electron 
WithdraWing groups. 

[0156] Preferred blocking groups are of the formula: 
iOiXiY or iOR3 Wherein: X is C(O), S(O) or S02; Y 
is C1_l2 alkyl, Cl_l2 alkoxy, C3_l2 cycloalkyl, C5_l2 aryl or 
C aryl-Cl_6 alkyl, each of Which may optionally be sub 
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stituted With 1, 2 or 3 groups independently selected from F, 

Cl, Br, COZH, CO2(Cl_6 alkyl), CN, CF3 or CCl3; or Y is 
NRlR2; R1 and R2 are independently selected from H, C M2 
alkyl, C3_l2 cycloalkyl, C5_l2 aryl, C5_l2 aryl-Cl_4 alkyl; or 
R and R2 may be joined to form a C3_ 12 saturated hetero 
cyclic group; R3 is Cl_l2 alkyl or C3_l2 cycloalkyl, each of 
Which may optionally be substituted With 1, 2 or 3 groups 
independently selected from F, Cl, Br, CO2(Cl_6 alkyl), CN, 
CF3 or CCl3; or R3 is C5_l2 aryl or C5_l2 aryl-Cl4 alkyl, each 
of Which may optionally be substituted With 1, 2, 3, 4 or 5 
groups selected from F, Cl, Br, COZH, CO2(C1_4 alkyl), CN, 
CF3 or CCl3. When R3 is Cl_l2 alkyl or C3_l2 cycloalkyl, it 
is typically substituted With 1, 2 or 3 groups as de?ned 
above. When R1 and R2 are joined to form a C3_l2 saturated 
heterocyclic group, it is meant that R1 and R2 together With 
the nitrogen atom form a saturated heterocyclic group con 
taining any number of carbon atoms betWeen 3 and 12 (eg 

C3, C4, C5, C6, C7, C8, C9, C10, C11, C12). The heterocyclic 
group may contain 1 or 2 heteroatoms (such as N, O or S) 
other than the nitrogen atom. Examples of C3_l2 saturated 
heterocyclic groups are pyrrolidinyl, piperidinyl, morpholi 
nyl, piperaZinyl, imidaZolidinyl, aZetidinyl and aZiridinyl. 

[0157] Blocking groups iOiXiY and 4OR3 can be 
prepared from ‘OH groups by standard derivatiZing pro 
cedures, such as reaction of the hydroxyl group With an acyl 
halide, alkyl halide, sulfonyl halide, etc. Hence, the oxygen 
atom in 4OiXiY is preferably the oxygen atom of the 
hydroxyl group, While the iXiY group in iOiXiY 
preferably replaces the hydrogen atom of the hydroxyl 
group. 

[0158] Alternatively, the blocking groups may be acces 
sible via a substitution reaction, such as a Mitsonobu-type 
substitution. These and other methods of preparing blocking 
groups from hydroxyl groups are Well knoWn. 

[0159] More preferably, the blocking group is 
4OC(O)CF3 [83], or a carbamate group iOC(O)NR1R2, 
where R1 and R2 are independently selected from C l_6alkyl. 
More preferably, R1 and R2 are both methyl ie the blocking 
group is 4OC(O)NMe2. Carbamate blocking groups have a 
stabiliZing effect on the glycosidic bond and may be pre 
pared under mild conditions. 

[0160] Preferred modi?ed MenA saccharides contain n 
monosaccharide units, Where at least h% of the monosac 
charide units do not have ‘OH groups at both of positions 
3 and 4. The value ofh is 24 or more (eg 25, 26, 27, 28, 

29, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 98, 
99 or 100) and is preferably 50 or more. The absent ‘OH 
groups are preferably blocking groups as de?ned above. 

[0161] Other preferred modi?ed MenA saccharides com 
prise monosaccharide units, Wherein at least s of the 
monosaccharide units do not have 40H at the 3 position 
and do not have 40H at the 4 position. The value of s is at 

least 1 (eg 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 
45, 50, 60, 70, 80, 90). The absent iOH groups are 
preferably blocking groups as de?ned above. 
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[0162] Suitable modi?ed MenA saccharides for use With 
the invention have the formula: 

Wherein 

[0163] n is an integer from 1 to 100 (preferably an 
integer from 15 to 25); 

[0164] T is of the formula (A) or (B): 

(A) 

(B) 

[0165] each Z group is independently selected from OH 
or a blocking group as de?ned above; and 

[0166] each Q group is independently selected from OH 
or a blocking group as de?ned above; 

[0167] Y is selected from OH or a blocking group as 
de?ned above; 

[0168] E is H or a nitrogen protecting group; and 
Wherein more than about 7% (eg 8%, 9%, 10% or 
more) of the Q groups are blocking groups. 
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[0169] Each of the n+2 Z groups may be the same or 
different from each other. LikeWise, each of the n+2 Q 
groups may be the same or different from each other. All the 
Z groups may be OH. Alternatively, at least 10%, 20, 30%, 
40%, 50% or 60% of the Z groups may be OAc. Preferably, 
about 70% of the Z groups are OAc, With the remainder of 
the Z groups being OH or blocking groups as de?ned above. 
At least about 7% of Q groups are blocking groups. Pref 
erably, at least 10%, 20%/o, 30%, 40%, 50%, 60%, 70%, 
80%, 90% or even 100% of the Q groups are blocking 
groups. 

[0170] Meningococcal capsular polysaccharides are typi 
cally prepared by a process comprising the steps of polysac 
charide precipitation (eg using a cationic detergent), etha 
nol fractionation, cold phenol extraction (to remove protein) 
and ultracentrifugation. (to remove LPS) [e.g. ref. 84]. A 
more preferred process [30], hoWever, involves polysaccha 
ride precipitation folloWed by solubilisation of the precipi 
tated polysaccharide using a loWer alcohol. Precipitation can 
be achieved using a cationic detergent such as tetrabutylam 
monium and cetyltrimethylammonium salts (e. g the bromide 
salts), or hexadimethrine bromide and myristyltrimethylam 
monium salts. Cetyltrimethylammoniuni bromide (‘CTAB’) 
is particularly preferred [85]. Solubilisation of the precipi 
tated material can be achieved using a loWer alcohol such as 
methanol, propan-1-ol, propan-2-ol, butan-1-ol, butan-2-ol, 
2-methyl-propan-1-ol, 2-methyl-propan-2-ol, diols, etc., but 
ethanol is particularly suitable for solubilising CTAB 
polysaccharide complexes. Ethanol is preferably added to 
the precipitated polysaccharide to give a ?nal concentration 
(based on total content of ethanol and Water) of betWeen 
50%/o and 95%. 

[0171] After re-solubilisation, the polysaccharide may be 
further treated to remove contaminants. This is particularly 
important in situations Where even minor contamination is 
not acceptable (eg for human vaccine production). This 
Will typically involve one or more steps of ?ltration e.g. 
depth ?ltration, ?ltration through activated carbon may be 
used, siZe ?ltration and/or ultra?ltration. Once ?ltered to 
remove contaminants, the polysaccharide may be precipi 
tated for further treatment and/or processing. This can be 
conveniently achieved by exchanging cations (eg by the 
addition of calcium or sodium salts). 

[0172] As an alternative to puri?cation, capsular saccha 
rides of the present invention may be obtained by total or 
partial synthesis e.g. Hib synthesis is disclosed in ref. 86, 
and MenA synthesis in ref. 87. 

[0173] Compositions of the invention comprise capsular 
saccharides from at least tWo serogroups of N. meningitidis. 
The saccharides are preferably prepared separately (includ 
ing anyfragmentation, conjugation, modi?cation, etc.) and 
then admixed to give a composition ofthe invention. 

[0174] Where the composition comprises capsular saccha 
ride from serogroup A, hoWever, it is preferred that the 
serogroup A saccharide is not combined With the other 
saccharide(s) until shortly before use, in order to minimise 
the potential for hydrolysis. This can conveniently be 
achieved by having the serogroup A component (typically 
together With appropriate excipients) in lyophilised form and 
the other serogroup component(s) in liquid form (also With 
appropriate excipients), With the liquid components being 
used to reconstitute the lyophilised MenA component When 




















































































































































































































