
WO 2012/046061PCT/GB2011/051910 Clostridium difficile antigens The present
invention relates to antigens for the prevention/ treatment/ suppression of
Clostridium difficile infection (CD). Also provided are methods for
generating said antigens, methods for generating antibodies that bind to
said antigens, and the use of said antibodies for the prevention/
treatment/ suppression of CD. Clostridium difficile infection (CD) is now a
major problem in hospitals worldwide. The bacterium causes nosocomial,
antibiotic-associated disease which manifests itself in several forms
ranging from mild self-limiting diarrhoea to potentially life-threatening,
severe colitis. Elderly patients are most at risk from these potentially
life-threatening diseases and incidents of CD! have increased dramatically
over the last 10 years. In 2010 in the UK there were over 21,000 cases of
CD! with over 2,700 associated deaths. CD! costs the UK National Health
Service in excess of 500M per annum. The various strains of C. difficile
may be classified by a number of methods. One of the most commonly used is
polymerase chain reaction (PCR) ribotyping in which PCR is used to amplify
the 16S-23S rRNA gene intergenic spacer region of C. difficile. Reaction
products from this provide characteristic band patterns identifying the
bacterial ribotype of isolates. Toxinotyping is another typing method in
which the restriction patterns derived from DNA coding for the C. difficile
toxins are used to identify strain toxinotype. The differences in
restriction patterns observed between toxin genes of different strains are
also indicative of sequence variation within the C. difficile toxin family.
For example, there is an approximate 13% sequence difference with the
C-terminal 60kDa region of toxinotype 0 Toxin B compared to the same region
in toxinotype III Toxin B. Strains of C. difficile produce a variety of
virulence factors, notable among which are several protein toxins: Toxin A,
Toxin B and, in some strains, a binary toxin which is similar to
Clostridium perfringens iota toxin. Toxin A is a large protein cytotoxin/
enterotoxin which plays a role in the pathology of infection and may
influence the gut colonisation process. Outbreaks of CD! have been reported
with Toxin A-negative/Toxin B-positive strains, which indicates that Toxin
B is also capable of playing a key role in the disease pathology. The
genetic sequences encoding Toxin A and Toxin B (Mw 308k and Mw 269k,
respectively) are known - see, for example, Moncrief etal. (1997) Infect.
lmmun 63: 1105-1108. The two toxins have high sequence homology and are
believed to have arisen from gene duplication. The toxins also share a
common structure (see Figure 1), namely an N-terminal glucosyl  WO
2012/046061PCT/GB2011/051910 transferase domain, a central hydrophobic
region, four conserved cysteines, and a long series of C-terminal repeating
units (RUs). Toxin A comprises 39 contiguous repeating units (RUs), which
span amino acid residues 1851-2710 of the Toxin A polypeptide sequence.
Toxin B comprises fewer RUs (between 19 and 24) which span amino acid
residues 1852-2366 of the Toxin B polypeptide sequence. For both Toxins A
and B, the repeating units are of two different types: short repeats (SRs)
of approximately 15-25 residues and long repeats (LRs) of approximately 30
residues. The LRs are separated from each other by 3 or 4 SRs, and the LRs
together with the flanking SRs provide the binding sites for the
carbohydrate receptor of the toxins. Toxin A has 7 LRs within its
C-terminal domain, which are believed to provide 7 receptor binding sites
(Greco et al. (2005) Nature Structural Biol. 13: 460-461). Toxin B has 4
LRs, which are believed to provide 4 carbohydrate binding units. Examples
of the Toxin A and Toxin B SR/LR clusters (also known as receptor-binding
"Modules") vary in size from 92-141 amino acid residues, and are
exemplified by reference to Tables 1 and 2. Both Toxins A and B exert their
mechanisms of action via multi-step mechanisms, which include binding to
receptors on the cell surface, internalisation followed by translocation
and release of the effector domain into the cell cytosol, and finally
intracellular action. Said mechanism of action involves the inactivation of
small GTPases of the Rho family. In this regard, the toxins catalyse the
transfer of a glucose moiety (from UDP-glucose) onto an amino residue of
the Rho protein. Toxins A and B also contain a second enzyme activity in
the form of a cysteine protease, which appears to play a role in the
release of the effector domain into the cytosol after translocation. The C.
difficile binary toxin modifies cell actin by a mechanism which involves
the transfer of an ADP-ribose moiety from NAD onto its target protein. 



Current therapies for the treatment of C. difficile infection rely on the
use of antibiotics, notably metronidazole and vancomycin. However, these
antibiotics are not effective in all cases and 20-30% of patients suffer
relapse of the disease. Of major concern is the appearance in the UK of
more virulent strains, which were first identified in Canada in 2002. These
strains, which include those belonging to PCR ribotype 027 and toxinotype
III, cause CD! with a directly attributable mortality more than 3-fold that
observed previously. New therapeutics are therefore required especially
urgently since the efficacy of current antibiotics appears to be
decreasing. WO 2012/046061PCT/GB2011/051910 An attractive alternative is
the use of antibodies which bind to and neutralise the activity of Toxin A
and Toxin B. This is based on the knowledge that strains of C. difficile
that do not release these toxins, so called non-toxigenic strains, do not
cause CD. In one approach patients with CDI or subjects at risk of
developing such infections can be immunised with antigens which result in
an increase in circulating and mucosal antibodies directed against Toxin A
and Toxin B. This is defined as active immunisation. Alternatively,
animals, such as horses or sheep, can be immunised, their sera collected
and the antibodies purified for administration to patients - passive
immunisation. A critical requirement for both active and passive
immunisation is the availability of suitable antigens with which to
immunise the patient or animal respectively. These can comprise the natural
toxins which can be purified from the media in which suitable toxigenic
strains of C. difficile have been cultured. There are several disadvantages
to this approach. Both Toxin A and Toxin B are present in culture medium in
only small amounts and are difficult to purify without incurring
significant losses. Thus, it will be both costly and difficult to obtain
the amounts necessary to meet world-wide needs. In addition, the natural
toxins are unstable and, because of their toxicity, must be converted to
their toxoids (inactivated toxins) prior to their use as immunogens. The
above mentioned problems have resulted in there being few available C.
difficile vaccine candidates. To-date, the only CD! vaccine in late-stage
development is based on a mixture of native (i.e. naturally occurring)
Toxins A and B, which have been inactivated by chemical modification
(Salnikova et al 2008, J Pharm Sci 97: 3735-3752) One alternative to the
use of natural toxins and their toxoids, involves the design, development
and use of recombinant fragments derived from Toxins A and B. Among their
advantages are that such fragments can be expressed and purified in large
amounts and at lower cost than the native toxins. Examples of existing
antigens intended for use in treating/ preventing a C. difficile infection
include peptides based on the C-terminal repeating units (RUs) of Toxin A
or Toxin B - see, for example, W000/61762. A problem with such antigens,
however, is that they are either poorly immunogenic (i.e. the antigens
produce poor antibody titres), or, where higher antibody titres are
produced, the antibodies demonstrate poor neutralising efficacy against C.
difficile cytotoxic activity (i.e. insufficient neutralising antibodies are
produced).  WO 2012/046061PCT/GB2011/051910 There is therefore a need in
the art for new vaccines/ therapies/ therapeutics capable of specifically
addressing C. difficile infection (CD). This need is addressed by the
present invention, which solves one or more of the above-mentioned
problems. In one embodiment, the present invention provides antigens that
are able to induce a potent toxin-neutralising response against C.
difficile Toxin A and/ or B. The invention also provides methods for
preparing recombinant antigens. In another embodiment, said antigens are
used as immunogens to enable the large-scale preparation of therapeutic
antibodies. In a further embodiment, said antibodies are able to induce a
potent toxin-neutralising response against C. difficile Toxin A and/ or B
and therefore have prophylactic and/ or therapeutic applications. As
mentioned above (see WO 00/61762), previous studies describe vaccine
preparations based on the C-terminal, repeating units (RUs) of Toxin A and/
or Toxin B. Said RU fragments have a poor toxin-neutralising effect, and/
or are difficult to manufacture in large quantities. 



In contrast, the present invention provides a C. difficile antigen based on
a Toxin A and/ or a Toxin B repeat unit, and further includes an additional
C. difficile toxin domain, which the present inventors believe provides an
important 'scaffold' function to the antigen. Said antigens of the
invention demonstrate good toxin-neutralising immune responses and/ or are
readily manufactured in large quantities. The present inventors have
surprisingly identified that the presence of a "scaffold" first amino acid
sequence (as above) provides a protective (toxin-neutralising) immune
response that is between 10-100 fold increased as compared to corresponding
fragments comprising just the repeat regions of Toxin A or Toxin B. Tables
3-10 clearly show the superior capacity of fusion proteins of the present
invention to elicit a toxin-neutralising immune response compared to
fragments containing just the repeat domains of a C. difficile Toxin.
Comparison of the data in Tables 5 and 6 confirms that the Toxin B-based
constructs of the present invention elicit a considerably more potent
toxin-neutralising immune response than that of a corresponding construct
based solely on the C-terminal repeating units of Toxin B (designated
TxB2). In more detail, after an 18-week immunisation period, the
toxin-neutralising immune response provided by constructs of the present
invention was approximately 128-fold higher than that provided by the TxB2
construct. Tables 9 and 10 show similar data for Toxin A-based constructs
of the present invention. Comparison of the data in said Tables confirms
that the Toxin A-based constructs of the present invention elicit WO
2012/046061PCT/GB2011/051910 a considerably more potent toxin-neutralising
immune response than that of a corresponding construct based solely on the
C-terminal repeating units of Toxin A (designated TxA2). In more detail,
after an 18-week immunisation period, the toxin-neutralising immune
response provided by constructs of the present invention was 12-fold higher
than that provided by the TxA2 construct. These findings are surprising for
a number of reasons. Previous studies have shown that toxin fragments
consisting of the C. difficile Toxin RUs fold correctly, readily
crystallise to yield an ordered structure (Ho et al. (2005) PNAS, 102:
18373-18378), and bind carbohydrate moieties that mimic the natural C.
difficile Toxin receptors (Greco et al. (2006) Nature Structure. &
Molecular Biology, 13: 460-461). Thus, the scientific evidence to-date
supports and is consistent with the prior art use (e.g. WO 00/61762) of
fragments consisting of the C. difficile Toxin RUs in antigenic
formulations. More importantly, however, a further study has confirmed that
antibodies raised against a whole C. difficile, while recognising a
fragment consisting of the entire RU region alone, failed to recognise a
fragment consisting of a "scaffold" region based on residues 901-1750 of
the C. difficile same toxin (Genth etal., (2000) Infect. lmmun., 68:
1094-1101). These data therefore suggest that domains within "scaffold"
residues 901-1750 contribute no significant antibody-binding structural
determinants. In this regard, other than at the peptide bond, there is no
contact in the tertiary structure between "scaffold" toxin domains and the
C-terminal repeat region residues - see Pruitt et al., (2010) PNAS
1002199107 online publication. Collectively, it is therefore extremely
surprising that the inclusion of a C. difficile "scaffold" region within
recombinant immunogens of Toxins A and/ or Toxin B has the effect of
significantly enhancing the toxin-neutralising immune response. A first
aspect of the present invention provides a fusion protein, consisting of or
comprising a first amino acid sequence and a second amino acid sequence,
wherein:  1) the first amino acid sequence is provided by an amino acid
sequence that has at least 80% sequence identity with an amino acid
sequence consisting of residues 1500-1850 of a C. difficile Toxin A
sequence; and  2) the second amino acid sequence is provided by an amino
acid sequence that has at least 80% sequence identity with an amino acid
sequence consisting of a long repeat unit located within amino acid
residues 1851-2710 of a C. difficile Toxin A sequence; with the proviso
that the fusion protein is not a polypeptide comprising amino acid residues
543-2710 of a C. difficile Toxin A. WO 2012/046061PCT/GB2011/051910
Reference to a C. difficile Toxin A sequence means the amino acid sequence
of a naturally-occurring C. difficile Toxin A (also referred to as a C.
difficile Toxin A reference sequence). Examples of such sequences are
readily understood by a skilled person, and some of the more common
naturally-occurring Toxin A sequences are identified in the present
specification (see, for example, SEQ ID NOs: 1 & 3) as well as throughout
the literature. Reference to 'at least 80% sequence identity' throughout
this specification is considered synonymous with the phrase 'based on' and
may embrace one or more of at least 85%, at least 90%, at least 93%, at
least 95%, at least 97%, at least 99%, and 100% sequence identity. When
assessing sequence identity, a reference sequence having a defined number
of contiguous amino acid residues is aligned with an amino acid sequence
(having the same number of contiguous amino acid residues) from the
corresponding portion of a fusion protein of the present invention. 



In one embodiment, the first amino acid sequence is based on (ie. has at
least 80% sequence identity with) amino acid residues 544-1850 of a C.
difficile Toxin A. In another embodiment, the first amino acid sequence is
based on an N-terminal truncation of amino acid residues 544-1850 of a C.
difficile Toxin A, such as amino acid residues 564-1850, amino acid
residues 584-1850, amino acid residues 594-1850, amino acid residues 614-
1850, amino acid residues 634-1850, amino acid residues 654-1850, amino
acid residues 674-1850, amino acid residues 694-1850, amino acid residues
714-1850, amino acid residues 734-1850, amino acid residues 754-1850, amino
acid residues 767-1850, amino acid residues 770-1850, amino acid residues
774-1850, amino acid residues 794-1850, amino acid residues 814-1850, amino
acid residues 834-1850, amino acid residues 854- 1850, amino acid residues
874-1850, amino acid residues 894-1850, amino acid residues 914-1850, amino
acid residues 934-1850, amino acid residues 954-1850, amino acid residues
974-1850, amino acid residues 994-1850, amino acid residues 1014-1850,
amino acid residues 1034-1850, amino acid residues 1054-1850, amino acid
residues 1074-1850, amino acid residues 1094-1850, amino acid residues
1104-1850, amino acid residues 1124- 1850, amino acid residues, amino acid
residues 1131-1850, amino acid residues 1144-1850, amino acid residues
1164-1850, amino acid residues 1184-1850, amino acid residues 1204- 1850,
amino acid residues 1224-1850, amino acid residues 1244-1850, amino acid
residues 1264-1850, amino acid residues 1284-1850, amino acid residues
1304-1850, amino acid residues 1324-1850, amino acid residues 1344-1850,
amino acid residues 1364-1850, amino acid residues 1384-1850, amino acid
residues 1404-1850, amino acid residues 1424- 1850, amino acid residues
1444-1850, amino acid residues 1464-1850, or amino acid residues 1684-1850
of a C. difficile Toxin A; though always with the proviso that the fusion
WO 2012/046061PCT/GB2011/051910 protein is not a polypeptide comprising
amino acid residues 543-2710 of a C. difficile Toxin A. By way of example
only, the above amino acid position numbering may refer to the C. difficile
Toxin A sequences identified as SEQ ID NOs: 1 and/ or 3. In one embodiment,
the second amino acid sequence is based on (ie. has at least 80% sequence
identity with) any one or more of the long repeat (LR) amino acid sequences
from a C. difficile Toxin A sequence. By way of example only, said one or
more LR sequences may be based on any of SEQ ID NOs: 60, 62, 64, 66, 68, 70
and/ or 72. In another embodiment, the second amino acid sequence is based
on an entire Module sequence of a C. difficile Toxin A sequence, which
includes a LR amino acid sequence plus one or more of its (flanking) short
repeat (SR) sequences. By way of example only, the second amino acid may be
based on one or more of SEQ ID NOs: 61, 63, 65, 67, 69, 71 and/ or 73. In
another embodiment, the second amino acid sequence is based on a sequence
consisting of or comprising the entire Module 1 amino acid sequence from a
C. difficile Toxin A sequence (residues 1851-2007) - see, for example, the
Module 1 as illustrated in Table 1. In another embodiment, the second amino
acid sequence is based on a sequence consisting of or comprising the entire
Module 1 plus Module 2 amino acid sequence from a C. difficile Toxin A
sequence (eg. residues 1851-2141 as illustrated in Table 1). In another
embodiment, the second amino acid sequence is based on a sequence
consisting of or comprising the entire Module 1 plus Module 2 plus Module 3
amino acid sequence from a C. difficile Toxin A sequence (eg. residues
1851-2253 as illustrated in Table 1). In another embodiment, the second
amino acid sequence is based on a sequence consisting of or comprising the
entire Module 1 plus Module 2 plus Module 3 plus Module 4 amino acid
sequence from a C. difficile Toxin A sequence (eg. residues 1851-2389 as
illustrated in Table 1). In another embodiment, the second amino acid
sequence is based on a sequence consisting of or comprising the entire
Module 1 plus Module 2 plus Module 3 plus Module 4 plus Module 5 amino acid
sequence from a C. difficile Toxin A sequence (eg. residues 1851-2502 as
illustrated in Table 1). In another embodiment, the second amino acid
sequence is based on a sequence consisting of or comprising the entire
Module 1 plus Module 2 plus Module 3 plus Module 4 plus Module 5 plus
Module 6 amino acid sequence from a C. difficile Toxin A sequence (eg.
residues 1851-2594 as illustrated in Table 1). In another embodiment, the
second amino acid sequence is based on a sequence consisting of or
comprising the entire Module 1 plus Module 2 plus Module 3 plus Module 4
plus Module 5 plus Module 6 plus Module 7 amino acid sequence from a C.
difficile Toxin A sequence (eg. residues 1851-2710 as illustrated in Table
1). By way of example only, the above amino acid position numbering may
refer to the C. difficile Toxin A sequences identified as SEQ ID NOs: 1
and/ or 3. WO 2012/046061PCT/GB2011/051910 Any of the embodiments for the
second amino acid sequence may be combined with any of the embodiments
described for the first amino acid sequence. In one embodiment a fusion
protein is provided, which comprises or consists of a sequence based on
amino acid residues 1851-2710 of a Toxin A sequence (or a portion thereof)
and an N-terminal polypeptide based on amino acid residues 770-1850 of a
Toxin A polypeptide (or a portion thereof). In another embodiment a fusion
protein is provided, which comprises or consists of a sequence based on
amino acid residues 1851-2710 of a Toxin A sequence (or a portion thereof)
and an N-terminal polypeptide based on amino acid residues 1131-1850 of a
Toxin A polypeptide. In another embodiment a fusion protein is provided,
which comprises or consists of a sequence based on amino acid residues
770-2710 or 1131-2710 of a Toxin A polypeptide (e.g. SEQ ID NOs 5, 6, 7, 8,
18, 19, 20, 21, 22, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42, 43, or 58). In another embodiment a fusion protein is provided, which
comprises or consists of a sequence based on amino acid residues 770-2007,
770-2141, 770-2253, 770-2389 or 1131- 2007, 1131-2141, 1131-2253 or
1131-2389 of a Toxin A polypeptide (e.g. SEQ ID NO 59). A related first
aspect of the present invention provides a fusion protein, consisting of or
comprising a first amino acid sequence and a second amino acid sequence,
wherein:  1) the first amino acid sequence is provided by an amino acid
sequence that has at least 80% sequence identity with an amino acid
sequence consisting of residues 1500-1851 of a C. difficile Toxin B
sequence; and 



2) the second amino acid sequence is provided by an amino acid sequence
that has at least 80% sequence identity with an amino acid sequence
consisting of a long repeat unit located within amino acid residues
1852-2366 of a C. difficile Toxin B sequence; with the proviso that the
fusion protein is not a polypeptide comprising amino acid residues 543-2366
of a C. difficile Toxin B. Reference to a C. difficile Toxin B sequence
means the amino acid sequence of a naturally- occurring C. difficile Toxin
B (also referred to as a C. difficile Toxin B reference sequence). Examples
of such sequences are readily understood by a skilled person, and some of
the WO 2012/046061PCT/GB2011/051910 more common naturally-occurring Toxin B
sequences are identified in the present specification (see, for example,
SEQ ID NOs: 2 & 4) as well as throughout the literature. In one embodiment,
the first amino acid sequence is based on (ie. has at least 80% sequence
identity with) amino acid residues 544-1851 of a C. difficile Toxin B. In
another embodiment, the first amino acid sequence is based on an N-terminal
truncation of amino acid residues 544-1851 of a C. difficile Toxin B, such
as amino acid residues 564-1851, amino acid residues 584-1851, amino acid
residues 594-1851, amino acid residues 614- 1851, amino acid residues
634-1851, amino acid residues 654-1851, amino acid residues 674-1851, amino
acid residues 694-1851, amino acid residues 714-1851, amino acid residues
734-1851, amino acid residues 754-1851, amino acid residues 767-1851, amino
acid residues 770-1851, amino acid residues 774-1851, amino acid residues
794-1851, amino acid residues 814-1851, amino acid residues 834-1851, amino
acid residues 854- 1851, amino acid residues 874-1851, amino acid residues
894-1851, amino acid residues 914-1851, amino acid residues 934-1851, amino
acid residues 954-1851, amino acid residues 974-1851, amino acid residues
994-1851, amino acid residues 1014-1851, amino acid residues 1034-1851,
amino acid residues 1054-1851, amino acid residues 1074-1851, amino acid
residues 1094-1851, amino acid residues 1104-1851, amino acid residues
1124- 1851, amino acid residues 1131-1851, amino acid residues 1144-1851,
amino acid residues 1164-1851, amino acid residues 1184-1851, amino acid
residues 1204-1851, amino acid residues 1224-1851, amino acid residues
1244-1851, amino acid residues 1264-1851, amino acid residues 1284-1851,
amino acid residues 1304-1851, amino acid residues 1324- 1851, amino acid
residues 1344-1851, amino acid residues 1364-1851, amino acid residues
1384-1851, amino acid residues 1404-1851, amino acid residues 1424-1851,
amino acid residues 1444-1851, amino acid residues 1464-1851, or amino acid
residues 1684-1851 of a C. difficile Toxin B; though always with the
proviso that the fusion protein is not a polypeptide comprising amino acid
residues 543-2366 of a C. difficile Toxin B. By way of example only, the
above amino acid position numbering may refer to the C. difficile Toxin B
sequences identified as SEQ ID NOs: 2 and/ or 4. In one embodiment, the
second amino acid sequence is based on (ie. has at least 80% sequence
identity with) any one or more of the long repeat (LR) amino acid sequences
from a C. difficile Toxin B sequence. By way of example only, said one or
more LR sequences may be based on any of SEQ ID NOs: 74, 76, 78 and/ or 80.
In another embodiment, the second amino acid sequence is based on an entire
Module sequence of a C. difficile Toxin B sequence, which includes a LR
amino acid sequence plus one or more of its (flanking) short repeat (SR)
sequences. By way of example only, the second amino acid sequence may be WO
2012/046061PCT/GB2011/051910 based on one or more of SEQ ID NOs: 75, 77, 79
and/ or 81. In another embodiment the second amino acid is based on a
sequence consisting of or comprising the entire Module 1 amino acid
sequence from a C. difficile Toxin B sequence (residues 1852-2007) - see,
for example, the Module 1 as illustrated in Table 2. In another embodiment,
the second amino acid sequence is based on a sequence consisting of or
comprising the entire Module 1 plus Module 2 amino acid sequence from a C.
difficile Toxin B sequence (eg. residues 1852-2139 as illustrated in Table
2). In another embodiment, the second amino acid sequence is based on a
sequence consisting of or comprising the entire Module 1 plus Module 2 plus
Module 3 amino acid sequence from a C. difficile Toxin B sequence (eg.
residues 1851-2273 as illustrated in Table 2). In another embodiment, the
second amino acid sequence is based on a sequence consisting of or
comprising the entire Module 1 plus Module 2 plus Module 3 plus Module 4
amino acid sequence from a C. difficile Toxin B sequence (eg. residues
1851- 2366 as illustrated in Table 2). By way of example only, the above
amino acid position numbering may refer to the C. difficile Toxin B
sequences identified as SEQ ID NOs: 2 and/ or 4. Any of the embodiments for
the second amino acid sequence may be combined with any of the embodiments
described for the first amino acid sequence. 



In one embodiment, when the first and second amino acid sequences are both
based on Toxin B sequences, the fusion protein may consist of or comprise
an amino acid sequence that is based on at least 871 or at least 876 or at
least 881 or at least 886 or at least 891 or at least 896 or at least 901
contiguous amino acid residues (e.g. starting from the C-terminal amino
acid residue) of a C. difficile Toxin B sequence, such as SEQ ID NOs: 2
and/ or 4). In one embodiment a fusion protein is provided, which comprises
or consists of a sequence based on amino acid residues 1852-2366 of a Toxin
B polypeptide (or a portion thereof) and an N-terminal polypeptide based on
amino acid residues 767-1851 of a Toxin B polypeptide (or a portion
thereof). In another embodiment a fusion protein is provided, which
comprises or consists of a sequence based on amino acid residues 1852-2366
of a Toxin B polypeptide (or a portion thereof) and an N-terminal
polypeptide based on amino acid residues 1145-1851 of a Toxin B polypeptide
(or a portion thereof). In another embodiment a fusion protein is provided,
which comprises or consists of a sequence based on amino acid residues
767-2366 or 957-2366 or 1138-2366 of a Toxin B WO
2012/046061PCT/GB2011/051910 polypeptide (e.g. SEQ ID NOs 9, 10, 11, 12,
13, 14, 23, 24, 25, 26, 27, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56 or 57). The present invention also provides fusion proteins that are
chimeras of Toxin A and B domains. For example, one or more long repeat
unit (optionally including one or more short repeat unit; or one, more or
all Modules) based on a Toxin B polypeptide may be combined with a
"scaffold" region of a Toxin A polypeptide. Similarly, one or more long
repeat unit (optionally including one or more short repeat unit; or one,
more or all Modules) based on a Toxin A polypeptide may be combined with a
"scaffold" region of a Toxin B polypeptide. Thus, a further related aspect
of the present invention provides a hybrid/ chimera fusion protein,
consisting of or comprising a first amino acid sequence and a second amino
acid sequence, wherein:  1) the first amino acid sequence is provided by an
amino acid sequence that has at least 80% sequence identity with an amino
acid sequence consisting of residues 1500-1850 of a C. difficile Toxin A
sequence; and  2) the second amino acid sequence is provided by an amino
acid sequence that has at least 80% sequence identity with an amino acid
sequence consisting of a long repeat unit located within amino acid
residues 1852-2366 of a C. difficile Toxin B sequence; with the proviso
that the fusion protein is not a polypeptide comprising amino acid residues
543-2710 of a C. difficile Toxin A; 



and with the proviso that the fusion protein is not a polypeptide
comprising amino acid residues 543-2366 of a C. difficile Toxin B.
Embodiments of the first and second amino acid sequences are as detailed
above. For example, in one embodiment a fusion protein is provided, which
comprises or consists of a sequence based on amino acid residues 1852-2366
of a Toxin B polypeptide (or a portion thereof) and an N-terminal
polypeptide based on amino acid residues 770-1849 of a Toxin A polypeptide
(or a portion thereof). In another embodiment a fusion protein is provided,
which comprises or consists of a sequence based on amino acid residues
1852-2366 of a Toxin B polypeptide (or a portion thereof) and an N-terminal
polypeptide based on amino acid residues 1131-1849 of a Toxin A polypeptide
(or a portion thereof). WO 2012/046061PCT/GB2011/051910 In another
embodiment, a fusion protein is provided, which comprises or consists of a
sequence based on amino acid residues 1852-2366 of a Toxin B polypeptide
(or a portion thereof) and an N-terminal polypeptide based on amino acid
residues 1500-1849 of a Toxin A polypeptide (or a portion thereof). In one
embodiment, said Toxin A polypeptide component is preferably based on a
sequence that is shorter than residues 543-1849 of a Toxin A polypeptide.
Specific examples include fusion proteins consisting of or comprising an
amino acid sequence based on any one or more of SEQ ID NOs: 16 or 17.
Similarly, a further related first aspect of the present invention provides
a hybrid/ chimera fusion protein, consisting of or comprising a first amino
acid sequence and a second amino acid sequence, wherein:  1) the first
amino acid sequence is provided by an amino acid sequence that has at least
80% sequence identity with an amino acid sequence consisting of residues
1500-1851 of a C. difficile Toxin B sequence; and 



2) the second amino acid sequence is provided by an amino acid sequence
that has at least 80% sequence identity with an amino acid sequence
consisting of a long repeat unit located within amino acid residues
1851-2710 of a C. difficile Toxin A sequence; with the proviso that the
fusion protein is not a polypeptide comprising amino acid residues 543-2710
of a C. difficile Toxin A and with the proviso that the fusion protein is
not a polypeptide comprising amino acid residues 543-2366 of a C. difficile
Toxin B. Embodiments of the first and second amino acid sequences are as
detailed above. In one embodiment a fusion protein is provided, which
comprises or consists of a sequence based on amino acid residues 1850-2710
of a Toxin A polypeptide (or a portion thereof) and an N-terminal
polypeptide based on amino acid residues 767-1851 of a Toxin B polypeptide
(or a portion thereof). In another embodiment a fusion protein is provided,
which comprises or consists of a sequence based on amino acid residues
1850-2710 of a Toxin A polypeptide (or a portion thereof) and an N-terminal
polypeptide based on amino acid residues 1145-1851 of a Toxin B polypeptide
(or a portion thereof).  WO 2012/046061PCT/GB2011/051910 In another
embodiment, a fusion protein is provided, which comprises or consists of a
sequence based on amino acid residues 1850-2710 of a Toxin A polypeptide
(or a portion thereof) and an N-terminal polypeptide based on 1500-1851 of
a Toxin B polypeptide. In one embodiment, the Toxin B polypeptide component
is preferably based on a sequence that is shorter than residues 543-1851 of
a Toxin B polypeptide. 



Specific examples include fusion proteins consisting of or comprising an
amino acid sequence based on SEQ ID NO: 15. As hereinbefore described, the
present invention relates to fusion proteins based on a "scaffold" section
plus a LR portion (of the C-terminal repeating units) of a C. difficile
Toxin A and/ or a C. difficile Toxin B. In this regard, the total
portion(s) of said fusion proteins that is based on said C. difficile Toxin
A and/ or Toxin B sequences typically amounts to a maximum of 1940
contiguous amino acid residues (for example a maximum of 1890, or 1840, or
1790, or 1740, or 1690, or 1640, or 1590, or 1540, or 1490, 1440, or 1390,
or 1340, or 1290, or 1240 contiguous amino acid residues). In one
embodiment, the fusion protein substantially lacks cysteine protease
activity. In another (or the same) embodiment, the fusion protein
substantially lacks glucosyl transferase activity. For example, part or all
of the amino acid sequence(s) providing said activity (activities) are
typically absent (e.g. deleted) from the fusion proteins of the present
invention. These enzymatic activities are present in native Toxin A and/ or
Toxin B, and are associated with N-terminal domains of said Toxins (see
Figure 1). In another embodiment, the fusion protein substantially lacks
the glucosyl transferase domain (amino acid residues 1-542 Toxin A; amino
acid residues 1-543 Toxin B) of a native C. difficile Toxin. In another (or
the same) embodiment, the fusion protein substantially lacks the cysteine
protease domain (amino acid residues 543-770 Toxin A; 544-767 Toxin B) of a
native C. difficile Toxin. Said amino acid residue numbering refers to any
Toxin A or Toxin B toxinotype, for example any one or more of the reference
Toxin A and/ or Toxin B toxinotype SEQ ID NOs recited in the present
specification. Accordingly, said amino acid residue numbering may refer to
any specific Toxin A and/ or Toxin B reference SEQ ID NO recited in the
present specification including an amino acid sequence variant having at
least 80%, at least 85%, at least 90%, at least 93%, at least 95%, at least
97%, or at least 99% thereto. Fusion protein constructs of the invention
may be derived from any Toxin A and/ or B sequence (including any
toxinotype sequence), such as those illustrated in the present WO
2012/046061PCT/GB2011/051910 specification. For example, in one embodiment,
first and/ or second amino acid sequences are derived from Toxins A and/ or
B of toxinotype 0 (SEQ IDs 1 and 2, respectively). In another embodiment,
first and/ or second amino acid sequences are derived from Toxins A and/ or
B of toxinotype 3 (SEQ IDs 3 and 4, respectively). Fusion proteins of the
invention may further comprise a fusion protein partner to facilitate
soluble expression. Fusion protein partners may be attached at the N- or
C-terminus of the antigen construct but are usually placed at the
N-terminal end. Examples of fusion partners are: NusA, thioredoxin,
maltose-binding protein, small ubiquitin-like molecules (Sumo-tag). To
facilitate removal of the fusion protein partner during purification, a
unique protease site may be inserted between the fusion protein partner and
the fusion protein per se. Such protease sites may include those for
thrombin, factor Xa, enterokinase, PreScissionTM, SumoTM. Alternatively,
removal of the fusion protein partner may be achieved via inclusion of an
intein sequence between the fusion protein partner and the fusion protein
per se. lnteins are self cleaving proteins and in response to a stimulus
(e.g. lowered pH) are capable of self splicing at the junction between the
intein and the antigen construct thus eliminating the need for the addition
of specific proteases. Examples of inteins include domains derived from
Mycobacterium tuberculosis (RecA), and Pyrococcus horikoshii (RadA) (Fong
et al. (2010) Trends Biotechnol. 28:272-279). To facilitate purification,
fusion proteins of the invention may include one or more purification tags
to enable specific chromatography steps (e.g. metal ion chelating, affinity
chromatography) to be included in the purification processes. Such
purification tags may, for example, include: repeat histidine residues
(e.g. 6-10 histidine residues), maltose binding protein, glutathione
S-transferase; and streptavidin. These tags may be attached at the Nand/ or
C-terminus of the antigen fusion proteins of the invention. To facilitate
removal of such tags during purification, protease sites and/ or inteins
(examples above) may be inserted between the fusion protein and the
purification tag(s). Thus, a typical fusion protein construct of the
invention (starting from the N-terminus) may comprise:  a first
purification tag 



a fusion protein partner (to facilitate expression)  a first (preferably
specific) protease sequence or intein sequence  the Toxin A and/ or B
antigen sequence  an optional second (preferably specific) protease
sequence or intein sequence  an optional second purification tag WO
2012/046061PCT/GB2011/051910 The first and second purification tags may be
the same or different. Similarly, the first and second protease/ intein
sequence may be the same or different. The first and second options are
preferably different to enable selective and controllable cleavage/
purification. Specific examples of such fusion protein constructs are show
in SEQ IDs 18-27. In one embodiment spacers may be introduced to distance
the purification tag from the fusion protein - this may help to increase
binding efficiency to affinity purification column media. The spacer may be
placed (immediately) after the purification tag or between the fusion
protein partner and the fusion protein per se. Typical spacer sequences may
consist of between 10-40 amino acid residues to give either a linear or
alpha-helical structure. Accordingly, in one embodiment, a fusion protein
construct of the invention may comprise (starting from the N-terminus):  a
first purification tag  an optional first spacer sequence 



a fusion protein partner (to facilitate expression)  an optional second
spacer sequence  a (preferably specific) protease sequence or intein
sequence  the Toxin A and/ or B derived antigen sequence  an optional
second (preferably specific) protease sequence or intein sequence  an
optional third spacer sequence  an optional second purification tag
Specific examples of such protein fusion constructs are show in SEQ IDs
28-57 Genes encoding the constructs of the invention may be generated by
PCR from C. difficile genomic DNA and sequenced by standard methods to
ensure integrity. Alternatively and preferably genes may be synthesised
providing the optimal codon bias for the expression host (e.g. E. coli,
Bacillus megaterium). Thus, the present invention provides corresponding
nucleic acid sequences that encode the aforementioned fusion proteins of
the present invention. Accordingly, a second aspect of the present
invention provides a method for expressing one or more of the
aforementioned fusion proteins, said method comprising:  WO
2012/046061PCT/GB2011/051910 



1) providing a nucleic acid sequence that encodes one or more of said
fusion proteins in a host cell, wherein said nucleic acid sequence is
operably linked to a promoter; and  2) expressing said nucleic acid
sequence in the host cell Fusion proteins of the invention may be
formulated as vaccines for human or animal use in a number of ways. For
example, formulation may include treatment with an agent to introduce
intra-molecular cross-links. One example of such an agent is formaldehyde,
which may be incubated, for example, with antigen fusion proteins of the
invention for between 1-24 hours. Alternatively, longer incubation times
of, for example, up to 2, 4, 6, 8 or 10 days may be employed. Following
treatment with such an agent, antigen fusions of the invention may be
combined with a suitable adjuvant, which may differ depending on whether
the antigen fusion protein is intended for human or animal use. A human or
animal vaccine formulation may contain Toxin A and/ or Toxin B and/ or
corresponding hybrid/ chimera antigen fusions of the present invention.
Thus, in one embodiment, a vaccine formulation procedure of the present
invention comprises the following steps:  providing a recombinant Toxin A
and/ or Toxin B and/ or hybrid/ chimera toxin fusion protein in suitable
buffer system  optionally (preferably) treating said mixture with a
toxoiding component such as formaldehyde  optionally transferring the
fusion proteins to a new buffer system  combining the fusion proteins with
one or more suitable adjuvants and optionally other excipients Accordingly,
a third aspect of the present invention provides one or more of the
aforementioned fusion proteins of the invention, for use in the generation
of antibodies that bind to C. difficile Toxin A and/ or Toxin B. In one
embodiment, said antibodies bind to and neutralise C. difficile Toxin A
and/ or Toxin B. For immunisation of animals, the C. difficile recombinant
fusion protein antigens of the invention may be used as immunogens
separately or in combination, either concurrently or sequentially, in order
to produce antibodies specific for individual C. difficile toxins or
combinations. For example, two or more recombinant antigens may be mixed
together and used as a single immunogen. Alternatively a C. difficile toxin
fusion protein antigen (e.g. Toxin A-derived) may be used separately as a
first immunogen on a first animal group, and another C. difficile toxin
antigen (e.g. Toxin B-derived) may be used separately on a second WO
2012/046061PCT/GB2011/051910 animal group. The antibodies produced by
separate immunisation may be combined to yield an antibody composition
directed against C. difficile toxins. Non-limiting examples of suitable
adjuvants for animal/veterinary use include Freund's (complete and
incomplete forms), alum (aluminium phosphate or aluminium hydroxide),
saponin and its purified component Quil A. 



A fourth (vaccine) aspect of the present invention provides one or more of
the aforementioned fusion proteins of the invention, for use in the
prevention, treatment or suppression of CD! (eg. in a mammal such as man).
Put another way, the present invention provides a method for the
prevention, treatment or suppression of CDI (eg. in a mammal such as man),
said method comprising administration of a therapeutically effective amount
of one or more of the aforementioned fusion proteins of the invention to a
subject (eg. a mammal such as man). By way of example, a Toxin A-based
fusion protein (any A toxinotype) may be employed alone or in combination
with a Toxin B-based fusion protein (any B toxinotype). Similarly, a Toxin
B-based fusion protein (any B toxinotype) may be employed alone or in
combination with a Toxin A-based fusion protein (any A toxinotype). Said
fusion proteins may be administered in a sequential or simultaneous manner.
Vaccine applications of the present invention may further include the
combined use (e.g. prior, sequential or subsequent administration) of one
or more antigens such as a C. difficile antigen (e.g. a non-Toxin antigen;
or a C. difficile bacterium such as one that has been inactivated or
attenuated), and optionally one or more nosocomial infection antigens (e.g.
an antigen, notably a surface antigen, from a bacterium that causes
nosocomial infection; and/ or a bacterium that causes a nosocomial
infection such as one that has been inactivated or attenuated). Examples of
bacteria that cause nosocomial infection include one or more of: E. coli,
Klebsiella pneumonae, Staphylococcus aureus such as MRSA, Legionella,
Pseudomonas aeruginosa, Serratia marcescens, Enterobacter spp, Citrobacter
spp, Stenotrophomonas maltophilia, Acinetobacter spp such as Acinetobacter
baumannii, Burkholderia cepacia, and Enterococcus such as
vancomycin-resistant Enterococcus (VRE). In one embodiment, said vaccine
application may be employed prophylactically, for example to treat a
patient before said patient enters a hospital (or similar treatment
facility) to help prevent hospital-acquired infection. Alternatively, said
vaccine application may be administered to vulnerable patients as a matter
of routine. A related vaccine aspect of the invention provides one or more
antibodies (comprising or consisting whole IgG and/or Fab and/or F(ab')2
fragments) that binds to the one or more WO 2012/046061PCT/GB2011/051910
aforementioned fusion proteins of the invention, for use in the prevention,
treatment or suppression of CD! (eg. in a mammal such as man). Put another
way, the present invention provides a method for the prevention, treatment
or suppression of CD! (eg. in a mammal such as man), said method comprising
administration of a therapeutically effective amount of said antibody (or
antibodies) to a subject (eg. a mammal such as man). By way of example, an
anti-Toxin A-based fusion protein (any A toxinotype) antibody may be
employed alone or in combination with an anti-Toxin B-based fusion protein
(any B toxinotype).antibody. Similarly, an anti-Toxin B-based fusion
protein (any B toxinotype) antibody may be employed alone or in combination
with an anti-Toxin A-based fusion protein (any A toxinotype) antibody. Said
antibodies may be administered in a sequential or simultaneous manner.
Vaccine applications of the present invention may further include the
combined use (e.g. prior, sequential or subsequent administration) of one
or more antibodies that bind to antigens such as a C. difficile antigen
(e.g. a non-Toxin antigen; or a C. difficile bacterium), and optionally one
or more antibodies that bind to one or more nosocomial infection antigens
(e.g. an antigen, notably a surface antigen, from a bacterium that causes
nosocomial infection; and/ or a bacterium that causes a nosocomial
infection). Examples of bacteria that cause nosocomial infection include
one or more of: E. coli, Klebsiella pneumonae, Staphylococcus aureus such
as MRSA, Legionella, Pseudomonas aeruginosa, Serratia marcescens,
Enterobacter spp, Citrobacter spp, Stenotrophomonas maltophilia,
Acinetobacter spp such as Acinetobacter baumannii, Burkholderia cepacia,
and Enterococcus such as vancomycin-resistant Enterococcus (VRE). In one
embodiment, said vaccine application may be employed prophylactically, for
example once a patient has entered hospital (or similar treatment
facility). Alternatively, said vaccine application may be administered to
patients in combination with one or more antibiotics. In one embodiment,
said antibodies have been generated by immunisation of an animal (eg. a
mammal such as man, or a non-human animal such as goat or sheep) with one
or more of the aforementioned fusion proteins of the present invention. In
one embodiment, the antibodies of the present invention do not
(substantially) bind to the effector domain and/ or to the cysteine
protease domain of a C. difficile Toxin A and/ or Toxin B. For the
preparation of vaccines for human (or non-human animal) use, the active 



immunogenic ingredients (whether these be antigenic fusion protein/s of the
present WO 2012/046061PCT/GB2011/051910 invention and/ or corresponding
antibodies of the invention that bind thereto) may be mixed with carriers
or excipients, which are pharmaceutically acceptable and compatible with
the active ingredient. Suitable carriers and excipients include, for
example, water, saline, dextrose, glycerol, ethanol, or the like and
combinations thereof. In addition, if desired, the vaccine may contain
minor amounts of auxiliary substances such as wetting or emulsifying
agents, pH buffering agents, and/or adjuvants which enhance the
effectiveness of the vaccine. The vaccine may further comprise one or more
adjuvants. One non-limiting example of an adjuvant with the scope of the
invention is aluminium hydroxide. Other non-limiting examples of adjuvants
include but are not limited to: N-acetyl-muramyl-L-threonyl-Disoglutamine
(thr-MDP), N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine (CGP 11637,
referred to as nor-MDP),
N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2- (1'-2'-
dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (CGP 19835A,
referred to as MTP-PE), and RIBI, which contains three components extracted
from bacteria, monophosphoryl lipid A, trehalose dimycolate and cell wall
skeleton (MPL+TDM+CWS) in a 2 `)/0 squalene/ Tween 80 emulsion. Typically,
the vaccines are prepared as injectables, either as liquid solutions or
suspensions. Of course, solid forms suitable for solution in, or suspension
in, liquid prior to injection may also be prepared. The preparation may
also be emulsified, or the peptide encapsulated in liposomes or
microcapsules. Vaccine administration is generally by conventional routes
e.g. intravenous, subcutaneous, intraperitoneal, or mucosa! routes. The
administration may be by parenteral injection, for example, a subcutaneous
or intramuscular injection. The vaccines are administered in a manner
compatible with the dosage formulation, and in such amount as will be
prophylactically and/or therapeutically effective. The quantity to be
administered, which is generally in the range of 5 micrograms to 250
micrograms of antigen per dose, depends on the subject to be treated,
capacity of the subject's immune system to synthesize antibodies, and the
degree of protection desired. Precise amounts of active ingredient required
to be administered may depend on the judgment of the practitioner and may
be particular to each subject. The vaccine may be given in a single dose
schedule, or optionally in a multiple dose schedule. A multiple dose
schedule is one in which a primary course of vaccination may be WO
2012/046061PCT/GB2011/051910 with 1-6 separate doses, followed by other
doses given at subsequent time intervals required to maintain and for
reinforce the immune response, for example, at 1-4 months for a second
dose, and if needed, a subsequent dose(s) after several months. The dosage
regimen will also, at least in part, be determined by the need of the
individual and be dependent upon the judgment of the practitioner. In
addition, the vaccine containing the immunogenic antigen(s) may be
administered in conjunction with other immunoregulatory agents, for
example, immunoglobulins, antibiotics, interleukins (e.g., IL-2, IL-12),
and/or cytokines (e.g., IFN gamma) 



Additional formulations suitable for use with the present invention include
microcapsules, suppositories and, in some cases, oral formulations or
formulations suitable for distribution as aerosols. For suppositories,
traditional binders and carriers may include, for example, polyalkylene
glycols or triglycerides; such suppositories may be formed from mixtures
containing the active ingredient in the range of about 0.5 % to 10 %,
including for instance, about 1 %-2 %. Fusion proteins of the invention may
also have uses as ligands for use in affinity chromatography procedures. In
such procedures, fusion proteins of the invention may be covalently
immobilised onto a matrix, such as Sepharose, e.g. using cyanogen
bromide-activated Sepharose. Such affinity columns may then be used to
purify antibody from antisera or partially purified solutions of
immunoglobulins by passing them through the column and then eluting the
bound IgG fraction (e.g. by low pH). Almost all of the antibody in the
eluted fraction will be directed against the fusion proteins of the
invention, with nonspecific antibodies and other proteins having been
removed. These affinity purified IgG fractions have applications both as
immunotherapeutics and as reagents in diagnostics. For immunotherapeutics,
affinity purified antibodies enable a lower dose to be administered making
adverse side effects less likely. For diagnostics, affinity purified agents
often give improved specificity and fewer false positive results.
Definitions Section Clostridium difficile is a species of Gram-positive
bacterium of the genus Clostridium. Clostridium difficile infection (CDI)
means a bacterial infection which affects humans and animals and which
results in a range of symptoms from mild self-limiting diarrhoea to
life-threatening conditions such as pseudomembranous colitis and cytotoxic
megacolon. In this disease, C. difficile replaces some of the normal gut
flora and starts to produce cytotoxins WO 2012/046061PCT/GB2011/051910
which attack and damage the gut epithelium. Primary risk factors for human
CD! include: receiving broad-spectrum antibiotics, being over 65 years old
and being hospitalised. Clostridium difficile Toxin A is a family of
protein cytotoxins/ enterotoxins of approximately 300 kDa in size. Toxin A
has an enzyme activity within the N-terminal region which acts to disrupt
the cytoskeleton of the mammalian cell causing cell death. There a number
of naturally occurring variants of Toxin A within the strains of
Clostridium difficile which are called `toxinotypes'. The various
toxinotypes of Toxin A have variations within their primary sequence of
usually <10% overall. Examples of suitable Toxin A sequences include SEQ ID
NOs: 1 and 3. Clostridium difficile Toxin B is a family of protein
cytotoxins of approximately 270 kDa in size which are similar to Toxin A
but significantly more cytotoxic. Like Toxin A, Toxin B has an enzyme
activity within the N-terminal region which acts to disrupt the
cytoskeleton of the mammalian cell causing cell death.There are a number of
naturally occurring variants of 



Toxin B within the strains of C. difficile which are called
loxinotypes'.The various toxinotypes of Toxin B have variations within
their primary sequence of up to 15% overall. Examples of suitable Toxin B
sequences include SEQ ID NOs: 2 and 4. C. difficile repeat units are
regions within the C-terminus of Toxin A and B that contain repeating
motifs which were first identified by von Eichel-Streiber and Sauerborn
(1990; Gene 30: 107-113). In the case of Toxin A there are 31 short repeats
and 7 long repeats with each repeat consisting of a 8-hairpin followed by a
loop. Toxin B consists of a similar structure but with fewer repeats. The
repeat units of Toxin A are contained within residues 1850 -2710 and those
for Toxin B within residues 1852 -2366. The repeat regions play a role in
receptor binding. The receptor binding regions (i.e. that define the
toxin's structural binding pockets) appear to be clustered around the long
repeat regions to form 'binding modules' (see Tables 1 and 2). Central
domains of Toxin A and B are believed to play a role in translocation of
the toxins into mammalian cells. The central domains of Toxin A are based
on residues 543-1849 and those for Toxin B are based on residues 543-1851.
Of the central domain regions of Toxins A and B, the first domain is a
cysteine protease, which plays a role in the internalisation of the toxin's
effector domain (which contains the glucosyl transferase activity).
Toxinotypes are often used to classify strains of C. difficile.
Toxinotyping is based on a method which characterises the restriction
patterns obtained with the toxin genes.  WO 2012/046061PCT/GB2011/051910
Toxinotypes of Toxins A and B represent variants, by primary amino acid
sequence, of these protein toxins. In one embodiment, the C. difficile
toxin is selected from one of toxinotypes 0 to XV. Preferred Toxinotypes
(plus example Ribotypes and Strains) are listed in the Table immediately
below. The listed Toxinotypes are purely illustrative and are not intended
to be limiting to the present invention Toxinotype Example Ribotypes
Example Strains 



Reference 0 001, 106   VPI10463 Rupniketal. (1998) J.Clinical Microbiol.
36: 2240-2247 1 



003, 012, 102  EX623  2 103   A0008  3 



027, 034, 075, 080 R20291, QCD-32g58  4 023, 034, 075, 080 55767  5 



066,078   5E881  6 045, 063, 066  51377  7 



063   57267  8 017, 047   1470  9 



019   51680  10 036   8864  11 



033   1558, R11402 Rupniketal. (2001) Microbiology 147: 439-447 12 056   



1525  13 070   R9367  14 111   



R10870  15 122   R9385   An "antibody" is used in the broadest sense and
specifically covers polyclonal antibodies and antibody fragments so long as
they exhibit the desired biological activity. For example, an antibody is a
protein including at least one or two, heavy (H) chain variable regions
(abbreviated herein as VHC), and at least one or two light (L) chain
variable regions (abbreviated herein as VLC). The VHC and VLC regions can
be further subdivided into regions of hypervariability, termed
"complementarity determining regions" ("CDR"), interspersed with regions
that are more conserved, termed "framework regions" (FR). The extent of the
framework region and CDRs has been precisely defined (see, Kabat, E.A., et
al. Sequences of Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication No. 91-3242, 1991,
and Chothia, C. et al, J. Mol. Biol.  WO 2012/046061PCT/GB2011/051910 



196:901-917, 1987, which are incorporated herein by reference). Preferably,
each VHC and VLC is composed of three CDRs and four FRs, arranged from
amino-terminus to carboxyterminus in the following order: FRI, CDRI, FR2,
CDR2, FR3, CDR3, FR4. The VHC or VLC chain of the antibody can further
include all or part of a heavy or light chain constant region. In one
embodiment, the antibody is a tetramer of two heavy immunoglobulin chains
and two light immunoglobulin chains, wherein the heavy and light
immunoglobulin chains are inter-connected by, e.g., disulfide bonds. The
heavy chain constant region includes three domains, CHI, CH2 and CH3. The
light chain constant region is comprised of one domain, CL. The variable
region of the heavy and light chains contains a binding domain that
interacts with an antigen. The constant regions of the antibodies typically
mediate the binding of the antibody to host tissues or factors, including
various cells of the immune system (e.g., effector cells) and the first
component (Clq) of the classical complement system. The term "antibody"
includes intact immunoglobulins of types IgA, IgG, IgE, IgD, IgM (as well
as subtypes thereof), wherein the light chains of the immunoglobulin may be
of types kappa or lambda. The term antibody, as used herein, also refers to
a portion of an antibody that binds to a toxin of C. difficile (e.g. Toxin
A or B), e.g., a molecule in which one or more immunoglobulin chains is not
full length, but which binds to a toxin. Examples of binding portions
encompassed within the term antibody include (i) a Fab fragment, a
monovalent fragment consisting of the VLC, VHC, CL and CHI domains; (ii) a
F(ab1)2 fragment, a bivalent fragment comprising two Fab fragments linked
by a disulfide bridge at the hinge region; (iii) a Fc fragment consisting
of the VHC and CHI domains; (iv) a Fv fragment consisting of the VLC and
VHC domains of a single arm of an antibody, (v) a dAb fragment (Ward et al,
Nature 341:544-546, 1989), which consists of a VHC domain; and (vi) an
isolated complementarity determining region (CDR) having sufficient
framework to bind, e.g. an antigen binding portion of a variable region. An
antigen binding portion of a light chain variable region and an antigen
binding portion of a heavy chain variable region, e.g., the two domains of
the Fv fragment, VLC and VHC, can be joined, using recombinant methods, by
a synthetic linker that enables them to be made as a single protein chain
in which the VLC and VHC regions pair to form monovalent molecules (known
as single chain Fv (scFv); see e.g., Bird et al. (1988) Science
IAI-ATi-A16; and Huston et al. (1988) Proc. Natl. Acad. ScL USA
85:5879-5883). Such single-chain antibodies (as well as camelids) are also
encompassed within the term antibody. These are obtained using conventional
techniques known to those with skill in the art, and the portions are
screened for utility in the same manner as are intact antibodies.  WO
2012/046061PCT/GB2011/051910 The term "fragment" means a peptide typically
having at least seventy, preferably at least eighty, more preferably at
least ninety percent of the consecutive amino acid sequence of the
reference sequence. The term "variant" means a peptide or peptide fragment
having at least eighty, preferably at least eighty five, more preferably at
least ninety percent amino acid sequence homology with a C. difficile toxin
polypeptide. For sequence comparison, typically one sequence acts as a
reference sequence, to which test sequences may be compared. When using a
sequence comparison algorithm, test and reference sequences are input into
a computer, subsequent coordinates are designated, if necessary, and
sequence algorithm program parameters are designated. The sequence
comparison algorithm then calculates the percentage sequence identity for
the test sequence(s) relative to the reference sequence, based on the
designated program parameters. Any of a variety of sequence alignment
methods can be used to determine percent identity, including, without
limitation, global methods, local methods and hybrid methods, such as,
e.g., segment approach methods. Protocols to determine percent identity are
routine procedures within the scope of one skilled in the art. Global
methods align sequences from the beginning to the end of the molecule and
determine the best alignment by adding up scores of individual residue
pairs and by imposing gap penalties. Non-limiting methods include, e.g.,
CLUSTAL W, see, e.g., Julie D. Thompson et al., CLUSTAL W: Improving the
Sensitivity of Progressive Multiple Sequence Alignment Through Sequence
Weighting, Position- Specific Gap Penalties and Weight Matrix Choice,
22(22) Nucleic Acids Research 4673-4680 (1994); and iterative refinement,
see, e.g., Osamu Gotoh, Significant Improvement in Accuracy of Multiple
Protein. Sequence Alignments by Iterative Refinement as Assessed by
Reference to Structural Alignments, 264(4) J. Mol. Biol. 823-838 (1996).
Local methods align sequences by identifying one or more conserved motifs
shared by all of the input sequences. Non-limiting methods include, e.g.,
Match-box, see, e.g., Eric Depiereux and Ernest Feytmans, Match-Box: A
Fundamentally New Algorithm for the Simultaneous Alignment of Several
Protein Sequences, 8(5) CABIOS 501 -509 (1992); Gibbs sampling, see, e.g.,
C. E. Lawrence et al., Detecting Subtle Sequence Signals: A Gibbs Sampling
Strategy for Multiple Alignment, 262(5131 ) Science 208-214 (1993);
Align-M, see, e.g., Ivo Van Wal le et al., Align-M - A New Algorithm for
Multiple Alignment of Highly Divergent Sequences, 20(9)
Bioinformatics:1428-1435 (2004).  WO 2012/046061PCT/GB2011/051910 Thus,
percent sequence identity is determined by conventional methods. See, for
example, Altschul et al., Bull. Math. Bio. 48: 603-16, 1986 and Henikoff
and Henikoff, Proc. Natl. Acad.  Sci. USA 89:10915-19, 1992. Briefly, two
amino acid sequences are aligned to optimize the alignment scores using a
gap opening penalty of 10, a gap extension penalty of 1, and the "blosum
62" scoring matrix of Henikoff and Henikoff (ibid.) as shown below (amino
acids are indicated by the standard one-letter codes). Alignment scores for
determining sequence identity 
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1 5  W -3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1 1 



-4 -3 -2 11 Y -2 -2 -2 -3 -2 -1 -2-3 2 -1 -1 -2 -1 3 -3 -2 



-2 2 7 V 0 -3 -3 -3 -1 -2 -2 -3 -3 3 1 -2 1 -1 -2 -2 0 -3 -14 



The percent identity is then calculated as: Total number of identical
matches x 100 [length of the longer sequence plus the number of gaps
introduced into the longer  WO 2012/046061PCT/GB2011/051910 sequence in
order to align the two sequences] Substantially homologous polypeptides are
characterized as having one or more amino acid substitutions, deletions or
additions. These changes are preferably of a minor nature, that is
conservative amino acid substitutions (see below) and other substitutions
that do not significantly affect the folding or activity of the
polypeptide; small deletions, typically of one to about 30 amino acids; and
small amino- or carboxyl-terminal extensions, such as an amino-terminal
methionine residue, a small linker peptide of up to about 20-25 residues,
or an affinity tag. Conservative amino acid substitutions Basic:arginine
lysine 



histidine Acidic:glutamic acid aspartic acid Polar:glutamine asparagine
Hydrophobic: leucine isoleucine valine Aromatic:phenylalanine tryptophan
tyrosine Small:glycine alanine serine 



threonine methionine In addition to the 20 standard amino acids,
non-standard amino acids (such as 4- hydroxyproline, 6-N-methyl lysine,
2-aminoisobutyric acid, isovaline and a -methyl serine) may be substituted
for amino acid residues of the polypeptides of the present invention. A
limited number of non-conservative amino acids, amino acids that are not
encoded by the genetic code, and unnatural amino acids may be substituted
for clostridial polypeptide amino  WO 2012/046061PCT/GB2011/051910 acid
residues. The polypeptides of the present invention can also comprise
non-naturally occurring amino acid residues. Non-naturally occurring amino
acids include, without limitation, trans-3-methylproline, 2,4-
methano-proline, cis-4-hydroxyproline, trans-4-hydroxy-proline,
N-methylglycine, allothreonine, methyl-threonine, hydroxy-ethylcysteine,
hydroxyethylhomo-cysteine, nitroglutamine, homoglutamine, pipecolic acid,
tert-leucine, norvaline, 2-azaphenylalanine, 3- azaphenyl-alanine,
4-azaphenyl-alanine, and 4-fluorophenylalanine. Several methods are known
in the art for incorporating non-naturally occurring amino acid residues
into proteins. For example, an in vitro system can be employed wherein
nonsense mutations are suppressed using chemically aminoacylated suppressor
tRNAs. Methods for synthesizing amino acids and aminoacylating tRNA are
known in the art. Transcription and translation of plasmids containing
nonsense mutations is carried out in a cell free system comprising an E.
coli S30 extract and commercially available enzymes and other reagents.
Proteins are purified by chromatography. See, for example, Robertson et
al., J. Am. Chem. Soc. 113:2722, 1991; El!man et al., Methods Enzymol.
202:301, 1991; Chung et al., Science 259:806-9, 1993; and Chung et al.,
Proc. Natl. Acad. Sci. USA 90:10145-9, 1993). In a second method,
translation is carried out in Xenopus oocytes by microinjection of mutated
mRNA and chemically aminoacylated suppressor tRNAs (Turcatti et al., J.
Biol. Chem. 271:19991-8, 1996). Within a third method, E. coli cells are
cultured in the absence of a natural amino acid that is to be replaced
(e.g., phenylalanine) and in the presence of the desired non-naturally
occurring amino acid(s) (e.g., 2-azaphenylalanine, 3-azaphenylalanine,
4-azaphenylalanine, or 4-fluorophenylalanine). The non-naturally occurring
amino acid is incorporated into the polypeptdie in place of its natural
counterpart. See, Koide et al., Biochem. 33:7470-6, 1994. Naturally
occurring amino acid residues can be converted to non-naturally occurring
species by in vitro chemical modification. Chemical modification can be
combined with site-directed mutagenesis to further expand the range of
substitutions (Wynn and Richards, Protein Sci. 2:395-403, 1993). A limited
number of non-conservative amino acids, amino acids that are not encoded by
the genetic code, non-naturally occurring amino acids, and unnatural amino
acids may be substituted for amino acid residues of polypeptides of the
present invention. Essential amino acids in the polypeptides of the present
invention can be identified according to procedures known in the art, such
as site-directed mutagenesis or alaninescanning mutagenesis (Cunningham and
Wells, Science 244: 1081-5, 1989). Sites of biological interaction can also
be determined by physical analysis of structure, as determined  WO
2012/046061PCT/GB2011/051910 by such techniques as nuclear magnetic
resonance, crystallography, electron diffraction or photoaffinity labeling,
in conjunction with mutation of putative contact site amino acids. See, for
example, de Vos et al., Science 255:306-12, 1992; Smith et al., J. Mol.
Biol. 224:899-904, 1992; Wlodaver et al., FEBS Lett. 309:59-64, 1992. The
identities of essential amino acids can also be inferred from analysis of
homologies with related components (e.g. the translocation or protease
components) of the polypeptides of the present invention. Multiple amino
acid substitutions can be made and tested using known methods of
mutagenesis and screening, such as those disclosed by Reidhaar-Olson and
Sauer (Science 241:53-7, 1988) or Bowie and Sauer (Proc. Natl. Acad. Sci.
USA 86:2152-6, 1989). Briefly, these authors disclose methods for
simultaneously randomizing two or more positions in a polypeptide,
selecting for functional polypeptide, and then sequencing the mutagenised
polypeptides to determine the spectrum of allowable substitutions at each
position. Other methods that can be used include phage display (e.g.,
Lowman et al., Biochem. 30:10832-7, 1991; Ladner et al., U.S. Patent No.
5,223,409; Huse, WIPO Publication WO 92/06204) and region-directed
mutagenesis (Derbyshire et al., Gene 46:145, 1986; Ner et al., DNA 7:127,
1988). 



Toxin-neutralising means the capacity of a substance to prevent the
cytotoxic action of either Toxin A or B on a mammalian cell. In assays for
toxin-neutralising activity, a fixed amount of toxin is mixed with various
concentrations of a neutralising substance (e.g. an antibody) and the
mixture applied to and incubated with a mammalian cell line (e.g. Vero
cells) for a fixed time. The dilution of the substance (antibody) that
completely protects the cells from the cytotoxic effects of either Toxin A
or B (evident by cell rounding) may be defined as the neutralising titre.
FIGURES Figure 1illustrates to structures of C. difficile Toxins A and B
showing amino acid residues at the various domain boundaries. Figure
2illustrates TxB3 purification. The left-hand Figure shows a 4-12% SDS-
PAGE analysis of TxB3. M1 = SeeBlue0 Plus2 Pre-Stained Standard, M2 =
MagicMarkTm XP Standard. The right-hand Figure shows a Western blot
analysis of TxB3 with ovine anti-TcdB polyclonal antibodies. M1 and M2 are
as described for the left-hand Figure.  WO 2012/046061PCT/GB2011/051910
Figure 3illustrates TxB4 purification. The left-hand Figure shows a 4-12
(:)/0 SDS- PAGE analysis of TxB4. M = SeeBlue(r) Plus2 Pre-Stained
Standard. The right-hand Figure shows a Western blot analysis of TxB4 with
ovine anti-TcdB polyclonal antibodies, M = MagicMarkTm XP Standard. Figure
4illustrates TxB5 purification. The left-hand Figure shows a 4-12 (:)/0
SDS- PAGE analysis of TxB5. M = SeeBlue(r) Plus2 Pre-Stained Standard. The
right-hand Figure shows a Western blot analysis of TxB5 with ovine
anti-TcdB polyclonal antibodies, M = MagicMarkTm XP Standard. 



Figure 5illustrates TxA4 purification and SDS-PAGE analysis of the nickel
affinity purification of HRV3C protease treated TxA4. M= Molecular weight
markers, L = column load, A8 = column flow-through. Fractions A14 - B14
showed the purified TxA4. EXAMPLES Example 1 - Cloning and expression of
antigens derived from Toxins A and B Genes encoding these peptides may be
made commercially with codon bias for any desired expression host (e.g. E.
coli, Pichia pastoris). Peptides are expressed from these genes using
standard molecular biology methods (e.g. Sambrook et al. 1989, Molecular
Cloning a Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York).One convenient method of cloning is
the Gateway (r) system (Invitrogen) which allow genetic constructs to be
assembled in a modular fashion. Protocol 1: The Gateway LR recombination
reaction - a general protocol Materials: Antigen gene (Toxin A or B)) entry
clones were synthesised by Entelechon. Gateway (r) LR Clonase TM II Enzyme
Mix was purchased from Invitrogen. Gateway (r) Nova pET Destination vectors
were purchased from Calbiochem Nova, part of Merck Chemicals Ltd. Toxin A
or B entry clone (1 pl), destination vector (1 pl) and TE buffer (6 pl)
were mixed at room temperature in a 1.5 ml microcentrifuge tube. LR Clonase
TM II was placed on ice for two minutes and mixed briefly with vortexing (2
x 2 s). The clonase enzyme (2 pl) was added to the microcentrifuge tube and
the components mixed with gentle pipetting. Recombinations were incubated
at 25 C for 1 hour. Proteinase K solution (1 pl, 2 pg / pl) was added and
the  WO 2012/046061PCT/GB2011/051910 reactions incubated at 37 C for 10
minutes. The resultant solution (1 pl) was used to transform chemically
competent E. coll. 



Protocol 2: Transformation of chemically competent cells - a general
protocol Materials: OneShot(r) BL21 StarTM (DE3) and One Shot(r) TOP10
chemically competent E. coli and SOC media were purchased from Invitrogen.
Ampicillin was purchased from Sigma Aldrich. LR recombination reaction or
plasmid DNA (1 pl) was pipetted into an aliquot (50 pl) of BL21 StarTM or
TOP10 chemically competent E. coli. The mixture was incubated on ice for 30
minutes and subsequently heat shocked in a water bath at 42 C for 30
seconds. The cell aliquot was returned to the ice and SOC media (250 pl)
added. Transformations were maintained in SOC media at 37 C for 1 hour with
orbital shaking (180 rpm). Transformation culture (100 - 200 pl) was plated
out onto LB agar supplemented with ampicillin (100 pg / ml). The plates
were incubated at 37 C for 15 minutes, inverted and maintained at the same
temperature overnight. Example 2 - Purification of antigens of the
invention - expression and purification of C. difficile Toxin B fragment
TxB3 Toxin B-derived antigen TxB3(-h) (eg. Seq ID 9) was expressed as a
thioredoxin fusion protein (Seq ID 27). An N-his6-thioredoxin fusion of
TxB3 was expressed in BL21 StarTM (DE3) E. coli harbouring plasmid
pDest59TxB3. LB media (3 x 20 ml) supplemented with 100 pg / ml ampicillin
and 0.5 (:)/0 glucose was inoculated from a glycerol cell stock (cell
culture < OD 600 1 [500 pl] + glycerol [125 pl]). Cultures were maintained
at 37 C for 6-7 hours with orbital shaking (180 rpm). Each culture was used
to inoculate LB media (100 ml) supplemented with 100 pg / ml ampicillin and
0.5% glucose. Cultures were maintained at 37 C for 1 hour with orbital
shaking (180 rpm). Terrific Broth (3 x 1 L) supplemented with 100 pg / ml
ampicillin and 0.1 (:)/0 glucose was inoculated with the LB culture (100 ml
per litre) and maintained at 37 C as before to an absorbance at 600 nm of
0.5. Expression was induced with the addition of IPTG to a final
concentration of 1 mM and the cultures maintained at 16 C overnight with
orbital shaking (180 rpm). Cells were harvested by centrifugation for 30
minutes (3000 rpm, Sorvall RC3BP centrifuge, rotor # H6000A), resuspended
in low imidazole buffer  WO 2012/046061PCT/GB2011/051910 (100 ml, pH 7.4,
50 mM HEPES, 500 mM sodium chloride, 20 mM imidazole) and frozen at -80 C.
(i) Nickel affinity purification of the thioredoxin TxB3 fusion protein
Cell paste was thawed at room temperature and then on ice until liquefied.
Cells were disrupted with sonication (10 cycles of 30 s ON and 30 s OFF)
and the resultant lysate cleared by centrifugation for 30 minutes (14,000
rpm, Sorvall RC5C centrifuge, rotor #SS-34). Cleared lysate was applied to
fast flow chelating sepharose charged with nickel ions (40 ml bed volume)
at a flow rate of 1 ml / min. The column was washed with low imidazole
buffer (pH 7.4, 50 mM HEPES, 500 mM sodium chloride, 20 mM imidazole) until
the absorbance of the flow through at 280 nM returned to near baseline
levels. Bound material was eluted with sequential steps to 15, 25 and 70 %
high imidazole buffer (pH 7.4, 50 mM HEPES, 500 mM sodium chloride, 500 mM
imidazole). Material eluted at 70 % high imidazole buffer was pooled and
dialysed into thrombin cleavage buffer (20 mM Tris-HCI pH 8.4, 150 mM
sodium chloride, 2.5 mM calcium chloride) overnight. (ii) Thrombin
digestion of the thioredoxin TxB3 fusion protein 



Human thrombin (Novagen, 1U per mg of total protein) was added to the
pooled nickel column fractions which had been dialysed into thrombin
cleavage buffer. The digest was incubated at 25 C for 4 hours and frozen at
-80 C to prevent continued cleavage. (iii) Nickel affinity purification of
TxB3 The thrombin digest was thawed on ice and p-Aminobenzamidine resin
added (0.1 ml drained resin per 6U of thrombin). The mixture was gently
rocked over ice for 30 minutes and the resin filtered off. The cleared
filtrate was passed over fast flow chelating sepharose charge with nickel
ions (6 ml bed volume) at a flow rate of 1 ml / min and the flow through
pooled and dialysed into storage buffer (pH 7.4, 50 mM HEPES, 150 mM sodium
chloride). The solution was sterile filtered into 1 ml aliquots. The total
protein obtained was 10.5 mg, which was estimated to be 55 % TxB3. Protein
was also analysed by Western blotting with ovine anti-TcdB polyclonal
antibodies (Figure 2).  WO 2012/046061PCT/GB2011/051910 Example 3 -
Purification of antigens of the invention - expression and purification of
C. difficile Toxin B fragment TxB4 Large scale expression of the Nus TxB4
fusion protein A bead from a -80 C stock of BL21 Star (DE3) E. co/i
harbouring plasmid pDest57TxB4His was streaked onto L-agar supplemented
with 100 pg / ml ampicillin and incubated at 37 C overnight. A single
colony was used to inoculate 2YT media (100 ml) supplemented with 100 pg /
ml ampicillin and 0.5 (:)/0 glucose. The culture was maintained at 37 C
with orbital shaking (180 rpm) to an absorbance of 0.6 at 600 nm and used
as a 5 (:)/0 inoculum for Terrific Broth (2 x 1L) supplemented with 100 pg
/ ml ampicillin and 0.5 (:)/0 glucose. Cultures were maintained as before
to an absorbance of 0.6 at 600 nm and the temperature lowered to 16 C.
Protein expression was induced by the addition of IPTG to a final
concentration of 1 mM following thermal equilibration and the culture
maintained overnight. Cells were harvested by centrifugation for 30 minutes
(3000 rpm, Sorvall RC3BP centrifuge, rotor # H6000A), resuspended in low
imidazole buffer (1:4 cell paste to buffer w / v, 50 mM HEPES pH 7.4, 500
mM sodium chloride, 20 mM imidazole) and frozen at -80 C. Nickel affinity
purification of the Nus TxB4 fusion protein Cell paste was thawed at room
temperature and then on ice until liquefied. Cells were disrupted with
sonication (15 cycles of 30 s ON and 30 s OFF) and the resultant lysate
cleared by centrifugation for 30 minutes at 4 C (16,000 rpm, Sorvall RC5C
centrifuge, rotor # SS-34). Cleared lysate was applied to fast flow
chelating sepharose charged with nickel ions (40 ml bed volume) at a flow
rate of 2 ml / min. The column was washed with low imidazole buffer (pH
7.4, 50 mM HEPES, 500 mM sodium chloride, 20 mM imidazole) until the
absorbance of the flow through at 280 nm returned to near baseline levels.
Bound material was eluted with a step to 50 (:)/0 high imidazole buffer (pH
7.4, 50 mM HEPES, 500 mM sodium chloride, 500 mM imidazole). Material
eluted from the column was analysed by SDS-PAGE and selected fractions
pooled. Protein concentration was determined from the absorbance at 280 nm.
Thrombin digestion of the Nus TxB4 fusion protein  



WO 2012/046061PCT/GB2011/051910 To each 10 pg of protein, 5 pl of thrombin
digest buffer (200 mM Tris-HCI pH 8.4, 1.5 M NaCI, 25 mM CaCl2), 1 pl of
Human thrombin (Novagen) diluted 200 fold in thrombin dilution buffer (50
mM sodium citrate, pH 6.5, 200 mM NaCI, 0.1% PEG-8000, 50% glycerol) and
water to a volume of 50 pl were added. The protein was digested overnight
at room temperature and dialysed into low imidazole buffer at 4C. Nickel
affinity purification of TxB4 TxB4 in low imidazole buffer was applied to
fast flow chelating sepharose charged with nickel ions (40 ml bed volume)
at a flow rate of 3 ml / min. The column was washed with low imidazole
buffer until the absorbance of the flow through at 280 nm returned to near
baseline levels. The column was washed with 80 mM imidazole, protein
eluting after the resultant initial peak in UV absorbance (280 nm) was
collected and dialysed into storage buffer (50 mM HEPES pH 7.4, 150 mM
sodium chloride). Protein was analysed by SDS-PAGE and Western blotting
with ovine antiTcdB polyclonal antibodies (Figure 3). Example 4 -
Expression and purification of C. difficile Toxin B fragment TxB5 (residues
544-2366 of Toxin B) Large scale expression of the Nus TxB5 fusion protein
An N-his6-Nus fusion of TxB5 was expressed in BL21 StarTM (DE3) E. co/i
harbouring plasmid pDest57TxB5. An overnight culture in LB media
supplemented with 100 pg / ml ampicillin was used as a 3 % inoculum for
Terrific Broth (3L) supplemented with 100 pg / ml ampicillin. Cultures were
maintained at 37 C to an absorbance at 600 nm of 0.6 with orbital shaking
(180 rpm). Expression was induced with the addition of IPTG to a final
concentration of 1 mM and the cultures maintained at 16 C overnight with
orbital shaking (180 rpm). Cells (25 g) were harvested by centrifugation
for 30 minutes (3000 rpm, Sorvall RC3BP centrifuge, rotor # H6000A) and
resuspended in low imidazole buffer (250 ml, pH 7.4, 50 mM HEPES, 500 mM
sodium chloride, 20 mM imidazole). Nickel affinity purification of the Nus
TxB5 fusion protein Lysozyme (10 mg) was added to the resuspended cells and
the mixture stirred for 15 minutes. Cells were disrupted with sonication
(10 cycles of 30 s ON and 30 s OFF)  WO 2012/046061PCT/GB2011/051910 



and the resultant lysate cleared by centrifugation for 30 minutes (14,000
rpm, Sorvall RC5C centrifuge, rotor #SS-34). Half of the cleared lysate was
applied to fast flow chelating sepharose charged with nickel ions (40 ml
bed volume) at a flow rate of 2 ml / min. The column was washed with low
imidazole buffer until the UV absorbance of the flow through at 280 nm
returned to near baseline levels. Protein, including Nus TxB5, was eluted
with a step to 38 % (200 mM imidazole) high imidazole buffer (pH 7.4, 50 mM
HEPES, 500 mM sodium chloride, 500 mM imidazole). The second half of the
lysate was processed in the same manner and the pooled eluted protein
dialysed overnight into high salt HIC buffer (pH 7.4, 50 mM HEPES, 750 mM
ammonium sulphate). Butyl-s hydrophobic interaction chromatography
purification of Nus TxB5 Half of the pooled protein solution in high salt
HIC buffer was applied to a column containing butyl-s-sepharose 6 fast flow
resin (9 ml bed volume). The column was washed with high salt HIC buffer
(pH 7.4, 50 mM HEPES, 750 mM ammonium sulphate) until the UV absorbance of
the flow through at 280 nm returned to near baseline levels. Protein was
eluted from the column with a step to 100 % low salt HIC buffer ((pH 7.4,
50 mM HEPES). The other half of the protein from the first nickel column
was purified in the same manner. The eluted protein was pooled in
preparation for digestion with thrombin. Thrombin digestion of the Nus TxB5
fusion protein Pooled protein from the HIC column (69 mg, 30 ml) was added
to a solution containing 10x thrombin cleavage buffer (15 ml, 200 mM
Tris-HCI pH 8.4, 1.5 M sodium chloride, 25 mM calcium chloride), deionised
water (105 ml) and human thrombin (Novagen, 40 U). The solution was
incubated at room temperature for 4 hours and PMSF added to a final
concentration of 1 mM. The resultant protein including the TxB5 was
dialysed into high salt HIC buffer. Butyl-s hydrophobic interaction
chromatography purification of TxB5 The TxB5 from the thrombin digest was
purified in two batches. Each batch was applied in high salt HIC buffer (pH
7.4, 50 mM HEPES, 750 mM ammonium sulphate) to a column containing
butyl-s-sepharose 6 fast flow resin (9 ml bed volume) at a flow rate of 1
ml / min. The column was washed with high salt HIC  WO
2012/046061PCT/GB2011/051910 buffer until the UV absorbance of the flow
through at 280 nm returned to near baseline levels. Protein was eluted from
the column with a step to 100 % low salt HIC buffer (pH 7.4, 50 mM HEPES).
The eluted material was dialysed against buffer (pH 7.4, 50 mM HEPES)
overnight. Q sepharose ion exchange chromatography purification of TxB5 The
TxB5 in buffer (pH 7.4, 50 mM HEPES) was run through a column containing Q
sepharose fast flow resin (5 ml bed volume) at a flow rate of 1 ml / min.
The flow through was pooled and dialysed into storage buffer (pH 7.4, 50 mM
HEPES, 150 mM sodium chloride). Approximately 20 mg of protein was
produced, of this 60 % was TxB5 based on SDS-PAGE analysis. The protein was
frozen in 1 ml aliquots at - 80 C. Protein was analysed by SDS-PAGE and
Western blotting with ovine antiTcdB polyclonal antibodies (Figure 4). 



Example 5 - Expression and purification of C. difficile Toxin A fragment
TxA4 (residues 770-2710 of Toxin A) Expression  L-broth (100 ml)
supplemented with 50 pg/ml kanamycin and 0.2 % glucose was inoculated with
a scrape from a glycerol freeze (BL21 (DE3) E. co/i harbouring plasmid
pET28aHis6TrxHRV3CaNaturalTxA4) and maintained overnight at 30C and 180
rpm. The overnight culture was used as a 2 % inoculum for Terrific Broth (4
x 0.5 L in 2L unbaffled flasks) supplemented with 50 pg/ml kanamycin and
0.2 % glucose. Cultures were maintained at 37C with orbital shaking (180
rpm) to an absorbance at 600 nm of 0.6. The temperature of the cultures was
reduced to 16C and protein expression induced with the addition of 1 mM
IPTG. The culture was maintained overnight at 16C with orbital shaking as
before. Cell paste (23 g) was harvested by centrifugation (Sorvall RC3BP
centrifuge, H6000A rotor, 4000 g, 20 minutes). The paste was recovered from
the centrifuge pots by resuspension in low imidazole buffer (pH 7.5, 50 mM
Hepes, 0.5 M sodium chloride, 20 mM lmidazole) and stored at -80C.
Immobilised nickel affinity purification of the TxA4 precursor Cells (23g)
resuspended with 85 ml of low imidazole buffer (pH7.5, 50 mM Hepes, 0.5 M
NaCI 20 mM imidazole) was subjected to lysis using sonication. The lysate
was cleared by centrifugation (Sorvall RC5C centrifuge, SS-34 rotor, 20,000
g, 20 minutes) and applied to a 20 ml nickel column (0 26 mm) at a flow
rate of 1.5 ml/min. The column was washed with  WO
2012/046061PCT/GB2011/051910 ten column volumes of low imidazole buffer and
bound protein eluted using a five column volume gradient to 100 % high
imidazole buffer (pH7.5, 50 mM Hepes, 0.5 M NaCI, 0.5 M imidazole).
Fractions were analysed on 4-12% NuPAGE Bis-Tris polyacrylamide gels with
coomassie staining. Cleavage of the fusion partner and His6-tag  The purest
fractions were pooled and dialysed against HRV3C cleavage buffer (2L, pH
7.5, 20 mM Tris-HCI, 0.5 M NaCI) overnight at 4C. HRV3C protease (10 U per
mg of full length target protein) was added to the solution and incubated
at 20C for five hours followed by 4C overnight. Immobilised nickel affinity
purification of post cleavage TxA4  The protein solution (pH 7.5 20 mM
Tris-HCI, 0.5 M NaCI) was passed over a 20 ml nickel column (0 26 mm) at a
flow rate of 1.5 ml/min. Some protein was seen to elute in the flow through
as judged by the UV absorbance. The column was given a short wash with the
HRV3C cleavage buffer and the TxA4 eluted with 5 % high imidazole buffer
(pH7.5, 50 mM Hepes, 0.5 M NaCI, 0.5 M imidazole) at an imidazole
concentration of 25 mM. The remaining proteins were eluted from the column
with a four column volume gradient to 100 % high imidazole buffer. The
purest fractions were pooled and dialysed into storage buffer (pH 7.5 50 mM
Hepes, 0.5 M NaCI). Fractions from the final purification colum are shown
in Figure 5. 



Example 6 - Expression and purification of C. difficile Toxin A fragment
TxA4 truncated (residues 770-2389 of Toxin A) Expression  L-Broth (100 ml)
supplemented with 100 pg/ml ampicillin and 0.5% glucose was inoculated with
a colony (harbouring pET59His6TRXtcsanaturalTxA4truncate) from an overnight
growth on a L-agar plate supplemented with 100 pg/ml ampicillin and
maintained overnight at 37C and 180 rpm. This was used as an inoculum for
Terrific Broth (6 x 1000 mls in 2000m1 unbaffled flasks) supplemented with
100 pg/ml ampicillin and 0.5% glucose. Cultures were maintained at 37C with
orbital shaking (180 rpm) to an absorbance at 600 nm of 0.6. The
temperature of the cultures was reduced to 16C and protein expression
induced with the addition of IPTG to a final concentration of 1 mM. The
culture was maintained overnight at 16C with orbital shaking as before.
Cell paste was harvested by centrifugation (Sorvall RC3BP  WO
2012/046061PCT/GB2011/051910 centrifuge, H6000A rotor, 4000g, 30 minutes).
The paste was recovered from the centrifuge pots by re-suspension in Hepes
buffer (50 mM Hepes pH 7.4, 0.5 M sodium chloride) and stored at -20C.
Immobilsed nickel affinity purification of the TxA4 truncate precursor
Cells (44 g) re-suspended with 180 ml of Hepes buffer (50 mM Hepes pH 7.4,
500 mM NaCI) were subject to lysis using sonication. The lysate was
clarified by centrifugation at 4000 rpm for 20 minutes (Heraeus Multifuge).
The supernatant was retained and applied to a 64 ml Zinc Sepharose column
(XK26 x 12) at a flow rate of 5 ml/minute. The column was washed until the
absorbance at 280 nm was reduced to the baseline. The bound protein was
eluted using a gradient of 0 - 250 mM imidazole in 50 mM Hepes pH 7.4, 500
mM sodium chloride. The fractions were analysed on 4-12% NuPAGE Bis-Tris
polyacrylamide gels with coomassie staining. Cleava e of the fusion artner
and His6-ta The purest fractions were pooled and dialysed against thrombin
cleavage buffer (20 mM Tris/HCI pH 8.4 + 150 mM NaCI + 2.5 mM Ca C12)
overnight at +4C. Restriction grade thrombin (Novagen) was added at 1:2000
wt: wt with respect to the target protein. The mixture was incubated at
room temperature overnight. Immobilised zinc affinity purification of post
cleavage TxA4 truncate  



The protein solution (in 50 mM Hepes pH 7.4, 500 mM sodium chloride) was
passed over a 24 ml zinc column (XK16 x 12) at a flow rate of 2 ml/minute.
The column was washed with equilibration buffer (50 mM Hepes pH 7.4, 500 mM
sodium chloride) until the absorbance at 280 nm was reduced to the
baseline. The bound protein was eluted using a gradient of 0 - 250 mM
imidazole in 50 mM Hepes pH 7.4, 500 mM sodium chloride. Example 7 -
Formulation of antigens of the invention for immunisation of animals
Purified C. difficile antigens at a concentration of between 0.5 - 2 mg/ml
(nominally 1 mg/ml) were dialysed against a suitable buffer (e.g. 10mM
Hepes buffer pH 7.4 containing 150mM NaCI) and then formaldehyde added to a
final concentration of 0.2% and incubated for up to 7 days at 35C. After
incubation, the formaldehyde  WO 2012/046061PCT/GB2011/051910 may
optionally be removed by dialysis against a suitable buffer, e.g. phosphate
buffered saline. For sheep, 2 ml of buffer solution containing between 10
and 500 pg of the above C. difficile antigen is mixed with 2.6 ml of
Freund's adjuvant to form an emulsion. Mixing with the adjuvant is carried
out for several minutes to ensure a stable emulsion. The complete form of
the adjuvant is used for the primary immunisation and incomplete Freund's
adjuvant for all subsequent boosts. Example 8 - Generation of antibodies to
antigens of the invention A number of conventional factors are taken into
consideration during the preparation of antiserum in order to achieve the
optimal humoral antibody response. These include: breed of animal; choice
of adjuvant; number and location of immunisation sites; quantity of
immunogen; and number of and interval between doses. With conventional
optimisation of these parameters is routine to obtain specific antibody
levels in excess of 6 g/litre of serum. For sheep, an emulsion of the
antigen with Freund's adjuvant was prepared as described as in Example 7.
The complete form of the adjuvant is used for the primary immunisation and
incomplete Freund's adjuvant for all subsequent boosts. About 4.2 ml of the
antigen/adjuvant mixture was used to immunise each sheep by i.m. injection
and spread across 6 sites including the neck and all the upper limbs. This
was repeated every 28 days. Blood samples were taken 14 days after each
immunisation. For comparison of the toxin-neutralising immune response to
the different antigens, 3 sheep were used per antigen. They were immunised
as above using an identical protocol and the same protein dose per
immunisation. Example 9 - Assessment of the neutralising efficacy of
antisera to toxins using the in vitro cell assay 



The toxin neutralizing activity of the antisera against C. difficile Toxins
was measured by cytotoxicity assays using Vero cells. A fixed amount of
either purified C. difficile Toxin A or Toxin B was mixed with various
dilutions of the antibodies, incubated for  WO 2012/046061PCT/GB2011/051910
30min at 37C and then applied to Vero cells growing on 96-well tissue
culture plates. Both Toxin A and B possess cytotoxic activity which results
in a characteristic rounding of the Vero cells over a period of 24 - 72 h.
In the presence of neutralising antibodies this activity is inhibited and
the neutralising strength of an antibody preparation may be assessed by the
dilution required to neutralise the effect of a designated quantity of
either Toxin A or B. Data demonstrating the neutralising activity of ovine
antibody to various recombinant C. difficile Toxin B antigens are shown in
Tables 3-6. In these experiments, various dilutions of ovine antibody were
mixed with Toxin B at a final concentration of 0.5 ng/ml and incubated for
30min at 37C and then applied to Vero cells as above and incubated at 37
and monitored over a period of 24 -72 h. The antibody dilutions which
completely protect the cells against the cytotoxic effects of the Toxin B
were calculated. Similar data for Toxin A-derived antigens are shown in
tables 7-10 Collectively, the data in Tables 3 -10 show the superior
capacity of fusion proteins of the invention to elicit a toxin-neutralising
immune response compared to fragments containing just the repeat domains of
either Toxin A or B. Example 10 - Assessment of the in vivo efficacy of
antiserum generated using recombinant antigens of the invention for
treating COI To demonstrate the efficacy of the antisera generated, using
recombinant antigens, to treat CU in vivo, Syrian hamsters are passively
immunised with antibodies which have neutralising activity against one or
more of the toxins of C. difficile. For assessing the efficacy of a
treatment formulation, hamsters will be given antibody either intravenously
or by the intraperitoneal route at various times from 6 hours
post-challenge to 240 hours post challenge with C. difficile Prior to
passively immunisation hamsters are administered a broad spectrum
antibiotic (e.g. clindamycin) and 12-72 h later challenged with C.
difficile spores by mouth. Animals are then monitored for up to 15 days for
symptoms of C. difficileassociated disease. Control, non-immunised animals
develop signs of the disease (e.g. diarrhoea, swollen abdomen, lethargy,
ruffled fur) while those treated with ovine antibody appear normal.  



WO 2012/046061PCT/GB2011/051910 Example 11- Vaccination by peptide/ peptide
fragments of the invention A vaccine, represented by a peptide/ peptide
fragment of the invention is prepared by current Good Manufacturing
Practice. Using such practices, peptides/ peptide fragments of the
invention may be bound to an adjuvant of aluminium hydroxide which is
commercially available (e.g. Alhydrogel).The vaccine would normally contain
a combination of antigens of the invention derived from Toxin A and Toxin B
but could also contain either Toxin A or B antigens. The vaccine may also
contain Toxin A and B antigens in combination with other antigens of
bacterial or viral origin. Purified C. difficile Toxin A and/or Toxin B
antigen of the invention may be treated with formaldehyde at a final
concentration of 0.2% and incubated for up to 24 hours at 35C (as described
in Example 7). . In addition to the antigens of the invention, a typical
vaccine composition comprises:  A) A buffer (e.g., Hepes buffer between 5
and 20 mM and pH between 7.0 and 7.5;  B) A salt component to make the
vaccine physiologically isotonic (e.g. between 100 and 150 mM NaCI);  C) An
adjuvant (e.g., aluminium hydroxide at a final aluminium concentration of
between 100 and 700pg per vaccine dose); and  D) A preservative (e.g.,
Thiomersal at 0.01% or formaldehyde at 0.01%). Such vaccine compositions
are administered to humans by a variety of different immunisation regimens,
such as:  1. A single dose (e.g., 20 pg adsorbed fragment of the invention)
in 0.5 ml 



administered sub-cutaneously.  2. Two doses (e.g., of 10 pg adsorbed
fragment of the invention) in 0.5 mls administered at 0 and 4 weeks.  3.
Three doses (e.g., of 10 pg adsorbed fragment of the invention) in 0.5 mls
administered at 0, 2 and 12 weeks. These vaccination regimens confer levels
of protection against exposure to the homologous serotypes of C. difficile
toxins  WO 2012/046061PCT/GB2011/051910 Example 12 - Affinity purification
of IgG using immobilised constructs of the invention. Preparation of the
affinity chromatography medium  The construct of the invention to be
immobilised is dialysed against a suitable coupling buffer e.g. 0.1 M
NaHCO3 pH 8.3 containing 0.5 M NaCI. Approximately 5 ml of protein solution
at 1-3 mg/ml is added per ml of CNBr-activated Sepharose 4B powder. The
mixture is rotated end-over end for 1 h at room temperature or overnight at
4 C. Other gentle stirring methods may be employed.Excess ligand is then
wash away excess with at least 5 



medium (gel) volumes of coupling buffer.Any remaining active groups and
then blocked. The medium is transferred to 0.1 M Tris-HCI buffer, pH 8.0 or
1 M ethanolamine, pH 8.0 and incubated 2 hours at room temperature. The gel
is then washed with at least three cycles of alternating pH (at least 5
medium volumes of each buffer). Each cycle should consist of a wash with
0.1 M acetic acid/sodium acetate, pH 4.0 containing 0.5 M NaCI followed by
a wash with. 0.1 M Tris-HCI, pH 8 containing 0.5 M NaCI. After washing the
gel is transferred to a suitable storage buffer (e.g. 50mM HEPES pH 7.4
containing 0.15M NaCI and stored at 4 C until use Purification of IgG
Affinity columns are prepared as above using antigens of the invention
derived from either Toxin A or B.For purification of antibodies to Toxin B,
a construct such as TxB4 (residues 767-2366) could be used.For purification
of antibodies to Toxin A, a construct such as TxA4 (residues 770-2710)
could be used.For affinity purification of antibodies which bind toxin B,
serum which contains antibodies to Toxin B is diluted 1:1 with a suitable
buffer (e.g. 20 mM HEPES pH 7.4 buffer containing 0.5M NaCI) and the
mixture applied to column containing immobilised TxB4 packed in a suitable
column (2-6 ml mixture per ml of gel). After the unbound fraction (which
contains serum albumin and non-specific IgG) is washed off with at least 10
column volumes of 20 mM HEPES pH 7.4 buffer containing 0.5M NaCI buffer,
the bound fraction is eluted from the column with 5 column volumes of
elution buffer (e.g. 100mM glycine buffer, pH 2.5).The eluted fractions
containing the IgG are then immediately neutralised to approximately pH 7.0
with of 1M Tris-HCI pH 8.0.These fractions, which contain the IgG which
binds Toxin B, are then dialysed against 50mM HEPES pH 7.4 containing 0.15m
NaCI and stored frozen until required Affinity purified IgG fractions which
bind and neutralises either Toxin A or B may be used as 



therapeutic agents to either treatment of prevent CD.They may also be used
in assay systems such as enzyme-linked immunosorbant assay (ELISA) for the
detection of Toxins A WO 2012/046061PCT/GB2011/051910 or B.I n such
diagnostic systems, affinity purified antibodies may provide assays of
higher sensitivity and with reduced background interference.      WO
2012/046061PCT/GB2011/051910 Table 3 - Neutralisation titres obtained by
immunisation of sheep with recombinant Toxin B-derived antigens (6 weeks
time point; 2 doses of 100pg each) 



Toxin B- derived Antigen (amino acid sequence) Neutralisation titre against
Toxin B (0.5ng/m1) Recombinant Toxin B (1756-2366) <10 Recombinant Toxin B
(1145-2366) 960 Recombinant Toxin B (767-2366) 2,560 Recombinant Toxin B
(543-2366) 1,280  



Table 4 - Neutralisation titres obtained by immunisation of sheep with
recombinant Toxin B-derived antigens (18 weeks time point; 5 doses of 100pg
each) Toxin B- derived Antigen (amino acid sequence) Neutralisation titre
against Toxin B (0.5ng/m1) Recombinant Toxin B (1756-2366) 80 Recombinant
Toxin B (1145-2366) 5,120 Recombinant Toxin B (767-2366) 10,250 Recombinant
Toxin B (543-2366) 5,120 



WO 2012/046061PCT/GB2011/051910 Table 5 - Neutralisation titres obtained by
immunisation of sheep with a recombinant Toxin B-derived antigen (TxB4;
residues 767-2366) of the invention Antigen No of Doses Immunisation period
(weeks) Neutralisation titre against Toxin B (0.5ng/m1) Recombinant Toxin B
(residues 767-2366) 



at 100pg/dose 2 6 2,560  3 10 2,560  4 14 10,250 



5 18 10,250  6 22 20,480  Table 6 - Neutralisation titres obtained by
immunisation of sheep with a recombinant Toxin B-derived antigen (TxB2,
1756-2366) representing the repeat regions Antigen No of Doses 



Immunisation period (weeks) Neutralisation titre against Toxin B (0.5ng/m1)
Recombinant Toxin B (residues 767-2366) at 100pg/dose 2 6 <10  



3 10 10  4 14 10  5 18 80  



WO 2012/046061PCT/GB2011/051910 Table 7 - Neutralisation titres obtained by
immunisation of sheep with recombinant Toxin A-derived antigens (10 weeks
time point) Toxin A- derived Antigen (amino acid sequence) No of Doses
(100pg) Neutralisation titre against Toxin A (50ng/m1) Recombinant Toxin A
(1850-2710) 3 640  



Recombinant Toxin A (770-2710) 2 7,680  Recombinant Toxin A(770-2389) 3
10,240   Table 8 - Neutralisation titres obtained by immunisation of sheep
with recombinant Toxin A-derived antigens (18 weeks time point) Toxin A-
derived Antigen (amino acid sequence) 



No of Doses (100pg) Neutralisation titre against Toxin A (50ng/m1)
Recombinant Toxin A (1850-2710) 5 1,280  Recombinant Toxin A (770-2710) 4
15,360  



WO 2012/046061PCT/GB2011/051910 Table 9 - Neutralisation titres obtained by
immunisation of sheep with a recombinant Toxin A-derived antigen (TxA4;
residues 770-2710) of the invention Antigen No of Doses Immunisation period
(weeks) Neutralisation titre against Toxin A (50ng/m1) Recombinant Toxin A
(residues 770-2710) 



at 100pg/dose 2 10 7,680  3 14 10,240  4 18 15,360 



Table 10 - Neutralisation titres obtained by immunisation of sheep with a
recombinant Toxin A-derived antigen (TxA2; residues 1850-2710) representing
the repeat region only Antigen No of Doses Immunisation period (weeks)
Neutralisation titre against Toxin A (50ng/m1) Recombinant Toxin A
(residues 1850-2710) at 100pg/dose 



2 6 320  3 10 630  4 14 1,280  



5 18 1,280  WO 2012/046061PCT/GB2011/051910 SED ID NOs SEQ ID NO: 1 -
Clostridium difficile Toxin A (Toxinotype 0)
MSLISKEELIKLAYSIRPRENEYKTILTNLDEYNKLTTNNNENKYLQLKKLNESIDVFMNKYKTSSRNRA
LSNLKKDILKEVILIKNSNTSPVEKNLHFVWIGGEVSDIALEYIKQWADINAEYNIKLWYDSEAFLVNTLK
KAIVESSTTEALQLLEEEIQNPQFDNMKFYKKRMEFIYDRQKRFINYYKSQINKPTVPTIDDIIKSHLVSE
YNRDETVLESYRTNSLRKINSNHGIDIRANSLFTEQELLNIYSQELLNRGNLAAASDIVRLLALKNFGGV
YLDVDMLPGIHSDLFKTISRPSSIGLDRWEMIKLEAIMKYKKYINNYTSENFDKLDQQLKDNFKLIIESKS
EKSEIFSKLENLNVSDLEIKIAFALGSVINQALISKQGSYLTNLVIEQVKNRYQFLNQHLNPAIESDNNFT
DTTKIFHDSLFNSATAENSMFLTKIAPYLQVGFMPEARSTISLSGPGAYASAYYDFINLQENTIEKTLKA
SDLIEFKFPENNLSQLTEQEINSLWSFDQASAKYQFEKYVRDYTGGSLSEDNGVDFNKNTALDKNYLL
NNKIPSNNVEEAGSKNYVHYlIQLQGDDISYEATCNLFSKNPKNSIIIQRNMNESAKSYFLSDDGESILE
LNKYRIPERLKNKEKVKVTFIGHGKDEFNTSEFARLSVDSLSNEISSFLDTIKLDISPKNVEVNLLGCNM
FSYDFNVEETYPGKLLLSIMDKITSTLPDVNKNSITIGANQYEVRINSEGRKELLAHSGKWINKEEAIMS
DLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSPDTKFILNNLKLNIESSIGDYIYYEKLEP
VKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETE
KEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVK
VQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLKKEL
EAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSESKK
YGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSIYS
AIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDY
AITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDLWI
FNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIEINL
V AKSYSLLLSGDKNYLISNLSNTIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNILE
FYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSS
YLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIYFG
EWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNY
YSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFN
KMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDPIE
FNLVTGWQTINGKKYYFDINTGAALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNNI
EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAIIS
KGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQ
AIVYQSKFLTLNGKKYYFDNNSKAVTGLQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAAT
GWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAIL
YQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIE
RNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVT
GWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSI
NGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGL
RTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGF
EYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGVVVTIDGNRYYFEPNTAMGANGYKTI
DNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGW
QTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID NO: 2 - C. difficile
Toxin B (Toxinotype 0)
MSLVNRKQLEKMANVRFRTQEDEYVAILDALEEYHNMSENTVVEKYLKLKDINSLTDIYIDTYKKSGRN
KALKKFKEYLVTEVLELKNNNLTPVEKNLHFVWIGGQINDTAINYINQWKDVNSDYNVNVFYDSNAFLI
NTLKKTVVESAINDTLESFRENLNDPRFDYNKFFRKRMEllYDKQKNFINYYKAQREENPELIIDDIVKTY
LSNEYSKEIDELNTYIEESLNKITQNSGNDVRNFEEFKNGESFNLYEQELVERWNLAAASDILRISALKE
IGGMYLDVDMLPGIQPDLFESIEKPSSVTVDFWEMTKLEAIMKYKEYIPEYTSEHFDMLDEEVQSSFE
SVLASKSDKSEIFSSLGDMEASPLEVKIAFNSKGIINQGLISVKDSYCSNLIVKQIENRYKILNNSLNPAIS
EDNDFNTTTNTFIDSIMAEANADNGRFMMELGKYLRVGFFPDVKTTINLSGPEAYAAAYQDLLMFKEG
SMNIHLIEADLRNFEISKTNISQSTEQEMASLWSFDDARAKAQFEEYKRNYFEGSLGEDDNLDFSQNI
VVDKEYLLEKISSLARSSERGYIHYIVQLQGDKISYEAACNLFAKTPYDSVLFQKNIEDSEIAYYYNPGD
GEIQEIDKYKIPSIISDRPKIKLTFIGHGKDEFNTDIFAGFDVDSLSTEIEAAIDLAKEDISPKSIEINLLGCN
MFSYSINVEETYPGKLLLKVKDKISELMPSISQDSIIVSANQYEVRINSEGRRELLDHSGEWINKEESIIK
DISSKEYISFNPKENKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEERIEE
AKNLTSDSINYIKDEFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEK
TIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKV
QVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPIIATIIDGVSLGAAIKELSETSDPLLRQEI
WO 2012/046061PCT/GB2011/051910
EAKIGIMAVNLTTATTAIITSSLGIASGFSILLVPLAGISAGIPSLVNNELVLRDKATKVVDYFKHVSLVET
EGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLS1
YDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFA
FIADALITTLKPRYEDTN IRINLDSNTRSFIVPIITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIELSES
DVW I I DVDNVVRDVTI ESDKI KKGDLI EG ILSTLSIEENKI I
LNSHEINFSGEVNGSNGFVSLTFSILEG INAI
IEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVS
ELPDVVL ISKVYMDDSKPSFGYYSNNLKDVKVITKDNVN I LTGYYLKDDIKISLSLTLQDEKTIKLNSVHL
DESGVAEI LKFMNRKGNTNTSDSLMSFLESMN I KSI FVNFLQSN IKFILDANFI
ISGTTSIGQFEFICDEN
DNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYT
DEIN ITPVYETNNTYPEVIVLDANYI NEKI NVN IN DLSIRYVWSNDGNDFI LMSTSEEN KVSQVKI
RFVNV FKDKTLANKLSFNFSDKQDVPVSEI ILSFTPSYYEDGLIGYDLGLVSLYNEKFYI
NNFGMMVSGLIYI ND SLYYFKPPVNNLITGFVTVGD DKYYFNPINGGAASIGETI I
DDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKL I I DEN
IYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSI NDNKH
YFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNN
KIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFS DSGI
IESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYF
GETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGE
MQFGYIN IEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEKRYYFTD
EYIAATGSVI IDGEEYYFDPDTAQLVISE 



SEQ ID NO:3 - C. difficile Toxin A (Toxinotype 3) MSLISKEEL IKLAYSI RPREN
EYKTILTN LDEYNKLTTN NN ENKYLQLKKLN ES IDVFMN KYKNSSRN RA
LSNLKKDILKEVILIKNSNTSPVEKNLHFVWIGGEVSDIALEYIKQWADINAEYNIKLWYDSEAFLVNTLK
KAIVESSTTEALQLLEEEIQNPQFDNMKFYKKRMEFIYDRQKRFI NYYKSQINKPTVPTIDDI IKSHLVSE
YNRDETLLESYRTNSLRKINSNHGIDIRANSLFTEQELLN IYSQELLNRGNLAAASDIVRLLALKNFGGV
YLDVDMLPGI HSDLFKTIPRPSSIGLDRWEM I KLEAI MKYKKYI NNYTSENFDKLDQQLKDNFKL I I
ESKS
EKSEIFSKLENLNVSDLEIKIAFALGSVINQALISKQGSYLTNLVIEQVKNRYQFLNQHLNPAIESDNNFT
DTTKIFHDSLFNSATAENSMFLTKIAPYLQVGFMPEARSTISLSGPGAYASAYYDFINLQENTIEKTLKA
SDLIEFKFPENNLSQLTEQEINSLWSFDQASAKYQFEKYVRDYTGGSLSEDNGVDFNKNTALDKNYLL
NNKIPSNNVEEAGSKNYVHYI IQLQGDDISYEATCNLFSKNPKNSII IQRNMN ESAKSYFLSDDGESI LE
LNKYRIPERLKNKEKVKVTFIGHGKDEFNTSEFARLSVDSLSNEISSFLDTIKLDISPKNVEVNLLGCNM
FSYDFNVEETYPGKLLLSIMDKITSTLPDVNKDSITIGANQYEVRINSEGRKELLAHSGKWINKEEAIMS
DLSSKEYI FFDSIDNKLKAKSKN I PGLASISEDI KTLLLDASVSPDTKFI LNNLKLN I
ESSIGDYIYYEKLEP VKN II H NS IDD LIDEFN LLENVSDELYELKKLN N LDEKYLISFED ISKN
NSTYSVRF INKSNG ESVYVETE
KEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVK
VQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEG IPIVSTILDG IN
LGAAIKELLDEHDPLLKKEL
EAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSESKE
YGPLKTEDDKI LVPI DDLVISEI DFNNNSIKLGTCN ILAMEGGSGHTVTGN I DHFFSSPYISSH
IPSLSVYS
AIGIKTENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENNGTKLLDSIRDLYPGKFYWRFYAFFDY
AITTLKPVYEDTNTKIKLDKDTRNFIMPTITTDEIRNKLSYSFDGAGGTYSLLLSSYPISMNINLSKDDLWI FN
IDNEVREISI ENGTIKKGNLI EDVLSKI DI NKN KL IIGNQTI DFSGD IDNKDRYI
FLTCELDDKISLI 1E1 NLV AKSYSLLLSGDKNYLISNLSNTIEKINTLGLDSKN
lAYNYTDESNNKYFGAISKTSQKSI I HYKKDSKN I LE FYNGSTLEFNSKDFIAEDINVFMKDD
INTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSS YLDFVKNSDGHHNTSNFMNLFLNN
ISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIYFG
EWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNY
YSNEYYPEI IVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFN
KMSI DFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKII DNKTYYYDEDSKLVKGL IN I
NNSLFYFDPIE SNLVTGWQTINGKKYYFDINTGAASTSYKI INGKH
FYFNNNGVMQLGVFKGPDGFEYFAPANTQNNN I EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI I
NNEKYYFNPN NAIAAVGLQVI DNNKYYFNPDTAI IS KGWQTVNGSRYYFDTDTAIAFNGYKTI
DGKHFYFDSDCVVKIGVFSGSNGFEYFAPANTYNNN IEGQ AIVYQSKFLTLNG KKYYFDN N
SKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAAT GWQTIDGKKYYFNTNTSIASTGYTI
INGKYFYFNTDGIMQIGVFKVPNGFEYFAPANTHNNNIEGQAILY
QNKFLTLNGKKYYFGSDSKAITGWQTIDGKKYYFNPNNAIAATHLCTINNDKYYFSYDGILQNGYITIER
NNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNN I EGQAIVYQNKFLTLNGKKYYFDNDSKAVTG
WQTIDSKKYYFNLNTAVAVTGWQTIDGEKYYFNLNTAEAATGWQTIDGKRYYFNTNTYIASTGYTI ING
KHFYFNTDGIMQIGVFKGPDGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTI
DGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTYIASTGYTI ISGKHFYFNTDGIMQIGVFKGPDGFEYF
APANTDANNIEGQAIRYQNRFLYLHDNIYYFGNDSKAATGWATIDGNRYYFEPNTAMGANGYKTIDNK  WO
2012/046061PCT/GB2011/051910 NFYFRNGLPQIGVFKGPNGFEYFAPANTDANN I DGQAIRYQN
RFLHLLGKIYYFGNNSKAVTGWQTIN SKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID
NO: 4 - C. difficile Toxin B (Toxinotype 3) MSLVNRKQLEKMANVRFRVQEDEYVAI
LDALEEYHNMSENTVVEKYLKLKDINSLTDIYI DTYKKSGR
NKALKKFKEYLVTEVLELKNNNLTPVEKNLHFVWIGGQINDTAINYI NQWKDVNSDYNVNVFYDSNAF LI
NTLKKTIVESATNDTLESFRENLNDPRFDYNKFYRKRMEI IYDKQKNFINYYKTQREENPDLI I DDIVKI
YLSNEYSKDIDELNSYIEESLNKVTENSGNDVRNFEEFKGGESFKLYEQELVERWNLAAASDILRISAL
KEVGGVYLDVDMLPGIQPDLFESIEKPSSVTVDFWEMVKLEAIMKYKEYIPGYTSEHFDMLDEEVQSS
FESVLASKSDKSEIFSSLGDMEASPLEVKIAFNSKGI INQGLISVKDSYCSNLIVKQIENRYKILNNSLNP
AISEDNDFNTTTNAFIDSIMAEANADNGRFMMELGKYLRVGFFPDVKTTINLSGPEAYAAAYQDLLMF
KEGSMNIHLIEADLRNFEISKTNISQSTEQEMASLWSFDDARAKAQFEEYKKNYFEGSLGEDDNLDFS
QNTVVDKEYLLEKISSLARSSERGYI HYIVQLQGDKISYEAACNLFAKTPYDSVLFQKN I EDSEIAYYYN
PGDGEIQEI DKYKIPSI ISDRPKIKLTFIGHGKDEFNTDI FAGLDVDSLSTEIETAI DLAKEDISPKSI
El NLL GCNMFSYSVNVEETYPGKLLLRVKDKVSELMPSISQDSIIVSANQYEVRINSEGRRELLDHSGEWINK
EESI IKDISSKEYISFNPKENKI IVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLAECEINVISN
IDTQVV
EGRIEEAKSLTSDSINYIKNEFKLIESISDALYDLKQQNELEESHFISFEDILETDEGFSIRFIDKETGESIF
VETEKAIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDATHEVNTLNAAFFIQSLIEYNSSKESLSNLS
VAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPVIATI I DGVSLGAAIKELSETSD
PLLRQEIEAKIGIMAVNLTAATTAI ITSSLG IASGFSILLVPLAG ISAGI PSLVNNELI
LRDKATKVVDYFSH I
SLAESEGAFTSLDDKIMMPQDDLVISEIDFNNNSITLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYR
EPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFY
WRYFAFIADALITTLKPRYEDTN I RINLDSNTRSFIVPVITTEYIREKLSYSFYGSGGTYALSLSQYNMN I
N I ELNENDTWVIDVDNVVRDVTI ESDKIKKGDLI EN ILSKLSIEDNKI
ILDNHEINFSGTLNGGNGFVSLTF SILEG INAVIEVDLLSKSYKVLISGELKTLMANSNSVQQKI
DYIGLNSELQKN I PYSFMDDKGKENGFI NC
STKEGLFVSELSDVVLISKVYMDNSKPLFGYCSNDLKDVKVITKDDVI I LTGYYLKDD IKISLSFTIQDEN
TI KLNGVYLDENGVAEI LKFMNKKGSTNTSDSLMSFLESMN I KSI Fl NSLQSNTKLI LDTNFI
ISGTTSIGQ FEFICDKDNN
IQPYFIKFNTLETKYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNK VI ISPN IYTDEI
N ITPIYEAN NTYPEVIVLDTNYISEKI N IN I NDLSI RYVWSNDGSDFILMSTDEENKVSQV
KIRFTNVFKGNTISDKISFNFSDKQDVSINKVISTFTPSYYVEGLLNYDLGLISLYNEKFYINNFGMMVS
GLVYI NDSLYYFKPPI KNLITGFTTIGDDKYYFNPDNGGAASVGETI I DGKNYYFSQNGVLQTGVFSTE
DGFKYFAPADTLDENLEGEAIDFTGKLTIDENVYYFGDNYRAAIEWQTLDDEVYYFSTDTGRAFKGLN
QIGDDKFYFNSDG IMQKGFVN I NDKTFYFDDSGVMKSGYTEI DGKYFYFAENGEMQIGVFNTADGFK
YFAHHDEDLGNEEGEALSYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGISI IND
GKYYFNDSG IMQIGFVTI NNEVFYFSDSG IVESGMQN I DDNYFYI DENGLVQIGVFDTSDGYKYFAPAN
TVNDN IYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFDPETKKAYKGINVIDDIKYY
FDENGIMRTGL ITFEDNHYYFNEDG IMQYGYLN I EDKTFYFSEDGI MQIGVFNTPDGFKYFAHQNTLDE
NFEGESINYTGWLDLDEKRYYFTDEYIAATGSVI I DGEEYYFDPDTAQLVISE SEQ ID 5 - Toxin A
fragment - TxA3 (Toxinotype 0) (Residues 1131-2710)
ESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSL
SlYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYA
FFDYAITTLKPVYEDTN I KI KLDKDTRN Fl MPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTN
INLSKD DLW IFN I DNEVREISIENGTIKKGKL IKDVLSKIDI NKNKLI IGNQTI DFSGDIDNKDRYI
FLTCELDDKISL I I EINLVAKSYSLLLSGDKNYLISNLSN II EKINTLGLDSKN
lAYNYTDESNNKYFGAISKTSQKSI I HYKKDS
KNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNES
VYSSYLDFVKNSDGHH NTSN FM N LFLDN ISFWKLFG FEN IN FVID KYFTLVGKTN
LGYVEFICDNNKN I DIYFGEWKTSSSKSTI FSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYG IDRYI
NKVLIAPDLYTSL IN I NTNYYSNEYYPEI IVLN PNTFH KKVN I
NLDSSSFEYKWSTEGSDFILVRYLEESNKKI LQKI RIKGI LSNT QSFNKMS I DFKD IKKLSLGYIMSN
FKSFN SEN ELDRD H LGFKI I DNKTYYYD EDSKLVKGLI N IN NSLFYF
DPIEFNLVTGWQTINGKKYYFDINTGAALISYKI I NGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQN NN
I EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI INNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDT Al
ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIE
GQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAE
AATGWQTIDGKKYYFNTNTAIASTGYTI INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANN IEGQ
AILYQNEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYI
TIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSK
AVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTG
YTSINGKHFYFNTDG IMQIGVFKGPNGFEYFAPANTHNNN I EGQAI LYQNKFLTLNGKKYYFGSDSKA
VTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKG  WO
2012/046061PCT/GB2011/051910 PDGFEYFAPANTDANN I EGQAI RYQNRFLYLHDN
IYYFGNNSKAATGVVVTI DGNRYYFEPNTAMGAN GYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDAN
N IEGQAIRYQNRFLHLLGKIYYFGNNSKA
VTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 6 - Toxin A
fragment - TxA3 (Toxinotype 3) (Residues 1131-2710) ESKKYGPLKTEDDKILVP I
DDLVISEIDFNNNSIKLGTCN ILAMEGGSGHTVTGN IDHFFSSPSISSH IPSL
SlYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYA
FFDYAITTLKPVYEDTN I KI KLDKDTRN Fl MPTITTNEIRNKLSYSFDGAGGTYSLLLSSYP ISTN
INLSKD DLW I FN I DNEVREISI ENGTIKKGKLIKDVLSKI DINKNKLI
IGNQTIDFSGDIDNKDRYIFLTCELDDKISL I I
EINLVAKSYSLLLSGDKNYLISNLSNTIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSI IHYKKDS
KNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNES
VYSSYLDFVKNSDGHH NTSN FM N LFLD N ISFWKLFG FEN IN FVIDKYFTLVGKTN
LGYVEFICDNN KN I DIYFGEWKTSSSKSTI FSGNGRNVVVEP IYNPDTGEDISTSLDFSYEPLYG
IDRYI NKVLIAPDLYTSL IN I NTNYYSNEYYPEI
IVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNT QSFN KMS I DFKD
IKKLSLGYIMSN FKSFN SEN ELDRD H LGFKI I DN KTYYYD EDSKLVKGLI N IN NSLFYF DP
IEFNLVTGWQTI NGKKYYFD INTGAALTSYKI INGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ NNN I
EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWRI I NNEKYYFNPNNAIAAVGLQVIDNNKYYFNPD TAI
ISKGWQTVNGSRYYFDTDTAIAFNGYKTI DGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNN I
EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGLQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAE
AATGWQTIDGKKYYFNTNTAIASTGYTI I NGKHFYFNTDG IMQIGVFKGPNGFEYFAPANTDANN IEGQ
AILYQNEFLTLNGKKYYFGSDSKAVTGWRI I NNKKYYFNPNNAIAAIHLCTINN DKYYFSYDG ILQNGYI
TIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSK
AVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTG
YTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGSDSKA
VTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKG
PDGFEYFAPANTDANN I EGQAI RYQNRFLYLHDN IYYFGNNSKAATGVVVTI DGNRYYFEPNTAMGAN
GYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANN I EGQAIRYQNRFLH LLGKIYYFGNNSKA
VTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG 



SEQ ID 7 - Toxin A fragment - TxA4 (Toxinotype 0) (Residues 770-2710)
IMSDLSSKEYI FFDSIDN KLKAKSKN IPGLASISEDIKTLLLDASVSPDTKFI LNNLKLN I
ESSIGDYIYYEKL EPVKN I
IHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVE
TEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTS
VKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLK
KELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSES
KKYGPLKTEDDKI LVP I DDLVISEIDFNNNSIKLGTCN I LAMEGGSGHTVTGN I DHFFSSPSISSH I
PSLSI YSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFF
DYAITTLKPVYEDTN I KI KLDKDTRN FIMPTITTNEIRN KLSYSFDGAGGTYSLLLSSYP ISTN I
NLSKDDL WIFN IDNEVREISIENGTIKKGKLIKDVLSKIDI NKNKLI IGNQTI DFSGD IDNKDRYI
FLTCELDDKISLI I EIN LVAKSYSLLLSGDKNYLISNLSN I IEKINTLGLDSKN
lAYNYTDESNNKYFGAISKTSQKSI I HYKKDSKN I LEFYN DSTLEFNSKDF IAED INVFMKDD
INTITGKYYVDN NTDKS ID FS ISLVSKNQVKVNGLYLN ESVY SSYLDFVKNSDGHH NTSNFMNLFLDN
ISFWKLFGFEN INFVIDKYFTLVGKTN LGYVEFICDNNKN ID IY
FGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLIN INT
NYYSNEYYPEIIVLNPNTFHKKVN INLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQS
FNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKI IDNKTYYYDEDSKLVKGLIN INNSLFYFDP
IEFNLVTGWQTINGKKYYFDINTGAALISYKI INGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNN NI
EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI IN NEKYYFNPNNAIAAVGLQVIDN NKYYFN PDTA I
ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNN IEG
QAIVYQSKFLTLNGKKYYFDN NSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDG KKYYFNTNTAEA
ATGWQTIDGKKYYFNTNTAIASTGYTI INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQA
ILYQNEFLTLNGKKYYFGSDSKAVTGWRI IN NKKYYFNPNNAIAAI HLCTINNDKYYFSYDG ILQNGYITI
ERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNN I EGQAIVYQNKFLTLNGKKYYFDNDSKAV
TGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTS
INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTG
LRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDG
FEYFAPANTDANN IEGQAIRYQNRFLYLHDN IYYFGNNSKAATGVVVTIDGNRYYFEPNTAMGANGYK TI
DNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANN I EGQAI RYQNRFLHLLGKIYYFGNNSKAVTG
WQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 8 - Toxin A fragment -
TxA4 (Toxinotype 3) (Residues 770-2710)  WO 2012/046061PCT/GB2011/051910
IMSDLSSKEYI FFDSIDN KLKAKSKN IPGLASISEDIKTLLLDASVSPDTKFI LNNLKLN I
ESSIGDYIYYEKL
EPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVE
TEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTS
VKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLK
KELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSES
KEYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPYISSHIPSLSV
YSAIGIKTENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENNGTKLLDSIRDLYPGKFYWRFYAFF
DYAITTLKPVYEDTNTKIKLDKDTRNFIMPTITTDEIRNKLSYSFDGAGGTYSLLLSSYPISMNINLSKDD
LWIFNIDNEVREISIENGTIKKGNLIEDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIE
I NLVAKSYSLLLSGDKNYLISNLSNTIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSK
NILEFYNGSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESV
YSSYLDFVKNSDGHHNTSNFMNLFLNN ISFWKLFGFEN I NFVI DKYFTLVGKTNLGYVEFICDNN KN
IDI YFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININ
TNYYSNEYYPEI IVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQ
SFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFD
PIESNLVTGWQTINGKKYYFDINTGAASTSYKIINGKHFYFNNNGVMQLGVFKGPDGFEYFAPANTQN
NNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDT
AlISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSGSNGFEYFAPANTYNNNIE
GQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAE
AATGWQTIDGKKYYFNTNTSIASTGYTIINGKYFYFNTDGIMQIGVFKVPNGFEYFAPANTHNNNIEGQ
AILYQNKFLTLNGKKYYFGSDSKAITGWQTIDGKKYYFNPNNAIAATHLCTINNDKYYFSYDGILQNGYI
TIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSK
AVTGWQTIDSKKYYFNLNTAVAVTGWQTIDGEKYYFNLNTAEAATGWQTIDGKRYYFNTNTYIASTG
YTIINGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAV
TGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTYIASTGYTIISGKHFYFNTDGIMQIGVFKGP
DGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNDSKAATGWATIDGNRYYFEPNTAMGANG
YKTIDNKNFYFRNGLPQIGVFKGPNGFEYFAPANTDANNIDGQAIRYQNRFLHLLGKIYYFGNNSKAVT
GWQTINSKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 9 - Toxin B fragment
- TxB3(-h) (Toxinotype 0) (Residues 1145-2366)
MPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEEL
DLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPR YEDTN
I RIN LDSNTRSFIVPI ITTEYI REKLSYSFYGSGGTYALSLSQYNMG IN IELSESDVWI IDVDNVVR
DVTIESDKIKKGDLIEGILSTLSIEENKI ILNSH El NFSGEVNGSNGFVSLTFSILEGI NAI I
EVDLLSKSYKL
LISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVY
MDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKF
MNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNT
LETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETN
NTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLS
FNFSDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNN
LITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEG
EAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKG
FVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEIS
YSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVR
VGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNN
YYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLD
EKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE SEQ ID 10 - Toxin B fragment -
TxB3(-h) (Toxinotype 3) (Residues 1145-2366)
MPQDDLVISEIDFNNNSITLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEEL
DLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPR
YEDTNIRINLDSNTRSFIVPVITTEYIREKLSYSFYGSGGTYALSLSQYNMNINIELNENDTVVVIDVDNVV
RDVTIESDKIKKGDLIENILSKLSIEDNKIILDNHEINFSGTLNGGNGFVSLTFSILEGINAVIEVDLLSKSY
KVLISGELKTLMANSNSVQQKIDYIGLNSELQKNIPYSFMDDKGKENGFINCSTKEGLFVSELSDVVLIS
KVYMDNSKPLFGYCSNDLKDVKVITKDDVIILTGYYLKDDIKISLSFTIQDENTIKLNGVYLDENGVAEIL
KFMNKKGSTNTSDSLMSFLESMNIKSIFINSLQSNTKLILDTNFIISGTTSIGQFEFICDKDNNIQPYFIKF
NTLETKYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVI ISPNIYTDEINITPIYEA
NNTYPEVIVLDTNYISEKINININDLSIRYVWSNDGSDFILMSTDEENKVSQVKIRFTNVFKGNTISDKISF
NFSDKQDVSINKVISTFTPSYYVEGLLNYDLGLISLYNEKFYINNFGMMVSGLVYINDSLYYFKPPIKNLI  WO
2012/046061PCT/GB2011/051910 TGFTTIGDDKYYFNPDNGGAASVGETI
IDGKNYYFSQNGVLQTGVFSTEDGFKYFAPADTLDEN LEGE
AIDFTGKLTIDENVYYFGDNYRAAIEWQTLDDEVYYFSTDTGRAFKGLNQIGDDKFYFNSDGIMQKGF
VNINDKTFYFDDSGVMKSGYTEIDGKYFYFAENGEMQIGVFNTADGFKYFAHHDEDLGNEEGEALSY
SGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGISI INDGKYYFNDSGIMQIGFVTINN
EVFYFSDSGIVESGMQNIDDNYFYIDENGLVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRV
GEDVYYFGETYTIETGWIYDMENESDKYYFDPETKKAYKGINVIDDIKYYFDENGIMRTGLITFEDNHY
YFNEDGIMQYGYLN IEDKTFYFSEDG IMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEK
RYYFTDEYIAATGSVI IDGEEYYFDPDTAQLVISE SEQ ID 11 - Toxin B fragment - TxB3
(Toxinotype 0) (Residues 957-2366)
NTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSE
GLPI
IATIIDGVSLGAAIKELSETSDPLLRQE1EAKIGIMAVNLTTATTAIITSSLGIASGFSILLVPLAGISAGI
PSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRM
EGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGL
RSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPI ITTEYIREKL
SYSFYGSGGTYALSLSQYNMGINIELSESDVWI IDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKI IL
NSHEINFSGEVNGSNGFVSLTFSILEGINAI IEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSEL
QKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNV
NILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFV
NFLQSN I KFI LDANFI ISGTTSIGQFEFICDENDN
IQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDS
GDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIR
YVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGL
IGYDLGLVSLYNEKFYI NNFGMMVSGL IYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGE TI
IDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI IDENIYYFDDNYRGAVE
WKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDN KHYFDDSGVMKVGYTEID
GKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWK
DLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGIIESGVQNIDDNYF
YIDDNGIVQIGVFDTSDGYKYFAPANTVNDN IYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMEN
ESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYIN IEDKMFYFG
EDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEKRYYFTDEYIAATGSVI IDGEEYY
FDPDTAQLVISE 



SEQ ID 12 - Toxin B fragment - TxB3 (Toxinotype 3) (Residues 957-2366)
NTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSE
GLPVIATI IDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTAATTAI ITSSLG IASGFSILLVPLAG
ISA GI PSLVNNELILRDKATKVVDYFSH ISLAESEGAFTSLDDKI MMPQDDLVISEI DFNN
NSITLGKCEIWR
MEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTP
GLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPVITTEYIR
EKLSYSFYGSGGTYALSLSQYNMN I N IELNENDTVVVI DVDNVVRDVTIESDKI KKGDLIEN I
LSKLSIEDN
KIILDNHEINFSGTLNGGNGFVSLTFSILEGINAVIEVDLLSKSYKVLISGELKTLMANSNSVQQKIDYIGL
NSELQKN I PYSFMDDKGKENGFINCSTKEGLFVSELSDVVLISKVYMDNSKPLFGYCSNDLKDVKVITK
DDVI ILTGYYLKDDIKISLSFTIQDENTIKLNGVYLDENGVAEILKFMNKKGSTNTSDSLMSFLESMNIKSI
FINSLQSNTKLILDTNFIISGTTSIGQFEFICDKDNN IQPYFIKFNTLETKYTLYVGNRQNMIVEPNYDLDD
SGDISSTVINFSQKYLYGIDSCVNKVIISPNIYTDEINITPIYEANNTYPEVIVLDTNYISEKINININDLSIRY
VWSNDGSDFILMSTDEENKVSQVKIRFTNVFKGNTISDKISFNFSDKQDVSINKVISTFTPSYYVEGLL
NYDLGLISLYNEKFYINNFGMMVSGLVYINDSLYYFKPPIKNLITGFTTIGDDKYYFNPDNGGAASVGET
IIDGKNYYFSQNGVLQTGVFSTEDGFKYFAPADTLDENLEGEAIDFTGKLTIDENVYYFGDNYRAAIEW
QTLDDEVYYFSTDTGRAFKGLNQIGDDKFYFNSDG IMQKGFVNINDKTFYFDDSGVMKSGYTEI DGK
YFYFAENGEMQIGVFNTADGFKYFAHHDEDLGNEEGEALSYSGI LNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEAYIGISI INDGKYYFNDSGI MQIGFVTINNEVFYFSDSG IVESGMQN IDDNYFYID
ENGLVQIGVFDTSDGYKYFAPANTVNDN IYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENES
DKYYFDPETKKAYKGINVIDDIKYYFDENGIMRTGLITFEDNHYYFNEDGIMQYGYLNIEDKTFYFSED GI
MQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDP
DTAQLVISE SEQ ID 13 - Toxin B fragment - TxB 4 (Toxinotype 0) (Residues
767-2366) SIIKDISSKEYISFNPKENKITVKSKNLPELSTLLQEIRN NSNSSDI ELEEKVMLTECEI
NVISN 1 DTQIVEE RI EEAKNLTSDSI NYIKDEFKLI
ESISDALCDLKQQNELEDSHFISFEDISETDEGFSI RFI NKETGESI FVE
TEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVA
MKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPIIATI IDGVSLGAAIKELSETSDPLL
RQEI EAKIGI MAVNLTTATTAI ITSSLG IASGFSILLVPLAGISAGI
PSLVNNELVLRDKATKVVDYFKHVSL
VETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREP
HLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWR
YFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKLSYSFYGSGGTYALSLSQYNMGINIEL
SESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEG
INAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGL
FVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNS
VHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICD
ENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPN
IYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFV
NVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYI
NDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKY
FAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDY
KYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAH
HNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQY
YFNDDGIMQVGFVTINDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVN
DNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDE
KGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDEN
FEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE SEQ ID 14 - Toxin B
fragment - TxB 4 (Toxinotype 3) (Residues 767-2366)
SIIKDISSKEYISFNPKENKIIVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLAECEINVISNIDTQVVEG
RIEEAKSLTSDSINYIKNEFKLIESISDALYDLKQQNELEESHFISFEDILETDEGFSIRFIDKETGESIFVE
TEKAIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDATHEVNTLNAAFFIQSLIEYNSSKESLSNLSVA
MKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPVIATIIDGVSLGAAIKELSETSDPLL
RQEIEAKIGIMAVNLTAATTAI ITSSLGIASGFSILLVPLAG ISAGI PSLVN NELILRDKATKVVDYFSH
ISLA ESEGAFTSLDDKIMMPQDDLVISEIDFNNNSITLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPH
LSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRY
FAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPVITTEYIREKLSYSFYGSGGTYALSLSQYNMNINIEL
NENDTVVVIDVDNVVRDVTIESDKIKKGDLIENILSKLSIEDNKIILDNHEINFSGTLNGGNGFVSLTFSILE
GINAVIEVDLLSKSYKVLISGELKTLMANSNSVQQKIDYIGLNSELQKNIPYSFMDDKGKENGFINCSTK
EGLFVSELSDVVLISKVYMDNSKPLFGYCSNDLKDVKVITKDDVIILTGYYLKDDIKISLSFTIQDENTIKL
NGVYLDENGVAEILKFMNKKGSTNTSDSLMSFLESMNIKSIFINSLQSNTKLILDTNFIISGTTSIGQFEFI
CDKDNNIQPYFIKFNTLETKYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVI IS
PNIYTDEINITPIYEANNTYPEVIVLDTNYISEKINININDLSIRYVWSNDGSDFILMSTDEENKVSQVKIRF
TNVFKGNTISDKISFNFSDKQDVSINKVISTFTPSYYVEGLLNYDLGLISLYNEKFYINNFGMMVSGLVYI
NDSLYYFKPPIKNLITGFTTIGDDKYYFNPDNGGAASVGETIIDGKNYYFSQNGVLQTGVFSTEDGFKY
FAPADTLDENLEGEAIDFTGKLTIDENVYYFGDNYRAAIEWQTLDDEVYYFSTDTGRAFKGLNQIGDD
KFYFNSDGIMQKGFVNINDKTFYFDDSGVMKSGYTEIDGKYFYFAENGEMQIGVFNTADGFKYFAHH
DEDLGNEEGEALSYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGISIINDGKYYF
NDSGIMQIGFVTINNEVFYFSDSGIVESGMQNIDDNYFYIDENGLVQIGVFDTSDGYKYFAPANTVNDN
IYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFDPETKKAYKGINVIDDIKYYFDENG
IMRTGLITFEDNHYYFNEDGIMQYGYLNIEDKTFYFSEDGIMQIGVFNTPDGFKYFAHQNTLDENFEGE
SINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE SEQ ID 15 - Toxin B
fragment - Toxin B-A hybrid (toxinotype 0)
NTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSE
GLPIIATIIDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTTATTAIITSSLGIASGFSILLVPLAGISAG
I PSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRM
EGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGL
RSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKL
SYSFYGSGGTYALSLSQYNMGINIELSESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIIL
NSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSEL
QKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNV
NILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFV
NFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDS
GDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIR
YVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGL
IGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLVTGWQTINGKKYYFDINTGAALISYK
IINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVT  WO
2012/046061PCT/GB2011/051910
GWRIINNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTID
GKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGW
QTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTIINGK
HFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRIIN
NKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYF
APANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDG
KKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFA
PANTHNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKK
YYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHD
NIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAP
ANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVI
YFFGVDGVKAPGIYG SEQ ID 16 - Toxin B fragment - Toxin A-B hybrid (toxinotype
0) IMSDLSSKEYI FFDSIDN KLKAKSKN IPGLASISEDIKTLLLDASVSPDTKFI LNNLKLN I
ESSIGDYIYYEKL
EPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVE
TEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTS
VKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLK
KELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSES
KKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSI
YSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFF
DYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDL
WIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIEI
N LVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNI
LEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVY
SSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIY
FGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININT
NYYSNEYYPEIIVLNPNTFHKKVN INLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQS
FNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDP
IEFNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDEN
LEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVM
QKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEG
EEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVG
FVTINDKVFYFSDSGI IESGVQN IDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSG
LVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFEN
NNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLD
LDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE SEQ ID 17 - Toxin B fragment -
Toxin A-B hybrid (toxinotype 0 and 3) 



IMSDLSSKEYI FFDSIDN KLKAKSKN IPGLASISEDIKTLLLDASVSPDTKFI LNNLKLN I
ESSIGDYIYYEKL
EPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVE
TEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTS
VKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKELLDEHDPLLK
KELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSES
KKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSI
YSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFF
DYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDL
WIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQTIDFSGDIDNKDRYIFLTCELDDKISLIIEI
N LVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNI
LEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVY
SSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIY
FGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININT
NYYSNEYYPEIIVLNPNTFHKKVN INLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQS
FNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLFYFDP
IEFNLITGFTTIGDDKYYFNPDNGGAASVGETIIDGKNYYFSQNGVLQTGVFSTEDGFKYFAPADTLDE
NLEGEAIDFTGKLTIDENVYYFGDNYRAAIEWQTLDDEVYYFSTDTGRAFKGLNQIGDDKFYFNSDGI
MQKGFVNINDKTFYFDDSGVMKSGYTEIDGKYFYFAENGEMQIGVFNTADGFKYFAHHDEDLGNEE
GEALSYSGI LNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIG ISI I NDGKYYFN DSG
IMQIG FVTINNEVFYFSDSGIVESGMQN
IDDNYFYIDENGLVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYS
GLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFDPETKKAYKGINVIDDIKYYFDENGIMRTGLITF  WO
2012/046061PCT/GB2011/051910 EDNHYYFNEDGI MQYGYLN I EDKTFYFSEDGI
MQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGW L DLDEKRYYFTDEYIAATGSVI I
DGEEYYFDPDTAQLVISE SEQ ID 18 - Toxin A-derived recombinant antigen
His-NusA-[thrombin site]-TxA4-His
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEI ITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVI El KAAARDPGSRAKIAVKTN DKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALI MAARN ICWFG DEASGALVPRGSVTSLYKKAGSAAAPFTM I MSDLSSKEYI FFDSI
DN KLKAKSKN I PGLASISEDIKTLLLDASVSPDTKFI LNNLKLN I ESSIGDYIYYEKLEPVKN I I
HNSIDDLI DEF
NLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEIS
TIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTI
YDSIQLVNLISNAVNDTINVLPTITEG IP IVSTILDG IN
LGAAIKELLDEHDPLLKKELEAKVGVLAINMSLSI AATVASIVGIGAEVTI FLLP IAG ISAG
IPSLVNNELILH DKATSVVNYFNHLSESKKYGPLKTEDDKI LVP ID
DLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIM
MLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKI
KLDKDTRNFI MPTITTNEIRNKLSYSFDGAGGTYSLLLSSYP ISTN I NLSKDDLWIFN IDNEVREISI
ENGT IKKGKLIKDVLSKIDINKNKLI IGNQTIDFSGDI DNKDRYI FLTCELDDKISL I I El
NLVAKSYSLLLSGDKNYL I SN LSN II EKINTLGLDSKN lAYNYTDESNNKYFGAISKTSQKSI I
HYKKDSKN ILEFYNDSTLEFNSKDF IA
EDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTS
NFMNLFLDN ISFWKLFGFEN IN FVIDKYFTLVGKTNLGYVEFICDNNKN I DIYFGEWKTSSSKSTIFSGN
GRNVVVEP IYNPDTGEDISTSLDFSYEPLYGI DRYINKVLIAPDLYTSLIN I NTNYYSNEYYPEI
IVLNPNT FH KKVN I NLDSSSFEYKWSTEGSDF ILVRYLEESN KKI LQKI RIKGI
LSNTQSFNKMSIDFKD IKKLSLGYI MSNFKSFNSENELDRDHLGFKI IDNKTYYYDEDSKLVKGLIN I
NNSLFYFDP IEFNLVTGWQTINGKKYY FD INTGAALISYKI I
NGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNN I EGQAIVYQSKFLTLNGK KYYFDNDSKAVTGWRI I
NNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAI ISKGWQTVNGSRYYFDT
DTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNN N IEGQAIVYQSKFLTLNGKKYY
FDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNT
AIASTGYTI INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANN IEGQAILYQNEFLTLNGKKYYFGS
DSKAVTGWRI I NNKKYYFNPNNAIAAIHLCTI NNDKYYFSYDG ILQNGYITI ERNNFYFDANN
ESKMVTG VFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTA
EAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGV
FKGPNGFEYFAPANTHNNN I EGQAI LYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVA
VTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQA
IRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVF
KGSNGFEYFAPANTDANN I EGQAI RYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMA
AAGGLFEIDGVIYFFGVDGVKAPGIYGGGSGGSLVPRGSGGSHHHHHH SEQ ID 19 - Toxin
A-derived recombinant antigen His-NusA-[thrombin site]-TxA4
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVI El KAAARDPGSRAKIAVKTN DKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALI MAARN ICWFG DEASGALVPRGSVTSLYKKAGSAAAPFTM I MSDLSSKEYI FFDSI
DN KLKAKSKN I PGLASISEDIKTLLLDASVSPDTKFI LNNLKLN I ESSIGDYIYYEKLEPVKN I I
HNSIDDLI DEF
NLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEIS
TIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTI
YDSIQLVNLISNAVNDTINVLPTITEG IP IVSTILDG IN
LGAAIKELLDEHDPLLKKELEAKVGVLAINMSLSI AATVASIVGIGAEVTI FLLP IAG ISAG
IPSLVNNELILH DKATSVVNYFNHLSESKKYGPLKTEDDKI LVP ID DLVISEI DFNN NSIKLGTCN I
LAMEGGSGHTVTGN IDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIM
MLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKI
KLDKDTRNFI MPTITTNEIRNKLSYSFDGAGGTYSLLLSSYP ISTN I NLSKDDLWIFN IDNEVREISI
ENGT IKKGKLIKDVLSKIDINKNKLI IGNQTIDFSGDI DNKDRYI FLTCELDDKISL I I El
NLVAKSYSLLLSGDKNYL ISNLSN I IEKINTLGLDSKN lAYNYTDESNNKYFGAISKTSQKSI
IHYKKDSKN ILEFYN DSTLEFNSKDF IA  WO 2012/046061PCT/GB2011/051910
EDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTS
NFMNLFLDN ISFWKLFGFEN IN FVIDKYFTLVGKTNLGYVEFICDNNKN I DIYFGEWKTSSSKSTIFSGN
GRNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNYYSNEYYPEI IVLNPNT
FH KKVN I NLDSSSFEYKWSTEGSDF ILVRYLEESN KKI LQKI RIKGI LSNTQSFNKMSIDFKD
IKKLSLGYI MSNFKSFNSENELDRDHLGFKI IDNKTYYYDEDSKLVKGLIN I NNSLFYFDP
IEFNLVTGWQTINGKKYY FD INTGAALISYKI I NGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNN I
EGQAIVYQSKFLTLNGK KYYFDNDSKAVTGWRI I NNEKYYFNPN NAIAAVGLQVIDNNKYYFN PDTAI
ISKGWQTVNGSRYYFDT DTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNN N
IEGQAIVYQSKFLTLNGKKYY
FDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNT
AIASTGYTI INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANN IEGQAILYQNEFLTLNGKKYYFGS
DSKAVTGWRI I NNKKYYFNPN NAIAAIHLCTINN DKYYFSYDG ILQNGYITI ERN NFYFDANN
ESKMVTG VFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTA
EAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGV
FKGPNGFEYFAPANTHNNN I EGQAI LYQNKFLTLNGKKYYFGSDSKAVTGLRTI DGKKYYFNTNTAVA
VTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQA
IRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVF
KGSNGFEYFAPANTDANN I EGQAI RYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMA
AAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 20 - Toxin A-derived recombinant antigen
- His-Thioredoxin-[thrombin site]-TxA4 HHHHH HSH MASDKI I
HLTDDSFDTDVLKADGAI LVDFWAEWCGPCKM IAP ILDEIADEYQGKLTVAKL NI DQN PGTAPKYG
IRG IPTLLLFKNG EVAATKVGALSKGQLKEFLDAN LARALVPRGSVTSLYKKAGSA AAPFTM I
MSDLSSKEYI FFDSIDNKLKAKSKN IPGLASISEDIKTLLLDASVSPDTKFILNNLKLNIESSIGD
YIYYEKLEPVKN I I HNSIDDLIDEFNLLENVSDELYELKKLNN LDEKYLISFEDISKNNSTYSVRF
INKSNG ESVYVETEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDN
IQLDHTSQVNTLNAAFFIQSLIDYSSNKDVL NDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVN DTI
NVLPTITEGI P IVSTI LDG INLGAAI KELLDE
HDPLLKKELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYF
NHLSESKKYGPLKTEDDKILVP IDDLVISEIDFNNNSIKLGTCN I LAMEGGSGHTVTGN IDHFFSSPSISS
HI PSLSIYSAIG IETENLDFSKKI MMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSI RDLYPGKFYW
RFYAFFDYAITTLKPVYEDTN I KIKLDKDTRNFI MPTITTN El RNKLSYSFDGAGGTYSLLLSSYP
ISTN IN LSKDDLWIFN IDNEVREISI ENGTIKKGKLIKDVLSKI DI NKN KL I IGNQTI
DFSGDIDNKDRYI FLTCELDD KISLIIEINLVAKSYSLLLSGDKNYL ISNLSN I IEKINTLGLDSKN
lAYNYTDESNNKYFGAISKTSQKSI I HY KKDSKN I LEFYNDSTLEFNSKDFIAEDINVFMKDDI
NTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGL
YLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFEN INFVIDKYFTLVGKTNLGYVEFICD NNKN
I DIYFGEWKTSSSKSTI FSGNGRNVVVEP IYNPDTGED ISTSLDFSYEPLYG IDRYI NKVL IAPDLY
TSLI N INTNYYSNEYYPEI IVLN PNTFH KKVN IN LDSSSFEYKWSTEGSDFI
LVRYLEESNKKILQKIRI KG! LSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKI
IDNKTYYYDEDSKLVKGLIN I NN SLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKI
INGKHFYFNNDGVMQLGVFKGPDGFEYFAP ANTQNNN I EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI
INNEKYYFNPNNAIAAVGLQVIDNNKYY
FNPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTY NNN I
EGQAIVYQSKFLTLNGKKYYFDN NSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNT
NTAEAATGWQTIDGKKYYFNTNTAIASTGYTI I NGKHFYFNTDGI MQIGVFKGPNGFEYFAPANTDANN
IEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRI INN KKYYFNPNNAIAAI HLCTINNDKYYFSYDGI LQ
NGYITI ERNNFYFDAN NESKMVTGVFKGPNGFEYFAPANTHNNN I EGQAIVYQNKFLTLNGKKYYFDN
DSKAVTGWQTIDG KKYYFN LNTAEAATGWQTIDGKKYYFN LNTAEAATGWQTI DGKKYYFNTNTF IA
STGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSD
SKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVF
KGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDN IYYFGNNSKAATGVVVTIDGNRYYFEPNTAMG
ANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANN I EGQAI RYQNRFLHLLGKIYYFGNNS
KAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 21 - Toxin
A-derived recombinant antigen - His-Thioredoxin-[thrombin site]-TxA3 HHHHH
HSH MASDKI I HLTDDSFDTDVLKADGAI LVDFWAEWCGPCKM IAP I LDEIADEYQGKLTVAKL NI
DQN PGTAPKYG IRG IPTLLLFKNG EVAATKVGALSKGQLKEFLDAN LARALVPRGSVTSLYKKAGSA
AAPFTMESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCN ILAMEGGSGHTVTGN I DHFFSSPSI
SSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKF
YWRFYAFFDYAITTLKPVYEDTN I KI KLDKDTRNFI MPTITTNEIRNKLSYSFDGAGGTYSLLLSSYP
1ST N I NLSKDDLWI FN IDNEVREISI ENGTIKKGKLIKDVLSKI DIN KN KL I IGNQTI DFSGD
IDNKDRYI FLTCEL DDKISLIIEINLVAKSYSLLLSGDKNYL ISNLSN I I EKINTLGLDSKN
IAYNYTDESN NKYFGAISKTSQKSI I HYKKDSKN I LEFYNDSTLEFNSKDFIAEDINVFMKDDI
NTITGKYYVDNNTDKSIDFSISLVSKNQVKVN  



WO 2012/046061PCT/GB2011/051910 GLYLN ESVYSSYLDFVKNSDGH H NTSN FM N LFLDN
ISFWKLFGFEN IN FVIDKYFTLVGKTN LGYVEFI CDNN KN I DIYFGEWKTSSSKSTI
FSGNGRNVVVEP IYNPDTGEDISTSLDFSYEPLYG IDRYI NKVLIAP DLYTSLI NI NTNYYSNEYYPEI
IVLNPNTFHKKVN I NLDSSSFEYKWSTEGSDF ILVRYLEESNKKILQKI R
IKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKI IDN KTYYYDEDSKLVKGLI N
I NNSLFYFDP IEFN LVTGWQTINGKKYYFD INTGAALISYKI I
NGKHFYFNNDGVMQLGVFKGPDGFEYF APANTQN NN IEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI I
NNEKYYFN PN NAIAAVGLQVI DNNK YYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTI
DGKHFYFDSDCVVKIGVFSTSNGFEYFAPAN
TYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYF
NTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDA NN I
EGQAI LYQNEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGI
LQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTH NNN IEGQAIVYQNKFLTLNGKKYYF
DNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTF
IASTGYTSI NGKHFYFNTDG IMQIGVFKGPNGFEYFAPANTHNNN I EGQAI LYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTI ISGKHFYFNTDGIMQIG
VFKGPDGFEYFAPANTDANN I EGQAI RYQNRFLYLHDN IYYFGNNSKAATGWVTI DGNRYYFEPNTA
MGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDAN N IEGQAIRYQNRFLHLLGKIYYFGN
NSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 22 - Toxin
A-derived recombinant antigen - His-NusA-[thrombin site]-TxA3
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVI El KAAARDPGSRAKIAVKTN DKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAAPFTMESKKYGPLKTEDDKILV P I
DDLVISEI DFNNNSIKLGTCN ILAMEGGSGHTVTGN I DHFFSSPSISSH I PSLSIYSAIGI
ETENLDFSKK
IMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTN I
KIKLDKDTRNF IMPTITTNEI RNKLSYSFDGAGGTYSLLLSSYPISTN I NLSKDDLW IFN IDN
EVREISIEN GTIKKGKLIKDVLSKIDINKNKLI IGNQTIDFSGDI DNKDRYI FLTCELDDKISLI I
EINLVAKSYSLLLSGDK NYLISNLSN I IEKI NTLGLDSKN lAYNYTDESNNKYFGAISKTSQKSI I
HYKKDSKN I LEFYNDSTLEFNSK
DFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGH HNTSN
FMNLFLDN ISFWKLFGFEN I NFVI DKYFTLVGKTNLGYVEF ICDNNKN I DIYFGEWKTSSSKSTI
FSGNGRNVVVEP IYNPDTGEDISTSLDFSYEPLYGI DRYINKVLIAPDLYTSL IN I NTNYYSNEYYPEI
IVL NPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKL
SLGYI MSNFKSFNSENELDRDHLGFKI I DNKTYYYDEDSKLVKGLIN I NNSLFYFDPI
EFNLVTGWQTIN GKKYYFDINTGAALISYKI
INGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFL TLNGKKYYFDNDSKAVTGWRI I
NNEKYYFNPNNAIAAVGLQVI DNNKYYFNPDTAI ISKGWQTVNGSR
YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLN
GKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKY
YFNTNTAIASTGYTI I NGKHFYFNTDGI MQIGVFKGPNGFEYFAPANTDANN IEGQAILYQNEFLTLNGK
KYYFGSDSKAVTGWRI I NNKKYYFNPNNAIAAIH LCTI NNDKYYFSYDGI LQNGYITIERNNFYFDANNE
SKMVTGVFKGPNGFEYFAPANTHNNN IEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYY FN
LNTAEAATGWQTI DG KKYYFN LNTAEAATGWQTI DG KKYYFNTNTFIASTGYTS I NGKH FYFNTDG
I MQIGVFKGPNGFEYFAPANTHNNN I EGQAI LYQNKFLTLNGKKYYFGSDSKAVTGLRTI DGKKYYFNT
NTAVAVTGWQTI NGKKYYFNTNTS IASTGYTI I SGKH FYFNTDG I MQ IGVFKGPDG
FEYFAPANTDAN N
IEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLP
QIGVFKGSNGFEYFAPANTDANN IEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPD
TAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 23 - Toxin B-derived recombinant
antigen - His-NusA-[thrombin site]-TxB4-His
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVI El KAAARDPGSRAKIAVKTN DKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAAPFTMS1 IKDISSKEYISFNPKE  WO
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NKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEERIEEAKNLTSDSINYIKD
EFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEIS
KIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNT
ITDAAKVVELVSTALDETI DLLPTLSEGLPI IATI I DGVSLGAAI KELSETSDPLLRQEI
EAKIGIMAVNLTTA
TTAIITSSLGIASGFSILLVPLAGISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMP
QDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLS
KDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYED TN IRI
NLDSNTRSFIVPI ITTEYI REKLSYSFYGSGGTYALSLSQYNMGI NI ELSESDVWI IDVDNVVRDVT
IESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISG
ELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDD
SKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRK
GNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETN
YTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPN IYTDEINITPVYETNNTY
PEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNF
SDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITG
FVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAID
FTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSI
NDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGI
LNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDK
VFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGE
DVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYF
NENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKR
YYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISEGHHHHHH SEQ ID 24 - Toxin B-derived
recombinant antigen - His-NusA-[thrombin site]-TxB4
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAAPFTMSIIKDISSKEYISFNPKE
NKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEERIEEAKNLTSDSINYIKD
EFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEIS
KIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNT
ITDAAKVVELVSTALDETI DLLPTLSEGLPI IATI I DGVSLGAAI KELSETSDPLLRQEI
EAKIGIMAVNLTTA
TTAIITSSLGIASGFSILLVPLAGISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMP
QDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLS
KDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYED TN IRI
NLDSNTRSFIVPI ITTEYI REKLSYSFYGSGGTYALSLSQYNMGI NI ELSESDVWI IDVDNVVRDVT
IESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISG
ELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDD
SKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRK
GNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETN
YTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTY
PEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNF
SDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITG
FVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAID
FTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSI
NDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGI
LNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDK
VFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGE
DVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYF
NENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKR
YYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE SEQ ID 25 - Toxin B-derived recombinant
antigen - His-Thioredoxin-[thrombin site]-TxB4 HHHHH HSH MASDKI I
HLTDDSFDTDVLKADGAILVDFWAEWCGPCKM IAPI LDEIADEYQGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSA  WO
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AAPFTMSIIKDISSKEYISFNPKENKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNID
TQIVEERIEEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETG
ESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESL
SNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPIIATIIDGVSLGAAIKELSE
TSDPLLRQEIEAKIGIMAVNLTTATTAI ITSSLGIASGFSILLVPLAGISAGIPSLVNNELVLRDKATKVVDY
FKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPS
ITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEG
EFYVVRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPI ITTEYIREKLSYSFYGSGGTYALSLSQYNM
GINIELSESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLT
FSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGS
TKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEK
TIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFI ISGTTSIGQ
FEFICDENDN IQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNK
VVISPN IYTDEI N ITPVYETNNTYPEVIVLDANYI NEKI NVN IN DLSIRYVWSNDGNDFI
LMSTSEEN KVSQ
VKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMV
SGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTE
DGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLN
QIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGF
KYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLIN
DGQYYFNDDG IMQVGFVTINDKVFYFSDSGIIESGVQNIDDNYFYI DDNG IVQIGVFDTSDGYKYFAPA
NTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKY
YFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNT
LDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE 



SEQ ID 26 - Toxin B-derived recombinant antigen - His-NusA-[thrombin
site]-TxB3
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQIDRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARNICWFGDEASGALVPRGSVTSLYKKAGSAAGGSMPQDDLVISEIDFNNNSIV
LGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFA
WETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIV P1
ITTEYI REKLSYSFYGSGGTYALSLSQYNMG INIELSESDVWI IDVDNVVRDVTIESDKIKKGDLIEG IL
STLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQK
IDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKD
VKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLE
SMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVE
PNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKIN
VNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFT
PSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPIN
GGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDD
NYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVM
KVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSF
TAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGIIESGV
QNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETG
WIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIE
DKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVI
IDGEEYYFDPDTAQLVISE SEQ ID 27 - Toxin B-derived recombinant antigen -
His-Thioredoxin-[thrombin site]-TxB3 (-hyd) HHHHHHSH
MASDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSA
AGGSMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQ
KEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITT
LKPRYEDTN I RINLDSNTRSF IVP I ITTEYI REKLSYSFYGSGGTYALSLSQYNMGI N
IELSESDVWI IDVD
NVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSK
SYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLI  WO
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SKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAE
ILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFI ISGTTSIGQFEFICDENDNIQPYFIK
FNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVY
ETNNTYPEVIVLDANYINEKINVN INDLSIRYVVVSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLAN
KLSFNFSDKQDVPVSEI ILSFTPSYYEDGLIGYDLGLVSLYNEKFYIN NFGMMVSGLIYINDSLYYFKPP
VNNLITGFVTVGDDKYYFNPI NGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDEN
LEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVM
QKGFVSI NDNKHYFDDSGVMKVGYTEI DGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGN EEG
EEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVG
FVTINDKVFYFSDSGI IESGVQN IDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSG
LVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFEN
NNYYFNENGEMQFGYI N IEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLD
LDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE SEQ ID 28 - Toxin A-derived
recombinant antigen - His-[linear spacer]-NusA-[thrombin site]- TxA4
HHHHHHHHHGGSGGSGGSGGSGGSGGSGGSGGSGGSGGSHMASNKEILAVVEAVSNEKALPRE
KIFEALESALATATKKKYEQEI DVRVQ I DRKSGD FDTFRRW LVVDEVTQPTKE ITLEAARYEDESLN
LG DYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVVDQFREHEGEIITGVVKKVNRDNISLDLGNNAE
AVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARD
PGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTELGGERIDIVLWDDNPAQFVINAMAPADVASIV
VDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSGWELNVMTVDDLQAKHQAEAHAAIDTFTKYLD
IDEDFATVLVEEGFSTLEELAYVPMKELLEI EGLDEPTVEALRERAKNALATIAQAQEESLGDNKPADD LLN
LEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADIEG LTD EKAGALI MAARNICWFGDEASGALVP
RGSVTSLYKKAGSAAAPFTMIMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSPDTK
FILNNLKLN IESSIGDYIYYEKLEPVKN 1 1 HNSIDDL
IDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKN
NSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFF
IQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEG IP IVSTI
LD GI NLGAAI KELLDEHDPLLKKELEAKVGVLAI NMSLSIAATVASIVGIGAEVTI FLLP IAG ISAG
IPSLVNNE LI LHDKATSVVNYFNHLSESKKYGPLKTEDDKILVP IDDLVISEIDFNNNSIKLGTCN 1
LAMEGGSGHTVT GN IDHFFSSPSISSH
IPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLL
DSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTY
SLLLSSYP ISTN 1 NLSKDDLW IFN IDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLI
IGNQTIDFSGDIDN
KDRYIFLTCELDDKISLIIEINLVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYTDESNNKYF
GAISKTSQKSIIHYKKDSKNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSIS
LVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFVIDKYFTLV
GKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEP IYNPDTGEDISTSLDFSYEPLYGI
DRYINKVLIAPDLYTSLIN INTNYYSNEYYPEI IVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRYLE
ESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKI IDNKTYYYD
EDSKLVKGLIN INNSLFYFDP IEFNLVTGWQTINGKKYYFDINTGAALISYKI 1 NGKHFYFNNDGVMQLG
VFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI INNEKYYFNPNNAI
AAVGLQVIDNNKYYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFS
TSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAAT
GWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPN
GFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNAIAAIHLCTI
NNDKYYFSYDGI LQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNN IEGQAIVYQN
KFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQT1
DGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKF
LTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKH
FYFNTDG IMQIGVFKGPDGFEYFAPANTDANN I EGQAI RYQNRFLYLHDN IYYFGNNSKAATGVVVTID
GNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRF
LHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG. SEQ ID 29
- Toxin A-derived recombinant antigen - His-[helical spacer]-NusA-[thrombin
site]- TxA4
HHHHHHHHHHGGSLAEAAAKEAAAKEAAAKEAAAKEAAAKAAAGGSHMASNKEILAVVEAVSNEKA
LPREKIFEALESALATATKKKYEQEIDVRVQI DRKSGDFDTFRRWLVVDEVTQPTKEITLEAARYEDES
LNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVVDQFREHEGEI ITGVVKKVNRDNISLDLG
NNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKA
AARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTELGGERIDIVLWDDNPAQFVINAMAPAD  WO
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VASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSGWELNVMTVDDLQAKHQAEAHAAIDTF
TKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPTVEALRERAKNALATIAQAQEESLGDN
KPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADIEGLTDEKAGALIMAARN ICWFGDEAS
GALVPRGSVTSLYKKAGSAAAPFTMI MSDLSSKEYIFFDSI DNKLKAKSKN I PGLASISEDI
KTLLLDASV SPDTKFI LNNLKLN I ESSIGDYIYYEKLEPVKN I
IHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISF
EDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEISTIKNSI ITDVNGNLLDNIQLDHTSQVNT
LNAAFFIQSLI DYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEG IP
I VSTI LDGI NLGAAI KELLDEHDPLLKKELEAKVGVLAI NMSLSIAATVASIVGIGAEVTI FLLP
IAGISAG IPS LVNNELI LHDKATSVVNYFNHLSESKKYGPLKTEDDKILVP I DDLVISEI
DFNNNSIKLGTCN ILAMEGGS GHTVTGN I DHFFSSPSISSH
IPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLEND GTRLLDSI
RDLYPGKFYWRFYAFFDYAITTLKPVYEDTN IKIKLDKDTRNF IMPTITTN El RNKLSYSFDG
AGGTYSLLLSSYP ISTN I NLSKDDLW IFN IDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLI
IGNQTIDFS GDIDNKDRYIFLTCELDDKISLI 1E1 NLVAKSYSLLLSGDKNYL ISNLSN I
IEKINTLGLDSKN IAYNYTDESN NKYFGAISKTSQKSI I HYKKDSKN ILEFYNDSTLEFNSKDFIAED
INVFMKDDI NTITGKYYVDNNTDKSI DFSISLVSKNQVKVNG LYLN ESVYSSYLDFVKNSDGH H NTSN
FMN LFLDN ISFWKLFG FEN IN FVIDKY FTLVGKTNLGYVEFICDNNKN I DIYFGEWKTSSSKSTI
FSGNGRNVVVEP IYN PDTGEDISTSLDFSYEP LYGI DRYIN KVLIAPDLYTSLIN I
NTNYYSNEYYPEI IVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILV RYLEESNKKI LQKI RIKG
ILSNTQSFN KMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKI I DNKTY YYDEDSKLVKGL IN I
NNSLFYFDPI EFNLVTGWQTI NGKKYYFDI NTGAALISYKI INGKHFYFNNDGVM
QLGVFKGPDGFEYFAPANTQNNN I EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI INNEKYYFNPN
NAIAAVGLQVIDNNKYYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIG
VFSTSNGFEYFAPANTYNNN IEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAE
AATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI INGKHFYFNTDGIMQIGVFK
GPNGFEYFAPANTDANN I EGQAILYQN EFLTLNGKKYYFGSDSKAVTGWRI I NNKKYYFNPNNAIAAIH
LCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQA1V
YQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATG
WQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILY
QNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTI I
SGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATG
WVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIR
YQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIY G 



SEQ ID 30 - Toxin A-derived recombinant antigen - His-NusA-[linear spacer]-
[thrombin site]- TxA4
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARN ICWFGDEASGALGGSGGSGGSGGSGGSGGSGGSGGSGGSLVPRGSGS
AAAPFTMIMSDLSSKEYIFFDSIDNKLKAKSKN IPGLASISEDI KTLLLDASVSPDTKF ILNNLKLN
!ESSIG DYIYYEKLEPVKN I
IHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSN
GESVYVETEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLNAAFFIQSLIDYSSNKDV
LNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNL ISNAVNDTI NVLPTITEG IP IVSTI LDG
INLGAAIKELLDE
HDPLLKKELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYF
NHLSESKKYGPLKTEDDKILVP I DDLVISEIDFNNNSIKLGTCN ILAMEGGSGHTVTGN I
DHFFSSPSISS HI PSLSIYSAIG IETENLDFSKKI MMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSI
RDLYPGKFYW RFYAFFDYAITTLKPVYEDTN I KIKLDKDTRNF
IMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYP ISTN IN LSKDDLWIFN IDNEVREISI
ENGTIKKGKLIKDVLSKI DI NKN KL I IGNQTI DFSGDIDNKDRYI FLTCELDD
KISLIIEINLVAKSYSLLLSGDKNYLISNLSN I IEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSI
IHY KKDSKN I LEFYNDSTLEFNSKDFIAEDINVFMKDDI
NTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGL YLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDN
ISFWKLFGFEN I NFVIDKYFTLVGKTNLGYVEFICD NNKN I DIYFGEWKTSSSKSTI FSGNGRNVVVEP
IYNPDTGED ISTSLDFSYEPLYG IDRYI NKVL IAPDLY TSLIN INTNYYSNEYYPEI
IVLNPNTFHKKVN INLDSSSFEYKWSTEGSDF ILVRYLEESNKKILQKIRI KG!
LSNTQSFNKMSIDFKDIKKLSLGYI MSNFKSFNSENELDRDHLGFKI I DNKTYYYDEDSKLVKGLIN INN
SLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKI INGKHFYFNNDGVMQLGVFKGPDGFEYFAP
ANTQNNN I EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI INNEKYYFNPNNAIAAVGLQVIDNNKYY
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FNPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTY NNN I
EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTI DGKKYYFNT
NTAEAATGWQTIDGKKYYFNTNTAIASTGYTI I NGKHFYFNTDGI MQIGVFKGPNGFEYFAPANTDANN
IEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRI IN NKKYYFNPNNAIAAI HLCTINNDKYYFSYDGI LQ
NGYITI ERNNFYFDAN NESKMVTGVFKGPNGFEYFAPANTHNNN I EGQAIVYQNKFLTLNGKKYYFDN
DSKAVTGWQTI DG KKYYFN LNTAEAATGWQTI DGKKYYFN LNTAEAATGWQTI DGKKYYFNTNTF IA
STGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYYFGSD
SKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVF
KGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDN IYYFGNNSKAATGVVVTIDGNRYYFEPNTAMG
ANGYKTI DNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANN I EGQAI RYQNRFLHLLGKIYYFGNNS
KAVTGWQTI NG KVYYFM PDTAMAAAGGLFE I DGVIYFFGVDGVKAPG IYG SEQ ID 31 - Toxin
A-derived recombinant antigen - His-NusA-[helical spacer]-[thrombin site]-
TxA4 HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEI ITGVVKKVNRDN ISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVI El KAAARDPGSRAKIAVKTN DKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI E G LT
D E KAGAL I MAAR N I CW FG D EAS GAL LAEAAAKEAAAKEAAAKEAAAKEAAAKAAAG G S LV
P RG SGSAAAPFTMIMSDLSSKEYIFFDSIDNKLKAKSKN
IPGLASISEDIKTLLLDASVSPDTKFILNNLKLN IE SSIGDYIYYEKLEPVKN I I HNSIDDLI
DEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRF IN
KSNGESVYVETEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDN IQLDHTSQVNTLNAAFFIQSLIDYSSN
KDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEG IP IVSTILDG IN
LGAAIKE
LLDEHDPLLKKELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSV
VNYFNH LSESKKYGPLKTEDDKI LVP IDDLVISEIDFNNNSIKLGTCN I LAMEGGSGHTVTGN
IDHFFSS
PSISSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPG
KFYVVRFYAFFDYAITTLKPVYEDTN IKI KLDKDTRN FIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYP
I STN INLSKDDLWIFN IDNEVREISI ENGTIKKGKLIKDVLSKI DIN KN KL I IGNQTI
DFSGDIDNKDRYI FLTC ELDDKISLI IEIN LVAKSYSLLLSGDKNYLISNLSN I I EKI NTLGLDSKN
IAYNYTDESN NKYFGAISKTSQK SI I HYKKDSKN I LEFYNDSTLEFNSKDFIAEDINVFMKDDI
NTITGKYYVDNNTDKSIDFSISLVSKNQVKV NGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDN
ISFWKLFGFEN I NFVI DKYFTLVGKTNLGYVE FICDNNKN I DIYFGEWKTSSSKSTIFSGNGRNVVVEP
IYNPDTGEDISTSLDFSYEPLYG IDRYI NKVL IA PDLYTSLI N INTNYYSN EYYPEI IVLN
PNTFHKKVN IN LDSSSFEYKWSTEGSDFI LVRYLEESNKKI LQKI
RIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKI IDNKTYYYDEDSKLVKGLI N
I NNSLFYFDPI EFNLVTGWQTINGKKYYFD INTGAALISYKI I NGKHFYFNNDGVMQLGVFKGPDGFE
YFAPANTQNNN IEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI I NNEKYYFNPNNAIAAVGLQVI DN
NKYYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAP
ANTYN N N I EGQAIVYQSKFLTLNGKKYYFDN NSKAVTGWQTI DSKKYYFNTNTAEAATGWQTIDGKK
YYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI INGKHFYFNTDGIMQIGVFKGPNGFEYFAPAN
TDANN I EGQAI LYQNEFLTLNGKKYYFGSDSKAVTGWRI INN KKYYFNPNNAIAAI
HLCTINNDKYYFSY DG ILQNGYITIERNN FYFDANNESKMVTGVFKGPNGFEYFAPANTHNNN I
EGQAIVYQNKFLTLNGKK
YYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNT
NTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKKYY
FGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIM
QIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPN
TAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYF
GNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 32 - Toxin
A-derived recombinant antigen - His-[linear spacer]-NusA-[thrombin site]-
TxA3 HHHHHHHHHGGSGGSGGSGGSGGSGGSGGSGGSGGSGGSHMASNKEILAVVEAVSNEKALPRE KI
FEALESALATATKKKYEQEI DVRVQ I DRKSGD FDTFRRW LVVDEVTQPTKE ITLEAARYEDESLN LG
DYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVVDQFREHEGEIITGVVKKVNRDNISLDLGNNAE
AVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARD
PGSRAKIAVKTN D KR I DPVGACVG MRGARVQAVSTELGGERI D IVLWDDN PAQFVI
NAMAPADVASIV
VDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSGWELNVMTVDDLQAKHQAEAHAAIDTFTKYLD
IDEDFATVLVEEGFSTLEELAYVPMKELLEI EGLDEPTVEALRERAKNALATIAQAQEESLGDNKPADD  WO
2012/046061PCT/GB2011/051910 



LLN LEGVDRDLAFKLAARGVCTLEDLAEQG I DDLAD I EG LTD EKAGALI MAARN I
CWFGDEASGALVP
RGSVTSLYKKAGSAAAPFTMESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGH
TVTGN I DHFFSSPSISSH IPSLSIYSAIG IETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLEN DGT
RLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAG
GTYSLLLSSYP ISTN I NLSKDDLWI FN IDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLI
IGNQTIDFSGD IDNKDRYIFLTCELDDKISLI I EINLVAKSYSLLLSGDKNYLISNLSN I I
EKINTLGLDSKN IAYNYTDESNNK YFGAISKTSQKSI I HYKKDSKN I LEFYNDSTLEFNSKDFIAEDI
NVFMKDDINTITGKYYVDNNTDKSI DFS
ISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDN ISFWKLFGFEN I NFVIDKYFTL
VGKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLY GI
DRYI NKVLIAPDLYTSLI N INTNYYSN EYYPEI IVLNPNTFHKKVN I NLDSSSFEYKWSTEGSDF
ILVRY LEESNKKI LQKI RIKGI LSNTQSFNKMSIDFKDIKKLSLGYI MSNFKSFNSENELDRDHLGFKI
I DNKTYYY DEDSKLVKGLININNSLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKI
INGKHFYFNNDGVMQL GVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI
INN EKYYFNPNN AIAAVGLQVIDNNKYYFNPDTAI
ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGV
FSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEA
ATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI I NGKHFYFNTDG IMQIGVFKG
PNGFEYFAPANTDANN I EGQAI LYQNEFLTLNGKKYYFGSDSKAVTGWRI I NNKKYYFN PNNAIAAI
HL CTIN NDKYYFSYDGI LQNGYITI ERNNFYFDAN NESKMVTGVFKGPNGFEYFAPANTHNNN I
EGQAIVY QNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGW
QTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQ
NKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTI IS
GKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGW
VTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQ
NRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID
33 - Toxin A-derived recombinant antigen - His-[helical
spacer]-NusA-[thrombin site]- TxA3
HHHHHHHHHHGGSLAEAAAKEAAAKEAAAKEAAAKEAAAKAAAGGSHMASNKEILAVVEAVSNEKA
LPREKIFEALESALATATKKKYEQEIDVRVQI DRKSGDFDTFRRWLVVDEVTQPTKEITLEAARYEDES
LNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVVDQFREHEGE1 ITGVVKKVNRDNISLDLG
NNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKA
AARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTELGGERIDIVLWDDNPAQFVINAMAPAD
VASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSGWELNVMTVDDLQAKHQAEAHAAIDTF
TKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPTVEALRERAKNALATIAQAQEESLGDN
KPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADIEGLTDEKAGALIMAARNICWFGDEAS
GALVPRGSVTSLYKKAGSAAAPFTMESKKYGPLKTEDDKILVP I DDLVISEIDFNNNSI KLGTCN ILAME
GGSGHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRS
LENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSY
SFDGAGGTYSLLLSSYP ISTN I NLSKDDLWI FN I DNEVREISIENGTIKKGKL IKDVLSKIDI
NKNKL I IGNQ TI DFSGDIDNKDRYIFLTCELDDKISLI I EINLVAKSYSLLLSGDKNYLISNLSN I
IEKI NTLGLDSKN IAYNYT DESNNKYFGAISKTSQKSI I HYKKDSKN I
LEFYNDSTLEFNSKDFIAEDI NVFMKDDINTITGKYYVDNNT
DKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDN ISFWKLFGFEN I NFV
IDKYFTLVGKTNLGYVEFICDNNKN I DIYFGEWKTSSSKSTI FSGNGRNVVVEP IYN PDTGEDISTSLDF
SYEPLYGIDRYINKVLIAPDLYTSLININTNYYSNEYYPEI IVLNPNTFHKKVN IN LDSSSFEYKWSTEGS
DF ILVRYLEESNKKILQKIRIKGI LSNTQSFNKMSI DFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKI
I DNKTYYYDEDSKLVKGLI N INNSLFYFDP I EFNLVTGWQTI NGKKYYFDI NTGAAL ISYKI
INGKHFYFNN DGVMQLGVFKGPDGFEYFAPANTQNNN I EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGW RI
I NNEKY YFNPNNAIAAVGLQVIDNNKYYFNPDTAI
ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDC VVKIGVFSTSNGFEYFAPANTYNNN I
EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTI DSKKYYFN TNTAEAATGWQTI DG
KKYYFNTNTAEAATGWQTI DG KKYYFNTNTAIASTGYTI I NGKH FYFNTDG IM
QIGVFKGPNGFEYFAPANTDANN IEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPN
NAIAAIH LCTI NNDKYYFSYDGI LQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNN I
EGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTA
EAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIE
GQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIA STGYTI
ISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANN I EGQAI RYQNRFLYLHDN IYYFGNNS
KAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIE
GQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK APGIYG
WO 2012/046061PCT/GB2011/051910 SEQ ID 34 - Toxin A-derived recombinant
antigen - His-NusA-[linear spacer]- [thrombin site]- TxA3
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARN ICWFGDEASGALGGSGGSGGSGGSGGSGGSGGSGGSGGSLVPRGSGS
AAAPFTMESKKYGPLKTEDDKI LVP IDDLVISEI DFN NNSIKLGTCN I LAMEGGSGHTVTGN
IDHFFSSP
SISSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGK
FYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPIS TN
INLSKDDLWI FN I DNEVREISIENGTIKKGKLIKDVLSKI DINKNKLI
IGNQTIDFSGDIDNKDRYIFLTCE LDDKISL I I El NLVAKSYSLLLSGDKNYLISNLSN I
IEKINTLGLDSKN lAYNYTDESNNKYFGAISKTSQKSI
IHYKKDSKNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVN
GLYLN ESVYSSYLDFVKNSDGH H NTSN FMN LFLDN ISFWKLFG FEN IN FVI DKYFTLVG KTN
LGYVEFI CDNN KN I DIYFGEWKTSSSKSTI FSGNGRNVVVEP IYNPDTGEDISTSLDFSYEPLYG
IDRYI NKVLIAP DLYTSLI NI NTNYYSNEYYPEI IVLNPNTFHKKVN I NLDSSSFEYKWSTEGSDF
ILVRYLEESNKKILQKI R IKG ILSNTQSFNKMSI DFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKI
IDNKTYYYDEDSKLVKGL IN I NNSLFYFDP I EFNLVTGWQTI NGKKYYFDINTGAALISYKI I
NGKHFYFNNDGVMQLGVFKGPDGFEYF APANTQN NN IEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI I
NNEKYYFN PN NAIAAVGLQVI DNNK YYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTI
DGKHFYFDSDCVVKIGVFSTSNGFEYFAPAN TYNNN I EGQAIVYQSKFLTLNGKKYYFDN NSKAVTGWQTI
DSKKYYFNTNTAEAATGWQTI DGKKYYF NTNTAEAATGWQTI DGKKYYFNTNTAIASTGYTI I
NGKHFYFNTDG IMQIGVFKGPNGFEYFAPANTDA NN I EGQAI LYQNEFLTLNGKKYYFGSDSKAVTGWRI
INNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGI
LQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTH NNN IEGQAIVYQNKFLTLNGKKYYF
DNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTF
IASTGYTSI NGKHFYFNTDG IMQIGVFKGPNGFEYFAPANTHNNN I EGQAI LYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTI ISGKHFYFNTDGIMQIG
VFKGPDGFEYFAPANTDANN IEGQAIRYQNRFLYLHDN IYYFGNNSKAATGVVVTIDGNRYYFEPNTA
MGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANN IEGQAIRYQNRFLHLLGKIYYFGN
NSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 35 - Toxin
A-derived recombinant antigen - His-NusA-[helical spacer]-[thrombin site]-
TxA3 HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRW LVVDEVTQPTKE ITLEAARYEDESLN LG DYVEDQ I ESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVI El KAAARDPGSRAKIAVKTN DKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGN LAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI E G LT
D E KAGAL I MAAR N I CW FG D EAS GAL LAEAAAKEAAAKEAAAKEAAAKEAAAKAAAG G S LV
P RG SGSAAAPFTMESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFF
SSPSISSH I PSLSIYSAIGI ETENLDFSKKI MMLPNAPSRVFWWETGAVPGLRSLENDGTRLLDSI RDLY
PGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSY P
ISTN INLSKDDLWI FN I DNEVREISIENGTIKKGKLIKDVLSKID INKNKLI
IGNQTIDFSGDIDNKDRYIFLT CELDDKISLI I EINLVAKSYSLLLSGDKNYLISNLSN I
IEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQ KSI I HYKKDSKN ILEFYNDSTLEFNSKDF IAEDI
NVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVK VNGLYLN ESVYSSYLDFVKNSDGHHNTSN
FMNLFLDN ISFWKLFGFEN I NFVIDKYFTLVGKTNLGYV EFICDNNKN I DIYFGEWKTSSSKSTI
FSGNGRNVVVEP IYN PDTGEDISTSLDFSYEPLYGI DRYINKVLI APDLYTSLIN INTNYYSNEYYPEI
IVLNPNTFHKKVN INLDSSSFEYKWSTEGSDFILVRYLEESNKKILQ KIRIKGI LSNTQSFNKMSI
DFKDIKKLSLGYI MSNFKSFNSENELDRDHLGFKI I DNKTYYYDEDSKLVKG LI N INNSLFYFDP I
EFNLVTGWQTI NGKKYYFDI NTGAALISYKI INGKHFYFNNDGVMQLGVFKGPDGF EYFAPANTQNNN I
EGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI INN EKYYFNPNNAIAAVGLQVID NNKYYFNPDTAI
ISKGWQTVNGSRYYFDTDTAIAFNGYKTI DGKHFYFDSDCVVKIGVFSTSNGFEYF APANTYN N N I
EGQAIVYQSKFLTLNG KKYYFDN NSKAVTGWQTI DSKKYYFNTNTAEAATGWQTI DG
KKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI INGKHFYFNTDGIMQIGVFKGPNGFEYFAP
ANTDANN I EGQAI LYQNEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNAIAAIHLCTINNDKYYF
WO 2012/046061PCT/GB2011/051910 



SYDGI LQNGYITI ERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNN I EGQAIVYQNKFLTLNG
KKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYF
NTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQNKFLTLNGKK
YYFGSDSKAVTGLRTI DGKKYYFNTNTAVAVTGWQTI NGKKYYFNTNTS IASTGYTI I SGKH FYFNTDG
IMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFE
PNTAMGANGYKTIDNKN FYFRNGLPQIGVFKGSNGFEYFAPANTDANN I EGQAI RYQNRFLHLLGKIY
YFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 36 - Toxin
A-derived recombinant antigen - His-[linear spaced-Thioredoxin- [thrombin
site]-TxA4 HHHHHHHHHGGSGGSGGSGGSGGSGGSGGSGGSGGSGGSHMASDKI
IHLTDDSFDTDVLKADGA I LVDFWAEWCG PCKM IAPI LDE IADEYQG KLTVAKLN IDQN
PGTAPKYG I RG I PTLLLFKNGEVAATKVG
ALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSAAAPFTMI MSDLSSKEYIFFDSIDN KLKAKSKN IP
GLASISED IKTLLLDASVSPDTKF ILN NLKLN IESSIGDYIYYEKLEPVKN I
IHNSIDDLIDEFNLLENVSDEL
YELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEISTIKNSI ITDVN
GN LLDN IQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNL IS
NAVNDTI NVLPTITEG IP IVSTI LDG INLGAAIKELLDEHDPLLKKELEAKVGVLAI
NMSLSIAATVASIVGIG
AEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSESKKYGPLKTEDDKILVPIDDLVISEIDFNN
NSIKLGTCN I LAMEGGSGHTVTGN I DHFFSSPSISSH I PSLSIYSAIG IETEN
LDFSKKIMMLPNAPSRVF
WWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIM
PTITTNEIRNKLSYSFDGAGGTYSLLLSSYP ISTN I NLSKDDLWI FN I DNEVREISIENGTI
KKGKLIKDVLS KIDI NKNKLI IGNQTIDFSGDI DNKDRYIFLTCELDDKISLI I
EINLVAKSYSLLLSGDKNYLISNLSN I I EKI NT LGLDSKN lAYNYTDESNNKYFGAISKTSQKSI I
HYKKDSKN I LEFYNDSTLEFNSKDFIAEDI NVFMKDDI NTITG KYYVDN NTDKS
IDFSISLVSKNQVKVNG LYLN ESVYSSYLDFVKNSDGH H NTSN FMN LFLDN IS FWKLFGFEN I
NFVI DKYFTLVGKTNLGYVEFICDNNKN I DIYFGEWKTSSSKSTIFSGNGRNVVVEP IYN
PDTGEDISTSLDFSYEPLYGI DRYINKVLIAPDLYTSLIN I NTNYYSNEYYPEI IVLNPNTFHKKVN I
NLDS
SSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSE
NELDRDHLGFKI IDN KTYYYDEDSKLVKGLI N IN NSLFYFDP I EFNLVTGWQTI NGKKYYFDI
NTGAAL IS YKI I NGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNN I
EGQAIVYQSKFLTLNGKKYYFDNDSKA VTGWRI INNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAI
ISKGWQTVNGSRYYFDTDTAIAFNGYKTI DGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNN
IEGQAIVYQSKFLTLNGKKYYFDNNSKAVTG
WQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI IN
GKHFYFNTDG IMQIGVFKGPNGFEYFAPANTDANN I EGQAI LYQNEFLTLNGKKYYFGSDSKAVTGW RI
INNKKYYFNPNNAIAAI HLCTINNDKYYFSYDG ILQNGYITI ERN NFYFDANNESKMVTGVFKGPNGF
EYFAPANTHNNN I EGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTI
DGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEY
FAPANTH NNN IEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTI DGKKYYFNTNTAVAVTGWQTI NG
KKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYL
HDNIYYFGNNSKAATGVVVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYF
APANTDANN I EGQAI RYQNRFLHLLGKIYYFGN NSKAVTGWQTI NGKVYYFMPDTAMAAAGGLFEI DG
VIYFFGVDGVKAPGIYG SEQ ID 37 - Toxin A-derived recombinant antigen -
His-[helical spaced-Thioredoxin- [thrombin site]-TxA4
HHHHHHHHHHGGSLAEAAAKEAAAKEAAAKEAAAKEAAAKAAAGGSHMASDKI IHLTDDSFDTDVLK ADGAI
LVDFWAEWCGPCKM IAP I LDE IADEYQG KLTVAKLN IDQN PGTAPKYG I RG I PTLLLFKNG
EVA ATKVGALSKGQLKEFLDAN LARALVPRGSVTSLYKKAGSAAAPFTM I MSDLSSKEYI FFDS IDN
KLKAK SKN I PGLASISEDIKTLLLDASVSPDTKFI LNNLKLN I ESSIGDYIYYEKLEPVKN I I
HNSIDDL IDEFNLLEN VSDELYELKKLNNLDEKYLISFEDISKNNSTYSVRF INKSNGESVYVETEKEI
FSKYSEH ITKEISTIKNSI I TDVNGNLLDN
IQLDHTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQL
VNLISNAVNDTINVLPTITEG IP IVSTI LDG INLGAAI KELLDEHDPLLKKELEAKVGVLAI
NMSLSIAATVA
SIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSESKKYGPLKTEDDKILVPIDDLVIS
EIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIMMLPNA
PSRVFWWETGAVPGLRSLEN DGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTN I KIKLDKDT
RNFIMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTNINLSKDDLWIFNIDNEVREISIENGTIKKGKLI
KDVLSKIDI N KN KLI IGNQTI DFSG D ID N KD RYIFLTCELDD KISLI I E IN
LVAKSYSLLLSGDKNYLISN LSN I IEKI NTLGLDSKN lAYNYTDESNNKYFGAISKTSQKSI I
HYKKDSKN I LEFYNDSTLEFNSKDFIAEDI NVF MKDDINTITGKYYVDNNTDKSI
DFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNL FLDN ISFWKLFGFEN I NFVI
DKYFTLVGKTNLGYVEF ICDNN KN I DIYFGEWKTSSSKSTI FSGNGRNVV
VEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLIN INTNYYSNEYYPEI IVLNPNTFHKKV
WO 2012/046061PCT/GB2011/051910 N I NLDSSSFEYKWSTEGSDF ILVRYLEESN KKI LQKI
RIKGI LSNTQSFNKMSIDFKD IKKLSLGYIMSNF KSFNSENELDRDHLGFKI I
DNKTYYYDEDSKLVKGLI N INNSLFYFDP IEFNLVTGWQTINGKKYYFDIN TGAALISYKI I
NGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNN IEGQAIVYQSKFLTLNGKKYY FDNDSKAVTGWRI
INN EKYYFNPNNAIAAVGLQVIDNN KYYFNPDTAI ISKGWQTVNGSRYYFDTDTAI
AFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNN I EGQAIVYQSKFLTLNGKKYYFDN
NSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIA STGYTI
I NGKHFYFNTDGI MQIGVFKGPNGFEYFAPANTDANN I EGQAILYQN EFLTLNGKKYYFGSDS
KAVTGWRI I NNKKYYFNPNNAIAAIHLCTINNDKYYFSYDG ILQNGYITIERNNFYFDANNESKMVTGVF
KGPNGFEYFAPANTHNNN IEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEA
ATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFK
GPNGFEYFAPANTHN NN IEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTI DGKKYYFNTNTAVAVT
GWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIR
YQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFK
GSNGFEYFAPANTDANN IEGQAIRYQN RFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAA
AGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 38 - Toxin A-derived recombinant antigen
- His-Thioredoxin- [linear spacer]-[thrombin site]-TxA4 HHHHHHSHMASDKI
IHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKL NI DQNPGTAPKYG IRG
IPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALGGSGGSGGSGGSGG
SGGSGGSGGSGGSLVPRGSGSAAAPFTM I MSDLSSKEYI FFDSIDNKLKAKSKN I PGLASISEDI KTLL
LDASVSPDTKFI LNNLKLN I ESSIGDYIYYEKLEPVKN I
IHNSIDDLIDEFNLLENVSDELYELKKLNNLDE
KYLISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEISTIKNSI ITDVNGNLLDNIQLDHT
SQVNTLNAAFFIQSLI DYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVN DTI NVLPTI
TEG IP IVSTILDG IN LGAAIKELLDEHDPLLKKELEAKVGVLAINMSLSIAATVASIVG IGAEVTIFLLP
IAG IS AGI PSLVN NELILHDKATSVVNYFNHLSESKKYGPLKTEDDKILVP IDDLVISEI DFN
NNSIKLGTCN I LAM EGGSGHTVTGN
IDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLR SLENDGTRLLDSI
RDLYPGKFYWRFYAFFDYAITTLKPVYEDTN IKIKLDKDTRNF IMPTITTN El RNKLS
YSFDGAGGTYSLLLSSYPISTN I NLSKDDLWIFN IDNEVREISI ENGTIKKGKLIKDVLSKI DIN
KNKLI IGN QTIDFSGD IDNKDRYI FLTCELDDKISL I I El NLVAKSYSLLLSGDKNYLISNLSN I
IEKINTLGLDSKNIAYN YTDESNNKYFGAISKTSQKSI
IHYKKDSKNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITGKYYVDN NTDKS I DFS
ISLVSKNQVKVNG LYLN ESVYSSYLDFVKNSDGHH NTSN FMN LFLDN ISFWKLFGFEN IN FVI
DKYFTLVGKTNLGYVEF ICDNNKN I DIYFGEWKTSSSKSTI FSGNGRNVVVEP IYNPDTGEDISTSL
DFSYEPLYGI DRYINKVLIAPDLYTSLI NI NTNYYSNEYYPEI IVLNPNTFH KKVN I
NLDSSSFEYKWSTE
GSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGF KI
I DNKTYYYDEDSKLVKGLIN I NNSLFYFDP IEFNLVTGWQTI NGKKYYFDI NTGAALISYKI
INGKHFYF NNDGVMQLGVFKGPDGFEYFAPANTQNNN IEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI I
NNE KYYFNPNNAIAAVGLQVIDNNKYYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDS
DCVVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYY
FNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTI DGKKYYFNTNTAIASTGYTI I NGKH FYFNTDG I
MQIGVFKGPNGFEYFAPANTDAN N IEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNP
NNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNN NI
EGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTI DGKKYYFNLNTAEAATGWQTI DGKKYYFNLNT
AEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIE GQAI
LYQN KFLTLNG KKYYFGSDSKAVTG LRTI DGKKYYFNTNTAVAVTGWQTI NGKKYYFNTNTS IA
STGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNS
KAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIE
GQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK APGIYG
SEQ ID 39 - Toxin A-derived recombinant antigen - His-Thioredoxin-[helical
spacer]-[thrombin site]-TxA4 HHHHH HSH MASDKI I HLTDDSFDTDVLKADGAI
LVDFWAEWCGPCKM IAP ILDEIADEYQGKLTVAKL NI DQN PGTAPKYG IRG IPTLLLFKN
GEVAATKVGALSKGQLKEFLDAN LARALLAEAAAKEAAAKEAAA
KEAAAKEAAAKAAAGGSLVPRGSGSAAAPFTMIMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIK
TLLLDASVSPDTKF ILNNLKLN I ESSIGDYIYYEKLEPVKN I
IHNSIDDLIDEFNLLENVSDELYELKKLNNL
DEKYLISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEISTIKNSI ITDVNGNLLDNIQLD
HTSQVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVL
PTITEG IP IVSTI LDG INLGAAIKELLDEHDPLLKKELEAKVGVLAINMSLSIAATVASIVG
IGAEVTIFLLP IA GISAGI PSLVNNELI LHDKATSVVNYFNHLSESKKYGPLKTEDDKILVP I
DDLVISEIDFNNNSIKLGTCN I 



WO 2012/046061PCT/GB2011/051910 LAMEGGSGHTVTGN I DHFFSSPSISSH I PSLSIYSAIGI
ETENLDFSKKIMMLPNAPSRVFWWETGAVP
GLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTN I KIKLDKDTRNFI MPTITTN El
RN KLSYSFDGAGGTYSLLLSSYPISTN I NLSKDDLWI FNIDNEVREISIENGTIKKGKLIKDVLSKI DI
NKN KL I I GNQTIDFSGDIDNKDRYIFLTCELDDKISL I I El NLVAKSYSLLLSGDKNYLISNLSN I
IEKINTLGLDSKN IA YNYTDESNNKYFGAISKTSQKSI I HYKKDSKN I LEFYNDSTLEFNSKDFIAEDI
NVFMKDDI NTITGKYYV
DNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDN ISFWKLFGFE N I
NFVIDKYFTLVGKTNLGYVEF ICDNNKN I DIYFGEWKTSSSKSTI FSGNGRNVVVEPIYNPDTGED IS
TSLDFSYEPLYG IDRYI NKVL IAPDLYTSLI N INTNYYSN EYYPEI IVLNPNTFHKKVN I
NLDSSSFEYKWS
TEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHL
GFKI I DNKTYYYDEDSKLVKGLIN I NNSLFYFDP IEFNLVTGWQTINGKKYYFD INTGAALISYKI I
NGKHF YFNNDGVMQLGVFKGPDGFEYFAPANTQN NN IEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI
IN NEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYF
DSDCVVKIGVFSTSNGFEYFAPANTYNNN I EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKK
YYFNTNTAEAATGWQTI DG KKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI I NGKH FYFNT
DGIMQIGVFKGPNGFEYFAPANTDANN IEGQAILYQN EFLTLNGKKYYFGSDSKAVTGWRI I NNKKYY
FNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANT HNNN
I EGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYF
NLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTH NNN I
EGQAI LYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTI NGKKYYFNT
NTSIASTGYTI ISGKHFYFNTDG IMQIGVFKGPDGFEYFAPANTDANN I EGQAI RYQNRFLYLHDN
IYYF GNNSKAATGVVVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTD
ANN IEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEI DGVIYFFG
VDGVKAPGIYG SEQ ID 40 - Toxin A-derived recombinant antigen - His-[linear
spaced-Thioredoxin- [thrombin site]-TxA3
HHHHHHHHHGGSGGSGGSGGSGGSGGSGGSGGSGGSGGSHMASDKI IHLTDDSFDTDVLKADGA I
LVDFWAEWCG PCKM IAPI LDE IADEYQG KLTVAKLN I DQN PGTAPKYG I RG I
PTLLLFKNGEVAATKVG
ALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSAAAPFTMESKKYGPLKTEDDKILVPIDDLVISEIDF
NNNSIKLGTCN I LAMEGGSGHTVTGN IDHFFSSPSISSH IPSLSIYSAIG IETEN
LDFSKKIMMLPNAPSR
VFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNF
IMPTITTNEIRNKLSYSFDGAGGTYSLLLSSYPISTN INLSKDDLWIFNIDNEVREISIENGTIKKGKLIKDV
LSKIDINKNKLI IGNQTIDFSGDI DNKDRYI FLTCELDDKISL I I El
NLVAKSYSLLLSGDKNYLISNLSN I IEKI NTLGLDSKN lAYNYTDESNNKYFGAISKTSQKSI I
HYKKDSKN I LEFYNDSTLEFNSKDFIAEDI NVFMKD DI NTITGKYYVDNNTDKSI
DFSISLVSKNQVKVNGLYLN ESVYSSYLDFVKNSDGHHNTSNFMNLFLDN ISFWKLFGFEN I NFVI
DKYFTLVGKTNLGYVEF ICDNN KN I DIYFGEWKTSSSKSTI FSGNGRNVVVEP I
YNPDTGEDISTSLDFSYEPLYGI DRYIN KVLIAPDLYTSLI N INTNYYSN EYYPEI IVLNPNTFHKKVN
I NL
DSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFN
SENELDRDHLGFKI I DNKTYYYDEDSKLVKGLIN I NNSLFYFDP IEFN LVTGWQTINGKKYYFD
INTGAA LISYKI INGKH FYFNNDGVMQLGVFKGPDGFEYFAPANTQNNN I
EGQAIVYQSKFLTLNGKKYYFDND SKAVTGWRI I NNEKYYFNPN NAIAAVGLQVI DNNKYYFNPDTAI
ISKGWQTVNGSRYYFDTDTAIAFNG
YKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKA
VTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGY TI
INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGSDSKAVT GWRI
INNKKYYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPN
GFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGW
QTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGF
EYFAPANTHNNN I EGQAI LYQNKFLTLNGKKYYFGSDSKAVTGLRTI DGKKYYFNTNTAVAVTGWQTI
NGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRF
LYLHDNIYYFGNNSKAATGVVVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGF
EYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLF
EIDGVIYFFGVDGVKAPGIYG SEQ ID 41 - Toxin A-derived recombinant antigen -
His-[helical spaced-Thioredoxin- [thrombin site]-TxA3
HHHHHHHHHHGGSLAEAAAKEAAAKEAAAKEAAAKEAAAKAAAGGSHMASDKI IHLTDDSFDTDVLK ADGAI
LVDFWAEWCGPCKM IAP I LDE IADEYQG KLTVAKLN I DQN PGTAPKYG I RG I PTLLLFKNG
EVA ATKVGALSKGQLKEFLDAN LARALVPRGSVTSLYKKAGSAAAPFTM ESKKYG PLKTED DKI LVP I
DDL
VISEIDFNNNSIKLGTCNILAMEGGSGHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIMML
PNAPSRVFWWETGAVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTN I KIKL  WO
2012/046061PCT/GB2011/051910 DKDTRNFI MPTITTNEI RNKLSYSFDGAGGTYSLLLSSYP
ISTN I NLSKDDLWI FN I DNEVREISI ENGTIK KGKLIKDVLSKI DI NKNKLI IGNQTI
DFSGDIDNKDRYIFLTCELDDKISLI IEINLVAKSYSLLLSGDKNYL IS NLSN I
IEKINTLGLDSKNIAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNILEFYNDSTLEFNSKDFIAE DI
NVFMKDDINTITGKYYVDNNTDKSI DFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHH NTSN
FMNLFLDNISFWKLFGFEN INFVIDKYFTLVGKTNLGYVEFICDNNKN ID IYFGEWKTSSSKSTIFSGNG
RNVVVEPIYNPDTGEDISTSLDFSYEPLYGIDRYINKVLIAPDLYTSLININTNYYSNEYYPEI IVLNPNTF
HKKVNINLDSSSFEYKWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYI
MSNFKSFNSENELDRDHLGFKI IDNKTYYYDEDSKLVKGLIN I NNSLFYFDP IEFNLVTGWQTINGKKYY
FD INTGAALISYKI I NGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNNN I EGQAIVYQSKFLTLNGK
KYYFDNDSKAVTGWRI I NNEKYYFNPNNAIAAVGLQVI DNNKYYFNPDTAI ISKGWQTVNGSRYYFDT
DTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFEYFAPANTYNN N IEGQAIVYQSKFLTLNGKKYY
FDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNT
AIASTGYTI INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANN IEGQAILYQNEFLTLNGKKYYFGS
DSKAVTGWRI I NNKKYYFNPNNAIAAIHLCTIN NDKYYFSYDG ILQNGYITI ERNNFYFDAN
NESKMVTG
VFKGPNGFEYFAPANTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTA
EAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGV
FKGPNGFEYFAPANTHNNN I EGQAI LYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVA
VTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQA
IRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVF
KGSNGFEYFAPANTDANN IEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMA
AAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID 42 - Toxin A-derived recombinant antigen
- His-Thioredoxin-[linear spacer]-[thrombin site]-TxA3 HHHHH HSH MASDKI I
HLTDDSFDTDVLKADGAI LVDFWAEWCGPCKM IAP ILDEIADEYQGKLTVAKL NI DQNPGTAPKYGI
RGI PTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALGGSGGSGGSGGSGG
SGGSGGSGGSGGSLVPRGSGSAAAPFTMESKKYGPLKTEDDKI LVP IDDLVISEI DFNN NSIKLGTCN I
LAMEGGSGHTVTGN I DHFFSSPSISSH I PSLSIYSAIGI ETENLDFSKKIMMLPNAPSRVFWWETGAVP
GLRSLENDGTRLLDSI RDLYPGKFYWRFYAFFDYAITTLKPVYEDTN I KI KLDKDTRNF IMPTITTNEI
RN KLSYSFDGAGGTYSLLLSSYPISTN I NLSKDDLWI FNIDNEVREISIENGTIKKGKLIKDVLSKI DI
NKN KL I I GNQTIDFSGDIDNKDRYIFLTCELDDKISL I I El NLVAKSYSLLLSGDKNYLISNLSN I
IEKINTLGLDSKN IA YNYTDESNNKYFGAISKTSQKSI I HYKKDSKN I LEFYNDSTLEFNSKDFIAEDI
NVFMKDDI NTITGKYYV DN NTDKS IDFS ISLVSKNQVKVNGLYLN ESVYSSYLDFVKNSDGHH NTSN
FMN LFLDN ISFWKLFG FE N I NFVIDKYFTLVGKTNLGYVEF ICDNNKN I DIYFGEWKTSSSKSTI
FSGNGRNVVVEPIYNPDTGED IS TSLDFSYEPLYG IDRYI NKVL IAPDLYTSLI N INTNYYSN
EYYPEI IVLNPNTFHKKVN I NLDSSSFEYKWS
TEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHL
GFKI I DNKTYYYDEDSKLVKGLIN I NNSLFYFDP IEFNLVTGWQTINGKKYYFD INTGAALISYKI I
NGKHF YFNNDGVMQLGVFKGPDGFEYFAPANTQN NN IEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI
IN NEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYF
DSDCVVKIGVFSTSNGFEYFAPANTYNNN I EGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKK
YYFNTNTAEAATGWQTIDG KKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI I NGKH FYFNT
DGIMQIGVFKGPNGFEYFAPANTDANN IEGQAILYQN EFLTLNGKKYYFGSDSKAVTGWRI I NNKKYY
FNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANT HNNN
IEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYF
NLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTH NNN I
EGQAI LYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTI NGKKYYFNT
NTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYF
GNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTD ANN
IEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEI DGVIYFFG
VDGVKAPGIYG 



SEQ ID 43 - Toxin A-derived recombinant antigen - His-Thioredoxin-[helical
spacer]-[thrombin site]-TxA3 HHHHHHSHMASDKI I HLTDDSFDTDVLKADGAI
LVDFWAEWCGPCKMIAPI LDEIADEYQGKLTVAKL NI DQN PGTAPKYG IRG IPTLLLFKNG
EVAATKVGALSKGQLKEFLDAN LARALLAEAAAKEAAAKEAAA
KEAAAKEAAAKAAAGGSLVPRGSGSAAAPFTMESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLG TCN
ILAMEGGSGHTVTGN I DHFFSSPSISSH I PSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETG
AVPGLRSLENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTN I KI KLDKDTRNFI MPTITTN
EIRN KLSYSFDGAGGTYSLLLSSYP ISTN INLSKDDLWIFN I DNEVREISIENGTIKKGKL
IKDVLSKIDI NK NKLI IGNQTIDFSGDI DNKDRYIFLTCELDDKISLI I
EINLVAKSYSLLLSGDKNYLISNLSN I IEKINTLGLDS  WO 2012/046061PCT/GB2011/051910
KNIAYNYTDESNNKYFGAISKTSQKSI IHYKKDSKNILEFYNDSTLEFNSKDFIAEDINVFMKDDINTITG
KYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDNISFWKL
FGFENINFVIDKYFTLVGKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTG ED
ISTSLDFSYEPLYG ID RYI N KVLIAPDLYTSLI NINTNYYSN EYYPEI IVLN PNTFH KKVNIN
LDSSSFEY
KWSTEGSDFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDR
DHLGFKI IDNKTYYYDEDSKLVKGLININNSLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKI ING
KHFYFNNDGVMQLGVFKGPDGFEYFAPANTQNN N IEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGW RI
INNEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKH
FYFDSDCVVKIGVFSTSNGFEYFAPANTYNNN IEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTID
SKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYF
NTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRI INNKK
YYFNPNNAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPA
NTHNNNIEGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKY
YFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPAN
THNNNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYF
NTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIY
YFGNNSKAATGVVVTIDGNRYYFEPNTAMGANGYKTI DNKNFYFRNGLPQIGVFKGSNGFEYFAPANT
DANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFF
GVDGVKAPGIYG SEQ ID 44 - Toxin B-derived recombinant antigen - His-[linear
spacer]-NusA-[thrombin site]- TxB4
HHHHHHHHHGGSGGSGGSGGSGGSGGSGGSGGSGGSGGSHMASNKEILAVVEAVSNEKALPRE
KIFEALESALATATKKKYEQEI DVRVQ IDRKSGD FDTFRRW LVVDEVTQPTKE ITLEAARYEDESLN LG
DYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVVDQFREHEGEIITGVVKKVNRDNISLDLGNNAE
AVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARD
PGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTELGGERIDIVLWDDNPAQFVINAMAPADVASIV
VDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSGWELNVMTVDDLQAKHQAEAHAAIDTFTKYLD
IDEDFATVLVEEGFSTLEELAYVPMKELLEI EGLDEPTVEALRERAKNALATIAQAQEESLGDNKPADD LLN
LEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADIEG LTD EKAGALI MAARNICWFGDEASGALVP
RGSVTSLYKKAGSAAAPFTMSIIKDISSKEYISFNPKENKITVKSKNLPELSTLLQEIRNNSNSSDIELEE
KVMLTECEINVISNIDTQIVEERIEEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELEDSHFISFEDIS
ETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAA
FFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPI IAT
IIDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTTATTAIITSSLGIASGFSILLVPLAGISAGIPSLVN
NELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKI MMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGS
GHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLE
NDGTKLLDRIRDNYEGEFYW RYFAF IADALITTLKPRYEDTNIRI NLDSNTRSF IVP 1 ITTEYI
REKLSYSF YGSGGTYALSLSQYN MG INIELSESDVWIIDVDNVVRDVTI ESDKI KKGDLI EG
ILSTLSIEENKIILNSHEI
NFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKN IP
YSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGY
YLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQS NIKF
ILDANF 1 ISGTTSIGQFEF ICDENDN IQPYF IKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISST
VINFSQKYLYGIDSCVNKVVISPNIYTDEIN ITPVYETNNTYPEVIVLDANYI NEKI NVN IN
DLSIRYVWSN DGNDFI LMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEI
ILSFTPSYYEDGLIGYDLG LVSLYNEKFYINNFGMMVSGLIYI NDSLYYFKPPVNN
LITGFVTVGDDKYYFNP 1 NGGAASIGETI IDDKN
YYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI IDENIYYFDDNYRGAVEWKELDG
EMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYF
AENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSG ILNFNNKIYYFDDSFTAVVGWKDLEDGS
KYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQNIDDNYFYIDDNGI VQI
GVFDTSDGYKYFAPANTVN DN IYGQAVEYSG LVRVGEDVYYFG ETYTI ETGW IYDM EN ESDKYY FN
PETKKACKGI NLI DDIKYYFDEKGI MRTGL ISFENNNYYFN ENGEMQFGYIN 1 EDKMFYFGEDGVMQ
IGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQ LVI
SE. SEQ ID 45 - Toxin B-derived recombinant antigen - His-NusA-[linear
spacer]-[thrombin site]- TxB4
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL  WO
2012/046061PCT/GB2011/051910 FVTRSKPEMLIELFRIEVPEIGEEVI El
KAAARDPGSRAKIAVKTN DKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI
EGLTDEKAGALIMAARN ICWFGDEASGALGGSGGSGGSGGSGGSGGSGGSGGSGGSLVPRGSGS AAAPFTMSI
IKD ISSKEYISFNPKENKITVKSKNLPELSTLLQEI RNNSNSSDIELEEKVMLTECEI NVISN I
DTQIVEERIEEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKET
GESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKES
LSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLP I IATI IDGVSLGAAIKELS
ETSDPLLRQEIEAKIG IMAVNLTTATTAI ITSSLGIASGFSI LLVPLAGISAG
IPSLVNNELVLRDKATKVVD YFKHVSLVETEGVFTLLDDKI
MMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAP
SITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPN RVFAWETGWTPGLRSLENDGTKLLDRI RDNYE
GEFYWRYFAF IADALITTLKPRYEDTN IRI NLDSNTRSF IVP I
ITTEYIREKLSYSFYGSGGTYALSLSQYN MG! N IELSESDVWI IDVDNVVRDVTI ESDKIKKGDLI EGI
LSTLSIEENKI I LNSHEIN FSGEVNGSNGFVSL TFSILEGINAI IEVDLLSKSYKLL ISGELKI
LMLNSNH IQQKI DYIGFNSELQKN I PYSFVDSEGKENGFI NG
STKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVN I LTGYYLKDD IKISLSLTLQDE
KTI KLNSVH LDESGVAEI LKFMNRKGNTNTSDSLMSFLESMN I KSI FVNFLQSN IKF ILDANF I
ISGTTSIG
QFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVN
KVVISPN IYTDEI N ITPVYETN NTYPEVIVLDANYINEKINVN I NDLSIRYVWSNDGNDF
ILMSTSEENKVS QVKI RFVNVFKDKTLAN KLSFNFSDKQDVPVSEI I
LSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMM VSGLIYI NDSLYYFKPPVNNL ITGFVTVGDDKYYFNP
INGGAASIGETI I DDKNYYFNQSGVLQTGVFST EDGFKYFAPANTLDENLEGEAI DFTGKLI I DEN
IYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGL
NQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDG
FKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLI
NDGQYYFNDDGI MQVGFVTINDKVFYFSDSG II ESGVQN I DDNYFYI DDNGIVQIGVFDTSDGYKYFAP
ANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIK
YYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQN
TLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE. 



SEQ ID 46 - Toxin B-derived recombinant antigen - His-[helical spacer]-
[thrombin site]-NusAB4
HHHHHHHHHHGGSLAEAAAKEAAAKEAAAKEAAAKEAAAKAAAGGSHMASNKEILAVVEAVSNEKA
LPREKIFEALESALATATKKKYEQEIDVRVQI DRKSGDFDTFRRWLVVDEVTQPTKEITLEAARYEDES
LNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVVDQFREHEGEI ITGVVKKVNRDNISLDLG
NNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKA
AARDPGSRAKIAVKTNDKRIDPVGACVGMRGARVQAVSTELGGERIDIVLWDDNPAQFVINAMAPAD
VASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSGWELNVMTVDDLQAKHQAEAHAAIDTF
TKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPTVEALRERAKNALATIAQAQEESLGDN
KPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADIEGLTDEKAGALIMAARNICWFGDEAS
GALVPRGSVTSLYKKAGSAAAPFTMSI IKDISSKEYISFNPKENKITVKSKNLPELSTLLQEIRNNSNSS DI
ELEEKVMLTECEINVISN IDTQIVEERI EEAKNLTSDSI NYIKDEFKLI ESISDALCDLKQQNELEDSHFI
SFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEV
NTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSE
GLPI IATI I DGVSLGAAI KELSETSDPLLRQEI EAKIGI MAVNLTTATTAI ITSSLG
IASGFSILLVPLAG ISAGI
PSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEIWRM
EGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGL
RSLENDGTKLLDRI RDNYEGEFYWRYFAFIADAL ITTLKPRYEDTN IRI NLDSNTRSFIVP I
ITTEYIREKL SYSFYGSGGTYALSLSQYN MG IN IELSESDVWI I DVDNVVRDVTI ESDKI KKGDLI
EGI LSTLSI EENKI IL NSHEINFSGEVNGSNGFVSLTFSILEGINAI
IEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSEL QKN I PYSFVDSEGKENGF
INGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNV NI
LTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMN I KSI FV
NFLQSN IKF ILDANF I ISGTTSIGQFEFICDEN DN IQPYF IKFNTLETNYTLYVGNRQNM
IVEPNYDLDDS
GDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIR
YVWSNDGNDFI LMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEI I LSFTPSYYEDGL
IGYDLGLVSLYNEKFYI NNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNP I NGGAASIGE
TI IDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI IDENIYYFDDNYRGAVE
WKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDN KHYFDDSGVMKVGYTEID
GKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSG ILNFNNKIYYFDDSFTAVVGWK
DLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQNIDDNYF
YIDDNGIVQIGVFDTSDGYKYFAPANTVNDN IYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMEN  WO
2012/046061PCT/GB2011/051910
ESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYIN IEDKMFYFG
EDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEKRYYFTDEYIAATGSVI IDGEEYY
FDPDTAQLVISE SEQ ID 47 - Toxin B-derived recombinant antigen -
His-NusA-[helical spacer]- [thrombin site]- TxB4
HHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSGDFDTF
RRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAERAMVV
DQFREHEGEIITGVVKKVNRDNISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEARGAQL
FVTRSKPEMLIELFRIEVPEIGEEVI El KAAARDPGSRAKIAVKTN DKRIDPVGACVGMRGARVQAVSTE
LGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRLASQLSG
WELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIEGLDEPT
VEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGIDDLADI E G LT
D E KAGAL I MAAR N I CW FG D EAS GAL LAEAAAKEAAAKEAAAKEAAAKEAAAKAAAG G S LV
P RG SGSAAAPFTMSI I KDISSKEYISFNPKEN KITVKSKNLPELSTLLQEI RNNSNSSDI
ELEEKVMLTECEI NV ISN I DTQIVEERI
EEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFIN
KETGESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSS
KESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLPTLSEGLPIIATI IDGVSLGAAIK
ELSETSDPLLRQEIEAKIGIMAVNLTTATTAI ITSSLGIASGFSILLVPLAGISAGIPSLVNNELVLRDKATK
VVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEI DFN NNSIVLGKCEIWRMEGGSGHTVTDDIDHFF
SAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRI RD
NYEGEFYWRYFAFIADALITTLKPRYEDTN I RIN LDSNTRSFIVPI ITTEYI
REKLSYSFYGSGGTYALSLS QYNMG IN I ELSESDVWI I DVDNVVRDVTIESDKIKKGDLIEG
ILSTLSIEENKI I LNSHEINFSGEVNGSNG FVSLTFSI LEG INAI
IEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENG Fl
NGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVN I LTGYYLKDDIKISLSLTL
QDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMN IKSIFVNFLQSN I KFILDAN Fl
ISGT TSIGQFEFICDENDN IQPYFI KFNTLETNYTLYVGNRQNM IVEPNYDLDDSGDISSTVI
NFSQKYLYG ID SCVNKVVISPN IYTDEI N ITPVYETNNTYPEVIVLDANYINEKINVN I
NDLSIRYVWSN DGNDFILMSTSEE NKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEI
ILSFTPSYYEDGLIGYDLGLVSLYNEKFYINN FGMMVSGLIYI
NDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETI I DDKNYYFNQSGVLQT
GVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI I DEN IYYFDDNYRGAVEWKELDGEMHYFSPETGK
AFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVF
NTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEA
YIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQNIDDNYFYIDDNGIVQIGVFDTSDG
YKYFAPANTVN DN IYGQAVEYSGLVRVG EDVYYFG ETYTI ETGWIYDM EN ESDKYYFN PETKKACKG
I NLI DDIKYYFDEKG IMRTGLISFENNNYYFNENGEMQFGYI N I
EDKMFYFGEDGVMQIGVFNTPDGFKY
FAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE SEQ ID 48 -
Toxin B-derived recombinant antigen - His-[linear
spacer]-Thioredoxin-[thrombin site]-TxB4
HHHHHHHHHHGGSGGSGGSGGSGGSGGSGGSGGSGGSGGSHMASDKI IHLTDDSFDTDVLKADG
AILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKLN IDQNPGTAPKYGIRGIPTLLLFKNGEVAATKV
GALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSAAAPFTMSI IKDISSKEYISFNPKENKITVKSKNL
PELSTLLQEIRN NSNSSDI ELEEKVMLTECEI NVISN I DTQIVEERIEEAKNLTSDSI NYIKDEFKLI
ESISD ALCDLKQQNELEDSHFISFEDISETDEGFSIRFIN KETGESIFVETEKTIFSEYANH
ITEEISKIKGTIFDTV
NGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVE
LVSTALDETIDLLPTLSEGLPIIATI IDGVSLGAAIKELSETSDPLLRQEI EAKIGI MAVNLTTATTAI
ITSSLG
IASGFSILLVPLAGISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEI
DFNNNSIVLGKCEIWRMEGGSGHTVTDD IDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPN
APNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDS
NTRSFIVPI ITTEYIREKLSYSFYGSGGTYALSLSQYNMG IN I ELSESDVWI I DVDNVVRDVTIESDKI
KKG DLI EGI LSTLSIEENKI I LNSHEIN FSGEVNGSNGFVSLTFSI LEG INAI
IEVDLLSKSYKLLISGELKILMLNS NH IQQKI DYIGFNSELQKN
IPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYY SNNLKDVKVITKDNVN I
LTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMN RKGNTNTSD
SLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNR
ON MIVEPNYDLDDSGDISSTVINFSQKYLYGI DSCVNKVVISPN IYTDEI N ITPVYETN
NTYPEVIVLDAN YINEKINVN
INDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPV SEI I
LSFTPSYYEDGLIGYDLGLVSLYN EKFYI NNFGMMVSGLIYI NDSLYYFKPPVNNL ITGFVTVGDDK
YYFNPINGGAASIGETI IDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI I DE
NIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYF  WO
2012/046061PCT/GB2011/051910 



DDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIY
YFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSG
IIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGET
YTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQF
GYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIA
ATGSVIIDGEEYYFDPDTAQLVISE SEQ ID 49 - Toxin B-derived recombinant antigen -
His-Thioredoxin-[linear spacer] -[thrombin site]-TxB4
HHHHHHSHMASDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALGGSGGSGGSGGSGG
SGGSGGSGGSGGSLVPRGSGSAAAPFTMSIIKDISSKEYISFNPKENKITVKSKNLPELSTLLQEIRNN
SNSSDIELEEKVMLTECEINVISNIDTQIVEERIEEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELE
DSHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDT
THEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLL
PTLSEGLPI IATI I DGVSLGAAI KELSETSDPLLRQEI EAKIGI MAVNLTTATTAI ITSSLG
IASGFSI LLVPLA
GISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKC
EIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETG
WTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTE
YIREKLSYSFYGSGGTYALSLSQYN MG IN I ELSESDVWI I DVDNVVRDVTIESDKIKKGDLIEG
ILSTLSI E
ENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGF
NSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITK
DNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIK
SIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDL
DDSGDISSTVINFSQKYLYGI DSCVNKVVISPN IYTDEIN ITPVYETNNTYPEVIVLDANYINEKINVN I
NDL SIRYVVVSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYE
DGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAA
SIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRG
AVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGY
TEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVV
GWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQNIDD
NYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYD
MENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMF
YFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGE
EYYFDPDTAQLVISE SEQ ID 50 - Toxin B-derived recombinant antigen -
His-[helical spacer]-Thioredoxin-[thrombin site]-TxB4
HHHHHHHHHHGGSLAEAAAKEAAAKEAAAKEAAAKEAAAKAAAGGSHMASDKIIHLTDDSFDTDVLK ADGAI
LVDFWAEWCGPCKM IAP ILDE IADEYQG KLTVAKLN IDQN PGTAPKYG I RG I PTLLLFKNG EVA
ATKVGALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSAAAPFTMSIIKDISSKEYISFNPKENKITVK
SKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEERIEEAKNLTSDSINYIKDEFKLIE
SISDALCDLKQQNELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEISKIKGTI
FDTVNGKLVKKVNLDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAA
KVVELVSTALDETIDLLPTLSEGLPIIATI IDGVSLGAAIKELSETSDPLLRQEIEAKIGIMAVNLTTATTAI
IT SSLGIASGFSILLVPLAGISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDL
VISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLM
VLPNAPNRVFAWETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRI
NLDSNTRSFIVPI ITTEYI REKLSYSFYGSGGTYALSLSQYN MG IN I ELSESDVWI I
DVDNVVRDVTIESD
KIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKI
LMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKP
SFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGN
TNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFIISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTL
YVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVI
VLDANYINEKINVNINDLSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDK
QDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITGFVT
VGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTG
KLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSIND
NKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILN
FNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVF  WO
2012/046061PCT/GB2011/051910 YFSDSGI
IESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDV
YYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNE
NGEMQFGYI N IEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEKRYY
FTDEYIAATGSVI IDGEEYYFDPDTAQLVISE SEQ ID 51 - Toxin B-derived recombinant
antigen - His-Thioredoxin-[Helical spacer]-[thrombin site]-TxB4 HHHHH HSH
MASDKI I HLTDDSFDTDVLKADGAI LVDFWAEWCGPCKM IAPILDEIADEYQGKLTVAKL NI DQN
PGTAPKYG IRG IPTLLLFKNGEVAATKVGALSKGQLKEFLDAN LARALLAEAAAKEAAAKEAAA
KEAAAKEAAAKAAAGGSLVPRGSGSAAAPFTMSI I KDISSKEYISFNPKENKITVKSKNLPELSTLLQEI
RNNSNSSDI ELEEKVMLTECEI NVISN I DTQIVEERIEEAKN LTSDSI NYIKDEFKLI
ESISDALCDLKQQN
ELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVN
LDTTHEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETI
DLLPTLSEGLPIIATI IDGVSLGAAIKELSETSDPLLRQEI EAKIGI MAVNLTTATTAI ITSSLG
IASGFSI LLV
PLAGISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVL
GKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAW
ETGWTPGLRSLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTN IRI NLDSNTRSFIVPI I
TTEYIREKLSYSFYGSGGTYALSLSQYNMGI N IELSESDVWI I DVDNVVRDVTI ESDKI KKGDLIEG
ILST LSIEENKI ILNSHEINFSGEVNGSNGFVSLTFSILEGINAI
IEVDLLSKSYKLLISGELKILMLNSNHIQQKID YIGFNSELQKN
IPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVK
VITKDNVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLES MN
IKSIFVNFLQSN IKFILDANFI ISGTTSIGQFEFICDEN DN IQPYFIKFNTLETNYTLYVGNRQNM IVEP
NYDLDDSGDISSTVI NFSQKYLYG IDSCVNKVVISPN IYTDEIN ITPVYETNNTYPEVIVLDANYI NEKI
NV N I NDLSI RYVWSNDGNDFILMSTSEENKVSQVKI RFVNVFKDKTLANKLSFNFSDKQDVPVSEI
ILSFTP SYYEDG LIGYDLGLVSLYN EKFYI N N FG MMVSGLIYIN DSLYYFKPPVN N
LITGFVTVGD DKYYFN PING GAASIGETI
IDDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI IDENIYYFDDN
YRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMK
VGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFT
AVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQ NI
DDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDN IYGQAVEYSGLVRVGEDVYYFGETYTI ETG
WIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYIN IE
DKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGW LDLDEKRYYFTDEYIAATGSVI
IDGEEYYFDPDTAQLVISE SEQ ID 52 - Toxin B-derived recombinant antigen -
His-[helical spacer]-Thioredoxin -[thrombin site]-TxB3
HHHHHHHHHHGGSLAEAAAKEAAAKEAAAKEAAAKEAAAKAAAGGSHMASDKIIHLTDDSFDTDVLK ADGAI
LVDFWAEWCGPCKM IAP ILDE IADEYQG KLTVAKLN IDQN PGTAPKYG I RG I PTLLLFKNG EVA
ATKVGALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSAAGGSMPQDDLVISEIDFNNNSIVLGKCEI
WRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGW
TPGLRSLENDGTKLLDRIRDNYEGEFYVVRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEY1
REKLSYSFYGSGGTYALSLSQYNMG IN I ELSESDVWI I DVDNVVRDVTI ESDKI KKGDLIEG
ILSTLSIEE NKI I LNSHEI NFSGEVNGSNGFVSLTFSI LEGI NAI I EVDLLSKSYKLL ISGELKI
LMLNSNH IQQKI DYIGFN SELQKN I
PYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKD
NVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSI
FVNFLQSN I KFI LDANFI ISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLD
DSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEIN ITPVYETNNTYPEVIVLDANYI NEKINVN I
NDLS IRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFN FSDKQDVPVSEI
ILSFTPSYYED GL IGYDLGLVSLYNEKFYINNFGMMVSGLIYI NDSLYYFKPPVNNLITGFVTVGDDKYYFN
PI NGGAASI GETI I DDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI I DEN
IYYFDDNYRGAV
EWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEI
DGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGW
KDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQN I DDNY
FYI DDNG IVQIGVFDTSDGYKYFAPANTVNDN IYGQAVEYSGLVRVGEDVYYFGETYTI ETGWIYDME
NESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYF
GEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEKRYYFTDEYIAATGSVI I DGEEY
YFDPDTAQLVISE 



SEQ ID 53 - Toxin B-derived recombinant antigen - His-Thioredoxin-[helical
spacer]- [thrombin site]-TxB3  WO 2012/046061PCT/GB2011/051910 HHHHH HSH
MASDKI I HLTDDSFDTDVLKADGAI LVDFWAEWCGPCKM IAPILDEIADEYQGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALLAEAAAKEAAAKEAAA
KEAAAKEAAAKAAAGGSLVPRGSGSAAGGSMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVT
DDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTK
LLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKLSYSFYGSGG
TYALSLSQYNMGINIELSESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGE
VNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDS
EGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDI
KISLSLTLQDEKTI KLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMN I KSI FVNFLQSN
IKFILD ANFI
ISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQ
KYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFI
LMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYN
EKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQ
SGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYF
SPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGE
MQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDE
DTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVF
DTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETK
KACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNT
PDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE SEQ ID
54 - Toxin B-derived recombinant antigen - His-[linear
spacer]-Thioredoxin-[thrombin site]-TxB3
HHHHHHHHHGGSGGSGGSGGSGGSGGSGGSGGSGGSGGSHMASDKIIHLTDDSFDTDVLKADGA
ILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKLNIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVG
ALSKGQLKEFLDANLARALVPRGSVTSLYKKAGSAAGGSMPQDDLVISEIDFNNNSIVLGKCEIWRME
GGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLR
SLENDGTKLLDRIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKLS
YSFYGSGGTYALSLSQYNMGIN IELSESDVWI I DVDNVVRDVTI ESDKI KKGDLI EGI
LSTLSIEENKI I LN
SHEINFSGEVNGSNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQ
KNIPYSFVDSEGKENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNI
LTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNF
LQSN IKFILDANFI ISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDI
SSTVINFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIRYV
WSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGLIG
YDLGLVSLYNEKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETII
DDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWK
ELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGK
HFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLE
DGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGIIESGVQNIDDNYFYIDD
NGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDK
YYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGV
MQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPD
TAQLVISE SEQ ID 55 - Toxin B-derived recombinant antigen -
His-Thioredoxin-[linear spacer]-[thrombin site]-TxB3 HHHHH HSH MASDKI I
HLTDDSFDTDVLKADGAI LVDFWAEWCGPCKM IAPILDEIADEYQGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALGGSGGSGGSGGSGG
SGGSGGSGGSGGSLVPRGSGSAAGGSMPQDDLVISEIDFNNNSIVLGKCEIWRMEGGSGHTVTDDI
DHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWTPGLRSLENDGTKLLD
RIRDNYEGEFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPIITTEYIREKLSYSFYGSGGTYA
LSLSQYNMGINIELSESDVWIIDVDNVVRDVTIESDKIKKGDLIEGILSTLSIEENKIILNSHEINFSGEVNG
SNGFVSLTFSILEGINAIIEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFNSELQKNIPYSFVDSEGK
ENGFINGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKDNVNILTGYYLKDDIKISL
SLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFI I
SGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLDDSGDISSTVINFSQKYLY
GIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIRYVWSNDGNDFILMST
SEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIILSFTPSYYEDGLIGYDLGLVSLYNEKFY
INNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVL  WO
2012/046061PCT/GB2011/051910 QTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI
IDENIYYFDDNYRGAVEWKELDGEMHYFSPET
GKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIG
VFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAE
AYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQNIDDNYFYIDDNGIVQIGVFDTSD
GYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACK GI NLI
DDIKYYFDEKGI MRTGLISFENNNYYFNENGEMQFGYIN I EDKMFYFGEDGVMQIGVFNTPDGF
KYFAHQNTLDENFEGESI NYTGWLDLDEKRYYFTDEYIAATGSVI I DGEEYYFDPDTAQLVISE SEQ ID
56 - Toxin B-derived recombinant antigen - His-NusAgIntein A
sequence]-TxB4-His
MGSSHHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSG
DFDTFRRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAER
AMVVDQFREHEGEI ITGVVKKVNRDN ISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEA
RGAQLFVTRSKPEMLI ELFRI EVPEIGEEVI El KAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARV
QAVSTELGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRL
ASQLSGWELNVMTVDDLQAKHQAEAHAAIDTFTKYLDIDEDFATVLVEEGFSTLEELAYVPMKELLEIE
GLDEPTVEALRERAKNALATIAQAQEESLGDNKPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQGI DDLAD
I EGLTDEKAGALI MAARN ICWFGD EASGALRTRVKVVKN KALAEGTRI FDPVTGTTH RI EDVVD
GRKP I HVVAAAKDGTLHARPVVSWFDQGTRDVI GLRIAGGAI LWATPDH KVLTEYGWRAAGELRKGD
RVAQPRRFDGFGDSAPIPARVQALADALDDKFLHDMLAEELRYSVIREVLPTRRARTFGLEVEELHTL
VAEGVVVHNSSPPFKQAEFGSAAAPFTMSIIKDISSKEYISFNPKENKITVKSKNLPELSTLLQEIRNNS
NSSDIELEEKVMLTECEINVISN IDTQIVEERIEEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELED
SHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTT
HEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLP
TLSEGLP I IATI IDGVSLGAAIKELSETSDPLLRQEI EAKIGI MAVNLTTATTAI
ITSSLGIASGFSILLVPLAG
ISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEI
WRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGW
TPGLRSLENDGTKLLDRI RDNYEGEFYWRYFAFIADALITTLKPRYEDTN I RI NLDSNTRSF IVP I
ITTEYI REKLSYSFYGSGGTYALSLSQYNMG IN I ELSESDVWI I DVDNVVRDVTI ESDKI
KKGDLIEG ILSTLSIEE NKI I LNSHEI NFSGEVNGSNGFVSLTFSI LEGI NAI I EVDLLSKSYKLL
ISGELKI LMLNSNH IQQKI DYIGFN SELQKN I PYSFVDSEGKENGFI
NGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKD NVN I LTGYYLKDD
IKISLSLTLQDEKTI KLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMN IKSI FVNFLQSN I KFI
LDANFI ISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLD
DSGDISSTVINFSQKYLYGIDSCVNKVVISPNIYTDEIN ITPVYETNNTYPEVIVLDANYI NEKINVN I
NDLS IRYVWSN DGNDF ILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEI
ILSFTPSYYED GL IGYDLGLVSLYNEKFYINNFGMMVSGLIYI NDSLYYFKPPVNNLITGFVTVGDDKYYFN
PI NGGAASI GETI I DDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI I DEN
IYYFDDNYRGAV
EWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEI
DGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGI LNFNN KIYYFDDSFTAVVGW
KDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQN I DDNY
FYI DDNG IVQIGVFDTSDGYKYFAPANTVNDN IYGQAVEYSGLVRVGEDVYYFGETYTI ETGWIYDME
NESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYF
GEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEKRYYFTDEYIAATGSVI I DGEEY
YFDPDTAQLVISEGHHHHHH 



SEQ ID 57 - Toxin B-derived recombinant antigen - His-NusAgIntein BT
sequence]-TxB4-His
MGSSHHHHHHSHMASNKEILAVVEAVSNEKALPREKIFEALESALATATKKKYEQEIDVRVQ1DRKSG
DFDTFRRWLVVDEVTQPTKEITLEAARYEDESLNLGDYVEDQIESVTFDRITTQTAKQVIVQKVREAER
AMVVDQFREHEGEI ITGVVKKVNRDN ISLDLGNNAEAVILREDMLPRENFRPGDRVRGVLYSVRPEA
RGAQLFVTRSKPEMLIELFRIEVPEIGEEVIEIKAAARDPGSRAKIAVKTNDKRIDPVGACVGMRGARV
QAVSTELGGERIDIVLWDDNPAQFVINAMAPADVASIVVDEDKHTMDIAVEAGNLAQAIGRNGQNVRL
ASQLSGWELNVMTVDDLQAKHQAEAHAAIDTFTKYLDI DEDFATVLVEEGFSTLEELAYVPMKELLEIE
GLDEPTVEALRERAKNALATIAQAQEESLGDN KPADDLLNLEGVDRDLAFKLAARGVCTLEDLAEQG I
DDLADIEGLTDEKAGALIMAARN ICWFGDEASGALEVFGEFGSGKAFARDTEVYYENDTVPHMESIEE
MYSKYASMNGELPFDNGYAVPLDNVFVYTLDIASGEIKKTRASY1YREKVEKLIEIKLSSGYSLKVTPSH
PVLLFRDGLQVVVPAAEVKPGDVVVGVREEVLRRRI ISKGELEFHEVSSVRI I DYNNWVYDLVIPETHNF
IAPNGLVLHNTQLAHTLAVMGSAAAPFTMSI I KDISSKEYISFNPKENKITVKSKNLPELSTLLQEI RNNS
NSSDIELEEKVMLTECEINVISN IDTQIVEERIEEAKNLTSDSINYIKDEFKLIESISDALCDLKQQNELED
SHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEEISKIKGTIFDTVNGKLVKKVNLDTT
HEVNTLNAAFFIQSLIEYNSSKESLSNLSVAMKVQVYAQLFSTGLNTITDAAKVVELVSTALDETIDLLP
TLSEGLP I IATI I DGVSLGAAI KELSETSDPLLRQEIEAKIG IMAVNLTTATTAI
ITSSLGIASGFSILLVPLAG  WO 2012/046061PCT/GB2011/051910
ISAGIPSLVNNELVLRDKATKVVDYFKHVSLVETEGVFTLLDDKIMMPQDDLVISEIDFNNNSIVLGKCEI
WRMEGGSGHTVTDDIDHFFSAPSITYREPHLSIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGW
TPGLRSLENDGTKLLDRI RDNYEGEFYWRYFAFIADALITTLKPRYEDTN I RINLDSNTRSFIVPI
ITTEYI REKLSYSFYGSGGTYALSLSQYNMG IN I ELSESDVWI I DVDNVVRDVTI ESDKI
KKGDLIEG ILSTLSIEE NKI I LNSHEI NFSGEVNGSNGFVSLTFSILEG INAI
IEVDLLSKSYKLLISGELKILMLNSNHIQQKIDYIGFN SELQKN I PYSFVDSEGKENGFI
NGSTKEGLFVSELPDVVLISKVYMDDSKPSFGYYSNNLKDVKVITKD
NVNILTGYYLKDDIKISLSLTLQDEKTIKLNSVHLDESGVAEILKFMNRKGNTNTSDSLMSFLESMNIKSI
FVNFLQSN I KFI LDANFI ISGTTSIGQFEFICDENDNIQPYFIKFNTLETNYTLYVGNRQNMIVEPNYDLD
DSGD ISSTVINFSQKYLYGI DSCVN KVVISPN IYTDEI N ITPVYETN NTYPEVIVLDANYINEKINVN
I NDLS IRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEI
ILSFTPSYYED GL IGYDLGLVSLYNEKFYINNFGMMVSGLIYI NDSLYYFKPPVNNLITGFVTVGDDKYYFN
PI NGGAASI GETI I DDKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLI I DEN
IYYFDDNYRGAV
EWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEI
DGKHFYFAENGEMQIGVFNTEDGFKYFAHH NEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGW
KDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGI IESGVQN I DDNY
FYI DDNG IVQIGVFDTSDGYKYFAPANTVNDN IYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDME
NESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYF
GEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESI NYTGWLDLDEKRYYFTDEYIAATGSVI I DGEEY
YFDPDTAQLVISEGHHHHHH SEQ ID 58 - Toxin A-derived recombinant antigen (TxA4;
residues 770-2710) expression construct MGSSHHHHHHSHMASDKI I
HLTDDSFDTDVLKADGAI LVDFWAEWCGPCKM IAPILDEIADEYQGKLT VAKLN IDQN PGTAPKYG I
RG I PTLLLFKNG EVAATKVGALSKGQLKEFLDAN LARALEVLFQG PGGSA
DARAKAQFEEYKRNYFEGAGGSIMSDLSSKEYIFFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSP
DTKFILNNLKLN IESSIGDYIYYEKLEPVKN I
IHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDI
SKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNTLN
AAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVS
TILDGINLGAAIKELLDEHDPLLKKELEAKVGVLAINMSLSIAATVASIVGIGAEVTIFLLPIAGISAGIPSLV
NNELILHDKATSVVNYFNHLSESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCN I LAMEGGSG
HTVTGN I DHFFSSPSISSH I PSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDG
TRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSYSFDGA
GGTYSLLLSSYPISTN I NLSKDDLW IFN IDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLI
IGNQTIDFSG DI DNKDRYIFLTCELDDKISLI IEIN LVAKSYSLLLSGDKNYL ISNLSN I
IEKINTLGLDSKN IAYNYTDESNN KYFGAISKTSQKSI I HYKKDSKN
ILEFYNDSTLEFNSKDFIAEDINVFMKDD INTITGKYYVDNNTDKSIDF
SISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDN ISFWKLFGFEN INFVIDKYFT
LVGKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLY GI
DRYIN KVLIAPDLYTSLIN INTNYYSNEYYPEI IVLNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVRY
LEESNKKI LQKI RIKGI LSNTQSFNKMSIDFKDIKKLSLGYI MSNFKSFNSENELDRDHLGFKI I
DNKTYYY
DEDSKLVKGLININNSLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKIINGKHFYFNNDGVMQL
GVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI INN EKYYFNPNN
AIAAVGLQVIDNNKYYFNPDTAI ISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGV
FSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEA
ATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTI INGKHFYFNTDGIMQIGVFKG
PNGFEYFAPANTDANN I EGQAI LYQNEFLTLNGKKYYFGSDSKAVTGWRI I NNKKYYFN PNNAIAAI
HL CTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVY
QNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGW
QTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTHNNNIEGQAILYQ
NKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTI IS
GKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYQNRFLYLHDNIYYFGNNSKAATGW
VTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQ
NRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAPGIYG SEQ ID
59 - Toxin A-derived recombinant antigen (TxA4 truncate; residues 770-2389)
expression construct MGSSHHHHHHSHMASDKI I HLTDDSFDTDVLKADGAI LVDFWAEWCGPCKM
IAPILDEIADEYQGKLT
VAKLNIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLARALVPRGSGGSADA
RAKAQFEEYKRNYFEGAGGSAAAPFTM IMSDLSSKEYI FFDSIDNKLKAKSKN I PGLASISEDIKTLLLD
ASVSPDTKFILNNLKLN I ESSIGDYIYYEKLEPVKN I
IHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYL  WO 2012/046061PCT/GB2011/051910
ISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQ
VNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGLNTIYDSIQLVNLISNAVNDTINVLPTITE GI
PIVSTI LDG INLGAAI KELLDEHDPLLKKELEAKVGVLAI NMSLSIAATVASIVGIGAEVTIFLLPIAG
ISA
GIPSLVNNELILHDKATSVVNYFNHLSESKKYGPLKTEDDKILVPIDDLVISEIDFNNNSIKLGTCNILAME
GGSGHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRS
LENDGTRLLDSIRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKLSY
SFDGAGGTYSLLLSSYPISTNINLSKDDLWIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNQ
TIDFSGDIDNKDRYIFLTCELDDKISLIIEINLVAKSYSLLLSGDKNYLISNLSNIIEKINTLGLDSKNIAYNYT
DESNNKYFGAISKTSQKSI I HYKKDSKN I LEFYNDSTLEFNSKDFIAEDI
NVFMKDDINTITGKYYVDNNT
DKSIDFSISLVSKNQVKVNGLYLNESVYSSYLDFVKNSDGHHNTSNFMNLFLDNISFWKLFGFENINFV
IDKYFTLVGKTNLGYVEFICDNNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDF
SYEPLYGIDRYINKVLIAPDLYTSLININTNYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWSTEGS
DFILVRYLEESNKKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSFNSENELDRDHLGFKII
DNKTYYYDEDSKLVKGLININNSLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALISYKIINGKHFYFNN
DGVMQLGVFKGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRIINNEKY
YFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDC
VVKIGVFSTSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFN
TNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIM
QIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRIINNKKYYFNPN
NAIAAIHLCTINNDKYYFSYDGILQNGYITIERNNFYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNI
EGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTA
EAATGWQTIDGKKYYFNTNTFIAST  



WO 2012/046061PCT/GB2011/051910 CLAIMS 1.A fusion protein, consisting of or
comprising a first amino acid sequence and a second amino acid sequence,
wherein:  a) the first amino acid sequence is provided by an amino acid
sequence that has at least 80% sequence identity with an amino acid
sequence consisting of residues 1500-1850 of a C. difficile Toxin A
sequence or residues 1500-1851 of a C. difficile Toxin B sequence; and  b)
the second amino acid sequence is provided by an amino acid sequence that
has at least 80% sequence identity with an amino acid sequence consisting
of a long repeat unit located within amino acid residues 1851-2710 of a C.
difficile Toxin A sequence or within amino acid residues 1852-2366 of a C.
difficile Toxin B sequence;        with the proviso that the fusion protein
is not a polypeptide comprising amino acid residues 543-2710 of a C.
difficile Toxin A;        and with the proviso that the fusion protein is
not a polypeptide comprising amino acid residues 543-2366 of a C. difficile
Toxin B. 2.The fusion protein according to Claim 1, wherein the first amino
acid sequence is provided by an amino acid sequence that has at least 80%
sequence identity with an amino acid sequence consisting of residues
780-1850 or 770-1850 or 767-1850 or 760-1850 or 750-1850 or 1110-1850 or
1120-1850 or 1130-1850 or 1131-1850 or 1140-1850 or 1145-1850 or 1150-1850
of a C. difficile Toxin A sequence. 3.The fusion protein according to Claim
1, wherein the first amino acid sequence is provided by an amino acid
sequence that has at least 80% sequence identity with an amino acid
sequence consisting of residues 780-1851 or 770-1851 or 767-1851 or
760-1851 or 750-1851 or 1125-1851 or 1130-1851 or 1131-1851 or 1140-1851 or
1135-1851 or 1145-1851 or 1155-1851 or 1165-1851 of a C. difficile Toxin B
sequence. 



4.The fusion protein according to any preceding claim, wherein the second
amino acid sequence is provided by an amino acid sequence that has at least
80% sequence identity with an amino acid sequence selected from one or more
of the amino acid sequences 1851-2389 or 1851-2007 or 2008-2141 or
2142-2253 or 2254-2389 or 2390-2502 or 2503-2594 or 2595-2710 of a C.
difficile Toxin A sequence.  WO 2012/046061PCT/GB2011/051910 5. The fusion
protein according to Claim 4, wherein the second amino acid sequence is
provided by an amino acid sequence that has at least 80% sequence identity
with an amino acid sequence selected from the amino acid sequences
1851-2007 or 1851- 2141 or 1851-2253 or 1851-2389 or 1851-2502 or 1851-2594
or 1851-2710 of a C. difficile Toxin A sequence. 6. The fusion protein
according to any of Claims 1-3, wherein the second amino acid sequence is
provided by an amino acid sequence that has at least 80% sequence identity
with an amino acid sequence selected from amino acid sequences 1852- 2007
or 2008-2139 or 2140-2273 or 2274-2366 of a C. difficile Toxin B sequence.
7. The fusion protein according to Claim 6, wherein the second amino acid
sequence is provided by an amino acid sequence that has at least 80%
sequence identity with an amino acid sequence selected from amino acid
sequences 1852-2007 or 1852-2139 or 1852-2273 or 1852-2366 of a C.
difficile Toxin B sequence. 8. The fusion protein according to any of
Claims 1-3, wherein the first amino acid sequence is provided by an amino
acid sequence that has at least 80% sequence identity with an amino acid
sequence consisting of residues 767-1850 of a C. difficile Toxin A sequence
or residues 767-1851 of a C. difficile Toxin B sequence; and wherein the
second amino acid sequence is provided by an amino acid sequence that has
at least 80% sequence identity with an amino acid sequence consisting of
residues 1851-2710 of a C. difficile Toxin A sequence or residues 1852-2366
of a C. difficile Toxin B sequence. 9. The fusion protein according to any
preceding claim, wherein other than the above-defined Toxin A and/ or Toxin
B amino acid sequences, said fusion protein does not include any additional
Toxin A and/ or Toxin B amino acid sequence. 10. A fusion protein according
to any preceding claim, for use as an antigen in a method of generating an
antibody that binds to a C. difficile Toxin A and/ or to a C. difficile
Toxin B;        such as wherein said antibody comprises whole IgG, an Fab
antibody or an F(ab')2 antibody. 11. An in vitro method for isolating
antibodies that bind to C. difficile Toxin A and/ or to C. difficile Toxin
B, said method comprising 



WO 2012/046061PCT/GB2011/051910 a) immobilising on a surface (for example
on a matrix within a column) one or more C. difficile fusion protein(s)
according to any of Claims 1-9; b) contacting the immobilised fusion
protein(s) with a solution containing antibodies that bind to C. difficile
Toxin A and/ or Toxin B; c) allowing said antibodies to bind to said fusion
protein(s), thereby forming a bound complex of antibody and fusion
protein(s); d) washing away any unbound antibody or protein; and e) eluting
the bound antibodies from the surface, thereby providing affinity-purified
antibodies. 12. An antibody that binds to a C. difficile Toxin A and/ or to
a C. difficile Toxin B, wherein said antibody is obtainable by a method
according to Claim 10 or Claim 11 and wherein said antibody does not
substantially bind to the effector domain and/ or to the cysteine protease
domain of a C. difficile Toxin A or Toxin B; such as wherein said antibody
comprises whole IgG, an Fab antibody or an F(ab')2 antibody. 13. An
antibody according to Claim 12, wherein said antibody binds to an epitope
presented by residues 1500-1850 of a C. difficile Toxin A and/ or by
residues 1500- 1851 of a C. difficile Toxin B. 14. A fusion protein
according to any of Claims 1-9 and/ or an antibody according to Claim 12 or
Claim 13, for use in the prevention, treatment or suppression of CDI;
preferably for use in the prevention, treatment or suppression of CD! in a
human. 15. A method for preventing, treating or suppressing CD! in a human,
said method comprising administering to said human a therapeutically
effective amount of a fusion protein according to any of Claims 1-9 and/ or
an antibody according to Claim 12 or Claim 13. 



16. A method according to Claim 15, wherein said fusion protein is
administered as part of a combination therapy with one or more additional
antigen selected from a C. difficile non-Toxin antigen, an inactivated or
attenuated whole cell C. difficile bacterium, and a C. difficile cell
extract; and  WO 2012/046061PCT/GB2011/051910 a. optionally one or more
antigen selected from 1) an antigen from a bacterium that causes nosocomial
infection, and 2) an inactivated or attenuated whole cell bacterium that
causes nosocomial infection; and b. optionally one or more antibiotic, such
as an antibiotic effective against a bacterium that causes nosocomial
infection. 17.A method according to Claim 15, wherein said antibody is
administered as part of a combination therapy with one or more additional
antibodies selected from an antibody that binds to a C. difficile non-Toxin
antigen, and an antibody that binds to a whole cell C. difficile bacterium;
and a. optionally one or more an antibody selected from 1) an antibody that
binds to antigen from a bacterium that causes nosocomial infection, and 2)
an antibody that binds to a whole cell bacterium that causes nosocomial
infection; and b. optionally one or more antibiotic, such as an antibiotic
effective against a bacterium that causes nosocomial infection. 18.Use of
an antibody according to Claim 12 or Claim 13 in an in vitro immunoassay
method for confirming the presence or absence of a C. difficile infection
in a patient sample, wherein the presence of a C. difficile infection is
confirmed by detecting the binding of said antibody to a C. difficile Toxin
A and/ or Toxin B present in said sample, and wherein failure to detect the
binding of said antibody to a C. difficile Toxin A and/ or Toxin B present
in said sample confirms the absence of a C. difficile infection. 19.Use of
a fusion protein according to any of Claims 1-10 in an in vitro immunoassay



method for confirming the presence or absence of a C. difficile infection
in a patient sample, wherein the presence of a C. difficile infection is
confirmed by detecting the binding of said fusion protein to an antibody
present in said sample, and wherein failure to detect the binding of said
fusion protein to an antibody present in said sample confirms the absence
of a C. difficile infection. 


