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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to an immunogenic composition comprising:

1. a) A polypeptide comprising an isolated Clostridium difficife toxin A fragment and an isolated C. difficile toxin B fragment wherein the
polypeptide comprises a toxin A repeating domain fragment and a toxin B repeating domain fragment; and

2. b) an adjuvant comprising an oil in water emulsion, wherein said oil in water emulsion comprises a metabolisable oil, a tocol and an
emulsifier;

wherein the immunogenic composition is in a volume suitable for human dose, which volume is 0.5ml or higher than 0.5 ml, for example
0.6,0.7,0.8, 0.9 or 1 ml, or between 1 ml and 1.5 ml. . The invention also relates to vaccine compositions and the use of the vaccines and
immunogenic compositions of the invention in prophylaxis or therapy or in the manufacture of a medicament.

BACKGROUND

[0002] C.difficile is the most important cause of nosocomial intestinal infections and is the major cause of pseudomembranous colitis in
humans (Bartlett et al Am. J. Clin. Nutr. 11 suppl: 2521-6 (1980)). The overall associated mortality rate for individuals infected with C.difficile
was calculated to be 5.99% within 3 months of diagnosis, with higher mortality associated with advanced age, being 13.5% in patients over
80 years (Karas et al Journal of Infection 561:1-9 (2010)).The current treatment for C.difficile infection is the administration of antibiotics
(metronidazole and vancomycin), however there has been evidence of strains which are resistant to these antibiotics (Shah et al., Expert
Rev. Anti Infect. Ther. 8(5), 555-564 (2010)). Accordingly there is a need for immunogenic compositions capable of inducing antibodies to,
and/or a protective immune response to, C.difficile.

[0003] The enterotoxicity of C.difficile is primarily due to the action of two toxins, toxin A ('ToxA") and toxin B ('ToxB'). The C-terminal
domains of toxin A and toxin B comprise repeating units, for example the C-terminal domain of toxin A is made up of contiguous repeating
units (Dove et al Infect. Immun. 58:480-499 (1990)).For this reason the C-terminal domain may be referred to as the 'repeating domain'.
These repeat portions can be separated further into short repeats (SRs) and long repeats (LRs) as described in Ho et al (PNAS 102:18373-
18378 (2005)).

[0004] Immunogenic compositions comprising antigens from C. difficile have been described. W096/12802 and WO00/61762 and Lyerly et
al (Current Microbiology 21:29-32 (1990)) relate to fragments of toxin A, in particular fragments of the C-terminal domain, for inducing a
protective immune response in hamsters. W09920304 relates to a mixture of co-purified toxin A and toxin B inactivated by incubation in
formaldehyde. WO00/61762 relates to immunogenic compositions comprising either the full length C-terminal domain or fragments of the
C-terminal domain of toxin A and toxin B of C.difficile.

[0005] New compositions or vaccines with improved immunogenicity are needed.
[0006] WO2012028741, XP055060922 Foglia et al. and XP055102029 Wang et al. are useful references for C. difficile proteins.

[0007] As one strategy, adjuvants have been used to try and improve the immune response raised to any given antigen. For example,
WO2009035707 describes a composition comprising a toxoid of C. difficile toxins A and B and an adjuvant such as aluminum hydroxide
compound.

[0008] Adjuvants containing combinations of lipopolysaccharide and Quillaja saponins have been disclosed previously, for example in
EP0671948. Qil in water emulsions per se are well known in the art, and have been suggested to be useful as adjuvant compositions (EP
399843; WO 95/17210; WO2008043774).

[0009] There is still a need for vaccine and immunogenic compositions that provide a suitable immune response against C.difficile.

SUMMARY

[0010] The invention is set out in the appended set of claims. In one aspect, the invention relates to an immungenic composition
comprising:

1. a) A polypeptide comprising an isolated Clostridium difficife toxin A fragment and an isolated C. difficile toxin B fragment wherein the
polypeptide comprises a toxin A repeating domain fragment and a toxin B repeating domain fragment; and

2. b) an adjuvant comprising an oil in water emulsion, wherein said oil in water emulsion comprises a metabolisable oil, a tocol and an
emulsifier;

wherein the immunogenic composition is in a volume suitable for human dose, which volume is 0.5ml or higher than 0.5 ml, for example
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0.6,0.7,0.8,0.9 or 1 ml, or between 1 mland 1.5 ml.

[0011] In one aspect thp invention relates to an immunogenic composition comprising a polypeptide comprising a C. difficile toxin A
fragment and a C. difficile toxin B fragment and an adjuvant comprising an oil in water emulsion, wherein said oil in water emulsion
comprises a metabolisable oil, a tocol and an emulsifier. The metabolisable oil may be present at an amount of about 5.35 mg.The tocol
may be present at an amount of about 5.94 mg. Suitably, the emulsifying agent may be present at an amount of about 2.425 mg . Suitably,
the metabolisable oil is squalene, the tocol is alpha-tocopherol and the emulsifying agent is polyoxyethylene sorbitan monooleate.

[0012] Suitably, the immunogenic composition according to any aspect of the invention comprises a C. difficile toxin A repeating domain
fragment and a C. difficile toxin B repeating domain fragment and elicits antibodies that neutralize toxin A and toxin B. Suitably, the
immunogenic composition according to any aspect of the invention comprises a polypeptide variant of SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:6, SEQ ID NO:7 SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25 or SEQ ID NO:27.

[0013] Suitably, the immunogenic composition according to any aspect of the invention comprises a polypeptide comprising SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID
NO:19, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO: 32, SEQ ID NO:33 or SEQ ID NO:34 or SEQ ID NO:35
or a variant or fragment of any of these sequences.

[0014] The immunogenic compositions according to the invention may comprise additional antigens such as antigens derived from a
bacterium selected from the group consisting of Streptococcus pneumoniae (S. pneumonia), Haemophilus influenzae (H.influenzae),
Neisseria meningitidis (N.meningitidis), Escherichia coli (E.coli), Moraxella catarrhalis (M.cattarhalis), Clostridium tetani (C. tetani),
Corynebacterium diptherieriae (C. diptherieriae), Bordetella pertussis (B. pertussis), Staphylococcus epidermidis (S.epidermidis),
enterococci, and Staphylococcus aureus (S.aureus).

[0015] In one aspect, the invention relates to a vaccine comprising the immunogenic composition according to the invention and a
pharmaceutically acceptable excipient.

[0016] In one aspect, the invention relates to the immunogenic composition or the vaccine according to the invention for use in the
treatment or prevention of C.difficile disease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 - Graphs showing anti-ToxA and anti-ToxB ELISA results for hamsters immunised with F2 formulated with Adjuvant A; Adjuvant A
without QS21 and Adjuvant A without MPL.

FIG. 2 - Graphs showing anti-ToxA and anti-ToxB ELISA results for hamsters immunised with non-adjuvanted F2 or F2 formulated with
Adjuvant A, Adjuvant B and Alum.

FIG. 3 - Graphs showing anti-ToxA and anti-ToxB ELISA results for Post | sera of male and female hamsters immunised with a dose-range
of F2 fusion proteins formulated in Adjuvant B, AS04D, Adjuvant A or Adjuvant C.

FIG. 4 - Graphs showing anti-ToxA and anti-ToxB ELISA results for Post Il sera of male and female hamsters immunised with a dose-range
of F2 fusion proteins formulated in Adjuvant B, AS04D, Adjuvant A or Adjuvant C.

FIG. 5 - Graphs showing anti-ToxA and anti-ToxB ELISA results for Post Ill sera of male and female hamsters immunised with a dose-range
of F2 fusion proteins formulated in Adjuvant B, AS04D, Adjuvant A or Adjuvant C.

FIG. 6 - Graphs showing anti-ToxA and anti-ToxB ELISA results for Post Il day 87 sera of male and female hamsters immunised with a
dose-range of F2 fusion proteins formulated in Adjuvant B, AS04D, Adjuvant A or Adjuvant C.

FIG. 7 - Graphs showing anti-ToxA and anti-ToxB ELISA results for male hamsters immunised with a dose-range of F2 fusion proteins
formulated in Adjuvant B, AS04D, Adjuvant A or Adjuvant C on Post |, Il and Il sera.

FIG. 8 - Graphs showing anti-ToxA and anti-ToxB ELISA results for male and female hamsters immunised with a Mix (ToxA+ToxB) or with
the F2 fusion protein formulated in Alum or Adjuvant A.

FIG. 9 - Graph showing anti-ToxA immunogenicity in mice immunised with a fragment of the C-terminus of toxin A (aa 2387-2706), a
fragment of the C-terminus of toxin B (aa 1750-2360), or fusions 1, 2, 3, 4 or 5 formulated in Adjuvant B.

FIG. 10 - Graph showing hemagglutination inhibition in mice immunised with a fragment of the C-terminus of toxin A (aa 2387-2706), a
fragment of the C-terminus of toxin B (aa 1750-2360), or fusions 1, 2, 3, 4 or 5 formulated in Adjuvant B.

FIG. 11 - Graph showing anti-ToxB immunogenicity in mice immunised with a fragment of the C-terminus of toxin A (aa 2387-2706), a
fragment of the C-terminus of toxin B (aa 1750-2360), or fusions 1, 2, 3, 4 or 5 formulated in Adjuvant B.
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FIG. 12 - Cyotoxicity inhibition titres from mice immunised with a fragment of the C-terminus of toxin A (aa 2387-27086), a fragment of the C-
terminus of toxin B (aa 1750-2360), or fusions 1, 2, 3, 4 or 5 formulated in Adjuvant B.

FIG. 13 - Graph showing anti-ToxA ELISA results for mice immunised with the F2, F52New, F54Gly, G54New or F5 ToxB fusions formulated
in Adjuvant B.

FIG. 14 - Graph showing anti-ToxB ELISA results for mice immunised with the F2, F52New, F54Gly, F54New or F5ToxB fusions formulated
in Adjuvant B.

FIG. 15 - Graph showing hemagglutination inhibition in mice immunised with the F2, F52New, F54Gly, F54New or F5ToxB fusions
formulated in Adjuvant B.

FIG. 16 - Graph showing cytotoxicity titres in HT29 cells from mice immunised with the F2, F52New, F54Gly, F54New or F5ToxB fusions
formulated in Adjuvant B.

FIG.17 - Graph showing cytotoxicity titres in IMR90 cells from mice immunised with the F2, F52New, F54Gly, F54New or F5ToxB fusions
formulated in Adjuvant B.

FIG. 18 - Graph showing anti-ToxA ELISA results for mice immunised with C. difficile ToxA-Cter (aa 2387-27086), ToxB-Cter (aa 1750-2360)
and fusion proteins (non-adjuvanted).

FIG. 19 - Graph showing anti-ToxB ELISA results for mice immunised with C. difficile ToxA-Cter (aa 2387-2706),, ToxB-Cter (aa 1750-2360)
and fusion proteins (non-adjuvanted)

FIG. 20 - Graph showing anti-ToxA ELISA results for mice immunised with C. difficile ToxA-Cter (aa 2387-27086), ToxB-Cter (aa 1750-2360)
and fusion proteins formulated in Adjuvant B: Post Il, Ill, Pre-Boost, Post IV sera.

FIG. 21 - Graph showing anti-ToxB ELISA results for mice immunised with C. difficile ToxA-Cter (aa 2387-27086), ToxB-Cter (aa 1750-
2360)and fusion proteins formulated in Adjuvant B: Post Il, Ill, Pre-Boost, Post IV sera.

FIG. 22 - Graph describing the Far-UV spectrum of Fusions, 2, 3, 4, and 5 measured using circular dichroism. The spectrum for fusion 2 is
represented by a line with the points depicted as small squares, the spectrum for fusion 3 is represented by a line with the points depicted
as small diamond shapes, fusion 4 is represented by a line with the points depicted as circles, and fusion 5 is represented by a line with the
points depicted as cross shapes.

FIG. 23 - Graph describing the near-UV spectrum of Fusions 2, 3, 4, and 5 measured using circular dichroism. The spectrum for fusion 2 is
represented by a line with the points depicted as cross shapes, the spectrum for fusion 3 is represented by a line with the points depicted
as circles, the spectrum for fusion 4 is represented by a line with the points depicted as triangles, and the spectrum for fusion 5 is
represented by a line with the points depicted as small diamond shapes.

FIG. 24 - Graph describing the Far-UV spectrum of fusions F52New, F54Gly, F54New and F5ToxB measured using circular dichroism. The
spectrum for F52New is represented by a line with the points depicted as double crosses, the spectrum for F54Gly is represented by a line
with the points depicted as triangles, F54New is represented by a line with the points depicted as squares, and F5ToxB is represented by a
line with the points depicted as cross shapes.

FIG. 25 - Graph describing the Near-UV spectrum of fusions F52New, F54Gly, F54New and F5ToxB measured using circular dichroism.
The spectrum for F52New is represented by a line with the points depicted as double crosses, the spectrum for F54Gly is represented by a
line with the points depicted as triangles, F54New is represented by a line with the points depicted as squares, and F5ToxB is represented
by a line with the points depicted as cross shapes.

DETAILED DESCRIPTION

[0018] The inventors have shown immunogenic compositions comprising a polypeptide comprising a C. difficile toxin A fragment and/or a
C. difficile toxin B fragment formulated with an adjuvant comprising an oil in water emulsion, wherein said oil in water emulsion comprises a
metabolizable oil, a tocol, and an emulsifier, and wherein the immunogenic composition is in a volume suitable for human dose, which
volume is 0.5 mL or higher than 0.5 mL, for example 0.6, 0.7, 0.8, 0.9 or 1 mL, or between 1 mL and 1.5 mL, provide an improved immune
response against C.difficile as compared to non-adjuvanted C. difficile polypeptide containing compositions. Immunogenic compositions
according to the invention may also provide an improved immune response against C.difficile as compared to C. difficile polypeptides
formulated with alum.

POLYPEPTIDES

[0019] The polypeptide comprising a C. difficile toxin A fragment and / or a C. difficile toxin B fragment may be a mixture of co-purified toxin
A and toxin B which have been inactivated, suitably by incubation in formaldehyde, such as those described in W09920304.
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[0020] The polypeptide may comprise a C. difficile toxin A N-terminal fragment and a C. difficile toxin B repeating domain fragment. The
polypeptide may contain a C. difficile toxin A repeating domain fragment and a C. difficile toxin B N-terminal fragment. The polypeptide may
comprise a C. difficife toxin A repeating domain fragment and a C. difficile toxin B repeating domain fragment.

[0021] The polypeptide may comprise either the full length N - terminal and/ or C-terminal domain of toxin A and toxin B of C.difficile or
fragments thereof.

[0022] In one embodiment, the polypeptide in the immunogenic compositions according to the invention does not contain the full length N-
terminal domain of toxin A and / or toxin B of C.difficile. In one embodiment, the polypeptide in the immunogenic compositions according to
the invention does not contain an N-terminal domain fragment of toxin A and / or toxin B of C.difficile.

[0023] The polypeptide may be a fusion protein. For example, the fusion protein may comprise a fusion sequence such as Seq ID NOS: 36
and 37 or other sequences described in W02012/028741.

[0024] The polypeptide may comprise a first fragment and a second fragment, wherein

1. (i) the first fragment is a toxin A repeating domain fragment;

2. (i) the second fragment is a toxin B repeating domain fragment;

3. (iii) the first fragment comprises a first proximal end within a first repeat portion;

4. (iv) the second fragment comprises a second proximal end within a second repeat portion; and

wherein the first fragment and the second fragment are adjacent to one another and wherein the first repeat portion and the second repeat
portion have structural similarity.

[0025] The term polypeptide refers to a contiguous sequence of amino acids.

[0026] The term 'toxin A repeating domain' refers to the C-terminal domain of the toxin A protein from C.difficile comprising repeated
sequences. For example, the C-terminal domain of the toxin A protein may be amino acids 1832-2710 of toxin A from strain VPI10463
(ATCCA43255) and/or their equivalent in a different strain. Amino acids 1832-2710 from strain VPI10463 (ATCC43255) corresponds to
amino acids 1832-2710 of SEQ ID NO:1.

[0027] The term 'toxin B repeating domain' refers to the C-terminal domain of the toxin B protein from C.difficile. For example, the C-
terminal domain of the toxin B protein may be amino acids 1834-2366 from strain VPI10463 (ATCC43255) and/or their equivalent in a
different strain. Amino acids 1834-2366 from strain VPI10463 (ATCC43255) corresponds to amino acids 1834-2366 of SEQ ID NO:2.

[0028] The full length N-terminal domain of toxin A may be amino acids 1-542 of toxin A from strain VPI10463 (ATCC43255) and/or their
equivalent in a different strain. Thus the term "a C. difficile toxin A N-terminal fragment" or "an N-terminal domain fragment of toxin A" refers
to a fragment of amino acids 1-542 of toxin A from strain VPI10463 (ATCC43255) and/or their equivalent in a different strain. Amino acids
1-542 from strain VPI10463 (ATCC43255) corresponds to amino acids 1-542 of SEQ ID NO: 1.

[0029] The full length N-terminal domain of toxin B may be amino acids 1-543 from strain VPI10463 (ATCC43255) and/or their equivalent in
a different strain. Thus the term "a C. difficile toxin B N-terminal fragment" or "an N-terminal domain fragment of toxin B" refers to a
fragment of amino acids 1-543 of toxin B from strain VPI10463 (ATCC43255) and/or their equivalent in a different strain. Amino acids 1-543
from strain VPI10463 (ATCC43255) corresponds to amino acids 1-543 of SEQ ID NO: 2.

[0030] C.difficile toxins A and B are conserved proteins. However the sequence differs a small amount between strains. Moreover the
amino acid sequence for toxins A and B in different strains may differ in number of amino acids.

[0031] In one embodiment, the toxin A repeating domain and/or toxin B repeating domain may be a sequence which is a variant with at
least 90%, 95%, 98%, 99% or 100% sequence identity to amino acids 1832-2710 of SEQ ID NO:1 or a variant with at least 90%, 95%, 98%,
99% or 100% sequence identity to amino acids 1834-2366 of SEQ ID NO:2.

[0032] In one embodiment, the toxin A N-terminal domain may be a sequence which is a variant with at least 90%, 95%, 98%, 99% or 100%
sequence identity to amino acids 1-542. In one embodiment, the toxin B N-terminal domain may be a sequence which is a variant with at
least 90%, 95%, 98%, 99% or 100% sequence identity to amino acids 1-543 of SEQ ID NO: 2.

[0033] A 'variant' is a polypeptide that varies from the referent polypeptides by conservative amino acid substitutions, whereby a residue is
substituted by another with the same physico-chemical properties. Typically such substitutions are among Ala, Val, Leu and lle; among Ser
and Thr; among the acidic residues Asp and Glu; among Asn and Gin, and among the basic residues Lys and Arg; or aromatic residues
Phe and Tyr.

[0034] Furthermore the amino acid numbering may differ between the C-terminal domains or N-terminal domains of toxin A (or toxin B)
from one strain and toxin A (or toxin B) from another strain. For this reason the term 'equivalent in a different strain' refers to amino acids
which correspond those of a reference strain (e.g., C. difficife VPI10463), but which are found in a toxin from a different strain and which
may thus be numbered differently. A region of 'equivalent' amino acids may be determined by aligning the sequences of the toxins from the
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different strains. The amino acids numbers provided throughout refer to those of strain VPI10463.

[0035] The term 'fragment' of a polypeptide or protein refers to a contiguous portion, such as at least 100, 150, 180, 200, 230, 250, 300,
350, 380, 400, 450, 480, 500, 530, 550, 580 or 600 amino acids, from that polypeptide or protein.

[0036] "N-terminal domain fragment of toxin A" of C.difficile refers to a contiguous portion, such as at least 100, 150, 180, 200, 230, 250,
300, 350, 380, 400, 450, 480, 500 or 530 amino acids, from the full length N-terminal domain of toxin A. "N-terminal domain fragment of
toxin B" of C.difficile refers to a contiguous portion, such as at least 100, 150, 180, 200, 230, 250, 300, 350, 380, 400, 450, 480, 500 or 530
amino acids, from the full length N-terminal domain of toxin B.

[0037] Toxin A repeating domain fragment may be a contiguous portion of at least 100, 200, 230, 250, 300, 350, 380, 400, 450, 480, 500,
530, 550, 580 or 600 amino acids from the toxin A repeating domain. Toxin A repeating domain fragment may be a contiguous portion of
less than 750, less than 700, less than 650, less than 600 or less than 580 amino acids. Toxin B repeating domain fragment may be a
contiguous portion of at least 100, 200, 230, 250, 300, 350, 380, 400, 450, 480, 500, 530, 550, 580 or 600 amino acids from the toxin B
repeating domain. Toxin B repeating domain fragment may be a contiguous portion of less than 530, less than 500, less than 480, or less
than 450 amino acids.

[0038] The term 'first fragment' refers to a contiguous portion of at least 100, such as 150, 180, 250, 300, 350, 380, 400, 450, 480, 500,
530, 550, 580 or 600, amino acids of the toxin A repeating domain. The term 'second fragment' refers to a contiguous portion of at least
100, such as 200, 230, 250, 280, 300, 350, 400, 450 or 500, amino acids of the toxin B repeating domain.

[0039] The term 'first proximal end' refers to the end of the first fragment (Tox A fragment) which is covalently linked to the second
fragment (Tox B fragment) or covalently linked to a linker sequence between the first and second fragment. The term 'second proximal end’
refers to the end of the second fragment which is closest to the first fragment in primary structure (amino acid sequence).

[0040] The C-terminal domain of toxin A is made up of 8 repeat portions (designated repeat portion I, repeat portion Il, repeat portion Ill,
repeat portion IV, repeat portion V, repeat portion VI, repeat portion VIl and repeat portion VIII). Each of these repeat portions can be
further divided into short repeats (SRs) and long repeats (LRs) (except for Tox A repeat portion VIII which does not have a long repeat).
Each of the long repeats has some structural and sequence similarity to the other long repeats. Similarly the short repeats have some
sequence and structural similarity to one another. Similarly the C-terminal domain of toxin B is made up of 5 repeat portions subdivided into
SRs and LRs. Each repeat portion contains one LR and between 2 and 5 SRs (except for Tox B repeat portion V which does not have a
long repeat). For the purposes of the disclosure “a repeat portion' refers to one of the eight repeat portions of ToxA (designated I, II, llI, IV,
V, VI, VIl or VIII) or one of the five repeat portions of ToxB (designated I, I, lll, IV or V) or a partial repeat portion from the toxin A or toxin B
repeating domain. As used herein the term 'first repeat portion' refers to a repeat portion (or partial repeat portion) from the toxin A
repeating domain. The term 'second repeat portion' refers to a repeat portion (or partial repeat portion) from the toxin B repeating domain.

[0041] For example, repeat portion | of ToxA contains three SRs and one LR, which can be referred to as the first SRI of ToxA, the second
SRI of ToxA, the third SRI of ToxA and the LRI of ToxA, respectively.

[0042] The first proximal end is considered to be within a 'repeat portion' if the first fragment ends in an amino acid that is within that repeat
portion (i.e., the first proximal end contains only part of the repeat portion sequence). Similarly the second proximal end is considered to be
within a 'repeat portion' if the second fragment ends in an amino acid that is within that repeat portion. For example the first proximal end is
within 'repeat portion | of ToxA if the first fragment ends with any one of amino acids 1833-1923 (inclusive) of VPI10463 or their equivalent
in another strain. The first proximal end is within a 'long repeat’ or a “short repeat' if the first fragment ends in an amino acid that is within a
'long repeat’ or a “short repeat’, similarly the second proximal end is within a 'long repeat’ or a “short repeat’ if the second fragment ends in
an amino acid that is within a 'long repeat’ or a “short repeat'.

[0043] The amino acid positions of each domain has been defined for toxin A and toxin B from strain VPI10463 (ATCC43255). These are
as follows (Table 1)

Name Start position End position

ToxA_l SR1 1832 1852
SR2 1853 1873

SR3 1874 1893

LR 1894 1924

ToxA_ll SR1 1925 1944
SR2 1945 1965

SR3 1966 1986

SR4 1987 2007

SR5 2008 2027

LR 2028 2058

ToxA_lll SR1 2059 2078
SR2 2079 2099
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Name Start position End position

SR3 2100 2120

SR4 2121 2141

SR5 2142 2161

LR 2162 2192

ToxA_IV SR1 2193 2212
SR2 2213 2233

SR3 2234 2253

SR4 2254 2275

LR 2276 2306

ToxA_V SR1 2307 2326
SR2 2327 2347

SR3 2348 2368

SR4 2369 2389

SR5 2390 2409

LR 2410 2440

ToxA_VI SR1 2441 2460
SR2 2461 2481

SR3 2482 2502

SR4 2503 2522

LR 2523 2553

ToxA_VII SR1 2554 2573
SR2 2574 2594

SR3 2595 2613

LR 2614 2644

ToxA_VIII SR1 2645 2664
SR2 2665 2686

SR3 2687 2710

ToxB_| SR1 1834 1854
SR2 1855 1876

SR3 1877 1896

LR 1897 1926

ToxB_lI SR1 1927 1946
SR2 1947 1967

SR3 1968 1987

SR4 1988 2007

SR5 2008 2027

LR 2028 2057

ToxB_llI SR1 2058 2078
SR2 2079 2099

SR3 2100 2119

SR4 2120 2139

SR5 2140 2159

LR 2160 2189

ToxB_IV SR1 2190 2212
SR2 2213 2233

SR3 2234 2253

SR4 2254 2273

SR5 2274 2293

LR 2294 2323

ToxB_V SR1 2324 2343
SR2 2344 2366
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[0044] In one embodiment, the repeat portion of toxin A refers to amino acids 1832-1924, 1925-2058, 2059-2192, 2193-2306, 2307-2440,
2441-2553, 2554-2644 or 2645-2710 of toxin A (SEQ ID NO:1) or an equivalent in a different strain of C. difficile. In another embodiment,
the repeat portion of toxin B refers to amino acids 1834-1926, 1927-2057, 2058-2189, 2190-2323 or 2324-2366 of toxin B (SEQ ID NO:2)
or an equivalent in a different strain of C.difficile.

[0045] The term “short repeat’ may refer to amino acids 1832-1852, 1853-1873, 1874-1893, 1925-1944 1945-1965, 1966-1986, 1987-
2007, 2008-2027, 2059-2078, 2079-2099, 2100-2120, 2121-2141, 2142-2161, 2193-2212, 2213-2233, 2234-2253, 2254-2275, 2307-2326,
2327-2347, 2348-2368, 2369-2389, 2390-2409, 2441-2460, 2461-2481, 2482-2502, 2503-2522, 2554-2573, 2574-2594, 2595-2613,
2645-2664, 2665-2686 or 2687-2710 of toxin A (SEQ ID NO:1) or amino acids 1834-1854, 1855-1876, 1877-1896, 1927-1946, 1947-1967,
1968-1987, 1988-2007, 2008-2027, 2058-2078, 2079-2099, 2100-2119, 2120-2139, 2140-2159, 2190-2212, 2213-2233, 2234-2253, 2254-
2273, 2274-2293, 2324-2343 or 2344-2366 of toxin B (SEQ ID NO:2) or their equivalents in a different strain of C.difficile.

[0046] Similarly the term “long repeat’ may refer to amino acids 1894-1924, 2028-2058, 2162-2192, 2276-2306, 2410-2440, 2523-2553 or
2614-2644 of toxin A (SEQ ID NO:1) or amino acids 1897-1926, 2028-2057, 2160-2189 or 2294-2323 of toxin B (SEQ ID NO:2) or their
equivalents in a different strain of C.difficile.

[0047] The polypeptides of the invention may be part of a larger protein such as a precursor or a fusion protein. It is often advantageous to
include an additional amino acid sequence which contains sequences which aid in purification, such as multiple histidine residues, or an
additional sequence for stability during recombinant production. Furthermore, addition of exogenous polypeptide or lipid tail or
polynucleotide sequences to increase the immunogenic potential of the final molecule is also considered.

[0048] The word 'adjacent’ means separated by less than or exactly 20, 15, 10, 8, 5, 2, 1 or 0 amino acids in the primary structure.

[0049] The fragments may be positioned such that the N-terminus of the first fragment is adjacent to the C-terminus of the second
fragment, alternatively the C-terminus of the first fragment may be adjacent to the N-terminus of the second fragment, or the C-terminus of
the first fragment may be adjacent to the C-terminus of the second fragment, or the N-terminus of the first fragment may be adjacent to the
N-terminus of the second fragment.

[0050] Two sequences will have 'sequence similarity to one another' if they have greater than 30%, 50%, 70%, 75%, 80%, 85%, 90%, 95%,
98%, 99% or 100% sequence identity.

[0051] The term 'identity’ is known in the art. Identity is a relationship between two or more polypeptide sequences or two or more
polynucleotide sequences, as the case may be, as determined by comparing the sequences. In the art, "identity” also means the degree of
sequence relatedness between polypeptide or polynucleotide sequences, as the case may be, as determined by the match between strings
of such sequences. "ldentity" can be readily calculated by known methods, including but not limited to those described in (Computational
Molecular Biology, Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D.W.,
ed., Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part |, Griffin, A.M., and Griffin, H.G., eds., Humana Press,
New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heine, G., Academic Press, 1987; and Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991; and Carillo, H., and Lipman, D., SIAM J. Applied Math., 48: 1073
(1988). Methods to determine identity are designed to give the largest match between the sequences tested. Moreover, methods to
determine identity are codified in publicly available computer programs. Computer program methods to determine identity between two
sequences include, but are not limited to, the Needle program, BLASTP, BLASTN (Altschul, S.F. et al., J. Molec. Biol. 215: 403-410 (1990)),
and FASTA Pearson and Lipman Proc. Natl. Acad. Sci. USA 85; 2444-2448 (1988)). The BLAST family of programs is publicly available
from NCBI and other sources (BLAST Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, MD 20894; Altschul, S., et al., J. Mol. Biol. 215:
403-410 (1990)). The well known Smith Waterman algorithm may also be used to determine identity.

[0052] In one example, parameters for polypeptide sequence comparison include the following:
Algorithm: Needleman and Wunsch, J. Mol Biol. 48: 443-453 (1970)

Comparison matrix: BLOSSUMB62 from Henikoff and Henikoff,

Proc. Natl. Acad. Sci. USA. 89:10915-10919 (1992)

Gap Penalty: 10

Gap extension penalty:0.5

[0053] A program useful with these parameters is publicly available as the 'Needle' program from EMBOSS package (Rice P.et al, Trends in
Genetics 2000 col.16(6):276-277). The aforementioned parameters are the default parameters for peptide comparisons (along with no
penalty for end gaps).

[0054] In one embodiment the first repeat portion and the second repeat portion have high structural similarity to one another. Two
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sequences can be considered to have high structural similarity when their percentage identity is higher than 40%, 45%, 50% or 60%
(M.Marty-Renom et al. Annu. Rev. Biophys. Biomol Struct. 2000 vol.29:291-325). The presence of high structural similarity can be
determined by comparing the two sequences using the SwissModel and SwissPDB Viewer softwares.

[0055] In one embodiment the polypeptide of the invention elicits antibodies that neutralise toxin A or toxin B. In a further embodiment the
polypeptide elicits antibodies that neutralise toxin A. In a further embodiment the polypeptide elicits antibodies that neutralise toxin B. In a
further embodiment the polypeptide elicits antibodies that neutralise toxin A and toxin B. The phrase 'elicits neutralising antibodies' means
that the when the compositions are used to immunise a mammal, for example a mouse, a guinea pig or a human, the mammal generates
neutralising antibodies.

[0056] Whether a polypeptide elicits neutralizing antibodies against a toxin can be measured by immunising mice with an immunogenic
composition comprising the polypeptide, collecting sera and analysing the anti-toxin titres of the sera using by enzyme-linked
immunosorbent assay (ELISA). The sera could be compared to a reference sample obtained from mice which have not been immunised.
An example of this technique can be found in example 6. The polypeptide of the invention elicits antibodies that neutralise toxin A if the sera
against the polypeptide gives an ELISA readout more than 10%, 20%, 30%, 50%, 70%, 80%, 90% or 100% higher than the reference
sample.

[0057] In a further embodiment the polypeptide of the invention elicits a protective immune response in a mammalian host against strains
of C.difficile. The phrase 'elicit a protective immune response' means that when the immunogenic composition of the invention is used to
immunise a mammal such as a mouse, guinea pig or human, the mammal generates antibodies capable of protecting the mammal from
death caused by C.difficile. In one embodiment the mammalian host is selected from the group consisting of mouse, rabbit, guinea pig,
monkey, non-human primate or human. In one embodiment the mammalian host is a mouse. In a further embodiment the mammalian host
is a human.

[0058] Whether a polypeptide elicits a protective immune response in a mammalian host against strains of C.difficife can be determined
using a challenge assay. In such an assay the mammalian host is vaccinated with the polypeptide and challenged by exposure to C.difficile.
The time which the mammal survives after challenge is compared with the time which a reference mammal that has not been immunised
with the polypeptide survives. A polypeptide elicits a protective immune response if a mammal immunised with the polypeptide survives at
least 10%, 20%, 30%, 50%, 70%, 80%, 90%, or 100% longer after challenge with C.difficile than a reference mammal which has not been
immunised with the polypeptide. In one embodiment the polypeptide of the invention elicits a protective immune response against C.difficile
in a mammal selected from the group consisting of mouse, guinea pig, monkey or human. In one embodiment the mammal is a mouse, in a
further embodiment the mammal is a human.

[0059] The native structure of the C-terminal (repeat) domains from toxins A and B consist of an extended B solenoid-like structure. This
structure consists of primarily B sheet structures, with a minority of a helical structures as seen in Ho et al (PNAS 102:18373-18378 (2005)).
The secondary structures present can be determined using circular dichroism (CD). For example, the secondary structure may be
determined by measuring the shape and the magnitude of the CD spectra in the far-UV region (190-250nm) and comparing the results with
those of known structures. This can be carried out using an optical path of 0.01cm from 178 to 250nm, with a 1nm resolution and
bandwidth on a Jasco J-720 spectropolarimeter, for example as seen in example 5 below.

[0060] In one embodiment the first fragment comprises less than 28%, 25%, 23%, 20%, 18%, 15%, 10%, or 7% alpha helical secondary
structure. In one embodiment the second fragment comprises less than 28%, 25%, 23%, 20%, 18%, 15%, 10%, or 7% alpha helical
secondary structure. In a further embodiment both the first fragment and the second fragment comprise less than 28%, 25%, 23%, 20%,
18%, 15%, 10%, or 7% alpha helical secondary structure.

[0061] In one embodiment the first fragment comprises more than 20%, 25%, 28%, 30%, 33%, 35%, 38%, 40%, or 42% beta sheet
structure. In one embodiment the second fragment comprises more than 20%, 25%, 28%, 30%, 33%, 35%, 38%, 40%, or 42% beta sheet
structure. In a further embodiment both the first fragment and the second fragment comprises more than 20%, 25%, 28%, 30%, 33%, 35%,
38%, 40%, or 42% beta sheet structure.

[0062] In one embodiment the first proximal end is within repeat portion V (amino acids 2307-2440 of SEQ ID NO:1 or their equivalent in a
different strain), repeat portion VI (amino acids 2441-2553 of SEQ ID NO:1 or their equivalent in a different strain), repeat portion VIl (amino
acids 2554-2644 of SEQ ID NO:1 or their equivalent in a different strain) or repeat portion VIl (amino acids 2645-2710 of SEQ ID NO:1 or
their equivalent in a different strain) of toxin A. In a further embodiment the first proximal end is within repeat portion VIl (amino acids 2554-
2644 of SEQ ID NO:1 or their equivalent in a different strain) of toxin A. In a further embodiment the first proximal end repeat portion VIl
(amino acids 2645-2710 of SEQ ID NO:1 or their equivalent in a different strain) of toxin A.

[0063] In one embodiment the second proximal end is within repeat portion | (amino acids 1834-1926 of SEQ ID NO:2 or their equivalent in
a different strain), repeat portion Il (amino acids 1927-2057 of SEQ ID NO:2 or their equivalent in a different strain), or repeat portion IlI
(amino acids 2058-2189 of SEQ ID NO:2 or their equivalent in a different strain) of toxin B. In a further embodiment the second proximal
end is within repeat portion 1l (amino acids 1927-2057 of SEQ ID NO:2 or their equivalent in a different strain) of toxin B. In a further
embodiment the second proximal end is within repeat portion | (amino acids 1834-1926 of SEQ ID NO:2 or their equivalent in a different
strain) of toxin B.

[0064] In one embodiment the first proximal end is within a long repeat. The first proximal end may be within long repeat V of toxin A
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(amino acids 2410-2440 of SEQ ID NO:1 or their equivalent in a different strain), or within long repeat VI of toxin A (amino acids 2523-2553
of SEQ ID NO:1 or their equivalent in a different strain), or within long repeat VIl of toxin A (amino acids 2614-2644 of SEQ ID NO:1 or their
equivalent in a different strain).

[0065] In one embodiment the second proximal end is within a long repeat. The second proximal end may be within long repeat | of toxin B
(amino acids 1897-1926 of SEQ ID NO:2 or their equivalent in a different strain), or within long repeat Il of toxin B (amino acids 2028-2057
of SEQ ID NO:2 or their equivalent in a different strain), or within long repeat Ill of toxin B (amino acids 2160-2189 of SEQ ID NO:2 or their
equivalent in a different strain).

[0066] In a further embodiment the first proximal end and the second proximal end are both within long repeats. In one embodiment the
first proximal end is within long repeat V of toxin A (amino acids 2410-2440 of SEQ ID NO: 1 or their equivalent in a different strain), or
within long repeat VI of toxin A (amino acids 2523-2553 of SEQ ID NO:1 or their equivalent in a different strain), or within long repeat VIl of
toxin A (amino acids 2614-2644 of SEQ ID NO:1 or their equivalent in a different strain) and the second proximal end is within long
repeatloftoxin B (amino acids 1897-1926 of SEQ ID NO:2 or their equivalent in a different strain), or within long repeat Il of toxin B (amino
acids 2028-2057 of SEQ ID NO:2 or their equivalent in a different strain), or within long repeat Ill of toxin B (amino acids 2160-2189 of SEQ
ID NO:2 or their equivalent in a different strain). In one embodiment the first proximal end is within long repeat VIl of toxin A (amino acids
2614-2644 of SEQ ID NO:1 or their equivalent in a different strain) and the second proximal end is within long repeat Il of toxin B (amino
acids 2028-2057 of SEQ ID NO:2 or their equivalent in a different strain).

[0067] In one embodiment the first proximal end is within amino acids 2620-2660 of toxin A. In one embodiment the second proximal end is
within amino acids 2030-2050 of toxin B. In a further embodiment the first proximal end is within amino acids 2620-2660 of toxin A and the
second proximal end is within amino acids 2030-2050 of toxin B.

[0068] In one embodiment the first fragment comprises at least 100, 150, 180, 200, 240, 250, 280, 300, 330, 350, 380, 400, 430, 450, 480,
500 or 530 amino acids. In one embodiment the second fragment comprises at least 100, 130, 150, 180, 200, 230, 250, 270, 300, 330,
350, 390, or 400 amino acids.

[0069] In one embodiment the polypeptide further comprises a linker. This linker may be between the first proximal end and the second
proximal end, alternatively the linker may link the distal ends of the first fragment and/or the second fragment to a further sequence of
amino acids.

[0070] A peptide linker sequence may be employed to separate the first fragment and second fragment. Such a peptide linker sequence is
incorporated into the fusion protein using standard techniques well known in the art. Suitable peptide linker sequences may be chosen
based on the following factors: (1) their ability to adopt a flexible extended conformation; (2) their inability to adopt a secondary structure
that could interact with functional epitopes on the first fragment and/or the second fragments; and (3) the lack of hydrophobic or charged
residues that might react with the ToxA and/or ToxB functional epitopes. Peptide linker sequences may contain Glycine(Gly), Asparagine
(Asn) and Serine (Ser) residues. Other near neutral amino acids, such as Thr and Ala may also be used in the linker sequence. Amino acid
sequences which may be usefully employed as linkers include those disclosed in Maratea et al., Gene 40:39-46 (1985); Murphy et al., Proc.
Natl. Acad. Sci. USA 83:8258-8262 (1986); U.S. Patent No. 4,935,233 and U.S. Patent No. 4,751,180. The linker sequence may generally
be from 1 to about 50 amino acids in length.

[0071] In one embodiment the linker comprises 1-20, 1-15, 1-10, 1-5, 1-2, 5-20, 5-15, 5-15, 10-20, or 10-15 amino acids. In one
embodiment the linker is a glycine linker, the linker may comprise multiple contiguous glycine residues (1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 17, or 20), or alternatively the linker may comprise some glycine residues and some residues of other amino acids such as
alanine. In a further embodiment the linker comprises a single glycine residue.

[0072] In an embodiment the polypeptide of the invention is part of a larger fusion protein. The fusion proteins may further comprise amino
acids encoding an immunogenic portion of a further protein antigen. For example the fusion protein may further comprise an immunogenic
portion of a protein antigen obtained or derived from a bacterium selected from the group consisting of S.pneumoniae, H.influenzae,
N.meningitidis, E.colii M.cattarhalis, C.tetanii, C.diphtheriae, B.pertussis, S.epidermidis, enterococci, S.aureus, and Pseudomonas
aeruginosa. In this case the linker may be between the first fragment or the second fragment and a further immunogenic portion of a
protein antigen.

[0073] The term "immunogenic portion thereof" or 'immunogenic fragment' refers to a fragment of a polypeptide wherein the fragment
comprises an epitope that is recognized by cytotoxic T lymphocytes, helper T lymphocytes or B cells. Suitably, the immunogenic portion will
comprise at least 30%, suitably at least 50%, especially at least 75% and in particular at least 90% (e.g. 95% or 98%) of the amino acids in
the reference sequence. In one embodiment, the immunogenic portion will comprise all of the epitope regions of the reference sequence.

[0074] Immunogenic compositions according to the invention comprising the specific fusion proteins of C. difficife toxin A repeating domain
fragment and a C. difficile toxin B repeating domain fragment described herein are also expected to provide an improved immune response
against C.difficile as compared to compositions comprising known C. difficile polypeptides or fragments.

ADJUVANTS
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[0075] The immunogenic compositions disclosed herein include at least one C.difficile polypeptide in combination with an aluminum-free
adjuvant. The polypeptides are formulated with an adjuvant that is free of aluminum or aluminum salts, that is, an aluminum-free adjuvant
or adjuvant system.

[0076] In certain embodiments that are not part of the invention, the C. difficile polypeptide is formulated with an adjuvant comprising an
immunologically active saponin fraction presented in the form of a liposome. The adjuvant may further comprise a lipopolysaccharide. The
adjuvant may include QS21. For example, in one embodiment, the adjuvant contains QS21 in a liposomal formulation. In one embodiment,
the adjuvant system includes 3D-MPL and QS21. For example, in one embodiment, the adjuvant contains 3D-MPL and QS21 in a liposomal
formulation. Optionally, the adjuvant system also contains cholesterol. In one specific embodiment, the adjuvant includes QS21 and
cholesterol. Optionally, the adjuvant system contains 1, 2-Dioleoyl-sn-Glycero-3-phosphocholine (DOPC). For example, in one specific
adjuvant system contains cholesterol, DOPC, 3D-MPL and QS21.

[0077] In one specific example that is not part of the invention, the immunogenic composition includes an adjuvant formulated in a dose
that includes: from about 0.1 to about 0.5 mg cholesterol; from about 0.25 to about 2 mg DOPC; from about 10 ug to about 100 pug 3D-
MPL; and from about 10 ug to about 100 ug QS21. In a further specific example the immunogenic composition includes and adjuvant
formulated in a dose that includes: from about 0.1 to about 0.5mg cholesterol, from about 0.25 to about 2mg DOPC, from about 10ug to
about 100ug 3D-MPL, and from about 10ug to about 100ug QS21. In one specific formulation, the adjuvant is formulated in a single dose
that contains: about 0.25 mg cholesterol; about 1.0 mg DOPC; about 50 ug 3D-MPL; and about 50 ug QS21. In other embodiments, the
immunogenic composition is formulated with a fractional dose (that is a dose, which is a fraction of the preceding single dose formulations,
such as one half of the preceding quantity of components (cholesterol, DOPC, 3D-MPL and QS21), % of the preceding quantity of
components, or another fractional dose (e.g., 1/3, 1/6, etc.) of the preceding quantity of components.

[0078] In one embodiment not part of the invention, the immunogenic compositions according to the invention include an adjuvant
containing combinations of lipopolysaccharide and Quillaja saponins that have been disclosed previously, for example in EP0671948. This
patent demonstrated a strong synergy when a lipopolysaccharide (3D-MPL) was combined with a Quillaja saponin (QS21).

[0079] The adjuvant may further comprise immunostimulatory oligonucleotides (for example, CpG) or a carrier.

[0080] A particularly suitable saponin for use that is not part of the present invention is Quil A and its derivatives. Quil A is a saponin
preparation isolated from the South American tree Quillaja Saponaria Molina and was first described by Dalsgaard et al. in 1974 ("Saponin
adjuvants”, Archiv. fir die gesamte Virusforschung, Vol. 44, Springer Verlag, Berlin, p243-254) to have adjuvant activity. Purified fragments
of Quil A have been isolated by HPLC which retain adjuvant activity without the toxicity associated with Quil A (EP 0 362 278), for example
QS7 and QS21 (also known as QA7 and QA21). QS21 is a natural saponin derived from the bark of Quillaja saponaria Molina, which
induces CD8+ cytotoxic T cells (CTLs), Th1 cells and a predominant IgG2a antibody response and is a preferred saponin in the context of
the present invention.

[0081] In a specific embodiment that is not part of the invention, QS21 is provided in its less reactogenic composition where it is quenched
with an exogenous sterol, such as cholesterol for example. Several particular forms of less reactogenic compositions wherein QS21 is
quenched with an exogenous cholesterol exist. In a specific embodiment, the saponin /sterol is in the form of a liposome structure (WO
96/33739, Example 1). In this embodiment the liposomes suitably contain a neutral lipid, for example phosphatidylcholine, which is suitably
non-crystalline at room temperature, for example eggyolk phosphatidylcholine, dioleoyl phosphatidylcholine (DOPC) or dilauryl
phosphatidylcholine. The liposomes may also contain a charged lipid which increases the stability of the lipsome-QS21 structure for
liposomes composed of saturated lipids. In these cases the amount of charged lipid is suitably 1-20% w/w, preferably 5-10%. The ratio of
sterol to phospholipid is 1-50% (mol/mol), suitably 20-25%.

[0082] Suitable sterols include B-sitosterol, stigmasterol, ergosterol, ergocalciferol and cholesterol. In one particular embodiment that is not
part of the invention, the adjuvant composition comprises cholesterol as sterol. These sterols are well known in the art, for example
cholesterol is disclosed in the Merck Index, 11th Edn., page 341, as a naturally occurring sterol found in animal fat.

[0083] Where the active saponin fraction is QS21, the ratio of QS21 : sterol will typically be in the order of 1:100 to 1:1 (w/w), suitably
between 1:10 to 1:1 (w/w), and preferably 1:5 to 1:1 (w/w). Suitably excess sterol is present, the ratio of QS21:sterol being at least 1:2
(w/w). In one embodiment not part of the invention, the ratio of QS21 :sterol is 1:5 (w/w). The sterol is suitably cholesterol.

[0084] One embodiment not part of the invention provides a dose of an immunogenic composition comprising immunologically active
saponin, preferably QS21, at a level of 60ug or less, for example between 1 and 60ug. In one embodiment not part of the invention, the
dose of the immunogenic composition comprises QS21 at a level of approximately around 50 ug, for example between 45 and 55 g,
suitably between 46 - 54 ug or between 47 and 53 ug or between 48 and 52 ug or between 49 and 51 g, or 50 ug per dose.

[0085] In another embodiment not part of the invention the dose of the immunogenic composition comprises QS21 at a level of around 25
Mg, for example between 20 - 30 pg, suitably between 21 - 29 ug or between 22 and 28 ug or between 23 and 27 ug or between 24 and 26
g, or 25 pg.

[0086] In another embodiment not part of the invention, the dose of the immunogenic composition comprises QS21 at a level of around 10
Mg per, for example between 5 and 15 pg, suitably between 6 and 14 ug, for example between 7 and 13 ug or between 8 and 12 ug or
between 9 and 11 ug, or 10 ug.
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[0087] In an embodiment not part of the invention, a 0.5 ml vaccine dose volume contains 25 ug or 50 ug of QS21 per dose. In another
embodiment not part of the invention, a 0.5 ml vaccine dose volume contains 50 ug of QS21 per dose.

[0088] The lipopolysaccharide may be a non-toxic derivative of lipid A, particularly monophosphoryl lipid A or more particularly 3-
Deacylated monophoshoryl lipid A (3D - MPL).

[0089] 3D-MPL is sold under the name MPL by GlaxoSmithKline Biologicals N.A. and is referred throughout the document as MPL or 3D-
MPL. See, for example, US Patent Nos. 4,436,727; 4,877,611; 4,866,034 and 4,912,094. 3D-MPL primarily promotes CD4+ T cell
responses with an IFN-y (Th1) phenotype. 3D-MPL can be produced according to the methods disclosed in GB 2 220 211 A. Chemically it
is a mixture of 3-deacylated monophosphoryl lipid A with 3, 4, 5 or 6 acylated chains. In embodiments not part of the invention, small
particle 3D-MPL is used. Small particle 3D-MPL has a particle size such that it may be sterile-filtered through a 0.22um filter. Such
preparations are described in WO 94/21292.

[0090] An embodiment not part of the invention provides a dose of an immunogenic composition comprising lipopolysaccharide, preferably
3D-MPL, at a level of 75ug or less, for example between 1 and 60ug. In one embodiment not part of the invention, the lipopolysaccharide is
present at an amount of about 50ug per dose.

[0091] In one embodiment not part of the invention, the dose of the immunogenic composition comprises 3D-MPL at a level of around 50
Mg, for example between 45 - 55 ug, suitably between 46 - 54 ug or between 47 and 53 g or between 48 and 52 ug or between 49 and 51
g, or 50 pg.

[0092] In one embodiment not part of the invention, the dose of the immunogenic composition comprises 3D-MPL at a level of around 25
Mg, for example between 20 - 30 pg, suitably between 21 - 29 ug or between 22 and 28 ug or between 23 and 27 ug or between 24 and 26
g, or 25 pg.

[0093] In another embodiment not part of the invention, the dose of the immunogenic composition comprises 3D-MPL at a level of around
10 pg, for example between 5 and 15 ug, suitably between 6 and 14 ug, for example between 7 and 13 ug or between 8 and 12 ug or
between 9 and 11 ug, or 10ug.

[0094] In one embodiment, the volume of the dose is 0.5 ml. In a further embodiment, the immunogenic composition is in a volume suitable
for a dose which volume is higher than 0.5 ml, for example 0.6, 0.7, 0.8, 0.9 or 1 ml. In a further embodiment, the human dose is between 1
mland 1.5 ml.

[0095] In an embodiment not part of the invention, a 0.5 ml vaccine dose volume contains 25 ug or 50 ug of 3D-MPL per dose. In another
embodiment not part of the invention, a 0.5 ml vaccine dose volume contains 50 ug of 3D-MPL per dose.

[0096] The dose of the immunogenic composition according to any aspect of the invention suitably refers to human dose. By the term
"human dose" is meant a dose which is in a volume suitable for human use. In one embodiment, a human dose is 0.5 ml. In a further
embodiment, a human dose is higher than 0.5 ml, for example 0.6, 0.7, 0.8, 0.9 or 1 ml. In a further embodiment, a human dose is between
1 mland 1.5 ml.

[0097] In some embodiments not within the invention, compositions are with liposomes that are initially prepared without MPL (as described
in WO 96/33739), and MPL is then added, suitably as small particles of below 100 nm particles or particles that are susceptible to sterile
filtration through a 0.22 ym membrane. The MPL is therefore not contained within the vesicle membrane (known as MPL out).
Compositions where the MPL is contained within the vesicle membrane (known as MPL in) also form an aspect not part of the invention.
The polypeptide comprising a C. difficie toxin A fragment and / or a C. difficile toxin B fragment can be contained within the vesicle
membrane or contained outside the vesicle membrane.

[0098] In a specific embodiment not part of the invention, QS21 and 3D-MPL are present in the same final concentration per dose of the
immunogenic composition. In one aspect of this embodiment not part of the invention, a dose of immunogenic composition comprises a
final level of 25 pg of 3D-MPL and 25 g of QS21 or 50 pg of 3D-MPL and 50 pg of QS21.

[0099] In one embodiment, the adjuvant includes an oil-in-water emulsion. For example, the oil-in-water emulsion includes an oil phase that
incorporates a metabolisable oil, and an additional oil phase component, such as a tocol. The oil-in-water emulsion may also contain an
aqueous component, such as a buffered saline solution (e.g., phosphate buffered saline). In addition, the oil-in-water emulsion contains an
emulsifier. In one embodiment, the metabolizable oil is squalene. In one embodiment, the tocol is alpha-tocopherol. In one embodiment, the

emulsifier is a nonionic surfactant emulsifier (such as polyoxyethethylene sorbitan monooleate, TWEENSO ™). In exemplary embodiments,
the oil-in-water emulsion contains squalene and alpha tocopherol in a ratio which is equal or less than 1 (w/w).

[0100] The metabolisable oil in the oil-in-water emulsion may be present in an amount of 0.5-10mg. The tocol in the oil-in-water emulsion
may be present in an amount of 0.5 - 11 mg. The emulsifying agent may be present in an amount of 0.4 - 4 mg,

[0101] In order for any oil in water composition to be suitable for human administration, the oil phase of the emulsion system has to
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comprise a metabolisable oil. The meaning of the term metabolisable oil is well known in the art. Metabolisable can be defined as 'being
capable of being transformed by metabolism' (Dorland's lllustrated Medical Dictionary, W.B. Sanders Company, 25th edition (1974)). The oil
may be any vegetable oil, fish oil, animal oil or synthetic oil, which is not toxic to the recipient and is capable of being transformed by
metabolism. Nuts, seeds, and grains are common sources of vegetable oils. Synthetic oils are also part of this invention and can include

commercially available oils such as NEOBEE® (caprylic/capric triglycerides made using glycerol from vegetable oil sources and medium-
chain fatty acids (MCTs) from coconut or palm kernel oils) and others. A particularly suitable metabolisable oil is squalene. Squalene
(2,6,10,15,19,23-Hexamethyl-2,6,10,14,18,22-tetracosahexaene) is an unsaturated oil which is found in large quantities in shark-liver oil,
and in lower quantities in olive oil, wheat germ oil, rice bran oil, and yeast, and is a particularly preferred oil for use in this invention.
Squalene is a metabolisable oil by virtue of the fact that it is an intermediate in the biosynthesis of cholesterol (Merck index, 10th Edition,
entry no.8619).

[0102] Suitably the metabolisable oil is present in the adjuvant composition in an amount of 0.5-10 mg, preferably 1-10, 2-10, 3-9, 4-8, 5-7,
or 5-6 mg (e.g. 2-3, 5-6, or 9-10mg), specifically about 5.35 mg.

[0103] Tocols are well known in the art and are described in EP0382271. Suitably the tocol is alpha-tocopherol or a derivative thereof such
as alpha-tocopherol succinate (also known as vitamin E succinate). Said tocol is suitably present in in an amount of 0.5-11 mg, preferably 1-
11, 210, 3-9, 4-8, 5-7, 5-6 mg (e.g. 10-11, 5-6, 2.5-3.5 or 1-3 mg). In a specific embodiment the tocol is present in an amount of about 5.94
mg.

[0104] The oil in water emulsion further comprises an emulsifying agent. The emulsifying agent may suitably be polyoxyethylene sorbitan
monooleate. In a particular embodiment the emulsifying agent may be Polysorbate® 80 (Polyoxyethylene (20) sorbitan monooleate) or

Tween® 80.

[0105] Said emulsifying agent is suitably present in the adjuvant composition in an amount of 0.1-5, 0.2-5, 0.3-4, 0.4-3 or 2-3 mg (e.g. 0.4-
1.2, 2-3 or 4-5 mg) emulsifying agent. In a specific embodiment the emulsifying agent is present in an amount of about 0.97 mg or about
2.425 mg.

[0106] In one embodiment, the amounts of specific components present in the composition are the amounts present in a 0.5 ml human
dose. In a further embodiment, the immunogenic composition is in a volume suitable for a human dose which volume is higher than 0.5 ml,
for example 0.6, 0.7, 0.8, 0.9 or 1 ml. In a further embodiment, the human dose is between 1 mland 1.5 ml.

[0107] Where the adjuvant is in a liquid form and is to be combined with a liquid form of a polypeptide composition, the adjuvant
composition in a human dose will be a fraction of the intended final volume of the human dose, for example approximately half of the
intended final volume of the human dose, for example a 350 pl volume for an intended human dose of 0.7ml, or a 250 pl volume for an
intended human dose of 0.5 ml. The adjuvant composition is diluted when combined with the polypeptide antigen composition to provide
the final human dose of vaccine. The final volume of such dose will of course vary dependent on the initial volume of the adjuvant
composition and the volume of polypeptide antigen composition added to the adjuvant composition. In an alternative embodiment, a liquid
adjuvant is used to reconstitute a lyophilised polypeptide composition. In this embodiment, the human dose of the adjuvant composition is
approximately equal to the final volume of the human dose. The liquid adjuvant composition is added to the vial containing the lyophilised
polypeptide composition. The final human dose can vary between 0.5 and 1.5 ml.

[0108] The method of producing oil-in-water emulsions is well known to the person skilled in the art. Commonly, the method comprises
mixing the tocol-containing oil phase with a surfactant such as a PBS/ polyoxyethylene sorbitan monooleate solution, followed by
homogenisation using a homogenizer. It would be clear to a man skilled in the art that a method comprising passing the mixture twice
through a syringe needle would be suitable for homogenising small volumes of liquid. Equally, the emulsification process in microfluidiser
(M110S Microfluidics machine, maximum of 50 passes, for a period of 2 minutes at maximum pressure input of 6 bar (output pressure of
about 850 bar)) could be adapted by the man skilled in the art to produce smaller or larger volumes of emulsion. The adaptation could be
achieved by routine experimentation comprising the measurement of the resultant emulsion until a preparation was achieved with oil
droplets of the required diameter.

[0109] In an oil in water emulsion, the oil and emulsifier should be in an aqueous carrier. The aqueous carrier may be, for example,
phosphate buffered saline.

[0110] Preferably the oil-in-water emulsion systems of the present invention have a small oil droplet size in the sub-micron range. Suitably
the droplet sizes will be in the range 120 to 750 nm, more preferably sizes from 120 to 600 nm in diameter. Most preferably the oil-in water
emulsion contains oil droplets of which at least 70% by intensity are less than 500 nm in diameter, more preferably at least 80% by intensity
are less than 300 nm in diameter, more preferably at least 90% by intensity are in the range of 120 to 200 nm in diameter.

[0111] In one embodiment, the immunogenic composition is not 3ug or 10 ug of any of SEQ ID Nos. 1 to 7 combined with an adjuvant
comprising an oil in water emulsion having 0.125 mL SB62 emulsion (Total volume), 5.35 mg squalene, 5.94 mg DL-a-tocopherol and 2.425
mg polysorbate 80 per 0.5 ml dose. In one embodiment, the immunogenic composition is not 3ug or 10 ug of any of SEQ ID Nos. 1 to 7
combined with an adjuvant comprising an oil in water emulsion 5.35 mg squalene, 5.94 mg DL-a-tocopherol and 2.425 mg polysorbate 80
per 0.5 ml dose. In one embodiment, the immunogenic composition does not contain an adjuvant comprising a oil in water emulsion having
squalene, DL-a-tocopherol and polysorbate 80.
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IMMUNOGENIC COMPOSITIONS AND VACCINES

[0112] In one embodiment the immunogenic composition further comprises additional antigens. In one embodiment the additional antigens
are antigens derived from a bacterium selected from the group consisting of Streptococcus pneumoniae (S. pneumoniae), Haemophilus
influenzae (H.influenzae), Neisseria meningitidis (N.meningitidis), Escherichia coli (E.coli), Moraxella catarrhalis (M.cattarhalis), Clostridium
tetani (C. tetani), Corynebacterium diptherieriae (C. diptherieriae), Bordetella pertussis (B. pertussis), Staphylococcus epidermidis
(S.epidermidis), enterococci, and Staphylococcus aureus (S.aureus). In a further embodiment the immunogenic composition of the
invention may comprise further antigens from C.difficile for example the Slayer proteins (WO01/73030). Optionally the immunogenic
composition further comprises a saccharide from C.difficile.

[0113] There is further provided a vaccine comprising the immunogenic composition. This vaccine may further comprise a pharmaceutically
acceptable excipient. In a further aspect of the invention there is provided a vaccine comprising the immunogenic composition of the
invention and an adjuvant.

[0114] The vaccine preparations containing immunogenic compositions of the present invention may be used to protect a mammal
susceptible to C.difficile infection or treat a mammal with a C.difficile infection, by means of administering said vaccine via a systemic or
mucosal route. These administrations may include injection via the intramuscular, intraperitoneal, intradermal or subcutaneous routes; or
via mucosal administration to the oral/alimentary, respiratory, genitourinary tracts. Although the vaccine of the invention may be
administered as a single dose, components thereof may also be co-administered together at the same time or at different times (for
instance pneumococcal saccharide conjugates could be administered separately, at the same time or 1-2 weeks after the administration of
the any bacterial protein component of the vaccine for coordination of the immune responses with respect to each other). In addition to a
single route of administration, 2 different routes of administration may be used. For example, saccharides or saccharide conjugates may be
administered intramuscularly (IM) or intradermally (ID) and bacterial proteins may be administered intranasally (IN) or intradermally (ID). In
addition, the vaccines of the invention may be administered IM for priming doses and IN for booster doses.

[0115] The content of toxins in the vaccine will typically be in the range 1-250ug, preferably 5-50ug, most typically in the range 5 - 25ug.
Following an initial vaccination, subjects may receive one or several booster immunizations adequately spaced. Vaccine preparation is
generally described in Vaccine Design ("The subunit and adjuvant approach” (eds Powell M.F. & Newman M.J.) (1995) Plenum Press New
York). Encapsulation within liposomes is described by Fullerton, US Patent 4,235,877

[0116] In one aspect of the invention is provided a vaccine kit, comprising a vial containing an immunogenic composition of the invention,
optionally in lyophilised form, and further comprising a vial containing an adjuvant as described herein. It is envisioned that in this aspect of
the invention, the adjuvant will be used to reconstitute the lyophilised immunogenic composition.

[0117] A further aspect is the immunogenic composition or vaccine of the invention for use in preventing or treating C.difficile infection,
using an immunoprotective dose of said immunogenic composition or vaccine of the invention. In one embodiment there is provided the
immunogenic composition or vaccine of the invention for use in preventing or treating primary and/or recurrence episodes of C.difficile
infection using an immunoprotective dose of the immunogenic composition or vaccine of the invention In one embodiment the subject is
selected from the group consisting of mouse, rabbit, guinea pig, monkey, non-human primate or human. In one embodiment the subject is
a mouse. In a further embodiment the subject is a human

[0118] A further aspect of the invention is an immunogenic composition or vaccine or kit of the invention for use in the treatment or
prevention of infection or disease caused by C.difficife. In one embodiment there is provided an immunogenic composition or vaccine or kit
of the invention for use in the treatment or prevention of primary and/or recurrence episodes of C.difficile disease.

[0119] "C.difficile disease" refers to any infection or disease caused by toxins released by C. difficile. Examples of C.difficile disease are
antibiotic-associated diarrhea (AAD), pseudomembranous colitis and toxic megacolon, which can be life-threatening.

[0120] "Around" or "approximately” are defined as within 10% more or less of the given figure for the purposes of the invention.

[0121] The terms "comprising", "comprise" and "comprises" herein are intended by the inventors to be optionally substitutable with the
terms "consisting of', "consist of" and "consists of", respectively, in every instance. The term "comprises” means "includes." Thus, unless the
context requires otherwise, the word "comprises,” and variations such as "comprise" and "comprising" will be understood to imply the
inclusion of a stated compound or composition (e.g., nucleic acid, polypeptide, antigen) or step, or group of compounds or steps, but not to
the exclusion of any other compounds, composition, steps, or groups thereof. The abbreviation, "e.g." is derived from the Latin exempli
gratia, and is used herein to indicate a non-limiting example. Thus, the abbreviation "e.g." is synonymous with the term "for example."

[0122] Embodiments herein relating to "vaccine" of the invention are also applicable to embodiments relating to "immunogenic
compositions" of the invention, and vice versa.

[0123] Unless otherwise explained, all technical and scientific terms used herein have the same meaning as commonly understood by one
of ordinary skill in the art to which this disclosure belongs. Definitions of common terms in molecular biology can be found in Benjamin
Lewin, Genes V, published by Oxford University Press, 1994 (ISBN 0-19-854287-9); Kendrew et al. (eds.), The Encyclopedia of Molecular
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Biology, published by Blackwell Science Ltd., 1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), Molecular Biology and
Biotechnology: a Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8).

[0124] The singular terms "a," "an," and "the" include plural referents unless context clearly indicates otherwise. Similarly, the word "or" is
intended to include "and" unless the context clearly indicates otherwise. The term "plurality" refers to two or more. It is further to be
understood that all base sizes or amino acid sizes, and all molecular weight or molecular mass values, given for nucleic acids or
polypeptides are estimates, and are provided for description. Additionally, numerical limitations given with respect to concentrations or
levels of a substance, such as a polypeptdie antigen, may be approximate.

[0125] These examples set forth below are for purposes of illustration only, and are not to be construed as limiting the scope of the
invention in any manner.

[0126] It will be understood that particular aspects and embodiments described herein are shown by way of illustration and not as
limitations of the invention. The principal features of this invention can be employed in various embodiments without departing from the
scope of the invention. Those skilled in the art will recognize, or be able to ascertain using routine study, numerous equivalents to the
specific procedures described herein. Such equivalents are considered to be within the scope of this invention and are covered by the
claims.

[0127] The use of the word "a" or "an" when used in conjunction with the term "comprising” in the claims and/or the specification may mean

"one," but it is also consistent with the meaning of "one or more," "at least one," and "one or more than one."

[0128] The invention will be further described by reference to the following, non-limiting, figures and examples.

EXAMPLES

Adjuvants used in the experiments:

Adjuvant A

[0129] Adjuvant having 50 ug QS21 presented in the form of a liposome, 50 pug 3D-MPL, 0.25 mg cholesterol and 1.0 mg DOPC per 0.5ml
dose. A dose of 50yl suitable for immunizing mice contains 5ug QS21, 5ug 3D-MPL, 0.025mg cholesterol and 0.1mg DOPC.

Adjuvant B

[0130] Adjuvant consisting of an oil in water emulsion having 0.125 mL SB62 emulsion (Total volume), 5.35 mg squalene, 5.94 mg DL-a-
tocopherol and 2.425 mg polysorbate 80 per 0.5 ml dose.

Adjuvant C

[0131] Adjuvant having 25 pug QS21 presented in the form of a liposome, 25 ug 3D-MPL, 0.25 mg cholesterol and 1.0 mg DOPC.

GSK adjuvant AS04D

Protocols

Anti-ToxA and anti-ToxB ELISA response: Protocol for Examples2to 4,7 and 8

[0132] ToxA or ToxB fragments (for the examples 2 and 4 -ToxA (2121-2686) and ToxB (1968-2366) for the examples 3, 5, 6, 7 and 8 -
ToxA (2387-2706) and ToxB (1750-2360)) were coated at 2 pug/ml (for ToxA) or 1 pg/ml (for ToxB) in phosphate buffered saline (PBS) on

high-binding microtitre plates (Nunc MAXISORP™), overnight at 4° C. The plates were blocked with PBS+1 % Bovine serum albumin (BSA)
for 30 min at RT with agitation. Hamster or mice sera are prediluted 1/100 (for post dose | or Il samples) or 1/500 (for post dose Il
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samples) in PBS-BSA0.2% TWEEN™ 0.05% and then, further twofold dilutions were made in microplates and incubated at room
temperature (RT) for 30 min. After washing, bound hamster or mouse antibody was detected using Jackson ImmunolLaboratories Inc.
peroxidase-conjugated Anti-Mouse (ref: 110-035-003) or Anti-Hamster (ref: 107-035-142) diluted 1:5000 in PBS-BSA0.2%-tween 0.05%
('detection antibody’). The detection antibodies were incubated for 30 min at room temperature (RT) with agitation. The color was
developed using 4 mg O-phenylenediamine (OPD) + 5 yl HzOz per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark at room
temperature. The reaction was stopped with 50 yl HCI, and the optical density (OD) was read at 490 nm relative to 620 nm.

[0133] The level of anti-ToxA or anti-ToxB antibodies present in each individual sera is determined by comparison to a reference serum
(calibrated against Jackson Global IgG) added on each plate and expressed in ug/ml. A geometric mean titer GMT was calculated using
Excel software for the samples in each treatment group for the hamster or mice immunizations.

Example 1

Design of five C.difficile ToxA-ToxB fusion proteins

[0134] Fusion proteins (also called 'fusions') containing fragments of the C-terminal repeating domains of ToxA and ToxB were designed.
These fusion proteins contained a fragment of the C-terminal repeating domain of ToxA and a fragment of the C-terminal repeating domain
of ToxB, and a junction between the C-terminal end of the ToxA fragment and the N terminal end of the ToxB fragment. Two strategies were
devised, in the first strategy; the fusion was designed such that the long solenoid structure was maintained at the junction between the two
fragments. In the second strategy, the two fragments of the fusions are separated by a linker to allow their independent correct folding.

[0135] The C-terminal part of ToxA and ToxB is composed of repeated sequences: short repeats (SR) and long repeats (LR) (PNAS 2005
vol 102 : 18373-18378).

[0136] The partial known 3D structure for the C-terminal domain of ToxA has been described (PNAS 2005 Greco et al., vol 102 : 18373-
18378 ; Nature Structural & Molecular biology 2006 vol 13(5) : 460-461 ; PDB codes : 2F6E, 2G7C and 2QJ6).

[0137] The inventors predicted that there are two kinds of important interactions between residues of the C-terminal part of ToxA and ToxB.
The first interaction occurs between residues contained in a LR and its preceding SR and is important to maintain the solenoid-like
structure. The second type of interaction occurs between residues contained in a LR and the following SR and this interaction is mediating

the carbohydrate-binding function of the toxin.

[0138] A new "structural-functional" repeat SR-LR-SR was defined. The structure of this repeat was maintained intact in the designed
fusions.

[0139] The positions of the short (SR) and long repeats (LR) of ToxA and ToxB repeats are presented in Table 1.

[0140] A list of the "SR-LR-SR" boxes contained in the C-terminal domain of ToxA and ToxB is presented in Table 2 below.

Name Start position End position
ToxA_1 1874 1944
ToxA_2 2008 2078
ToxA_3 2142 2212
ToxA_4 2254 2326
ToxA_5 2390 2460
ToxA_6 2503 2573
ToxA_7 2595 2664
ToxB_1 1877 1946
ToxB_2 2008 2078
ToxB_3 2140 2212
ToxB_4 2274 2343

[0141] Finally, the number of SRs between two LRs were maintained in the designed fusions to keep the long solenoid-like structure.

[0142] Before the design of junctions for the fusions, two working hypotheses were defined: first hypothesis, the shorter the fusions, the
better the probability for the fusions to be stably over expressed; second hypothesis, according to the concept of "SR-LR-SR" boxes, the
start position has to be chosen in order to ensure a correct folding of the first SR of this previously defined SR-LR-SR box. Thus the fusions
start at the beginning of the SR that precedes the SR-LR-SR box. Using these two hypotheses, three start positions were analysed: residue
2370, 2234 and 2121 of ToxA.
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[0143] The start position 2370 was excluded. The start position 2234 was also excluded because one of the residues involved in
interactions important for the protein structural stability is not conserved. So, it was decided that all the designed fusion will begin at residue
2121 of ToxA.

[0144] All fusions will end at the last residue of ToxB.

[0145] Four fusions (F1-4) were designed in order to maintain the entire fusion in a long solenoid-like structure between the two fusion
fragments.

[0146] Fusions 1 (F1) and 2 (F2) were designed using the same hypothesis. All SR protein sequences of ToxA and ToxB had been
compared using a multiple alignment software (ClustalWW - Thompson JD et al. (1994) Nucleic Acids Res., 22, 4673-4680). The more similar
sequences were the third SR VIII of ToxA and the third SR Il of ToxB and third SR Il of ToxB. In order to make a choice between these two
SR of ToxB, a structural homology modelling (using the SwissModel interface - Arnold K et al. (2006) Bioinformatics, 22, 195-201) was
performed on the C-terminal part of ToxB using the known 3D structure of partial ToxA C-terminal domain (PDB code : 2QJ6). Using the
third SR VIII of ToxA, the best local structural superposition (performed using SwissPDBViewer - Guex N et al. (1997), Electrophoresis 18,
2714-2723) was obtained with the third SR Il of ToxB. So, two junctions were designed : the first one is between the third SR VIII of ToxA
and the fourth SR Il of ToxB (F1) and the second one is between the second SR VIII of ToxA and the third SR Il of ToxB (F2).

[0147] To design fusion 3 (F3), a global structural superposition was performed between both the known structure of the partial C-terminal
domain of ToxA and the predicted structure of C-terminal domain of ToxB (using SwissModel and SwissPDBViewer softwares). The best
superposition was found between LR VIl of ToxA and LR Il of ToxB. So, it was decided to make a junction in this similar LR. The junction
was performed firstly in a region where the sequence is conserved between ToxA and ToxB, after that in order to keep in the ToxA part of
the fusion, the residues in interaction with the preceding SR and lastly, in order to keep in the ToxB part, the residues in interaction with the
following SR.

[0148] For the design of fusion 4 (F4), the C-terminal domain of ToxB was divided in 4 fragments and a more precise homology modelling
(SwissModel) was performed on them. The split was realised in order to keep intact the "SR-LR-SR" boxes (each domain finishes at the
end of the SR that follows a LR). A structural superposition between the predicted structures of these fragments and the known 3D
structure of ToxA was made and the best structural surperposition was obtained for the third SR of ToxB (SR I) and the last SR of ToxA
(third SR VIII). So, the junction was done between the second SR VIl of ToxA and the third SRlof ToxB.

[0149] The last fusion (F5) was designed in order to allow an independent correct folding of the two fragments of the fusion. A linker was
added between the last residue of the ToxA protein sequence and the beginning of the fourth SR Il of ToxB (always taking into account the
importance of an intact "SR-LR-SR" box). Only one exogenous residue (Glycine) was added as a linker and located between two existing
Glycines. Thus, the linker can also be described as composed of 3 Glycines surrounding by known (for ToxA) and predicted (for ToxB) beta-
strand.

Example 2

Immunisation of hamsters with F2 fusion protein : Adjuvant A, Adjuvant A without QS21 or Adjuvant A without MPLand
comparison with Adjuvant B, Alum or non adjuvanted formulations.

[0150] Groups of 16 hamsters (mix of male and female) were immunized IM at days 0, 14 and 28 with 1ug of the F2 fusion protein
adjuvanted with 50pl of Adjuvant A, Adjuvant A without MPL, Adjuvant A without QS21, Adjuvant B , Alum or non adjuvanted.

[0151] Anti-ToxA and anti-ToxB ELISA titers were determined in individual sera collected at day 41/42 (Post Il). The results are described in
tables 3 and 4 and figures 1 and 2.
Table 3: ELISA anti-ToxA : concentrations /ml) on individual day 42 sera

Groups 1 2 3 4 5 6
F2 1 pg/dose {F21 pg/dose F21 pg/dose {F21 pg/dose {F21 pg/dose {F21 pg/dose
ADJUVANT A A-QS21 A-MPL B Al(OH)3 non-adjuvanted
1 1472 29 935 457 577 3
2 1828 39 414 197 329 23
3 4928 35 747 375 401 64
4 2966 28 550 60 769 25
5 2025 19 388 408 652 3
6 1116 155 1498 173 449 37
7 2579 43 879 732 360 179
8 2463 33 780 196 1342 31
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Groups 1 2 3 4 5 6
F2 1 pg/dose {F21 pg/dose F21 pg/dose {F21 pg/dose {F21 pg/dose {F21 pg/dose
ADJUVANT A A-QS21 A-MPL B Al(OH)3 non-adjuvanted
9 1425 52 1183 681 817 7
10 1984 307 696 190 534 199
1 1093 198 572 344 2665 106
12 2080 126 972 508 1944 22
13 3541 403 1823 193 1603 221
14 1635 152 813 1142 2209 680
15 4688 630 1046 494 855 359
16 3360 21 1119 163 664 100
Geomean 2213 77 830 312 815 49
Cl- 1717 40 655 202 563 14
Cl+ 2802 124 1032 454 1129 104
St dev min 496 37 174 11 251 36
St dev max 589 47 202 141 314 55

Cl=confidence interval
St Dev=standard deviation

Table 4: ELISA anti-ToxB : concentrations /ml) on individual day 42 sera

Groups 1 2 3 4 5 6
F2 1ug/dose F2 1ug/dose F2 1ug/dose F2 1ug/dose F2 1ug/dose F2 1ug/dose
ADJUVANT A A-QS21 A-MPL B Al(OH)3 non-adjuvanted
1 811 33 817 65 63 5
2 1186 88 1144 107 177 5
3 4388 90 943 207 216 92
4 1158 66 1224 464 239 26
5 1992 53 1088 212 91 5
6 1518 305 1070 193 138 44
7 5437 54 1021 244 44 57
8 1493 74 899 266 313 28
9 1488 281 1506 189 135 30
10 2637 346 1588 214 318 256
1 1568 215 1125 251 863 95
12 1879 50 1890 549 534 93
13 1920 237 1724 147 355 57
14 1709 266 2450 606 543 57
15 1553 492 2033 301 251 178
16 1556 95 744 167 115 88
Geomean 1789 125 1254 225 207 41
Cl- 1387 76 1039 162 128 16
Cl+ 2264 186 1498 301 308 76
St dev min 402 49 215 63 79 25
St dev max 475 61 244 75 101 34

Figures 1 and 2

Results for figure 1:
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[0152] The F2 was injected with the full Adjuvant A, a similar formulation without QS21, or without MPL.
[0153] For the anti-ToxA response, both MPL and QS21 have an added value even if the QS21 seems the most effective.

[0154] For the anti-ToxB response, the effect of the MPL is less clear while the QS21 removal has a drastric effect on the IgG titers.

Results for figure 2:

[0155] Regarding the adjuvant comparison, the adjuvant A induced significant higher anti-ToxA and anti-ToxB antibodies compared to
Alum, Adjuvant B or non adjuvanted formulations.Adjuvant B induced higher anti-ToxA and anti-ToxB antibodies compared to the non
adjuvanted formulations.

Example 3

Pims 20110544 - Immunisation of male hamsters with a dose-range of F2 fusion protein formulated in Adjuvant B. AS04D.
Adjuvant A or Adjuvant C.

[0156] Groups of 10 male hamsters were immunized IM at days 0, 14 and 28 with 0.3 ug , 1ug or 3 pg of the F2 fusion protein adjuvanted
with 50l doses of Adjuvant B, AS04D, Adjuvant A or Adjuvant C.

[0157] Anti-ToxA and anti-ToxB ELISA titers were measured from individual sera collected at day 13 (post I), day 27 (Post 1) day 42 (Post
Il 14) and day 84 (Post Ill 56)

Pirns 20110545 - Immunisation of female hamsters with a dose-range of F2 fusion protein formulated in Adjuvant B, AS04D,
Adjuvant A or Adjuvant C.

[0158] Groups of 10 female hamsters were immunized IM at days 0, 14 and 28 with 0.3 pg , 1ug or 3 ug of the F2 fusion protein
adjuvanted with Adjuvant B, AS04D, Adjuvant A or Adjuvant C. Anti-ToxA and anti-ToxB ELISA titers were measured from individual sera
collected at day 13 (post I), day 27 (Post Il) day 42 (Post Il 14) and day 84 (Post Il 56)

Figures 3to 7

Pims 20110544 and 20110545

01569

!:I'able]S: Post | Anti-ToxA ELISA titers (Geometric mean titre or GMT)

Group 1 2 3 4 5 6 7 8 9 10 1 12

Ag/ animal {3ug 1pg §0.3pg 3ug 1Hg 0.3pg 3ug 1Hg 0.3pg 3ug 1Hg 0.3pg
Adj. c c c A A A B B B AS04 D {AS04D AS04D
544 28 17 6 84 17 6 44 27 3 68 74 33

545 50 36 12 109 M 26 85 20 16 194 107 36
Table 6: Post | Anti-ToxB ELISA titers (GMT)

Group 1 2 3 4 5 6 7 8 9 10 1 12

Ag/ animal 3ug 1ug 0.3pg  §3Mg 1ug 0.3pg  §3ug 1Hg 0.3pg  i3ug 1Hg 0.3pg
Adj c c c A A A B B B AS04D {AS04D { AS04D
544 115 82 52 412 121 79 189 119 34 7 5 5
545 (female) {178 {257 150 391 383 {224 196 164 {69 27 10 3
Table 7: Post Il Anti-ToxA ELISA titers (GMT)

Groups 1 2 3 4 5 6 7 8 9 10 11 12
Ag/animal  {3ug 1ug 0.3ug  §{3ug 1ug 0.3pug  {3pMg 1Hg 0.3pg  i3ug 1ug 0.3pg
Adjuvant c c c A A A B B B AS04D {AS04D {AS04D
544 475 {416 191 974 530 277 312 332 138 487 597 401

545 762 {834 {428 1466 1424 {688 818 1423 650 803 844 849
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Table 8: Post Il Anti-ToxB ELISA titers (GMT)

Groups 1 2 3 4 5 6 7 8 9 10 11 12
Ag/animal 3ug  i1ug 0.3ug  {3ug 1Hg 03pg {3pg §1pg {0.3pg  {3ug 1ug 0.3pg
Adjuvant c c c A A A B B B AS04D {AS04D {AS04D
544(male) 319 §686 488 1181 1120 {1049 435 {401 {340 64 56 28

545 (female) {974 {1555 {1419 1562 {1871 {2386 585 {649 {1486 215 109 91
Table 9: Post Il day 42 Anti-ToxA ELISA titers (GMT)

Groups 1 2 3 4 5 6 7 8 9 10 11 12
Ag/animal  {3ug 1ug 0.3ug  §i3pg 1ug 0.3pug  i3pMg 1Hg 0.3pg  i3ug 1ug 0.3pg
Adjuvant c c c A A A B B B AS04D {AS04D {AS04D
544 449 1674 {471 1462 §720 688 247 1486 266 662 599 566
545 642 {814 {667 1654 §1020 {1560 800 {539 888 923 1005 794
Table 10: Post Ill day 42 Anti-ToxB ELISA titers (GMT)

Groups 1 2 3 4 5 6 7 8 9 10 1 12
Ag/animal  {3ug 1ug 0.3pg  $3ug 1 Mg 0.3ug  i3ug 1ug §0.3ug  i3ug 1 Hg 0.3pg
Adjuvant c c c A A A B B B AS04D {AS04D {AS04D
544 630 612 594 1259 {1116 {1172 335 426 {512 67 86 51

545 568 831 550 1213 {828 1273 556 695 {944 182 145 134
Table 11: Post lll day 84 Anti-ToxA ELISA titers (GMT)

Groups 1 2 3 4 5 6 7 8 9 10 1 12
Ag/animal  {3ug 1ug 0.3pg 3ug 1Hg 0.3pg 3ug 1ug 0.3pg 3ug 1ug 0.3pg
Adjuvant c c c A A A B B B AS04D {AS04D {AS04D
544 213 239 169 357 356 307 106 370 154 182 257 266
545 311 309 401 595 578 7 311 251 417 353 414 337
Table 12: Post Ill day 84 Anti-ToxB ELISA titers (GMT)

Groups 1 2 3 4 5 6 7 8 9 10 1 12
Ag/animal 3ug 1Hg 0.3pg  §{3ug 1ug 0.3pg  3pg !l §1ug 0.3pg  §{3ug 1Hg 0.3pg
Adjuvant c c c A A A B B B AS04D {AS04D AS04D
544(male) 291 195 145 299 {360 {440 78 70 315 24 25 15

545 (female) {250 {299 {328 318 {374 {435 134 211 392 60 41 1
Example 4

Pimns 20120011 and 20120008 - Immunisation of hamsters with F2 fusion protein formulated in Alum, Adjuvant A or non
adjuvanted.

[0160] Groups of 8 female and 8 male hamsters were immunized IM at days 0, 14 and 28 with 1 ug of the F2 fusion protein, His tagged F2
fusion, or a mix of C-terToxA (2387-2706) (06ug)+C-terToxB (1750-2360) (0.4ug) formulated in Alum, Adjuvant A or non adjuvanted.

[0161] Anti-ToxA and anti-ToxB ELISA titers were determined in individual sera collected at day 13, day 27 and day 42 (Post ). Figure 8
Table 13

20120008 and 20120011 : Female and Male hamster immunization. Comparison of the immunogenicity of a Mix

(ToxA+ToxB) with the F2 fusion protein formulated in Alum or Adjuvant A ELISA anti-ToxA : concentrations /ml
on individual Post lll sera

Groups 1 2 3 4 5 6
Mix ToxA F2 (1pg) Mix ToxA F2 (1ug) F2-His tagged {F2 (1 pg)
(0.6pg)+ToxB(0.4ug) (0.6pg)+ToxB(0.4pg) (1Hg)
Al(OH)3 Al(OH)3 Adj. A Adj. A Adj. A non-
adjuvanted
1 62 1156 41 3075 4006 195
2 77 871 105 1385 2463 127
3 104 833 239 3119 1202 31
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20120008 and 20120011 : Female and Male hamster immunization. Comparison of the immunogenicity of a Mix

(ToxA+ToxB) with the F2 fusion protein formulated in Alum or Adjuvant A ELISA anti-ToxA : concentrations /ml
on individual Post lll sera
Groups 1 2 3 4 5 6
Mix ToxA F2 (1pg) Mix ToxA F2 (1ug) F2-His tagged {F2 (1 pg)
(0.6pg)+ToxB(0.4ug) (0.6pg)+ToxB(0.4pg) (1Hg)
Al(OH)3 Al(OH)3 Adj. A Adj. A Adj. A non-
adjuvanted
4 66 506 143 3806 3903 574
5 179 736 340 3180 6852 116
6 641 1239 48 Dead 5571 32
7 128 328 345 5327 3174 10
8 48 3998 63 3542 4990 47
9 59 681 296 888 6769 13
10 352 491 164 978 1192 2
11 Dead 604 363 2913 1791 3
12 47 1524 87 1231 4362 68
13 88 486 77 3473 1647 123
14 23 1185 62 1341 4929 35
15 254 602 644 2794 3085 136
16 206 1094 24 2975 3354 90
Geomean 101 823 144 2310 3234 42
Cl- 65 612 78 1727 2398 20
Cl+ 172 1148 213 3196 4381 99
Table 14

20120008 and 20120011 : Female and Male hamster immunization. Comparison of the immunogenicity of a Mix

(ToxA+ToxB) with the F2 fusion protein formulated in Alum or Adjuvant A ELISA anti-ToxB : concentrations
on individual Post lll sera

/ml

Groups 1 2 3 4 5 6
Mix ToxA F2 (1pg) §Mix ToxA F2 (1pg) F2-His tagged F2 (1ug)
(0.6pug)+ToxB(0.4pg) (0.6pg)+ToxB(0.4pg) (1Hg)

Al(OH)3 Al(OH)3 {ADJUVANT A ADJUVANT A ADJUVANT A non-adjuvanted

1 58 591 2510 2364 2647 304

2 172 302 4981 952 1021 302

3 14 167 1409 2630 804 125

4 53 186 4158 2261 1090 299

5 107 408 3046 2553 2682 296

6 925 373 1190 Dead 3808 193

7 40 65 1673 2938 2820 170

8 112 1112 1809 1404 3186 51

9 160 652 2701 1385 2837 128

10 24 75 1210 2252 1676 38

1 Dead 242 546 1749 2174 12

12 61 1081 5746 1623 2557 74

13 15 193 1975 1507 2020 130

14 56 344 3499 1018 4735 14

15 15 237 2897 2554 2673 80
332 309 2489 2894 2148 127

Geomean 61 297 2228 1834 2210 100

Cl- 35 194 1626 1542 1708 59

Cl+ 132 457 3094 2319 2850 176
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20120008 and 20120011 : Female and Male hamster immunization. Comparison of the immunogenicity of a Mix

(ToxA+ToxB) with the F2 fusion protein formulated in Alum or Adjuvant A ELISA anti-ToxB : concentrations /ml
on individual Post lll sera

Groups 1 2 3 4 5 6
Mix ToxA F2 (1pg) §Mix ToxA F2 (1pg) F2-His tagged F2 (1ug)
(0.6pug)+ToxB(0.4pg) (0.6pg)+ToxB(0.4pg) (1Hg)
Al(OH)3 Al(OH)3 ;ADJUVANT A ADJUVANT A ADJUVANT A non-adjuvanted

Geomean=Geometric Mean Titre

Results:

[0162] Anti-ToxA and anti-ToxB antibodies were induced after immunization with the F2 fusion protein but also with the mix of ToxA and
ToxB. Adjuvant A induces significantly higher ELISA titers compared to other formulations.

Example 5

Immunisation of mice with Tox A or Tox B fragments and ToxA-ToxB fusions

Figures 9 to 12

[0163] Balb/C mice were immunized with the constructs described in example 1.

[0164] Groups of 15 female Balb/c mice were immunized IM at days 0, 14 and 28 with 3ug or 10 ug of the separate fragments of ToxA and
ToxB (ToxA C-term (2387-27086) (0.6pg)+C-terToxB (1750-2360) as well as with ToxA-ToxB fusions proteins adjuvanted with Adjuvant B. A
control group of 10 mice was vaccinated with Adjuvant B alone.

[0165] Anti-ToxA and anti-ToxB ELISA titers were determined in individual sera collected at day 42 (post Il1).

[0166] Hemagglutination inhibition titers were determined in pooled Post Il sera.

Anti-ToxA and anti-ToxB ELISA response: Protocol

[0167] Samples of the ToxA or ToxB fragments were coated at 1 ug/ml in phosphate buffered saline (PBS) on high-binding microtitre plates
(Nunc MAXISORP™), overnight at 4° C. The plates were blocked with PBS-BSA 1% for 30 min at RT with agitation. The mice anti-sera are
prediluted 1/500 in PBS-BSAQ.2%-TWEEN™ 0.05%. and then, further twofold dilutions were made in microplates and incubated at RT for
30 min with agitation. After washing, bound murine antibody was detected using Jackson ImmunolLaboratories Inc. peroxidase-conjugated
affiniPure Goat Anti-Mouse IgG (H+L) (ref: 115-035-003) diluted 1:5000 in PBS-BSA0.2%-tween 0.05%. The detection antibodies were
incubated for 30 min. at room temperature (RT) with agitation. The color was developed using 4 mg O-phenylenediamine (OPD) + 5 pl
HzOz per 10 ml pH 4.5 0.1M citrate buffer for 15 minutes in the dark at room temperature. The reaction was stopped with 50 pl HCI, and
the optical density (OD) was read at 490 nm relative to 620 nm.

[0168] The level of anti-ToxA or anti-ToxB antibodies present in the sera was expressed in mid-point titers. A GMT was calculated for the 15
samples in each treatment group (10 for the control group).

Hemagglutination inhibition assay: Protocol

[0169] Serial twofold dilutions of mice pooled antisera (25ul) were performed in phosphate buffered saline (PBS) in 96-well U-bottom
microplates.

[0170] 25 pl of native Toxin A (0,2 pg/well) were then added and the plates were incubated at room temperature for 30 minutes.

[0171] After incubation, 50 pl of purified rabbit erythrocytes diluted at 2% were added to each well. The plates were incubated at 37°C for 2
hours.
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[0172] Plates were analysed visually, with hemagglutination presenting as diffuse red cells in the well and the inhibition of hemagglutination
observed as a red point settled in the well.

[0173] The inhibition titers were defined as the reciprocal of the highest dilution of the serum inhibiting hemagglutination.

Cytotoxicity assay

[0174] IMR9O fibroblast cells were cultured at 37°C with 5% CO», in Eagle's Minimal Essential Medium EMEM + 10% fetal bovine serum +

1% glutamine + 1% antibiotics (penicillin-streptomycin-amphotericin) and were seeded in 96-well tissue culture plates at a density of 5.10%
cells/well. After 24h, the cell media was removed from the wells.

[0175] Serial twofold dilutions of mice pooled antisera (50ul) were performed in cell media.
[0176] 50 pl of native Toxin B (0.5ng/ml) is then added and the plates incubated at 37°C with 5% CO2 for 24 hours.
[0177] Cells were observed after 24 hours, and the proportion of rounded cells was determined.

[0178] The inhibition titers were defined as the reciprocal of the highest dilution of the serum inhibiting 50% cell rounding.

Results:

[0179] Anti-Tox A antibodies were induced after immunization with the ToxA fragment alone but also with each of the 5 fusions.

[0180] The functional properties of these antibodies were tested in the hemagglutination assay. This assay is only adapted for ToxA
evaluation as no hemagglutination is observed with ToxB.

[0181] Haemaglutination inhibition was observed with the anti-Tox A fragment sera or sera directed against each of the ToxA-ToxB fusions.

[0182] An ELISA using ToxB antibodies was also performed. Anti-Tox B antibodies were induced after immunization with the ToxB fragment
alone but also with the F2, F3 and F4 fusions.

[0183] Inhibition titers obtained using sera from mice immunised with the ToxB fragment or the ToxA-ToxB fusions were greater than that
obtained using control sera.

Example 6

Immunisation of mice with Tox A-Tox B fusions

[0184] Balb/c mice were immunised with the four fusion protein constructs F54 Gly (SEQ ID NO:11), F54 New (SEQ ID NO:13), F5 ToxB
(SEQ ID NO:15) and F52 New (SEQ ID NO:17) as described in example 5.

[0185] An ELISA was carried out using the anti-ToxA and anti-ToxB ELISA response:protocol described in example 5 except here the
samples of the toxA or toxB fragments were coated at 2ug/ml in phosphate buffered saline on high-binding microtitre plates. A
hemagglutination inhibition assay was performed as described in example 5. A toxB cytotoxicity assay was performed as described in
example 5. A further toxA cytotoxicity assay was performed as described below.

[0186] Groups of 25 female mice were immunized IM at days 0, 14 and 28 with 3 pg of the ToxA-ToxB fusion proteins formulated in
Adjuvant B or 10 ug of a non-adjuvanted mix of ToxA(Bug)+ToxB(4ug). In addition to F2, the four other fusion protein constructs are F54
Gly (SEQ ID NO:21), F54 New (SEQ ID NO:23), F5 ToxB (SEQ ID NO:25) and F52 New (SEQ ID NO:27)

[0187] Anti-ToxA and anti-ToxB ELISA titers were determined in individual sera collected at day 42 (Post Il 14) . Figures 13 and 14
Table 15
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20110350 : Mice immunization with C. difficile fusion proteins formulatd in Adjuvant B ELISA a-ToxA :
concentrations (ug/ml) on Post lll sera
Groups 1 2 3 4 5 6
F2 Fusion A Fusion B Fusion C Fusion D (F5 Mix ToxA + ToxB
(F52new) (F54Gly) (F54new) ToxB)
3ug Agfanimal  {3ug Ag/animal  {3ug Ag/fanimal §3ug Ag/animal  {3ug Ag/animal 10ug (Bug A +
4ug B) Ag/animal
ADJUVANT B jADJUVANT B {ADJUVANT B {ADJUVANT B {ADJUVANT B non-adjuvanted
IM IM IM IM IM IM
1 518 681 735 436 586 328
2 761 1058 975 455 1252 22
3 557 718 977 684 1108 327
4 1415 992 862 577 555 152
5 782 457 1202 861 622 135
6 563 724 611 575 569 54
7 615 585 1330 824 807 147
8 994 878 611 576 1108 169
9 412 623 Dead 389 887 124
10 495 993 Dead 809 1146 219
1 366 1039 923 872 965 12
12 1075 1089 1454 748 950 122
13 882 754 1176 809 725 196
14 1028 1550 1164 1578 696 312
15 738 1268 1170 1352 678 188
16 519 721 1028 781 930 224
17 927 890 805 346 791 209
18 946 992 647 1255 410 32
19 715 1346 1142 670 634 92
20 546 Dead 1061 Dead Dead 166
21 1107 1604 826 1038 791 12
22 1351 1289 1223 708 778 66
23 889 1319 61 567 759 102
24 976 824 597 414 456 281
25 1153 1212 995 868 758 242
Geomean 764 937 841 704 761 126
Cl- 656 818 641 597 674 89
Cl+ 889 1074 1103 830 858 179
Table 16
20110350 : Mice immunization with C. difficile fusion proteins formulatd in Adjuvant B ELISA a-ToxB :
concentrations (ug/ml) on Post lll sera
Groups 1 2 3 4 5 6
F2 Fusion A Fusion B Fusion C Fusion D (F5 Mix ToxA + ToxB
(F52new) (F54Gly) (F54new) ToxB)
3ug Ag/animal  §3ug Ag/animal  §{3ug Ag/fanimal {3ug Ag/animal  §3pg Ag/animal  {10ug (6ug A +
:Sgljaﬁi)mal
ADJUVANT B jADJUVANT B ADJUVANT B {ADJUVANT B ADJUVANT B ADJUVANT B
1 916 749 736 454 581 1823
2 1090 551 491 517 872 575
3 687 1178 574 549 529 1386
4 940 868 501 536 828 854
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20110350 : Mice immunization with C. difficile fusion proteins formulatd in Adjuvant B ELISA a-ToxB :
concentrations (ug/ml) on Post lll sera
Groups 1 2 3 4 5 6
F2 Fusion A Fusion B Fusion C Fusion D (F5 Mix ToxA + ToxB
(F52new) (F54Gly) (F54new) ToxB)
3ug Ag/animal  §3ug Ag/animal  §3ug Ag/fanimal {3ug Ag/animal  {3pg Ag/animal  §10ug (6ug A +
:Sgljaﬁi)mal
ADJUVANT B {ADJUVANT B ADJUVANT B {ADJUVANT B ADJUVANT B ADJUVANT B
5 837 522 653 420 866 1170
6 836 609 397 757 690 2132
7 309 702 405 792 732 1466
8 569 381 598 737 856 1539
9 382 450 Dead 914 632 1461
10 552 693 Dead 465 639 2267
1 679 832 1273 520 505 1037
12 1123 575 809 551 431 2273
13 764 659 532 1077 930 1405
14 944 970 909 1065 870 1978
15 812 628 222 727 1052 1414
16 502 552 736 560 1001 1269
17 983 639 551 431 728 1732
18 1133 628 604 561 1085 1211
19 938 1058 805 470 435 2017
20 519 Dead 857 Dead Dead 2140
21 887 1025 319 670 310 2342
22 861 769 596 555 1025 2897
23 903 1161 552 694 260 2343
24 1327 536 431 737 313 3074
25 674 518 680 472 663 2697
Geomean 765 688 581 611 653 1661
Cl- 663 607 495 545 550 1411
Cl+ 884 781 682 686 776 1957

Figures 156 to 17

[0188] A hemagglutination inhibition assay was performed as described in example 5.

[0189] A toxB cytotoxicity assay was performed as described in example 5. A further toxA cytotoxicity assay was performed as described
below.

ToxA cytotoxicity assay

[0190] HT29 cells were cultured at 37°C with 5%CO5 in DMEM +10% fetal bovine serum +1% glutamine +1% antibiotics (penicillin-

streptomycin-amphotericin) and were seeded in 96-well tissue culture plates at a density of 5.104 cells/well. After 24h, the cell media was
removed from the wells. Serial twofold dilutions of mice pooled antisera (50ul) were performed in cell media.

[0191] 50ul of native Toxin A (0.15ng/ml) is then added and the plates incubated at 37°C with 5% CO for 48 hours. Cells were observed

after 48 hours and the proportion of rounded cells were determined. The results of the anti-ToxA ELISA, anti-ToxB Elisa, Haemagglutination
inhibition and cytotoxicity assays are described in the aforementioned Figures 13 to 17.

Example 7



DK/EP 3513806 T5

Immunisation of mice with C.difficile ToxA-Cter, ToxB-Cter or fusion proteins in a non-adjuvanted formulation

[0192] Groups of 15 female mice were immunized IM at days 0, 14 28 and 120 with 1 or 3 pg of ToxA C-ter, ToxB C-ter or ToxA-ToxB
fusion proteins. All these antigens were injected in a non-adjuvanted formulation. A control group (10 mice) was injected with the NaCl
alone.

[0193] Anti-ToxA and anti-ToxB ELISA titers were measured from individual sera collected at day 28 (Post Il), day 42 (Post Ill 14) , day 120
(Pre-Boost 87) and day 134 (Post IV 14). Figures 18 and 19.
Table 17

20100723 : Mice immunization with C. difficile ToxA-Cter. ToxB-Cter and fusion proteins non-adjuvanted ELISA a-
ToxA : GMT concentrations Iml

Bleeding {1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15

ToxA {ToxB {Fusion jFusion iFusion {Fusion jFusioniToxA iToxB {FusioniFusionjFusioniFusion{Fusion
(aa j(aa {F1 F2 F3 F4 F5 (aa j(aa {F1 F2 F3 F4 F5

2387-11750- 2387-§{1750-
2706) {2360) 2706)§2360)
Ag/ml {10pg {10ug {10ug {10pg {10pg §10ug {10pg §{3pg i3pg {3pg  (3ug  {3pg  {3pg  §3Mg

Ag/ml

Adjuvant{Non {Non {Non {Non {Non {Non {Non {Non i{Non {Non {Non §Non {Non {Non {NaCl
adj. i{adj. iad] adj. adj. adj. adj. adj. iadj. iad,. adj. adj. adj. adj.

M M M M M M M M M M M M M M M
PostIl {178 i3 16 60 74 44 269 {84 3 10 49 26 25 60 3
Post Il {222 {2 40 94 192 109 {366 137 §1.25 {51 110 88 67 137 1.25

Pre- 128 4 28 70 120 58 172 165 i4 48 62 63 44 107 3
Boost

Post IV {539 {5 90 174 249 177 353 466 i3 168 147 163 139 188 3
Table 18

20100723 : Mice immunization with C. difficile ToxA-Cter. ToxB-Cter and fusion proteins non-adjuvanted ELISA a-
ToxB : GMT concentrations Iml

4 5 6 7 8 9 10 1" 12 13 14 15

ToxA {ToxB {Fusion jFusion i Fusion { Fusion jFusion j ToxA iToxB iFusion jFusion jFusion jFusioniFusion
(aa j(aa {F1 F2 F3 F4 F5 (aa {(aa iF1 F2 F3 F4 F5

N
N
w

Bleeding

2387-11750- 2387-11750-
2706){2360) 2706)§2360)
Ag/ml §10pg {10ug {10ug {10pg §10pg §10ug {10pg §3pg §3pg i3pg  {3ug  {3pg  {3pg  §{3Mg

Ag/ml

AdjuvantiNon {Non {Non {Non {Non §Non {Non {Non §{Non {Non {Non {Non §{Non {Non {NaCl
adj. {adj. iad] adj. adj. adj. adj. adj. {adj. i{ad,. adj. adj. adj. adj.

M M M M M M M M M M M M M M M

Post Il 2 62 2 110 58 283 18 2 7 2 101 29 125 8 2
Post lll {3 316 {7 200 199 455 65 4 105 {13 242 126 257 44 2
Pre- 3 125 {5 81 58 157 18 4 38 8 68 42 101 14 3
Boost

Post IV {5 856 {27 258 227 {380 125 {6 632 79 232 175 {293 126 {4
VB65340 D1

Example 8

Immunisation of mice with C.difficile ToxA-Cter, ToxB-Cter or fusion proteins formulated in Adjuvant B.

Figures 20 and 21
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[0194] Groups of 15 female mice were immunized IM at days 0, 14 and 28 with 1 or 3 ug of ToxA C-term (amino acids 2387-2706) and
ToxB C-term (amino acids 1750-2360) or ToxA-ToxB fusion proteins. These proteins were injected in an Adjuvant B formulation.

[0195] A control group (10 mice) was injected with the Adjuvant B alone.
[0196] Anti-ToxA and anti-ToxB ELISA titers were determined in individual sera collected at day 28 (Post Il), day 42 (Post Ill 14) , day 120

(Pre Boost lll 87) and day 134 (Post IV 14).
Table 19

Mice immunization with C. difficile ToxA-Cter, ToxB-Cter and fusion proteins formulated in
Adjuvant B ELISA a-ToxA : concentrations /ml) on Post Il, lll, Pre-Boost, Post IV sera
Bleedi 1 2 3 4 5 6 7 8 9 10 11 12 § 13§ 14 {15
ng
ToxA(aa i ToxB(aa } F1 F2 { F3 §{ F4 { F5 { ToxA(aa { ToxB(aa { F1 F2 { F3 § F4 {F5n}§ /
2387- 1750- 2387- 1750-
2706) 2360) 2706) 2360)
Ag/ml {  10ug 10ug  £10ug {10ug § 10ug 110ug§10ug]  3ug 3ug 3ug { 3ug § 3ug {3pg§ 3ug { /
ADJ B B B B B B B B B B B B B B B
UVAN
T
IM IM IM IM IM IM IM IM IM IM IM M §{IM§{ IM {IM
Post Il 213 23 465 § 332 § 312 { 158 | 672 534 1.7 620 § 498 § 578 248§ 925 § 21
Post Il 852 3 1144 859 { 695 | 644 {1137 1376 4 13561 768 { 950 {4703§1537% 2
Pre- 738 4 762 § 484 { 417 { 394 { 674 1091 3 725 1 513 §{ 598 {324§1197{ 3
Boost
Post 2764 9 1450314231036 986 {1626 301 26 990 {1000§1999§732§1465% 1
\
Table 20
20100798 : Mice immunization with C. difficile ToxA-Cter. ToxB-Cter and fusion proteins formulated in Adjuvant B
ELISA a-ToxB : concentrations /ml) on Post Il, lll. Pre-Boost. Post IV sera
Bleed {1 2 3 4 5 6 7 8 9 10 i 12 {13 14 {15
ing
ToxA (aa {ToxB (aa {F1 F2 {F3 i{F4 i{F5 |{ToxA(aa {ToxB(aa {F1 {F2 {F3 jF4 {F5 }{/
2387- 1750- 2387-2706) { 1750-2360)
2706) 2360)
Ag/m 1:10ug 10pg 10pg §10ug §10ug §10ug {10ug {3pg 3ug 3ug {3ug {3pg {3Hg {3ug i/
ADJ {B B B B B B B B B B B B B B B
UVA
NT
IM IM IM IM IM IM IM IM IM IM {IM M {IM M {IM
Post 11§2 246 10 §424 {284 {794 25 i3 338 17 {619 {471 {753 {93 i2
Post {2 1762 285 1793 {671 §{1204:i253 i4 1888 232 {951 {834 {1026 {365 i2
1]
Pre- {3 989 180 {512 §396 {761 {129 i4 984 108 {479 {441 {581 {205 {3
Boost
Post {3 4212 911 $1422§{1353{1799{1046 {78 657 738 {1272 {747 {1572 {812 {2
\
Example 9

Cloning expression and purification of the fusion proteins

Expression plasmid and recombinant strain

[0197] Genes encoding the fusion proteins of partial C-terminal domains of ToxA and ToxB (SEQ ID NO:3, 4, 5, 6 and 7) and a His tag were
cloned into the pET24b(+) expression vector (Novagen) using the Ndel/Xhol restriction sites using standard procedures. The final construct
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was generated by the transformation of E. coli strain BLR (DE3) with the recombinant expression vector according to standard method with
CaCl2-treated cells (Hanahan D. « Plasmid transformation by Simanis. » In Glover, D. M. (Ed), DNA cloning. IRL Press London. (1985): p.
109-135.).

Host strain:

[0198] BLR(DES3). BLR is a recA derivative of BL21. Strains having the designation (DE3) are lysogenic for a A prophage that contains an
IPTG inducible T7 RNA polymerase. A DE3 lysogens are designed for protein expression from pET vectors This strain is also deficient in the
lon and ompT proteases.

[0199] Genotype : E.coli BLR::DE3 strain, F- ompT hsdSg(rg” mg") gal dem (DE3) A(stl-recA)306::Tn10 (TetR)

Expression of the recombinant proteins:

[0200] An E.coli transformant was stripped from agar plate and used to inoculate 200 ml of LBT broth £ 1% (w/v) glucose + kanamycin (50
Hg/ml) to obtain O.D.600nm between 0.1 -0.2. Cultures were incubated overnight at 37 °C, 250 RPM.

[0201] This overnight culture was diluted to 1:20 in 500 ml of LBT medium containing kanamycin (50 ug/ml) and grown at 37°C at a stirring
speed of 250 rpm until ©.D.620 reached 0.5/0.6.

[0202] At O©.D.600nm around 0.8, the culture was cooled down before inducing the expression of the recombinant protein by addition of 1
mM isopropyl B-D-1-thiogalactopyranoside (IPTG; EMD Chemicals Inc., catalogue number: 5815) and incubated overnight at 23 °C, 250
RPM.

[0203] After overnight induction (around 16 hours), O.D.goonm Was evaluated after induction and culture was centrifuged at 14 000 RPM for

15 minutes and pellets were frozen at -20°C separately.

Purification:

[0204] The bacterial pellet was resuspended in 20 mM bicine buffer (pH 8.0) containing 500 mM NaCl and a mixture of protease inhibitor
(Complete, Roche). Bacteria were lysed using a French Press system 20 000 PSI. Soluble (supernatant) and insoluble (pellet) components
were separated by centrifugation for example at 20 000g for 30 min at 4°C.

[0205] The 6-His tagged-protein was purified under native conditions on IMAC. The soluble components were loaded on a GE column (15
ml for example) (Ni loaded) preequilibrated with the same buffer used to bacterial resuspension. After loading on the column, the column
was washed with the same buffer. Elution was performed using a 20mM bicine buffer (pH 8.0) containing 500 mM NaCl and different
concentrations of imidazole (5-600 mM). After gel analysis, more pure fractions were selected, concentrated and loaded on SEC
chromatography for further purification step.

[0206] Fractions containing the fusion proteins were selected on the basis of purity by SDS-PAGE and dialyzed against bicine buffer (20mM
Bicine, 150 mM NaCl,with or without 5SmM EDTA pH8.0), Protein concentration was determined using DC Protein Assay of BioRad. Proteins
were thus pooled, sterile-filttered on 0.22 um, stored at -80°C.

[0207] Alternatively, IMAC purification was preceded by a DEAE purification step using 2mM bicine buffer (pH 8.0) for loading and washing,
and eluted using a gradient with the same buffer but with 1M NaCl added.

Example 10

Cloning expression and purification of the separate C.difficile Tox A and Tox B fragments

Expression plasmid and recombinant strain.

[0208] Genes encoding the protein fragments of ToxA and ToxB (SEQ ID NO:8 and SEQ ID NO:9) and a His tag were cloned into the
pET24b(+) expression vector (Novagen) using the Ndel/Xhol restriction sites using standard procedures. The final construct was generated
by the transformation of E. coli strain BLR (DE3) with the recombinant expression vector according to standard method with CaCl2-treated
cells (Hanahan D. « Plasmid transformation by Simanis. » In Glover, D. M. (Ed), DNA cloning. IRL Press London. (1985): p. 109-135.).
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Host strain:

[0209] BLR(DE3). BLR is a recA derivative of BL21. Strains having the designation (DE3) are lysogenic for a A prophage that contains an
IPTG inducible T7 RNA polymerase. A DE3 lysogens are designed for protein expression from pET vectors This strain is also deficient in the
lon and ompT proteases.

[0210] Genotype : E.coli BLR::DE3 strain, F- ompT hsdSg(rg” mg") gal dem (DE3) A(srl-recA)306:Tn 10 (TetR)

Expression of the recombinant proteins:

[0211] A E.coli transformant was stripped from agar plate and used to inoculate 200 ml of LBT broth + 1% (w/v) glucose + kanamycin (50
Hg/ml) to obtain O.D.goonm between 0.1 -0.2. Cultures were incubated overnight at 37 °C, 250 RPM.

[0212] This overnight culture was diluted to 1:20 in 500 ml of LBT medium containing kanamycin (50 pg/ml) and grown at 37°C at a stirring
speed of 250 rpm until O.D.gxg reached 0.5/0.6.

[0213] At an O.D.at 600nm of around 0.8, the culture was cooled down before inducing the expression of the recombinant protein by
addition of 1 mM isopropyl B-D-1-thiogalactopyranoside (IPTG; EMD Chemicals Inc., catalogue number: 5815) and incubated overnight at
23 °C, 250 RPM.

[0214] After the overnight induction (around 16 hours), O.D. at 800nm was evaluated after induction and culture was centrifuged at 14 000
RPM for 15 minutes and pellets were frozen at -20°C separately.

Purification:

[0215] The bacterial pellet was resuspended in 20 mM bicine buffer (pH 8.0) containing 500 mM NaCl supplemented by a mixture of
protease inhibitor (Complete without EDTA, Roche cat 11873580001) and benzonase. (Roche cat 1.01695.0001). Bacteria were lysed using
a French Press system 2 x 20 000 PSI. Soluble (supernatant) and insoluble (pellet) components were separated by centrifugation at 34
000g or 48 000g for 25-30 min at 4°C. Supernatant was harvested and filtrated on 0.22 um filter.

[0216] The 6-His tagged-protein was purified under native conditions on IMAC. The soluble components were loaded on a GE column (for
example 15ml) (Ni loaded ) pre-equilibrated with the same buffer used to bacterial resuspension. After loading, the column was washed
with the same buffer.

Eor ToxA:

[0217] Elution was performed using a 20mM bicine buffer (pH 8.0) containing 500 mM NaCl and different concentrations of imidazole (5-

100 mM). After gel analysis, more pure fractions were selected, concentrated and loaded on SEC chromatography (SUPERDEX™ 75) for
further purification step in the same buffer without imidazole.

For ToxB:

[0218] A second wash was performed with 20mM bicine buffer (pH 8.0) containing 500 mM NaCl and 0.5 % deoxycholate or same buffer
with 150 mM NaCl. Elution was performed using a 20mM bicine buffer (pH 8.0) containing 500 mM NaCl and different concentrations of
imidazole (10-500 mM). After gel analysis, more pure fractions were selected, supplemented with 5 mM EDTA and loaded on SEC

chromatography (SUPERDEX™ 200) for further purification step in same buffer with 5 mM EDTA.

[0219] Fractions containing ToxA or ToxB fragments were selected on the basis of purity by SDS-PAGE and dialyzed against bicine buffer
(20mM Bicine, 150 mM NaCl, pH8.0), protein concentration was determined using RCDC Protein Assay of BioRad. Proteins were thus
pooled, sterile-filtered on 0.22 ym, stored at -80°C.

Example 11

Molecular weight evaluation of the five C.difficile ToxA-ToxB fusions
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[0220] Analytical ultracentrifugation is used to determine the homogeneity and size distribution in solution of the different species within a
protein sample by measuring the rate at which molecules move in response to a centrifugal force. This is based on the calculation of the
coefficients of sedimentation of the different species that are obtained by sedimentation velocity experiment, which depend on their
molecular shape and mass.

1. 1. Protein samples are spun in a Beckman-Coulter PROTEOMELAB™ XL-1 analytical ultracentrifuge at 42 000RPM after the AN-60Ti

rotor had been equilibrated to 15°C.
1. a. F1 fusion protein, 500ug/ml, 20mM Bicine, 150mM NaCl, pH8,0
2. b. F2 fusion protein, 500ug/ml, 20mM Bicine, 150mM NaCl, pH8,0
3. c. F3 fusion protein, 500ug/ml, 20mM Bicine, 150mM NaCl, pH8,0
4. d. F4 fusion protein, 500ug/ml, 20mM Bicine, 150mM NaCl, pH8,0
5. e. F5 fusion protein, 500ug/ml, 20mM Bicine, 150mM NaCl, pH8,0

2. 2. For data collection, 160 scans were recorded at 280nm every 5 minutes.

3. 3. Data analysis was performed using the program SEDFIT for determination of the C(S) distribution. Determination of the partial
specific volume of the proteins was performed with the SEDNTERP software from their amino acid sequence. SEDNTERP was also
used to determine the viscosity and the density of the buffer.

4. 4. The molecular weight of the different species was determined from the C(S) distribution plot (concentration vs sedimentation
coefficient), considering that it's a better representation of the raw data than the C(M) distribution (concentration vs molecular weight)
to characterize the size distribution of a mixture. The molecular weight of the major species detected from the C(S) distribution of all
five ToxA-ToxB fusion proteins corresponds to their monomeric form. The best fit frictional ratios determined for the five fusions are
all between 2 and 2,2. This may indicate that the proteins are present in solution as an elongated form, which would be consistent
with the protein structure.

Example 12

Evaluation of secondary and tertiary structures of C.difficile ToxA-ToxB fusions by circular dichroism and fluorescence
spectroscopy

[0221] Circular dichroism is used to determine the secondary structure composition of a protein by measuring the difference in the
absorption of left-handed polarized light versus right-handed polarized light which is due to structural asymmetry. The shape and the
magnitude of the CD spectra in the far-UV region (190-250nm) are different whether a protein exhibits a beta-sheet, alpha-helix or random
coil structure. The relative abundance of each secondary structure type in a given protein sample can be calculated by comparison to
reference spectra.

[0222] The tertiary structure of a protein sample can be assessed by the evaluation of the immobilisation of the aromatic amino acids. The
observation of a CD signal in the near-UV region (250-50nm) may be afttributable to the polarization of phenylalanine, tyrosine and
tryptophane residues and is a good indication that the protein is folded into a well defined structure.

[0223] The following protocol was used:

1.1. Far UV spectra are measured using an optical path of 0,01cm from 178 to 250nm, with a 1nm resolution and bandwidth on a
Jasco J-720 spectropolarimeter. Temperature of the cell is maintained at 23°C by a Peltier thermostated RTE-111 cell block. A
nitrogen flow of 10L/min is maintained during the measurements.

2. 2. Near-UV spectra are measured using an optical path of 0,01cm from 250 to 300nm, with a 1nm resolution and bandwidth on a
Jasco J-720 spectropolarimeter. Temperature of the cell is maintained at 23°C by a Peltier thermostated RTE-111 cell block. A
nitrogen flow of 6L/min is maintained during the measurements.

[0224] The observation of the far-UV spectra (figure 22) for all five ToxA-ToxB fusion proteins suggests a weak content of alpha helix
structures and a high content of beta sheet structures. Also, all proteins exhibited a maximum at 230nm, which is unusual for soluble
globular proteins. This particularity has been well characterized in the literature and is associated with a small group of proteins known for
their absence of alpha helix and their high content in beta sheet and aromatic amino acids (Zsila, Analytical Biochemistry,391( 2009) 154-
156). Those particularities are coherent with the structure that is expected for the ToxA-ToxB fusion proteins. Crystal structures of 13
proteins exhibiting the characteristic CD spectra with a positive signal at 230nm were compared (Protein Data Bank). The average
secondary structure content of those proteins is 42% beta sheet £9% and 7% alpha helix +6%. This strongly indicates that the spectral
signature of the ToxA-ToxB fusion proteins is diagnostic of a high beta sheet and low alpha helix containing protein.

[0225] The observation of the shape of the near-UV spectra (figure 23) for all five fusion proteins indicates that at least some of the
aromatic amino acids are immobilised, which is a strong indication of a compact and specific tertiary structure. Moreover, the treatment of
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the protein with a denaturing concentration of urea caused the disappearance of the near-UV signal, which is an additional indication that
this characteristic spectra was due to protein folding.

Example 13

Design, cloning. expression and purification of 4 further fusion proteins

[0226] Four further fusion proteins were designed using the design principles described in example 1, these were named F54 Gly (SEQ ID
NO:11), F54 New (SEQ ID NO:13), F5 ToxB (SEQ ID NO:15) and F52 New (SEQ ID NO:17).

[0227] These fusion proteins were expressed according to the procedure described in example 9.

Example 14

SEQ ID NO:17

[0228] The molecular weight of the fusions described in SEQ ID NO:11, SEQ ID NO: 13, SEQ ID NO:15, and SEQ ID NO:17 were
determined as described in example 11.

[0229] The molecular weight of the main species determined from the C(S) distribution of all four protein fusions described in SEQ ID
NO:11, SEQ ID NO:13, SEQ ID NO:15, and SEQ ID NO:17 corresponds to their monomeric form and all proteins exhibit sedimentation
properties similar to F1 to F5 fusions.

Example 15

ID NO:15, and SEQ ID NO:17

[0230] The secondary and tertiary structures of the fusions described in SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, and SEQ ID NO:17
were assessed according to the method described in example 5. The far UV CD for these fusion proteins can be found in figure 24, and the
near UV spectra for these fusions can be found in figure 25.

[0231] Analysis of the near and far UV CD spectra of the proteins described in SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, and SEQ ID
NO:17 shows that all four have the same high beta sheet structure than F1 to F5 fusions. In addition, observation of the near UV spectra
show no significant difference in the position of the aromatic amino acids in the tertiary structure compared to F1 to F5 fusions.

SEQUENCES

[0232]

SEQ ID NO:1 - sequence of toxin A

MSLISKEELIKLAYSIRPRENEYKTILTNLDEYNKLTTNNNENKYLQLKKLNESIDVEMN
KYKTSSRNRALSNLKKDILKEVILIKNSNTSEVEKNLHEFVWIGGEVSDIALEYIKOWADT
NAEYNIKLWYDSEAFLVNTLKKAIVESSTTEALQLLEEEIQNPQFDNMKFYKKRMEFIYD
RQKRFINYYKSQINKPTVPTIDDIIKSHLVSEYNRDETVLES YRINSLRKINSNHGIDIR
ANSLFTEQELINIYSQELLNRGNLAAASDIVRLLALKNFGGVYLDVDMLPGIHSDLEKTI
SRP3SIGLDRWEMIKLEAIMKYKKYINNYTSENFDKLDQQLKDNEFELIIESKSEKSELES
KLENLNVSDLEIKIAFALGSVINCALISKOGSYLTNLVIEQVENRYQFLNQHLNPATIESD
NNFTDTTKIFHDSLENSATAENSMFLTKIAPYLQVGFMPEARSTISLSGPGAYASAYYDE
INLOQENTIEKTLKASDLIEFKFPENNLSQLTEQEINS LWSFDOASAKYQFEKYVRDYTGE
SLSEDNGVDFNENTALDKNYLLNNKIPSNNVEEAGSKNYVHYIIQLQGDDISYEATCNLE
SKNPKNSIIIQRNMNESAKSYFLSDDGESILELNKYRIPERLKNKEKVKVT FIGHGKDEF
NTSEFARLSVDSLSNEISSFLDTIKLDISPKNVEVNLLGCNMFSYDFNVEETYPGKLLLS
TMDRITSTLPDVNKNSITIGANQYEVRINSEGRKELLAHS GKWINKEEATMSDLS SKEYT
FFDSIDNKLKAKSKNIPGLASISEDIKTLLLDASVSPDTKFILNNLELNIESSIGDYIYY
EKLEPVKNIIHNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSY
REINKSNGESVYVETEREIFSKYSEHITKEISTIKNSIITDVNGNLLDNIQLDHTSQVNT
LNAAFFIQSLIDYSSNKDVLNDLSTSVKVQLYAQLFSTGINTIYDS IQLVN LI SNAVNDT
INVLPTITEGIPIVSTILDGINLGAATKELLDEHDPLLKKELEAKVGVLAINMSLSIAAT
VASIVGIGAEVTIFLLPIAGISAGIPSLVNNELILHDKATSVVNYFNHLSESKKYGPLKT
EDDKILVEIDDLVISEIDFNNNS IKLGTCNILAMEGGSGHTVTCNI DHEFS SPSISSHIP
SLSIYSAIGIETENLDESKKIMMLPNAPSRVEWWETGAVPGLRSLENDGTRLLDSIRDLY
PGKEYWRFYAFFDYAITTLKEVYEDTNIKIKLDKDTRNFIMPTITTNEIRNKL3YSEFDGA
GGTYSLLLSSYPISTNINLSKDDLWIFNIDNEVREISIENGTIKKGKLIKDVLSKIDINK



NKLITIGNQTIDFSGDIDNKDRYIFLTCELDDKISLITEINLVAKSYSLLLS GDRNYLISN
LSNTIEKINTLGLDSKNIAYNYTDESNNKYFGAI SKTSOKSITHYKKDSKNILEFYNDST
LEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNQVKVNGLYLNES
VYSSYLDFVKNSDGHHNTSNEFMN LFLDNI SFWKLFGFENINFVIDKY FTLVGKTNLGYVE
FICDNNKNIDIYFGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFSYEPLYG
IDRYINKVLIAPDLYTSLININTNYYSNEYYPEIIVLNPNTFHKKVNINLDSSSFEYKWS
TEGSDFILVRYLEESNEKILQKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNEKSE
NSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLEYFDPIEFNLVTGWQTINGK
KYYFDINTGAALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTONNNIEGOAT
VYQSKFLTLNGKKYYFDNNSKAVIGWRIINNEKYYFNPNNATAAVGLOVIDNNKYYENPD
TAIISKGHWQTVNGSRYYFDTDTATIAFNGYKTIDGKHFYFD3DCVVKIGVESTSNGFEYFA
PANTYNNNIEGQATIVYQSKFLTLNGKKYYFDNNSKAVTGLOTIDSKKYYFNTNTAEAATG
WQTIDGKKYYFNTNTAEAATGWOTIDGRKYYFNTNTATASTGYTIINGKHFYFNTDGIMO
IGVFKGPNGFEYFAPANTDANNI EGOATILYQNEFLTLNGEKYYFGSDSKAVTGWRIINNEK
KYYFNPNNAIAATHLCTINNDKYYFSYDGILOQNGYITIERNNEFYFDANNES KMVTGVEFKG
PNGFEYFAPANTHNNNIEGQATVYQNKFLTLNGKKYYFDNDSKAVTGWQTI DGKKYYFNL
NTAFEAATGWQTIDGKKYYFNLNTAEAATGHQTIDGKKYYFNTNTFIASTGYTSINGKHEY
FNTDGIMQIGYFKGPNGFEYFAPANTDANNIEGQAILYRNKFLTLNGKKYY FGSDSKAVT
GLRTIDGKKYYFNTNTAVAVTIGWQT INGKKYYFNTNT SIASTGYTIISGKHFYFNTDGIM
QIGVFKGPDGFEYFAPANTDANNIEGQAIRYONRFLYLHDNIYYFGNNSKAATGWVTIDG
NRYYFEPNTAMGANGYKTIDNKNEYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGGAT
RYQNRFLHLLGKIYYFGHNNSKAVTGWOTINGKYVYYFMPDTAMAAAGGLFEIDGVIYFFGY
DGVKAPGIYG

SEQ ID NO:2 - sequence of toxin B
MSLVNRKQLEKMANVRFRTQEDEYVAT LDALEEYHNMS ENTVVEKY LKLKD INSLTDT YT

DTYKKSGRNKALKKFKEYLVTEVLELKNNNLTFVEKN LHFVWIGGQINDTAINY INQWKD
VNSDYNVNVEFYDSNAFLINTLEKKTVVESAINDTLESFRENLNDPRFDYNKFFRKRMEIIY
DKQKNFINYYKAQREENPELIIDDIVKTYLSNEYSKEIDELNTYIEESLNKITONSGNDY
RNFEEFKNGESFENLYEQELVERWNLARASDILRISALKEIGGMYLDVDMLPGIQPDLFES
IEKPSSVIVDFWEMTKLEAIMKYKEYIPEYTSEHFDMLDEEVQSSFESVLASKSDKESELF
SSLGDMEASPLEVEIAFNSKGIINQGLISVRDSYCSNLIVKQIENRYKILNNSLNPAISE
DNDENTTTNTFIDSIMAEANADN GREMMELGKYLRVGFFPDVRKTTINLSGPEAYARAYQD
LLMFKEGSMNIHLIEADLRNFEI SKTNISQSTEQEMASLWS FDDARAKAQFEEYKRNYFE
GSLGEDDNLDFSONIVVDKEYLLEKISSLARSSERGYTHYIVOLOGDKISYEARCNLFAK
TPYDSVLFQKNIEDSEIAYYYNPGDGEIQEIDKYKIPSITISDRPKIKLTFIGHGKDEENT
DIFAGFDVDSLSTEIEAATIDLAKEDISPKSIEINLLGCNMFSYSINVEETY PGKLLLKVE
DKISELMPSISQDSIIVIANQYEVRINSEGRRELLDHSGEWINKEESIIKDISSKEYISE
NPKENKITVKSKNLPELSTLLQEIRNNSNSSDIELEEKVMLTECEINVISNIDTQIVEER
IEEAKNLTSDSINYIKDEFKLIESISDALCDLKQONELEDSHFISFEDISETDEGFSIRE
INKETGESIFVETEKTIFSEYANHITEEI SKIKGTIFDTVNGKLVKKVNLDTTHEVNTLN
AAFFIQSLIEYNSSKESLSNLSVAMKVOVYAQLFSTGLNTITDAAKVVELYSTALDETID
LLPTLSEGLPIIATIIDGVSLGAAIKELSETSDPLLROEIEAKIGIMAVNLTTATTAIIT
SSLGIASGESILLVPLAGISAGI PSLVNNELVLRDKATKVVDYFKEVSLVETEGVETLLD
DKIMMPQDDLYVISEIDENNNSIVLGKCEIWRMEGGSGHTVTDDIDHFFSAPSITYREPHL
SIYDVLEVQKEELDLSKDLMVLPNAPNRVFAWETGWT PGLRSLENDGTKLLDRIRDNYEG
EFYWRYFAFIADALITTLKPRYEDTNIRINLDSNTRSFIVPLITTEYIREKLSYSFYGSG
GITYALSLSQYNMGINIELSESDVWIIDVDNYVVRDVTIESDKIKKGDLIEGILSTLSIEEN
KIILNSHEINF3GEVNGSNGEFVSLTESILEGINAIIEVDLLSKSYKLLISGELKILMLNS
NHIQQKIDYIGENSELQKNIPYSEVDSEGKENGFINGSTKEGLEVSELPDVVLISKVYMD
DSKPSFGYYSNNLEDVEVITKDNVNILTGYYLKDDIKISLSLTLODEKTIKLNSVHLDES
GVAEILKFMNRKGNTNTSDSLMS FLESMNIKSIFVNFLOSNIKFILDANFIISGTTSIGQ
FEFICDENDNIQPYFIKFNTLETNYTLYVGNRONMIVEPNYDLDDSGDISSTVINFSQKY
LYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNINDLSIRY
VWSNDGNDFILMSTSEENKVSQVKIRFYNVEFKDKTLANKLS FNFSDKQDVPVSEITLSFT
PSYYEDGLIGYDLGLVSLYNEKFYINNFGMMYSGLIYINDSLYYFKPEVNNLITGFVTVG
DDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLOTGVESTEDGFKYFAPANTLDENLEG
EATIDFTGEKLIIDENIYYFDDNYRGAVEWKELDGEMHY FSPETGKAFKGLNQIGDYKYYFN
SDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMOTIGVENTEDGFKYFA
HHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGHWKDLEDGSKYYFDEDTAEAYIG
LSLINDGQYYFNDDGIMOVGEVTINDKVEFYFSDSGIIESGVONIDDNYEFYIDDNGIVQIG
VEDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESD
K{YFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIED
KMFYFGEDGVMOIGVENTPDGFKYFAHQNT LDENFEGESINYTGWLDLDEKRYYFTDEYT
AATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID NO:3 - sequence of Fusion 1
MGWOTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVEFKGPNGFEYFAPANTDANNIEGQATLY(Q

NEFLTLNGKKYYFGSDSKAVIGWRIINNKKYYFNPNNAIAATHLCTINNDKYYFSYDGILONGYITIERNNF
YFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQATVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKK
YYFNLNTAEAATGWOTIDGKKYYFNLNTAEAATGWOTIDGKKYYFNTNTFIASTGYTS INGKHFY FNTDGIM
QIGYFKGENGFEYEAPANTDANNIEGOAI LYONKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVA
VTGWOTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMOIGVEFKGEFDGFEYFAPANTDANNIEGQATRY
CONRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNEFYFRNGLPQIGVFKGSNGEFE
YFAPANT DANNIEGOATIRYONRFLHLLGKIYYFGNNSKAVTGWOTINGKVYYFMPDTAMAAAGGLFEIDGVT

YFFGVDGVKAPGEFVSINDNKHYFDDSGVMKVGYTELIDGKHFY FAENGEMQIGVEFNTEDGEFKYFAHHNEDLGN

EEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTARAY IGLSLINDGQYYFNDDGIMQVG
FVTINDKVEYFSDSGITESGVQNIDDNYEFYIDDNGIVQIGVFDTSDGY KY FAPANTVNDNI YGOQAVEYSGLY
RVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKY YFDEKGIMRTGLI SFENNNYY
FNENGEMQFGYINIEDKMFYFGEDGVMOIGVFNTPDGFKYFAHONTLDEN FEGESINYTGWLDLDEKRYYFT
DEYTAATGSVITIDGEEYYFDPDTAQLVISE

SEQ ID NO:4 - sequence of Fusion 2
MGWOTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQATILYQ

NEFLTLNGKKYYFGSD3KAVIGWRIINNKKYYFNPNNATIAATHLCTINNDKYYFSYDGILGNGYITIERNNFE
YFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQATVYONKFLTLNGKKYYFDNDSKAVTGWQTIDGKK
YYFNLNTAEAATGWOTIDGKKYYFNLNTAEAATGWOTIDGKKYYFNTNTFIASTGYTS INGKHEY FNTDGIM
QIGVFKGENGFEYFAPANTDANNIEGQATILYONKFLTLNGKKYYFGSDSKAVTGLRT IDGKKYYFNTNTAVA
VTGWQTINGKKYYFNTNTSIASTGYTI ISGKHFYEFNTDGIMOIGVFKGPDGFEYFAPANTDANNIEGQATRY
ONRFLYLHDNIYYFGNNSKRATGWYTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGFE

DK/EP 3513806 T5



YFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMARAGGLNQIGDYK
YYFNSDGVMOKGFVSINDNKHYFDDSGVMKVGYTEI DGKHFYFAENGEMOT GVFNTEDGFKYFAHHNEDLGN
EEGEEISYSGILNEFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMOVG
FVTINDRVEYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVEDTSDGYKYFAPANTYVNDNI TGQAVEY SGLY
RVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLI SFENNNYY
FNENGEMQFGYINIEDKMFYFGEDGVMOIGVFNTPDGFKYFAHONT LDENFEGESINYTGWLDLDEKRYYFT

DEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID NO:5 - sequence of Fusion 3
MGWOTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQATILYQ

NEFLTLNGKEYYFGSD3KAVTGWRIINNKKYYFNPNNATAATHLCTINNDKYYFSYDGILONGYITIERNNF
YFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQATVYONKFLTLNGKKYYFDNDSKAVTGWQTIDGKK
YYFNLNTAEAATGWOTI DGKKYYFNLNTAEAATGWOTIDGKKYYFNTNTFIASTGYTSINGKHFY FNTDGIM
QIGVFRGPNGFEYFAPANTDANNIEGQATLYQNKFLTLNGKKYYFGSDSKAVTGLRT IDGKKY YFNTNTAVA
VTGWOTINGKKYYFNTNTSIASTGYTIISGKHEFYENTDGIMOIGVEFKGPDGFEYFAPANTDANNIEGQATRY
ONRFLYLHDNIYYEGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLEQIGVFKGSNGEFE
YFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQY
YENDDGIMQVGFVTINDKVFYFSDSGITESGVONIDDNYFYIDDNGIVQIGVEFDTSDGYKY FAPANTVNDN T
YGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRT
GLISFENNNYYFNENGEMOFGYINIEDKMEYFGEDGVMOIGVEFNTPDGFKYFAHQNTLDENFEGESINYTGW

LDLDEKRYYFTDEYIAATGSVIIDGEEYYEDEDTAQLVISE

SEQ ID NO:6 - sequence of Fusion 4
MGWOTIDGKKYYFNTNTAIASTGYTI INGKHFYFNT DGIMQT GVFKGPNGFEYFAPANTDANNIEGOATLYQ

NEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNATAATHLCTINNDKYYFSYDGILONGYITIERNNFE

YFDANNESKMVTGYFKGENGFEYFAPANTHNNNIEGQATVYQNKFLTLNGKKYY FDNDSKAVTGWQTIDGKK

YYFNLNTAEAATGWRTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIM
QIGVFKGPNGFEYFAPANTDANNI EGQATLYONKFLTLNGKKYYFGSDSKAVTGLRTIDGKKY YFNTNTAVA
VIGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEY FAPANTDANNIEGQATRY
QNRFLYLHDNIYYFGNNSKAATGWVT IDGNRYYFEPNTAMGANGYKTI DNKNFYFRNGLEQIGVFKGSNGFE
YFAPANTDANNIEGOAIRYQNRFLHLLGKIYYFGNNSKAVTGWOTINGKVYYFMPDTAMARAGGETIIDDKN
YYFNQSGVLQTGVESTEDGEKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHY
FSPETGKAFKGLNGIGDYKYYFNSDGVMQKGFVSINDNKHY FDDSGVMKVGYTEI DGKHEY FAENGEMQT GV
FNTEDGFKYFAHHNEDLGNEEGEEI SYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTARAYIGL
SLINDGQYYFNDDGIMQVGEVTINDKVEYEFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYEAR
ANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYF
DEKGIMRTGLIZFENNNYYFNENGEMQFGYINIEDKMEYFGEDGVMQIGVENTPDGEFKYFAHQNTLDENFEG

ESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID NO:7 - sequence of Fusion §

MGWOTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQI GVFKGPNGFEYFAPANTDANNIEGQATLYD
NEFLTLNGKKYYFGSD3KAVTGWRITNNKKYYFNPNNATAATHLCTINNDKYYFSYDGILONGYITIERNNF
YFDANNESKMVTGVFRKGPNGFEYFAPANTHNNNIEGQATVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKRK
YYFNLNTAEAATGWOTIDGKKYYFNLNTEEAATGWOTIDGKKYYFNTNTFIASTGYTSINGKHFY FNTDGIM
QIGVFKGPNGFEYEAPANTDANNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLRT IDGKKY YENTNTAVA
VIGWQTINGKKYYFNTNTSIASTGYTIISGKHFYEFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQATRY
ONRFLYLHDNIYYFGNNSKAATGWYTIDGNRYYFEPNTAMGANGYKTIDNKNEFYFRNGLPQIGVFKGSNGEFE
YEAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQT INGKVY YEFMEDTAMAAAGGLFEIDGVI
YFFGVDGVKAPGIYGGGEVSINDNKHYFDDSGVMKVGYTEIDGKHEY FAENGEMOI GVENTEDGFKY FAHHN
EDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVCGWKDLEDGSKYYFDEDTAEAYIGLSLINDGOYYEFNDDG
IMQVGEFVTINDKVEYF3DSGIIESGVONIDDNYFYIDDNGIVQIGYEDTSDGYKYFAPANTYVNDNIYGRAVE
YSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKY YFDEKGIMRTGLISFE
NNNYYFNENGEMOFGYINIEDKMFYFGEDGVMQIGVEFNTPDGFKYFAHONT LDENFEGESINYTGWLDLDEK

RYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID NO:8 sequence of individual toxin A fragment
MASTGYTSINGKHFYFNTDGIMQT GVFKGENGFEY FAPANTDANNT EGQAT LYONKFLT LNGKKYYFGSDSK

AYTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSTASTGYTIISGKHFYFNTDGIMQIGVFKGPD
GFEYFAPANTDANNIEGOAIRYONRFLYLHDNIYYFGNNSKAATGWVT IDGNRY YFEPNTAMGANGYKTIDN
KNFYFRNGLPQIGVFKGENGFEYFAPANTDANNIEGOATRYONRFLHLLGKIYY FGNNSKAVTGWQTINGKY
YYFMPDTAMAAAGGLFEIDGVIYFFGVDGVEAP

SEQ ID NO:9 - sequence of individual toxin B fragment
MILMSTSEENKVSQVKI RFVNVFKDKTLANKLS FNFSDKQDVEVSET TLSFTPS YYEDGLIGYDLGLVSLYN

EKFYINNFGMMVSGLIYINDSLYYFKPPVNNLITGFVIVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSG
VLQTGVESTEDGFKYFAFPANTLDENLEGEATIDFTGKLIIDEN IYYFDDNYRGAVEWKELDGEMHYFSPETGK

AFKGLNQIGDYKYYFNSDGVMOKGEVSINDNKHYFDDSGYMKVGYTEIDGKHEYFAENGEMQIGVENTEDGE
KYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGO
YYFNDDGIMQVGEVTINDKVFYFSDSGIIESGVONIDDNYFYIDDNGIVQIGVEDTSDGYKYFAPANTVNDN
IYGOAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYY FNPETKKACKGINLIDDIKYYFDEKGIMR
TGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTEDGFKYFAHONT LDENFEGESINYTG
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WLULDENRIIE LUMY LAALGS VL LUGREL IEUELLA,

SEQ ID NO:10 - sequence of toxin A fragment from fusion 1
MEWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQ

NEFLTLNGKKYYFGSDSKAVIGWRIINNKKYYFNPNNAIAATHLCTINNDKYYFSYDGILONGYITIERNNF
YEDANNESKMVTGVEKGENGFEYFAPANTHNNNI EGOAIVYONKFLTLNGKKYYFDNDSKAVTGWOTIDGKK
YYFNLNTAEAATGWQTIDGKKY YFNLNTAEAATGHOTIDGKKYYFNTNTFIASTGYTSINGKHEY FNTDGIM
QIGVFKGENGFEYFAPANTDANNIEGQATLYONKFLTLNGKRKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVA
VTGHOTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQATRY
ONRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFRKGSNGFE
YFAPANTDANNIEGOAIRYONRFLHLLGKIYYFGNN SKAVTGWOTINGKVYYFMPDTAMARAGGLFEIDGVI
YFFGVDGVEKAP

SEQ ID NO:11 - sequence of toxin A fragment from fusion 2
MGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMOIGVFKGPNGFEYFAPANTDANNIEGOATLYQ

NEFLTLNGKKYYFGSDSKAVIGWRIINNKKYYFNPNNAIAATHLCTINNDKYYFSYDGILONGYITIERNNE
YFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQATVYONKFLTLNGKKYYFDNDSKAVTGWQTIDGKK
YYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWOTIDGKKYYFNTNTFIASTGYTS INGKHFY FNTDGIM
QIGVFKGENGFEYEAPANTDANNIEGQAILYONKELTLNGKKYYFGSDSKAVIGLRT IDGKKYYENTNTAVA
VTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVEFKGEPDGFEYFAPANTDANNIEGQATIRY
ONRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNEYFRNGLEQIGVFKGSNGEFE
YFAPANTDANNIEGQATRYCNRFLHLLGKIYYFGNN SKAVTGWQTINGKVYYFMPDTAMAAAG

SEQ ID NO:12 - sequence of toxin A fragment from fusion 3
MGWQOTIDGKKYYFNTNTAIASTCYTIINGKHFYFNTDGIMOIGVFKGPNGFEYFAPANTDANNIEGOATILYQ

NEFLTLNGKRKYYFGSDEKAVTGWRIINNKKYYFNPNNATAATHLCTINNDKY YFSYDGILONGYITIERNNE
YFDANNESKMVIGVEKGPNGFEYFAPANTHNNNI EGQATIVYQONKFLTLNGKKYYFDNDSKAVIGHWQTIDGKK
YYFNLNTAEAATGWOTIDGKKYYFNLNTARAATGWQTIDGKKYYFNTNTETASTGYTS INGKHFY FNTDGIM
QIGVFKGPNGFEYFAPANTDANNIEGQAT LYONKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVA
VIGWQTINGKKYYFNTNTSIASTGYTI I SGKHEFYFNTDGIMOIGVFKGPDGFEY FAPANTDANNTI EGQATRY
ONRFLYLHDNIYYFGNNSKAATGWYTIDGNRYYFEPNTAMGANGYKTIDNKNFY FRNGLPQIGVFKGSNGFE
Y

SEQ ID NO:13 - sequence of toxin A fragment from fusion 4
MGWQTIDGKKYYENTNTATASTGYTI INGKHFYFNT DGTMQT GVFKGPNGFEYFAPANTDANNTEGQATLYQ

NEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNATAATHLCTINNDKYYFSYDGILONGYITIERNNE

YFDANNESKMVTGVFKGPNGFEYFAPANTHNNNIEGQAIVYONKFLTLNGKKYYFDNDSKAVTIGWQTIDGKK
YYENLNTAEAATGWOTIDGKKYYENLNTAEAATGWQTIDGKKYYFNTNTFIASTGYTS INGKHEY FNTDGIM
CIGVFKGPNGFEYFAPANTDANNIEGOAILYDONKFLTLNGKKYYFGSDSKAVTGLRTIDGKKY YFNTNTAVA
VIGWQTINGKKYYENTNTSIASTGYTIISGKHFYENTDGIMQIGVEKGEDGEFEYFAPANTDANNIEGQATIRY
ONRFLYLHDNIYYFGNNSKEATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNEFYFRNGLPOIGVFKGSNGEFE

YFAPANTDANNIEGQAIRYQNRFLHLLGKIYYEFGNN SKAVTGWQTINGKVYYFMPDTAMARAG

SEQ ID NO:14 - sequence of toxin A fragment from fusion 5
MGWOTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQ

NEFLTLNGKKYYFGSD3KAVTGWRIINNKKYYFNPNNATAATHLCTINNDKYYFSYDGILONGYITIERNNF
YEDANNESKMVTGVEKGPNGFEYFAPANTHNNNIEGOATVYONKFLTLNGKKYYFDNDSKAVTGWOTIDGKK
YYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWATIDGKKYYFNTNTFIASTGYTS INGKHEY FNTDGIM
QIGVFKGPNGFEYFAPANTDANNIEGQATILYQNKFLTLNGKRYYFGSDSKAVTGLRTIDGKKYYFNTNTAVA
VTGWOTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMOIGVFKGPDGFEYFAPANTDANNIEGQATRY
ONRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLEQIGVFKGSNGEFE
YFAPANT DANNIEGQAIRYQNRFLHLLGKIYYFGNN SKAVTGWQTINGKVYYFMPDTAMARAGGLFEIDGVI
YFFGVDGVFAPGIYG

SEQ ID NO:15 - sequence of toxin B fragment from fusion 1
GEVSINDNKHYFDDSGVMKVGYTEIDGKHFY FAENGEMQIGVENTEDGEFKY FAHHNEDLGNEEGEEI SYSGI

LNENNKIYYFDDSFTAVVGWKDLEDGEKYYFDEDTAEAYIGLSLINDGQYYEFNDDGIMQVGEVTINDRVEYE
SDSGIIESGVONIDDNYFYIDDNGIVQIGVEDTSDGYKYFAPANTVNDNIYGQAVEY SGLVRVGEDV Y YFGE
TYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLI SFENNNY YFNENGEMQFGY
INIEDEMEYFGEDGYVMQIGVENT PDGEFKYFAHQNT LDENFEGESINYTGWLDLDEKRYYFTDEY IAATGSVI
IDGEEYYFDPDTAQLVISE

SEQ ID NO:16 - sequence of toxin B fragment from fusion 2
GLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKYVGYTEIDGKHEYFAENGEMOIGVFNTEDGFKYF

AHHNEDLGNEEGEEISYSGILNENNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAY IGLSLINDGOYYE
NDDGIMQVGFVTINDKVEFYEFSDSGITIESGVONIDDNYFYIDDNGIVQIGVFDTSDGYKY FAPANTVNDNIYG
QRVEYSGLVRVGEDVYYFGETYTIET GWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGL
ISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMOIGVFNTPDGFKYFAHQONTLDENFEGESINYTGWLD

LDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID NO: 17 - sequence of toxin B fragment from fusion 3
FAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYY

FNDDGIMQVGFVTINDKVEYFSDSGIIESGVONIDDNYFYIDDNGIVQIGVFDT SDGYKYFAPANTVNDNIY
GQAVEYSGLVRVGEDVYYFGETYTIETGWI YDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRT G
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LISFENNNYYFNENGEMQFGYINIEDKMEYFGEDGVMQIGVENT PDGFEKYFAHONTLDENFEGESINYTGWL

DLDEKRYYFTDEYTAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID NO: 18 - sequence of toxin B fragment from fusion 4
GETIIDDKNYYFNQSGVLOTGVEFSTEDGFKYFAPANTLDENLEGEATDFTGKLI IDENIYYFDDNYRGAVEW

KELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGYMOKGFYSINDNKHYFDDSGVMKVGYTEI DGKHEYFA
ENGEMQIGVFNTEDGFRYFAHHNEDLGNEEGEEI SYSGTILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDE
DTAEAYIGLSLINDGQYYFNDDGIMQVGEFVTINDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVEDT
SDGYKYFAPANTVNDNIYGCAVEYSGLVRVGEDVYYFGETYTIETGWI YDMENESDKYYFNFETKKACKGIN
LIDDIKYYFDEKGIMRTGLI SFENNNYYFNENGEMQFGYINIEDKMEYFGEDGVMQIGVENTPDGFKYFAHQ

NTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDEDTAQLVISE

SEQ ID NO:19 - sequence of toxin B fragment from fusion 5
GEVSINDNKHYFDDSGVMKVGYTEIDGKHEY FAENGEMOIGVEFNTEDGFKYFAHHNEDLGNEEGEETI SYSGT

LNFNNKIY¥YFDDIFTAVVGWKDLEDGSKYYFDEDTARAYTIGLSLINDGQYYFNDDGIMQVGFVTINDKVEYF
SDSGIIESGVONIDDNYFYIDDNGIVQIGVEDTSDGYKYFAPANTVNDNIYGQAVEY SGLVRVGEDVYYFGE
TYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGY
INIEDKMFYFGEDGVMQIGVEFNT PDGFKY FAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYTAATGSVI
IDGEEYYFDPDTAQIVISE

SEQ ID NO :20 - nucleotide sequence of F54 Gly fusion protein

ATGGCAACCGGTTGGCAGACCATCGATGGCAAARARTATTATTTTAATACCARCACCGCAATTGCARGCACCGGCTATACCATTATCAAC

GGCAAACA ACCGACGE: AR ACGEC TTTGCACCGGCARAT

ACCGATGCC: CAGGCCATTC TGTATCAGA TGACCCTGAACGSH TACTTTGGCAGCGAT

AGCAARGCAGTTACCGGTTGGCGCATCATCAACAATAAGAARTATTACTTCAACCCGARTAATGEARTTGCAGCAATTCATCTGTGCACC

ATTAACARCGAL. "AGCTATGAC CTGCAGAATGGCTACATTACCATCGARCGCAACAACTTTTATTTICGATGCC
AACAACGAAAGCAAA C ARGECCC b TCGCTCCGGCARACACCCATAATAACAACATT
GAAGGTCAGGCGATC! AGAACAAATTCCTGACGCTGAATGGTAAGAAAT T TGACAGCARAGCCGTGACCGGC
TGGCAGACAATTGAC! AAGA 'TTTAATCTGAATACCGCAGAAGCAGCAACCGGTT AACGATCGACCGTAAR TAC

TACTTCAACCTGAACACAGCCGARGCAGCCACAGGATGGCAGACTATTGATGGARAANAATACTATTTCAACACCARCACCTTTATTGCA.

TCTACCGGTTATACCAGCATTAACGGTAAACATTTCTACTTCARCACCEATGGTATCATGCAGATCEGCGTTTTCAAAGGTCCARATGRT

TTCGAATACTTTECCCETGCCAATACAGATGC: ATCH AGGCAATCCTGTACCAARA! TGACC
ARARAATATTAC GATTCTABRAGCCGTTACCGETCTGCOTACCATTGATGGTAAAAAATACTACT TTAATACGAATACAGEC
GTTGCGGTTACAGGCTGGCAGACCATTAACGGEAARARATACTAT T TTAACACAAATACCAGCATTGCCTCAACK CCATTATT
¢ CTTCTACTTTAATACC AATCGCAGTCTTTAAAGGACC! T TTGCGCCTGCG
AACACTGATGCGAACAATATCGAAGGACAGGCARTCCGCTATCAGAATCGCTTTCTGTATCTGCACGACAACATC! AC
AATTCAAAAGCAGCCACC A AACCGCTACTATTTCGAACCGAATACCGCA AAATGGCTACAAR
ACCATCGATAATAARAATTTC! GCAACGGETCTGCCGCAGATL AGGTAGCAACGGCTTCGAATACTTCGCTCC:
GCGAATACGGACGCGAAC ARGCGATTCGTTATCARRACCETTTTCTGCATC TGCTGGGCARARTCTACTACTITGEC
AATAACAGTAAAGCAGTTAC I GACAATCAATGGTAAAGTGTAC o CCGEEATACCECCATGGCAGCAGCCGGETGET
GTGATC AGCACC Ccaec COTG
GGTGATGATAAATACTATTTCAATCCGATTAAC CCCAGCATTGCCGARACCATCATC ARA TTCAAC
Al TGTGCTGCAGACCGETGTGTTTAGCACCGAAGATGGC TTT TTTGCECCAGCGARCACCCTGEATGARAACCTGGAR
GGCGAAGC CGGCAAACTGATCATCGATGARAACATCTATTACTTC ACTATC A
GARC! CGGARACC AAGGCCTGAACCAGATCGGUGATTACAARTACTACTTC
AACAGCGATGGC ABA GCATCAACGATAACAAACACTATTTC TAT
ACCGAAATTGATGGCAAACATTTCTACTTCGCGEAAAR ARAT ATAC AAATACTTC
GCGCACCATAAC TGGGTAACGAAGAR AGAAATTAGCTATAGCCGGCATCCTGARCT TCAACAACAAARTCTACTACTTT
GATGATAGCTTTACCECGETCGTGGECT! AGATCTGGAAGATGGCAGCA GATGAAGATACC AGG
GECCTGAGCC GATGGCCAGTAC GTGACT
TATTTCAGCGATAGCGGC: GGCGTCCAGAAC: TACTTCT e ACGGCATTGTGCAGATC
GGCGTT CAGCGATGGCTAC GCACCGGCCAATACH GATAAC: cA
GETCTEGTGCET! PTTCGECCARACE TATACCATCGARACCEGCTE! ACGARAGC
GATAAATATTACTTTAATCCGGARACGAARAARGCGTGCAAAGGCATTAACCTGATC AAATAC T A

ATTATGCGTACCGGTCTGATTAGCTTCGAAAACAACAACTATTACTTCAACGAARACGETGARATGCAGTTCGGCTACATCARCATCGAR

TAAAA TCTACTTCGGC TGC, TGGTGT CACCCC TTCAAATACTTTGCCCATCAGAAT
ACCCTG ARATTTCE! AGCATTAACTATACCGGC TGGCTGGATCTGGATGAAAAACGCTACTACTTCACCGATGARTAC
ATTGCGGCGACCEGCAGCH AAGAATACTACTTCGATCCGGATACCGCGCAGCTGGTGATTAGCGAACATCATCAT
CATGACCAT

SEQ ID NO :21 - amino acid of F54Gly fusion protein

MATGHQTIDGKRY Y FNTNTATAS TGY TTTNGKEFY FNTDGTMQT GVFKGPNGFEY FAPANTDANNTEGQAT LY QNEFLTTN

GKRYYFGSDSKAVTGWRIINNKKY Y FNPNNAIAATHLCTINNDKY YFSYDGILQNGY ITIERNNF ¥ FL TGVF
KGPNGFEYFAPANTHNNNIEGQATVYQNKFLTLNGKKY Y FDNDSKAVTGWQTIDGRKY Y FNLNTAEAATGWQTIDGKKYY
FNLNTREAATGWQTIDGKKY YFNTNTFE IASTGY TS INGKHFY FNTDGIMQI GVFKGPNGFEY FAPANTDANNIEGQATLY
QONKFLTLNGKKYY FGSDSKAVTGLRTIDGKRY Y FNTNTAVAVTGWQTTNGKKYY FNTNTSTASTGYTITSGRHFYFNTDG

IMQIGVFKGED! FA [EGQATRYQNRFLYLHDNIYYF ATGWVTIDGNR KT

IDNKNFYFRNGLPQIGV: FAPANTDANNIEGQAIRYQONRFLHLLGKIYYFGNNSKAVTGWQTINGKVY Y FMP

DTAMARAGGLFEIDGVIYFFGVDGVEAPGIYGGTEFVTVEDDKYY FNPINGGARS [GETI IDDKNYY FNQSGVLQTGVES

TEDGFKY¥FAPANTLDENLEGEAIDFTGELIIDENIYYFDL ELDGEMHYFSPE TGKAFKGLNQIGDYKYYFN

SDGVMOKGFVS INDNKHY FDDSGVMKVGY TEIDGKHE" )T GVFNTEDGFK L I GIL

NFNNKIYYFDDSFTAVVGWKDLEDGSKY YFDEDTAEAYIGLSLINDGQYYFNDDGIMOVGFVTINDKVFYFSDSGIIESG

ONIDDNYFYIDDNGIVQIGVFDTSDGYKY. NDNTYGQAVE DVYYFGETY TIETGHL
KYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLT SFENNNY Y FNENGEMQF GY TNTEDKMFY FGEDGVMQT GVFNTED
GFKYFAHQNTLCENFEGES INY TGHLDLDEKRY YFTDEY IAATGSVI IDGEEYY FDPDTAQLVISEHHHEHH

SEQ ID NO:22 - nucleotide sequence of F54 New fusion protein

ATGGCAAC AGACCATCGATGGCAARA CARCACCGCAATTGCAAGCACCGGCTATACCATTATCARC
GGCAAACAC! CACCGACGGCATTATGC: A CG GG T TTGCACCGGCARAT
ACCGATGCCAAT: AGGCCAGGCCATTCTGTATCAGAATGAATTTCTGACCCTGAACGECAAARAATACTACTTTGGCAGCGAT
AGCARAGCAGTTACC GCATCATCAAC; ACTTCARCCC C; ARTTCATCTGTGCACC

ATTAACAACGACAAATATTATTTCAGCTATGACGGTATTC TGCAGAATGECTACATTACCATCGAACGCAACAACTTTTATTTCGATGCC

AACAACGAAAGCAAA a au ARGGCCCT: GCTCCGGCAAACACCCATAATAACAACATT

GAAGGTCA AGAACAAATTCCTGACGCTGA AATA AGCAAAGCCGTGACCGEC
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TGGCAGACAATTGACCGGAAGAAATATTACTTTAATCTGAATACC GCAGAAGCAGCAACCGGTT! AACGATCGACGGTAAA TAC

TACTTCAACCTGAACACAFCCGAAGCAGCCACAGGATGGCAGACTA ATACTATTTCAACACCAACACC! TGCA

TCTACCGGTTATACCAGCATTAACGGTAAACATTTCTACTTCAACACCT CATGCAGATCGGCGTTTTCAAAGGTC CAAATGGT
TTCGAATAI GCCCCTGCCAATACACGATGCARATAACATC GGCAATCCTGTACCARAACARATTTCTGACCCTGAATGEE

AAAAAATATTAC GATTCTAAAGCCGTTACCGGTCTGCGTAC AAAATACTACTTTAATACGAATACAGCC

GITGCGGTTACAGGCTGGCAGACCATTAACGGGARAAAATACTATTTTAACACARATACCAGCATTGCCTCAACGRE CCATTATT

TC! AACACTTCTACTTTAATACC ARTCGGAGTCTTTARAGGACC! GCCTGCG

ABACACTGATGCGAACAATATCGAAGGACAGGCAATCCGCTATCAGARTCGCT TTCTGTATCTGCACGACARCATC! caac

AATTCAARAGCAGCCACCGGC AACCGCTACT: ACCGAATACCGT: AATGGCTACAAR

ACCATC GCAACGGTCTGCCGCAGATC AACGGCTTCGAATACTTCGCTCCA

GCGAATACGGACGCGAACA AGCGAPTCGTTATCARAACCGTTTTCTGCATCTGCTEGGCARRATCTACTACTTTGGC

AATAACAGTAARGCAGTTAC AGACAATC: ARGTGTA TGCCEEATACCGCCATGECAGCAGCCGETEET

CTGTT! GTGATC! AGCAGTTACCGGCTT ¢ ATAC

TATTTCAATCCGATTAACGETGGTGCAGCGAGCATTGECGARACCATCATCGATGACARAAAC! AACCAGAGCGGTGTGCTG

CAGACCGGTCE! ACC TTT GCCAGCGAACACCCT GARGCGATTGAT

TTTACCGGCARACTGATCATCGATGARRACATCTAT TACT TCGATGATAACTATC GAR

ATGCAT TCCGEAAACCGGTAARAGCGTTTAAAGGCCTGAACCAGATCGGCGATTACAAATACTACTTCAACAGCGATGGCGTG
ATGCAGRAAGBCTTTGTGAGCATCAACGATAACARACACTATTTCGATGATAGCGGTGTGATGAAAGTGGGCTATACCGARATTGATGGC

AAACATTTCTACTTCGCGGARRACGGCGARATGCAGATTGGCGTGTTCAATACT TT GCGCACCATAACGAAR

ARGARATTAGCTATAGCGGCATCCTGAACT TCARCAACRARATCTACTAC TTTACC

GCGGTGGTGGECTGGARRGATCTGGARGATGGCAGCAAATATTATTTCGATGARGATACCGEGGAAGCGTATATTGGCCTGAGCCTGATT

AACGATGGCCAGTACTATTTTAACGATGATGGCATTATGCAGGTGGGTTTCGTGACCATTAATGATARAGTGTTCTATT TCAGCGATAGC

GGG AAGCGGCGTGCAGARCAT' TACTTCTACATC GGC: GATCGGCE! c
AGCGATGGCTAG GG ATACCGTGAACGATAAC Ca GETCTGGTGOGTGTG
GaCe: T GGCGAARCCTATACCATCGARACCGGCTGGATTTATGATATGGAAAACGARAGCGATARATATTACTTT
AATCCGGAAACGAAARAAGCGTGCARAGGCATTARCCTGATCGAT ABATAC GATGARARAGGCATTATGCGTACCGET

CTGATTAGCTTCGAARACARCAACTATTACTTCAACGAARACGGTGAAATGCAGTTCGECTACATCAACATCGAAGATAARATGTTCTAC

TTCGGCH o TTCAAATACTTTGCCCATC ole
TTC ATTAACTATACCGE GCTACTACTTCACCH ATTGCGGCGACCGGC
AGC GATGGCGAAGRATACTACTTCGATCCOGATACCGCGCAGCTGGTGATTAGCGAACATCATCATCATCACCAT

SEQ ID NO :23 amino acid sequence of F54 New fusion protein

MATGHQTIDGKKY Y FNTNTATASTGY TIINGKHFY FNTDGIMQIGV. F IEGQAILYQN

EFLTLNGKKYYFGSDSKAVIGWRI INNKKYY FNPNNATAATHLC TINNDKY Y FSYDGILONGY I TIERNNFYFDANNESK
MYTGV! FA TEGQATVYQNKFLTLNGKKY Y FDNDSKAVTGRQTIDGRKY YF TGWQTT

DGKKYYF A DTIDGKKY YFNTHTFIASTGY TSINGKHFYFNTDGIMQIGVFKGPNGFEY FAPANTDANNIE

GRAILYQNKFLTLNGKKY Y FGSDSKAVTGLRTIDGKKY Y FNTNTAVAVTGWQTINGKKY Y FNTNTSIASTGYTIISCKHE

YFNTDGIMQIGVIKGPDGFEYF IEGQATRYQNRFLYLHDNIYYF n TIDGNR!

ANGYKTIDNKNFY FRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQATRYQONRFLHLLGRIY Y FGNNSKAVTGHQT INGK
VYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAVTIGFVTVGDDKY Y FNPINGGAASIGETI IDDENY Y FNQSGVLQTGVE
STED FAPANTLDENLEGEAIDFTGKLIIDENIYYFDDN: ELDGEMHYFSPETGKAFKGLNQIGDYKIYF

NSDGVMQKGFVSINDNKE: TEIDGKHF" LGV I ISYSGT

LNFNHKIYYFDDSFTAVVGWKDLEDGSKY Y FDEDTAEAY I GLSLINDGQY Y FNDDGIMQVGFVTINDKVFYFSDSGLIES

GVQNIDDNY FYIDDNGIVQT GVFDTSDGYKY FAPANTVNDNI Y GQAVEY S SLVRVGEDVY Y FGETY TTETGWI YDMENES
DKYYFNPETKKACKGINLIDDIKYY FDEKGIMRTGLI SFENNNY Y FNENGEMQFGY INIEDEMFY FGEDGVMQIGVENTP

DGFKY FAHQNTLDENFEGESINY TGHLDLDEKRYY FTDEY IAATGSVIIDGEEY YFDPDTAQLVI

SEQ ID NO :24 nucleotide sequence of F5 ToxB fusion protein

CATCGA]

A ) AACAC

1 GAAG

GCATCATCALCARTRAGRARTAT

ACTTCALCCCGRATARTGCA

ATGACGG AT JCTGCAGRATGGCTACAT TACCATCGRACGCARCARCT ITTAT TOCGATGCT

AACAARCGAARGCAARATGCTGACCGGOGTTTTCARAGGCCC AR DGE T I T OGAGTAT T TCGC TCCGECARACACCCATAATANCARCATD

CAARLL

AGAARTACUAL I I CGALAA

GGUAGACAA " GAUGGGAAGAAALA "ACI'I 'AA CIGAA ACUGCAGAAGUAGUAACCGG I
TACTTCARCCTGARCACAGCLGARGCAGCCACAGGATGGCAGAC TAT TGATGGARAARAATACTATT DCAACACCARCACCTCTATTGCA
TCTACCGET T ATACCAGCATTARCGE T AAACATTTCTAC T TCARCACCCAT GG TATCATGCAGATCEGCE T TT I CARAGGTCCARATGGT

TTCGRATAL

AAARAATATTACTTIGE
GPTGCEGTTRACAGGLTGGCAGACC: oTRTT
GUAL ATGCARA!

GGCAATCCECTA

ACCATCGATARTAPARATTTCTAITTIC

CANAL GAGG SALCG

CAARAT

g "

o

¥ CGCGA

AATAACAGI'AAAGCAGL AT GGAIGECAGACAATTAA G

FUARAGIGUACIA ') ATGCCRGALATCGECTA GEUAGCAGCTGEL

GG

CTEITTGAAR T TGA T GECETGATCTAT T TTTT XGE DGT GHRATGE DT TAAAGCAGT GAGC GG TC TGAT T TATA T TARCGATAGCC TGTAD

TACTTTARACCACCGETGARTAACCTGAT TACCGGCTT TG TGACCETGEETGATGATAAATACTATT TCAATCCGATTARCGETEETECA

AARGCGTTTARAGGCCTGAACCAGATCGECGATTACAAATACTACTTCAACAGCGATGGCGTGA,

GATAACAAACACTA "I CGA

LGATGAAAGL

CLA ACCGAAAL ‘GALGGTARAL.

GARRTGCRGATTGGOET G TCARTACCGARGA GG I TTCARATACTTCGLG

CATABCGRAGETC CGGGTRRCE

AlTAGT AIAGCGGUATCCIGAAC I CAACAATAAAAT C ACTACL'T

SAUGA AGC_' LACCG

GATGGUAGTARRTATTATTTCGROGARGATAC CCRGTECTATTCTARCGAT

GATGGCATTATGCAGETGEETTTCGTGACCAT JAATGATARAGTCTTCTATTTCAGCGATAGCGECATTATTGARAGCGGCG TGCAGRAL

LAAT

GCAGALCG

L GALACTAGE

ALA

ALG, A

S GALARTL

e

Al

GUCRATACCGTGARCGATRACAT TTATGGCCAGGLGGT GEARTATAGCGETCTGETGERTGTGGGUGARGATG GTATTAT I TCGGCGAR.

ALACCA JCGARACCGGUIGEAL A I'GA /AL GEAARATGAAAGUGA AAALA " ACL | "AAI'TCGEAAACGARAAAAGTGIGCAAA

RTACTATTT GATGRBEARGGCATTATGH CCGGETC

GATTAGCTT

CRAAL.

UCGAAGAUARRRTGTC [

I CGGUGAAGAIGE G L LA GTAGA

GETGTTTTTARCAC ATGGCTTCAARTACTT GCCCH

GRAT.

CCTGGATGARAR T TTCGRAGGTGRRAGCAT TRRCTATACC

GUUGGALC IGGA GARAARCGU ACTATI I CACCGA JGAALACAL" \GUGGLGACCGGLAGLG /GA L IA I GAL GECGAAGAALIAT

TR AT AR A O GO AR TAATER T T AGI GAA P AT AT C R O AT AN AT
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SEQ ID NO :25 amino acid sequence of F5 ToxB fusion protein

MATGHCT - DGXKYYFNTNAZAS TGYTIINGXHIYFNTDGIMOIGVIKGPNGI ZYFAPANTDANNIEGCATLYON

SLNGRKYY KAV

fiAo CNNEKS Y EN 2NNA_AA LR L

NNSRYYZ3YDGLLONG

LERNN =Y

HMYIGYLSGINGE LY PAPANTHINNN JBGUALYIONKL LU LN GARY ZLDN 08 KAV G L DGR ALY LN LY JA AN TGN

GXKYYTFHLN TAEARTGH)T - DEXKYYFHTNTFZAS D

SINGXITYTNTDGIMYIGVIKGPHGTEYFAPANT S AHNCE

GQAILYGNKILILNGKKY Y TGS S3KAVIGLRT IDGRKY Y FRTNTAVAVTGHITINGKX Y Y FHTNT; CGYTIISGHIIT

VAN DGLMQ_ GV

52DGREY A APANTDANNL

A RYSNRFLY LHDN_ ¥ Y2 GNNS AAAGWVILDG

VY AKPNIANG

ANGYKULDNENEYFANGLPC GVEKGSNGE EY FAZANU DANN - EGTAL RYCNRELHLLGK Y'Y 1GNNS LAY JGWC U LNGK

VYL LMP O CAMAAKGGL Y L LGV LY 0 GVDGYAAVEGLUY LN S LYY A KPP YNNL . JGLVINVG DY Y D NP LNGGAAS LGl

ULIDDANY Y ANQSGVLY LG ST S DGLIKY LAPANTL DISN L L GIL_LSINLYY 1 DDNYRGAY SWK

CLDGLMLLY

GLNOLGDY Y Y NS SGYMOKG:

EAHHN
VGEYTINDKVTY!
Y PGLLY LGN LY DMEN LS DAY Y NPT KASCKG_NLL DI _KYY 2 DYRG_M2_ GLLE + LNNNYY PH NG EMQUGY LN
APAML Y FGEDGVMG GV FNL PDGFKY FAHQNTLDEN FEG2S INYIGWLSLIEKRYY 2 IDEY _AAIGSY L _LGEEYY SPD

TACLVISEIIIII

SEQ ID NO :26 - nucleotide sequence of F52 new fusion protein

ATGGCAACCGGTTGGCAGACCATCGATGGCAARAAATATTAT TTTAATACCAACACCGCAATTGCAAGCACCGGCTATACCATTATCAAC

GECARACACT" TARCACCGACGGC 'AAAGGTCCGAACGECTTTGARTACTTTGCACCGECARAT
ACCGATGCCAATA: TGAAGGCCAGGCCATTCTG TATCAGAATGARTTTCTGACCCTGAACGGCAAAARATACTACT TTGGCAGCGAT
AGCARAGCAGTTACCGGT TCATCAACH: TTCARCCCH AATTGCAGCAATTCATCTGTGCACT
ATTAACAACGAC: TCAGCTATGACGETATTCTGCAGAATGECTACATTACCATCCAACGCAACAACTTTTATTTCGATGLC
AACAACGAAAGCAAA C AR C GCTCCGGCARACACCCATAATAACAACATT
GAAGGTCAGGCGATCGTTTATCAGAACAAATTCCTGACGCTGAATGETAAGAAATACTATTTCGATAATGACAGCARAGCCGTGACCGER
TEGCAGAC: CGCAGAAGCAGCAACCH ARACGATCGACGGTARARAGTA

TACTTCAACCTGARCACAGCCGAAGCAGCCAC, GAC ARAAAATACTATTTCAACACCARCACCTTTATTGCA

TCTACCGGTTATACCAGCATTAACGGTAAACATTTCTACT TCAACACCGATGGTATCATGCAGATCGGCGTTTTCARAGGTCCARATGET
TTCGAATACTTTECCCCTGCCAATACAGATGCAAATAACATCGAGGGTCAGGCARTCCTGTACCARRACARATTTCTGACCCTGAATGEG

AARA GATTCTAAA CCGGTCTGCGTACC, TAC GAATACAGCC

GTTGCGGTTACAGGCTGGCAGACCATTAACGGGAAAAAATACTATTTTAACACARATACCAGCATTGCCTCAACGGETTATACCATTATT

ACTTCTAC c A GCCTGCG
AACACTGATGCGAACAATATC CAATCCGCTATCAGAATCGCTTTCTGTATCTGCACGACAACATC c
AATTCAARAGCAGCCACCGGC AACEGCTAC! ACCGAATACCGE: AATGGCTACARA
ACCATC GCAACGGTC TGCCGCAGATC BACGGCTTCGARTACTTCGCTCCA

GCGRATACGGACGCGAACRATATTGAGGGTCARGCGATTCGTTATCARRACCGTTTTC TGCATC TGCTGGGCARRRTCTACTACTTTGGC

AATAACAGTA TACTGGAT: GACAATCAATGGTARAGTGTACTATTTTATGCCGGATACCECCATGECAGCAGCCGETGET
CTGTTT GTGATC AGCAGTGAAAGGCCTGAACCAGATCGGCGATTACABATAC
TACTTCARCAGCEATGGC ATCAACGATAACARACACTATTTC!

GGCTATACCGAA ARACATTTCTACTTCGCGGAARAC GGCGARATGCAGAT GTGTTCAATACCG: A
A CTTCGCECACCATAACCAAGATC AAGAA AATTAGCTATAGCGGCATCCTGAACTTCARCARCARAATCTAC
TACTTT TAGCTTTACC TGGTGGGCT AGATCTGGAAGATGGCAGCARATATTATTTCGATGAAGATACCGCGGARGCE
TATATTGGCCTGAGCCTGATTAACGATGGCCAGTACTAT! GTGACCATTAATGATAAA
GTGTTCTATTTCAGCGATAGCGGC: TGAARGC GAAC: TACTTCTACATC! ACGECATTGTG
CAGAT CAGCGATSGCTAC GCACCGGCCARTACCGTGAACGATARC CAGGC
TATAGCGGTCTEETGCETGT G T CGARACCTATACCATCGARACCGGCTGGATTTATGATATGGARRAC
GARAGCGATAAATATTACTTTAATCCGGAAACGARARRA CAAAGGCATTAACCTGAT AATAC A

AAAGGCATTATGCGTACCGGTCTGATTAGCT TCGARARACAACAACTATTACT TCARCGAAAACGETGARATGCAGTTCGGCTACATCAAC

ATCGAAGATAAAATGTTCTACTTCGGC TATGCAGATTGGTGTT CACCCCGGATGGCTTCAAATACTTTGCCCAT

CAGAATACCCTGEATGARAATTTCGAAGGTGARAGCATTAACTATACCGGCTGECTGGATC TGGATGARARACGCTACTACTTCACCGAT

GAATACATTGCGGCGACCGECAGC AGAATACTACTT! CGGATACCGCGE GCGARCAT

CATCATCATCACCAT

SEQ ID NO :27 - amino acid sequence of F52 New fusion protein
MATGNQTIDGKRYYFNTNTAIASTGY TIINGKEFYFNTDGIMOI GVEFKGPNGFEY FAPANTDANNIEGQATLYONEFLTIN
GKKYYFGSDSKAVTIGWRIINNKKY Y FNPNNAIAATHLCTINNDKY YFSYDGILQNGY ITTERNNFYFT F
KGPNGFEYFAPANTENNNIEGQAIVYQNKFLTLNGKKY Y FDNDSKAVTGWQTIDGRKY Y FNLNTAEAATGWQTIDGKKY Y

FNLNTAEAA! TIDGKKYYFNTNTF L 'S INGKHEY FNTDGIMQT GV FAPANTDANNIEGQATL

QMKFLTLNGKKYY FGSDSKAVTGLRTIDGKK T YTINGEKYY FNTNTSIASTGYTIISGRHFYFNTDG

TMQIGVFKGPDCFEYFA TEGQATRYQNRFLYLHDNIYY ATGHVTIDGNRYYF KT

IDNENFYFRNGLPQIGVFKGSNGFEY FAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGHQTINGKVYY FMP

D FEIDGVIYFFGVDG NQIGDYKYYFNSDGVMOKGEVS INDNKHY FDD SGVMKVGY TEIDGKHFY
Y IGVFNTEDGFKY FAHHNEL ISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAY

IGLSLINDGQYYFNDDGIMQVGFVT INDKVFYFSDSGI IESGVQNIDDNY FY IDDNGIVQI GVFDTSDGYKY FAPANTVN

DNIYGQAVE: EDVYYFGETY TIETGWI KYY FNPETKKACKGINLIDDIKYY FDEKGIMRTGLISF

ENNNY ¥ FNENGEMQFGY INI EDKMFY FGEDGVMQT GVFNTPDGFKY FAHQNTLDENFEGES INY TGHLD LDEKRY YFTDE
YIAATGSVIIDGEEYYFUPDTAQLVISEHHHHHHA

SEQ ID NO:28 - sequence of toxin A fragment of F54 Gly
MATGWQTIDGKKYYFNTNTAIASTGYTIINGKHEFYFNTDGIMQIGVEFKGPNGFEYFAPANTDANNIEGQAIL

YONEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNATAATHLCTINNDKYYFSYDGILQNGYITIERN
NEYFDANNESKMVTGVFKGPNGFEYEFAPANTHNNNI EGOATIVYQONKEFLTLNGKKYYFDNDSKAVT GWQTIDG,
KKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWOTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDG
IMQIGVFKGPNGFEYFAPANTDANNIEGQAI LYONKFLTLNGKKYYFGSDSKAVIGLRT IDGKKYYFNTNTA
VAVTGHQTINGKKYYFNTNTSTASTGYTIISGKHEYFNTDGIMQIGVFKGPDGFEYFAPANTDANNIEGQART
RYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVEFKGSNG
FEYFAPANTDANNIEGQATRYQNRFLHLLGKIYYFGNNSKAVTIGWQTINGKVYYFMPDTAMAAAGGLFEIDG
VIYFFGVDGVEAPGIYG

SEQ ID NO:29 - sequence of toxin A fragment of F54 New
MATGWOT IDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMOIGVEKGPNGFEYFAPANTDANNIEGQAIL

YONEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNATIAATHLCTINNDKYYF3YDGILONGYITIERN

NEYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNT EGQATVYQNKFLTLNGKKYYFDNDSKAVTGWATIDG
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KKYYFNLNTAEAATGWQOTIDGKKYYENLNTAEAATGWOTIDGKKYYENTNTFIASTGYTSINGKHFYFNTDG
IMOIGVFKGPNGFEYFAPANTDANNIEGOAILYONKFLT LNGKKYYEFGSDSKAVT GLRT IDGKKYYENTNTA
VAVIGWQTINGKKYYENTNTSIASTGYTIISGKHFYENTDGIMQIGVEKGPDGFEYFAPANTDANN IEGQAT
RYONRFLYLHDNIYYFGNNSKAATGWYTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVEKGSNG
FEYFAPANTDANNIEGQAIRYONRFLHLLGKIYYFGNNSKAVIGWOTINGKVYYFMPDTAMARAGGLEFEIDG

VIYFFGVDGVEKAV

SEQ ID NO:30 - sequence of toxin A fragment of F5 ToxB
MATGWOQT IDGKKYYFNTNTAIASTGYTIINGKHFYENTDGIMQIGVEFKGPNGFEYFAPANTDANNIEGQATIL

YONEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNATAATHLCTINNDKYYFSYDGILQNGYITIERN
NEYFDANNESKMVTGVFKGPNGFEYFAPANTHNNNI EGOAIVYQONKFLTLNGKKYYFENDSKAVT GWQTIDG
KKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYENTNTFIASTGYTSINGKHFYFNTDG
IMQIGVFKGPNGFEYFAPANTDANNIEGOAILYONKFLTLNGKKY YEGSDSKAVIGLRT IDGKKYYENTNTA
VAVTGHQTINGKKYYFNTNTSTASTGYTIISGRHEYFNTDGIMQIGVFKGFDGFEY FAPANTDANNIEGQAT
RYQNRFLYLHDNIYYFGNNSKAATGWYTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNG
FEYFAPANTDANNIEGQATIRYQNRFLHLLGKIYYFGNNSKAVIGWQTINGKVYYFMPDTAMAAAGGLFEIDG
VIYFFGVDGVEKAV

SEQ ID NO:31 - sequence of toxin A fragment of F52 New

MATGWQTIDGKKYYFNTNTAIASTGYTIINGKHEYEFNTDGIMQIGVEKGPNGFEYFAPANTDANNIEGQALL
YONEFLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNATAATHLCTINNDKYYF3YDGILQNGYITIERN
NEYFDANNESKMVTGVEKGPNGFEYFAPANTHNNNIEGOAIVYONKFLTLNGKKYYFDNDSKAVTGWQTIDG
KKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWOTIDGKKYYFNTNTFIASTGYTSINGKHFYENTDG
IMOIGVFKGPNGFEYFAPANTDANNIEGCAILYONKFLTLNGKKY YFGSDSKAVTGLRT IDGKKYYFNTNTA
VAVTGWOTINGKKYYFNTNTSTASTGYTIISGEKHFYENTDGIMQIGVFKGPDGFEYFAFANTDANNIEGQAT
RYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNG

FEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQT INGKYYYFMPDTAMAAAGGLEFEIDG

VIYFFGVDGVEAY

SEQ ID NO:32 - sequence of toxin B fragment of F54Gly
TGFVIVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLOTGVEFSTEDGFKY FAPANT LDENLEGEATIDFE

TGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYENSDGVMQKGEVS INDNKH
YEFDD3GVMKVGYTEIDGKHFYFAENGEMOI GVENTEDGFKY FAHHNEDLGNEEGEEI SYSGILNFNNKIYYE
DDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMOQVGEVTINDKVEYFSDSGITESGY
QNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIY
DMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMOFGYINIEDKMEYF
GEDGVMQIGVENTPDGFKYFAHONTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYEFDP
DTAQLVISE

SEQ ID NO:33 - sequence of toxin B fragment of F54 New
TGFVTVGDDKYYFNPINGGAASTGETT I DDKNYYFNOSGVLOTGVFSTEDGFKY FAPANTLDENTL.EGEATDF

TGKLIIDENIYYFDDNYRGAVEWKELDGEMHY FSPETGKAFKGLNQIGDYKYYFNSDGVMQKGEVS INDNKH
YFDDSGVMKVGYTEIDGKHFYFAENGEMQI GVEFNTEDGFKYFAHHNEDLGNEEGEEI SYSGILNFNNKIYYFE
DDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMOVGFVIINDKVFYFSDSGITESGY
QNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNINIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIY
DMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMOFGYINIEDKMEYF
GEDGVMQIGVENTPDGFRYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYTAATGSVIIDGEEYYFDP
DTAQLVISE

SEQ ID NO:34 - sequence of toxin B fragment of F5 ToxB
SGLIYINDSLYYFKPPVNNLITGFVIVGDDKYYFNPINGGAASIGET IIDDKNYYFNQSGVLOTGVESTEDG

FKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYK
YYFNSDGYMOKGEVSINDNKHYFDDSGVMKVGYTEIDGKHEYFAENGEMOI GVENTEDGFKYFAHHNEDLGN
EEGEEISYSGILNFNNKIYYFDDSFTAVYVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVG
FVTINDKVFYFSDSGIIESGYONIDDNYFYIDDNGIVOIGVEDTSDGYKYFAPANTVNDN IYGOAVEY SGLY
RVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKY YFDEKGIMRTGLI SFENNNYY
FNENGEMQFGYINIEDKMEYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYEFT
DEYIAATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID NO:35 - sequence of toxin B fragment of F52 New
KGLNQIGDYKYYFNSDGVMOKGFVSINDNKHYFDDSGVMEVGYTEIDGKHFYFAENGEMOTIGVENTEDGEKY
FAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYY
FNDDGIMOVGFVTINDKVEYFSDSGIIESGVONIDDNYFYIDDNGIVQIGVFDT SDGYKYFAPANTVNDNIY
GOAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRT G
LISFENNNYYFNENGEMOQFGYINIEDKMEYFGEDGYVMQIGVENTPDGFKY FAHONTLDENFEGESINYTGWL
DLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLYVISE

SEQ ID NO:36 - C-TAB.G5 fusion protein
MVTGVFKGPNGFEYFAPANTHNNNIEGOATVYONKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAE
AATGWQTIDGKKYYFNLNTAEAATGHOT I DGKKY Y FNTNT FIASTGYT S INGKHFYENTDGIMQIGVFKGEN
GFEYFAPANTHNNNIEGQAT LYQNKFLTLNGKKY Y FGSDS KAVTGLRT I DGRKY YFNTNTAVAVTGHQTING
KKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEY FAPANTDANNIEGQATRYONRFLYLHD
NIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKTIDNKNEYFRNGLPQIGVEFKGSNGFEYFAPANTDA
NNIEGOATRYQNRFLHLLGKIYYFGNNSKAVTGWOT INGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK
APGIYGRSMHNLITGEVIVCDDKY YFNPINGGAASIGETI IDDKNYYFNQS GVLOTGYESTEDGEKY FAPAN
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TLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGY
MOKGFVSINDNKHYFDDSGVMKVGYTEIDGKHEFYFAENGEMOIGVENTEDGFKYFAHHNEDLGNEEGEEISY
SGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGEFVTINDKY
FYFSDSGIIESGVONIDDNYFYIDDNGIVQIGVEDTSDGYKYFAPANTVNDNIYGQAVEY SGLVRVGEDVY Y
FGETYTIETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYEFNEN
GEMOFGYINIEDKMFYFGEDGVMOIGVFNTPDGFKYFAHONTLDENFEGESINYTGWLDLDEKRYYFTDEY T
AATGSVIIDGEEYYFDPDTAQLVISE

SEQ ID NO:37 C-TAB.G5.1 fusion protein

VIGVEFKGPNGFEYFAPANTHNNNI EGQATVYQONKFLTLNGKKYYFDNDSKAVTGHWQTIDGKKYYFNLNTAEA
ATGWOTIDGKKYYFNLNTAEAATGWOTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVEKGPNG
FEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGSDSKAVIGLRTI DGKKYYFNTNTAVAVTGWQTINGK
KYYFNTNTSIASTGYTIISGKHFYFNTDGIMOIGYFKGPDGFEYFAPANTDANNI EGOATRYONRFLYLHDN
IYYFGNNSKAATGWVYTIDGNRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVEFKGSNGEFEYFAPANTDAN
NIEGQATRYQONRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVEA
PGIYGRSMHNLITGFVTVGDDKYYFNPINGGAASTIGETIIDDKNYYFNQSGVLOTGVEFSTEDGFKYFAPANT
LDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGINQIGDYKYYFNSDGVIM
QKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMOIGVFNTEDGFKYFAHHNEDLGNEEGEEISYS
GILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQY YENDDGIMOVGEVT INDKVE
YFSDSGITESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGOAVEYSGLVRVGEDVYYFE
GETYTIETGWIYDMENESDKYVYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMOF
GYINIEDKMEYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINY TGWLDLDEKRYYFTDEYIAATGS
YI1DGEEYYFDPDTAQLVISE
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Patentkrav

1. Immunogen sammensastning omfattende:

a) et polypeptid omfattende et isoleret Clostridium difficile-toksin A-fragment
og etisoleret C. difficile toksin B-fragment, hvor polypeptidet omfatter et toksin
A-gentagelsesdomaenefragment og et toksin B-gentagelsesdomasnefragment;
0g

b) en adjuvans omfattende en olie-i-vand-emulsion, hvor olie-i-vand-emulsio-
nen omfatter en metaboliserbar olie, en tocol og en emulgator;

hvor den immunogene sammensaetning eri en volumen egnet til human dosis,
hvilken volumen er 0,5 ml eller mere end 0,5 ml, f.eks. 0,6, 0,7, 0,8, 0,9 eller 1
ml, eller mellem 1 ml og 1,5 ml.

2. Immunogen sammensatning ifelge krav 1, hvor olie-i-vand-emulsionen om-
fatter 1-10, 2-10, 3-9, 4-8. 5-7 eller 5-6 mg metaboliserbar olie, pr. dosis.

3. Immunogen sammensatning ifelge et af kravene 1 til 2, hvor olie-i-vand-
emulsionen omfatter 0,5-11, 1-11, 2-10, 3-9, 4-8, 5-7, 5-6 mg tocol pr. dosis.

4. Immunogen sammenseaetning ifglge et af kravene 1 til 3, hvor olie-i-vand-
emulsionen omfatter 0,1-5, 0,2-5, 0,3-4, 0,4-3 eller 2-3 mg emulgeringsmiddel
pr. dosis.

5. Immunogen sammenseetning ifalge et af kravene 1 til 4, hvor den metaboli-
serbare olie er squalen.

6. Immunogen sammensaetning ifslge et af kravene 1 til 5, hvor tocolen er al-
pha-tocopherol.

7. Immunogen sammensaetning ifelge et af kravene 1 til 6, hvor emulgerings-
midlet er polyoxyethylen-sorbitanmonooleat.

8. Immunogen sammenseetning ifalge et af de foregaende krav, hvor polypep-
tidet er et polypeptid omfattende et farste fragment og et andet fragment, hvor



10

15

20

25

30

DK/EP 3513806 T5

a) det fagrste fragment er et toksin A-gentagelsesdomasnefragment;

b) det andet fragment er et toksin B-gentagelsesdomaenefragment;

c) det farste fragment har en fgrste proksimal ende;

d) det andet fragment har en anden proksimal ende; og

hvor det farste fragment og det andet fragment er hosliggende til hinanden.

9. Immunogen sammenseetning ifelge et af kravene 1 til 8, hvor polypeptidet
omfatter:

(i) SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID
NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ
ID NO:19, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31,
SEQ ID NO:32, SEQ ID NO:33 eller SEQ ID NO:34 eller SEQ ID NO:35; eller
(ii) en variant med mindst 90 %, 95 %, 98 %, 99 % eller 100 % lighed med
SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID
NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ
ID NO:19, SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31,
SEQ ID NO:32, SEQ ID NO:33 eller SEQ ID NO:34 eller SEQ ID NO:35; eller
(i) et fragment af mindst 250, 280, 300, 350, 380, 400, 430, 450, 480, 500,
530, 550, 580 eller 600 aminosyrer af SEQ ID NO:10, SEQ ID NO:11, SEQ ID
NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ
ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:28, SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33 eller SEQ ID
NO:34 eller SEQ ID NO:35.

10. Immunogen sammenseetning ifelge et af de foregdende krav, endvidere
omfattende yderligere antigener.

11. Immunogen sammensaetning ifelge et af de foregaende krav, hvor po-
lypeptidet udigser en beskyttende immunrespons hos en pattedyrsveert mod
stammer af C.difficile.

12. Vaccine omfattende den immunogene sammenseaetning ifelge et af de fo-
regdende krav og en farmaceutisk acceptabel excipiens.
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13. Immunogen sammenseetning ifalge et af de foregaende krav eller vaccine
ifelge krav 12 til anvendelse i behandling eller forebyggelse af C.difficile-syg-
dom.

14. Immunogen sammenseetning ifalge et af de foregaende krav eller vaccine
ifelge krav 12 til anvendelse i behandling eller forebyggelse af C.difficile-syg-
dom, hvor den immunogene sammensaetning eller vaccine indgives til et men-
neskeligt individ.
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DRAWINGS

Figure 1
20120336 : Hamster immunization with F2 :
100000 Adjuvant A, Adjuvant A without QS21 or Adjuvant A without MPL
ELISA anti-ToxA : concentrations (ug/mil) on individual and pooled sera on D42
10000
2213 330
1000 -+
100 -
10 4,

1 o SN S

0 .
0 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ " S s A—

Adjuvant A Adjuvant A-QS21 Adjuvant A - MPL
F2 1ug/dose F2 1pg/dose F2 1pg/dose
B Geomean 2213 77 830
20120336 : Hamster immunization with F2 :
100000 - Adjuvant A compared with Adjuvant B, Alum or non-adjuvanted ” -
ELISA anti-ToxB : concentrations {(ug/ml) on individual on D42 sera
10000
1789
1000 -4
100 -+
10 -+
1 P S— _—
0 S— —
[ S— ! N
Adjuvant A Adjuvant B AI(OH)3 non-adjuvanted
F2 1pg/dose F2 1ug/dose F2 1ug/dose F2 1pg/dose
@ Geomean 1789 225 207 11
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Figure 2
20120336 : Hamster immunization with F2 :
100000  -pr-reme-Acjutvant-A-compared-with-Adjuvant -B;-Alum-or-nen-adjuvanted
ELISA anti-ToxA : concentrations (ug/ml) on individual and pooled sera on D42
10000
2213 815
1000 -
100 +——
10 e
s —
0 4+
Adjuvant A Adjuvant B Al(OH)3 non-adjuvanted
F2 1pg/dose F2 1ug/dose F2 1ug/dose F2 1pg/dose
# Geomean 2213 312 815 49
20120336 : Hamster immunization with F2 :
100000 -4~ e Adjuvant A compared with Adjavant B, Alum oy non-adjuvanted
ELISA anti-ToxB : concentrations (ug/ml) on individual and pooled sera on D42
10000
1789
1000 - 207
11
100 -+
10 4
[ —
0 -
o — | R o —
Adjuvant A Adjuvant B Al(CH)3 non-adjuvanted
F2 1pg/dose F2 1pg/dose F2 1pg/dose F2 1pg/dose
B Geomean 1789 225 207 41
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Figure 3
20110544 and 20110545: Hamster immmunization
with a dose-range of F2 fusion proteins formulated in , AS04D, Adjuvant A, AdjuvantB or
Adjuvant C
ELISA anti-ToxA : concentrations (ug/ml) on Post | sera
10000
1000
107
194
50 84109 11 85 es 74 3336
28 36 |‘I‘ -
T -1 T 26 447 16 T
100 17 1 17d 27
12 20 J
6 6 3 ]
I . | )
1 -
Adj.C | Adj.C | Adj.C | Adj. A | Adj. A | Adj.A | Ad.B | Adj. B | Ad]. B | ASO4D | ASO4AD | AS04D
3pg lpg | 03pg | 3pg lpg | 03pg | 3pg lpg | 03pg - 3pg lpg ¢ 0.3pg
Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Agfani | Ag/ani | Ag/ani | Ag/ani
mal mal mal mal mal mal mal mal mal mal mal mal
W 544 28 17 6 84 17 6 44 27 3 63 74 33
0545 50 36 12 109 111 26 85 20 16 194 107 36
ELISA anti-ToxB : concentrations (ug/ml) on Post | sera
10000
412
1000 257 3 33224196
189 164
150 12 69
79 119
T = I .
100 -+ E T T
7
10
5
7 5 -[ 3
10 - I
1
Adj. C |Ad]. C | Ad]. A | Adj. A| Adj. A| Adj. B Adj. B | Ad]. B |{AS04D |AS04D |ASO4D
3ug | lpg |0.3ug| 3ug | lpg O3pg| 3pg | 1lug |O03pg | 3pg | lug | O03ug
Ag/ani|Ag/ani|Ag/ani|Ag/anii Ag/ani| Ag/ani Ag/ani| Ag/ani|Ag/aniiAg/ani|Ag/ani|Ag/ani
mal mal mal mal mal mal mal mal mal mal mal mal
M 544(male) 115 82 52 412 | 121 79 189 | 119 34 7 5 5
0545 (female) 178 | 257 | 150 | 391 | 383 | 224 | 196 | 164 69 27 10 3




DK/EP 3513806 T5

Figure 4
20110544 and 20110545: Hamster immunization
with a dose-range of F2 fusion proteins formulated in Adjuvant B, AS04D, Adjuvant A or
with AdjuvantC
ELISA anti-ToxA : concentrations (ug/ml) on Post Il sera
10000
762 1466 650 sag 2%
475 834 974 531424 688 818 803 (o 401
416 428 (; T 423 487
1000 101 277} 3127 2. 1387 T 21 T
100 -
10
1
Adj.C | Adj.C | Adj.C | Adj. A | Adj. A | Adj. A | Adj. B | Adj. B | Adj. B | ASO4D | AS04D
3ug lug | 0.3pug | 3ug lug | 0.3pg | 3ue lug | 03ug | 3ug lug
Ag/ani | Ag/ani | Ag/ani | Ag/ani  Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani @ Ag/ani | Ag/ani
mal mal mal mal mal mal mal mal mal mal mal
m544 475 416 191 974 530 277 312 332 138 487 597
o545 762 834 428 1466 | 1424 | 688 818 423 650 803 844
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ELISA anti-ToxB : concentrations (pg/ml) on Post Il sera
10000
1871
1555 1419 1120 1486
974 68& 104 585 34(I)_F
11
215
& 109 91
64 56
100 -+ "IL
10 +
1 "
Adj. C|Adj. C | Ad. C | Adj. A | Adj. A| Adj. A| Adj. B Adj. B | Adj. B |AS04D | ASO4D
3ug | lug | 03ug| 3pg | 1pg 103pg) 3ug | 1pg [03pg | 3pg | 1pg | 0.3ug
Ag/aniiAg/ani Ag/aniiAg/ani| Ag/ani| Ag/anil Ag/anii Ag/ani|Ag/ani | Ag/ani|Ag/anilAg/ani
mal | mal | mal | mal | mal | mal | mal mal mal | mal | mal | mal
W 544{male) 319 686 488 | 1181 | 1120 1049 | 435 401 340 64 56 28
0545 (female) ! 974 | 1555 | 1419 | 1552 | 1871 | 2386 | 585 649 | 1486 215 109 91

Figure 5
20110544 and 20110545: Hamster immunization
with a dose-range of F2 fusion proteins formulated in Adjuvant B, AS04D, Adjuvant Aor
with Adjuvant C
ELISA anti-ToxA : concentrations (ug/ml) on Post lll sera
10000
12 s 1654 1560 888 1005 794
-5 1462 688 539
m as Lo Te o]
1000 T T T 247 F T
100 -
10
1
Adj.C | Adj.C | Adj. C | Adj. A | Adj. A | Adj. A | Adj.B | Adj. B | Adj. B - AS04D | AS04D
3ug | lyg 03ug | 3ug | 1pg [ O3ug | 3ug | lug | O03ug  3ug | 1lug | 0.3ug
Ag/ani | Agfani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani Ag/ani| Ag/ani | Ag/ani
mal mal mal mal mal mal mal mal mal mal mal mal
m 544, 449 674 471 1462 | 720 688 247 486 266 662 599 566
0545 642 814 667 1654 | 1020 | 1560 | 800 539 888 923 1005 | 794
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ELISA anti-ToxB : concentrations (ug/ml) on Post lIl sera
10000
73 944
6cs 831 159131116 1172 512
612 5%5q 828 556 5%
1000 -7 T 335 =
145 134
182
100 -+~
10 - - -
Adj. C | Ad]. C | Adj. A | Adj. A| Adj. A| Adj. B | Adj. B AS04D | AS04D | ASO4D
3ug  lug O3pg| 3ug | lug 03pg | 3ug | 1pg 3ug | 1lug |0.3ug
Ag/aniAg/ani|Ag/ani|Ag/ani| Ag/ani;Ag/fani|Ag/ani | Ag/aniiAg/aniAg/ani| Ag/aniiAg/ani
mal | mal mal mal | mal | mal | mal | mal mal | mal mal | mal
H 544{male) 630 612 594 | 1259 | 1116 | 1172 | 335 426 512 67 86 51
0545 (female)| 568 ; 831 | 550 | 1213 | 828 | 1273 | 556 | 695 © 944 = 182 | 145 | 134

Figure 6
20110544 and 20110545: Hamster immunization
with a dose-range of F2 fusion proteins formulated in Adjuvant B, AS04D, Adjuvant A or with
Adjuvant C
ELISA anti-ToxA : concentrations {ug/ml) on Post lll D87 sera
10000
717
211 o 578 417 414 337
1000 213 _,33909 401 35? 356 307 311 154 353 757
169 251 183 266

106
_ 70
T

100

10 -

‘Adj.C Adj.C | Adj.C | Adj.A | Adj.A | Adj.A | Adj.B | Adj.B | Adj. B | AS04D | ASO4D AS04D

3ug lpg | 03pg | 3pg lpg | O3ug | 3pg lug © O3pg | 3ug lug | 0.3pg
Ag/ani | Ag/ani | Ag/ani | Agfani | Ag/ani | Ag/ani | Ag/ani ; Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani

mal mal mal mal mal mal mal mal mal mal mal mal
m544; 213 239 169 357 356 307 106 70 154 182 257 266

0545, 311 309 401 595 578 717 311 251 417 353 414 337
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S i- : y i
10000 ELISA anti-ToxB : concentrations (ug/ml) on Post Il D87 sera
435
318 440 392
1000 291 299 328 360 295
250 374
195 5. 299 13 211
/8 T 70& o M a1
15
100. - T 1 s
10
1
Adj. C | Ad].C | Adj.C | Ad]. A Adj. A | Adj. A | Ad].B | Adj. B | Ad]. B | ASO4D | ASO4D
3ug | 1pg [ 03pg | 3ug  1ug [ 03pg | 3pg | lug [ 03pg . 3ug | lpg | 03pg
Ag/ani | Ag/ani | Ag/ani | Ag/ani  Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani Ag/ani | Ag/ani | Ag/ani
mal mal mal mal mal mal mal mal mal mal mal mal
W 544(male) 291 195 145 299 360 440 78 70 315 24 25 15
1545 (female}| 250 299 328 318 374 435 134 211 392 60 41 41

Figure 7
20110544 : Hamster immunization
with a dose-range of F2 fusion proteins formulated in Adjuvant B, AS04D, Adjuvant A or
with AdjuvantC
10000 ELISA - anti-TLoxA concentrations (”g/ml) on.-Post I! L.and.lll.cera

1462
720 27?88 2 59999
1000 WWAMQW%WWWM 530 T TT
19
100 e
6
10
1 - [
Adj. C AS04D ; AS04D
0.3ug 0.3pg | 3ug lpg | 03ug
Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani | Ag/ani
mal mal mal mal mal mal mal mal mal mal mal mal
® Post | 28 17 6 84 17 6 44 27 3 68 74 33
mPostll, 475 416 io1 974 530 277 312 332 138 487 597 401
0J42 449 674 471 1462 720 688 247 486 266 662 599 566
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ELISA anti-ToxB : concentrations (j.g/ml) on Post |, I and Ill sera
10000
1259 1116 1049
488 1181 1120 1172
1000 630 68817 504 412
1152
100
10
1 - -
Adj.C | Adj.C | Adj.C | Adj. A | Adj. A
3ug lyg  O3ug | 3ug lpg -
Ag/ani | Ag/ani @ Ag/ani | Ag/ani | Agfani | Ag/ani | Ag/ani | Ag/ani . Agfani | Ag/ani | Ag/ani | Ag/ani
mal mal. |} mal mal mal mal mal mal mal mal mal mal
@ Postl | 115 82 52 412 121 79 189 119 34 7 5 5
B Postll; 319 686 438 1181 | 1120 | 1049 435 401 340 64 56 28
0Jaz 630 612 594 1259 | 1116 | 1172 335 426 512 67 86 51
Figure 8
20120008 and 20120011 : Female and Male hamster immunization. Comparison of the immunogenicity of a Mix
[ToxA+ToxB) with the F2 fusion protein formulated in Alum or Adjuvant A
ELISA anti-ToxA : concentrations (ug/ml) on individual Post Ill sera
10000
2310 3234
823
1000
101 144
42
100
10
1
) ! ) non-
Al(OH)3 Al{OH)3 Adjuvant A Adjuvant A Adjuvant A adjuvanted
Mix ToxA Mix ToxA
{0.6pg)+ToxB( F2 (1pg) (0.61)+ToxB( F2 (1pg) F2-His (1ug) F2 {1pg)
0.4ug) 0.4pg)
# Geomean 101 823 144 2310 3234 42
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ELISA anti-ToxB : concentrations (pg/ml) on individual Post Ill sera

10000 T
1834 2210
1000 297
100
100
10
1
Al(OH)3 AI(OH)3 Adjuvant A | AdjuvantA | AdjuvantA non-
adjuvanted
Mix ToxA Mix ToxA
(0.6pg)+ToxB( F2 (1pg) (0.6ug)+ToxB( F2 (1pg) F2-His (1pg) F2 (1ug)
0.4ug) 0.4ug)
B Geomean 61 297 2228 1834 2210 100
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Figure 9
20100673 : Mice immunization with C. difficile ToxA-Cter, ToxB-Cter and fusion proteins 2d
generation formulated in Adjuvant B
ELISA anti-ToxA : cancentrations (pg/ml) on Post Il sera
10000
1215 1073 937 839 1475 4160 929 1061 g79 1277
1000 By g
100
10 ~
1
E | E 3 a 3 2 a 2 3 3 ? & a &
-~ ~ o o o o] =} s} o o o o o o >
Y] of o k) ke} ) ° hs} o S ke ke} ke o =
<< 3 3 (B P D B D | D || | > S
X X < < << < <t <L < << < < < < k=
A ) ag ap 0o ap ap o ap o g g o 2o &
= = 3 3 3 = = 3 =1 3 3 3 3 3 s
(@] o o (@] (@) [a3] [e2] o m m [42] m =]
&
ToxA | ToxB| F1 F2 F3 F4 F5 :ToxA |ToxB | F1 F2 F3 FA F5
(aa | (a2 (aa | (a3
2387-{1750- 2387-11750-
2706),2360) 2706)2360)
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Figure 10
Post Il
20100873 : Mice immunization with C. difficile ToxA-Cter,
ToxB-Cter and fusion proteins 2d generation formulated in Adjuvant B
Inhibition hemagalutination assay : mid-point titers on Post lll sera
10000 5120 7680.
3840 3840
1280 1920 1920
1000 - s
100 A L0 -
10
1 - - - .
! 3 3 4 & a ] &4 3 & 3 4 % 3
o] o ] o Q o Q o =] o Q Q o [s] =
el N T o el o o o =l el o Rl Nel o =1
&2 2/ 2|22 2/ & 222 2 2L 2
o] oo o 0o D] [sT) o1 Lo [s1s) 1) an s g oo @
3 1 5 3 =5 = = 1 = = =4 =1 = 1 g
o (@] (@) (@) Q o o m 23] m m on on [4) =
)
ToxA | ToxB F1 F2 F3 F4 F5 | ToxA | ToxB : Fl1 F2 F3 F4 F5 !
{aa (aa (aa {aa
2387- 1 1750- i 2387-| 1750-
2706) | 2360) 12706) | 2360)
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Figure 11
20100673 : Mice immunization with C. difficile ToxA-Cter, ToxB-Cter and fusion proteins 2nd
generation formulatad in Adjuvant B
ELISA anli-ToxB : cuncenlrations (pg/ml) on PosL Il serd
10000

2466 1709

1000

100 -

10 ~

10ug Ag/dose
10ug Ag/dose
10ug Ag/dose
10ug Ag/dose
10ug Ag/dose
10ug Ag/dose
10ug Ag/dose
3ug Ag/dose
3ug Ag/dose
3ug Ag/dose
3ug Ag/dose
3ug Ag/dose
3ug Ag/dose
3ug Ag/dose
adjuvant only
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Figure 12
20100673 : Mice immunization with C. difficile ToxA-Cter, ToxB-Cter
and fusion proteins 2nd generation formulated in Adjuvant B
Cytotoxicity inhibition ToxB Assay: mid-point titers on Post lll sera
10000
640
1000 55

320

100

10

-
.

10ug Ag/dose
10ug Ag/dose
10ug Ag/dose ‘
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10pg Ag/dose
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Figure 13
20110350 : Mice immunization
10000 with C. difficile fusion proteins from the 3d generation formulated in Adjuvant B
ELISA anti-ToxA : concentrations (ug/ml) on Post Il sera
764 937 841 704 761
1000 T
126
100
10
1
IM IM IM IM IM IM
Adjuvant B Adjuvant B Adjuvant B Adjuvant B Adjuvant B .non-
adjuvanted
3ug 3ug 3ug 3ug 3ug loui:l:%g) A
Ag/animal Ag/animal Ag/animal Ag/animal Ag/animal Ag/animal
F2 2nd Fusion A 3d Fusion B 3d Fusion C 3d Fusion D 3d Mix ToxA +
generation generation generation generation generation ToxB
 Geomean 764 937 841 704 761 126
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Figure 14
ELISA anti-ToxB : concentrations (ug/ml) on Post Il sera
10000
1661
1000
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1
Adjuvant B Adjuvant B Adjuvant B Adjuvant B Adjuvant B .non—
adjuvanted
10ug (6ug A+
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Ag/animal Ag/animal Ag/animal Ag/animal Ag/animal Ag/animal
F2 2nd F52new 3d F54Gly 3d F54new 3d F5 ToxB 3d Mix ToxA +
generation generation generation generation generation ToxB
# Geomean 765 688 581 611 653 1661
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Figure 15
Mice immunization with C. difficile fusion proteins formulated in Adjuvant B
Hemagglutination inhibition assay : inhibition titers on Post Ill pooled sera
10000
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Figure 16
Mice immunization with C. difficile fusion proteins formulated in Adjuvant B
Cytotoxicity inhibition assay on HT29 cells : inhibition titers on Post lll pooled sera
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Figure 17
Mice immunization
with C. difficile fusion proteins formulated in Adjuvant B
Cytotoxicity inhibition assay on IMR90 cells {for ToxB) : inhibition titers on Post Il pooled sera
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1 £ o
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Figure 22
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cD

Far-UV CD of ToxA-ToxB fusions
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Figure 23
Near-UV CD of ToxA-ToxB fusions
2
0
250 260 265 270 275 280 285 290 295 300
22 Pt
/.ﬁf ——f2v2n
" W A7
. Y ——f4n
v od
W/ ——f5n
8 \/\\//
-10 V¢
-12
Wavelength (nm)




DK/EP 3513806 T5

Figure 24
Far UV CD of new fusion proteins
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Figure 25

Near UV CD of new constructs
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.
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