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(57) ABSTRACT

The present invention relates in general to the field of
immunization, and particularly, an immunogenic prepara-
tion against Clostridium difficile infection (CDI), and a
method for generating immunity against CDI by adminis-
tering the immunogenic preparation to a subject in need. The
present invention is useful for prevention and treatment of
CDI and associated disease or disorder.
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IMMUNOGENIC PREPARATIONS AND
METHODS AGAINST CLOSTRIDIUM
DIFFICILE INFECTION

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provi-
sional application No. 62/746,769, filed Oct. 17, 2018 under
35 U.S.C. § 119, the entire content of which is incorporated
herein by reference.

TECHNOLOGY FIELD

[0002] The present invention relates in general to the field
of immunization, and particularly, an immunogenic prepa-
ration against Clostridium difficile infection (CDI), and a
method for generating immunity against CDI by adminis-
tering the immunogenic preparation to a subject in need. The
present invention is useful for prevention and treatment of
CDI and associated diseases or disorders.

BACKGROUND OF THE INVENTION

[0003] Clostridium difficile infection (CDI) is a gram-
positive spore-forming anaerobic bacterium which causes
diseases in humans and animals such as pigs, horses and
cattle. Specifically, due to the imbalance of intestinal micro-
flora by antibiotic therapies used during hospitalization, CDI
often causes the opportunistically nosocomial infection in
hospitalized patients. CDI often results in Clostridium dif-
ficile-associated disease (CDAD), such as diarrhea,
pseudomembranous colitis, and toxic megacolon [1,2]. As
the significant increase in multi-drugs resistance, CDI has
recently become a serious emerging infectious disease
worldwide [3], which causes not only a risk to public health
but also significant economic loss in livestock production.
[0004] The pathogenicity of C. difficile is largely mediated
by two clostridial toxins, toxin A and toxin B (TcdA and
TcdB), which are secreted in the gastrointestinal environ-
ment of infected hosts and disrupt the epithelial cell barriers
in the small intestine [7]. Both toxins consist of holotoxins
with multi-functional domains that mediate C. difficile
pathogenesis. The mechanism underlying TcdA and TcdB
toxicity involves three steps: (a) binding to unidentified
receptor protein(s) on the surface of intestinal epithelium
and internalization through its C-terminal receptor binding
domain, (b) auto-cleavage and translocation of the N-termi-
nal glucosyltransferase domain to the cytosol from the
endosomal membrane; and (c) the N-terminal enzymatic
region that inactivates the Rho GTPase family by glycosy-
lation [7],[8].

[0005] Passive immunization with anti-toxin antibodies
has been shown to confer protection against CDI in animal
models and Ted A-specific monoclonal antibodies have been
tested in clinical trials [13]-[15]. In addition, different C.
difficile (Cd) vaccine strategies are evaluated; including
vaccination with formalin-inactivated bacteria or Cd toxin A
[16]-[19]. However, by means of formalin inactivation, the
important protective epitopes of the antigens could be
destroyed, leading to lack of protection in vivo as a result.
Immunization with the receptor binding domain (RBD) of
individual C. difficile toxin as an antigen formulated with
different adjuvants has been shown to elicit toxin-neutral-
izing antibody responses and protect mice from toxin or Cd
bacteria challenges [20]-[26]. In another study [31], a TcdB
RBD was designed and expressed in E. coli. Recombinant
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TedB RBD (B-rRBD) was purified, and found that it failed
to induce sufficient protection against a lethal dose of C.
difficile spores in the hamsters challenge model, especially in
the absence of adjuvant.

[0006] There is still a need to develop an effective
approach against CDI and associated diseases or disorders.

SUMMARY OF THE INVENTION

[0007] In this invention, it is disclosed for the first time
that a combination of receptor-binding domains (RBD) of
toxin A (TcdA) and B (TedB) of C. difficile, each of which
is lipidated, is effective in producing protective immunity
against Clostridium difficile infection (CDI).

[0008] Therefore, in one aspect, the present invention
provides an immunogenic preparation against Clostridium
difficile infection (CDI), comprising (i) a lipidated receptor-
binding domain of C. difficile toxin A (lipo-A-RBD) poly-
peptide and (ii) a lipidated receptor-binding domain of C.
difficile toxin B (lipo-B-RBD) polypeptide, in an amount
effective to induce protective immunity against CDI.
[0009] In another aspect, the present invention provides a
method for generating protective immunity against CDI in a
subject in need, comprising administering to the subject an
effective amount of an immunogenic preparation as
described herein. The method of the present invention is also
effective in treating or preventing a disease or disorder
associated with CDI. Also provided is use of a preparation
comprising (i) a lipidated receptor-binding domain of C.
difficile toxin A (lipo-A-RBD) polypeptide and (ii) a lipi-
dated receptor-binding domain of C. difficile toxin B (lipo-
B-RBD) polypeptide for manufacturing a medicament (e.g.
a vaccine) for generating protective immunity against CDI
and for preventing a disease or disorder associated with CDI.
[0010] Specifically, the lipo-A-RBD polypeptide com-
prises a receptor-binding domain of C. difficile toxin A
(A-RBD) polypeptide modified with a first lipid moiety,
and/or the lipo-B-RBD polypeptide comprises a receptor-
binding domain of C. difficile toxin B (B-RBD) polypeptide
modified with a second lipid moiety.

[0011] Insome embodiments, the first lipid moiety and the
second lipid moiety are different or the same.

[0012] In some embodiments, each of lipid moieties com-
prises one or more lipid molecules selected from the group
consisting of palmitoyl, stearoyl, decanoyl, and any combi-
nation thereof.

[0013] In some embodiments, the A-RBD polypeptide
comprises an amino acid sequence at least 85% (e.g., 90%,
95%, 96%, 97%, 98% or 99%) identical to SEQ ID No: 2.
In one embodiment, the A-RBD polypeptide comprises the
amino acid sequence of SEQ ID NO: 2.

[0014] In some embodiments, the B-RBD polypeptide
comprises an amino acid sequence at least 85% (e.g., 90%,
95%, 96%, 97%, 98% or 99%) identical to SEQ ID No: 4.
In one embodiment, the B-RBD polypeptide comprises the
amino acid sequence of SEQ ID NO: 4.

[0015] In some embodiments, the lipo-A-RBD polypep-
tide or the lipo-B-RBD polypeptide contains a lipid-box
signal sequence at the N-terminal.

[0016] In some embodiments, the immunogenic prepara-
tion of the present invention further comprises a pharma-
ceutically acceptable carrier.

[0017] In some embodiments, the immunogenic prepara-
tion of the present invention includes a further component as
an adjuvant.
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[0018] In some embodiments, the immunogenic prepara-
tion of the present invention does not include a further
component as an adjuvant.

[0019] Examples of a disease or disorder associated with
CDI include but are not limited to diarrhea, pseudomem-
branous colitis, and toxic megacolon.

[0020] The details of one or more embodiments of the
invention are set forth in the description below. Other
features or advantages of the present invention will be
apparent from the following detailed description of several
embodiments, and also from the appending claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The foregoing summary, as well as the following
detailed description of the invention, will be better under-
stood when read in conjunction with the appended drawings.
For the purpose of illustrating the invention, there are shown
in the drawings embodiments which are presently preferred.
It should be understood, however, that the invention is not
limited to the precise arrangements and instrumentalities
shown.

[0022]

[0023] FIG. 1 shows the constructions of two plasmids
expressing tcdA-RBD and tcdB-RBD in E. cofi system. The
nucleotide fragment sequences encoding rlipo-A-RBD
(SEQ ID NO: 1) and rlipo-B-RBD (SEQ ID NO: 3) are listed
in the text.

[0024] FIG. 2 shows the ELISA results (IgG titer against
A-rRBD) that were determined with antisera obtained from
different groups of mice immunized with different amounts
of rlipo-A-RBD (Al)+rlipo-B-RBD (B1) combinations.

[0025] FIG. 3 shows the ELISA results (IgG titer against
B-rRBD) that were determined with antisera obtained from
different groups of mice immunized with different amounts
of rlipo-A-RBD (Al)+rlipo-B-RBD (B1) combinations.

[0026] FIG. 4 shows the ELISA results (IgG titer against
A-rRBD) that were determined with antisera obtained from
different groups of hamsters immunized with different
amounts of rlipo-A-RBD (Al)+rlipo-B-RBD (B1) combi-
nations.

[0027] FIG. 5 shows the ELISA results (IgG titer against
B-rRBD) that were determined with antisera obtained from
different groups of hamsters immunized with different
amounts of rlipo-A-RBD (Al)+rlipo-B-RBD (B1) combi-
nations.

[0028] FIG. 6 shows C. difficile spore challenge in hamster
model studies. Different groups of hamsters (n=6) were
gastrically inoculated with >100 CFU of VPI110463 strain of
C. difficile (the dose can kill >50% of hamsters) at 2 weeks
after the third immunization with rlipo-A-RBD (Al)+rlipo-
B-RBD (B1) combinations. The final survival rates were
reported.

[0029] FIG. 7 shows C. difficile spore challenge in hamster
model studies. Different groups of hamsters (n=6) were
gastrically inoculated with >100 CFU of different strains
(VPI10463, 630, R20291 and M120) of C. difficile (the dose
can kill >50% of hamsters) at 2 weeks after the third
immunization with rlipo-A-RBD (Al)+rlipo-B-RBD (B1)
combinations. The final survival rates were reported.

In the drawings:
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DETAILED DESCRIPTION OF THE
INVENTION

[0030] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by a person skilled in the art to which this
invention belongs.

[0031] As used herein, the singular forms “a”, “an”, and
“the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent” includes a plurality of such components and equiva-
lents thereof known to those skilled in the art.

[0032] The term “comprise” or “comprising” is generally
used in the sense of include/including which means permit-
ting the presence of one or more features, ingredients or
components. The term “comprise” or “comprising” encom-
passes the term “consists” or “consisting of.”

[0033] As used herein, the term “polypeptide” refers to a
polymer composed of amino acid residues linked via peptide
bonds. For example, a polypeptide can be a polymer com-
posed of linked amino acids e.g. about 1,000 amino acids or
less in length.

[0034] As used herein, the term “about” or “approxi-
mately” refers to a degree of acceptable deviation that will
be understood by persons of ordinary skill in the art, which
may vary to some extent depending on the context in which
it is used. In general, “about” or “approximately” may mean
a numeric value having a range of £10% around the cited
value.

[0035] As used herein, the term “pharmaceutical prepara-
tion” can refer to pharmaceuticals in any forms, for example,
a composition, a combination or a kit. A composition can
refer to a homogenous mixture, for example, in a form e.g.
tablets, capsules, pills, powders, granules, solutions, suspen-
sions and emulsions and any pharmaceutical acceptable
forms. A combination can refer to a product obtained from
combining two or more active ingredients which are present
physically separately in one or more packaging units for
time-sequential administration. A kit can refer to a collection
or set of the aforementioned pharmaceutical preparation,
preferably, provided in separate form within a single con-
tainer. The container, also preferably, comprises instructions
for using such pharmaceutical preparation or carrying out
the methods of the present invention.

[0036] As used herein, the term “individual” or “subject”
includes human or non-human animals, for example, com-
panion animals (such as dogs, cats and the like), farm
animals (such as cattle, sheep, pigs, horses, etc.), or labo-
ratory animals (such as rats, mice, guinea pigs, etc.).
[0037] As used herein, “corresponding to,” refers to a
residue at the enumerated position in a protein or peptide, or
a residue that is analogous, homologous, or equivalent to an
enumerated residue in a protein or peptide.

[0038] As used herein, the term “substantially identical”
refers to two sequences having more than 85%, preferably
90%, more preferably 95%, and most preferably 100%
homology.

[0039] As used herein, the term “lipopeptide” or “lipidated
polypeptide” as used herein refers to a polypeptide, prefer-
ably an immunogenic polypeptide, modified with (e.g. cova-
lently linked to) a lipid residue or moiety.

[0040] As used herein, the term “Toxin A (TcdA)” refers
to a toxin A polypeptide from C. difficile. The term “TcdA-
RBD” or “A-RBD” or “A-RBD polypeptide” refers to the
receptor binding domain of Toxin A. A A-RBD polypeptide
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described herein can be a naturally occurring protein of any
suitable species e.g. VPI 10463, 630 and R20291. In some
embodiments, a A-RBD polypeptide as described herein
includes an amino acid sequence set forth in SEQ ID NO: 2
(VPI 10463). In some other embodiments, a A-RBD poly-
peptide as described herein may be a naturally occurring
protein that is highly homologous to SEQ ID NO:2, for
example, sharing at least 85% sequence identity in the entire
length (e.g., at least 90%, at least 93%, at least 95%, or at
least 97%). Such A-RBD polypeptide can be readily iden-
tified from publically available gene database (e.g., Gen-
Bank) using SEQ ID NO:2 as a query.

[0041] As used herein, the term “Toxin B (TcdB)” refers
to a toxin B polypeptide from C. difficile. The term “TcdB-
RBD” or “B-RBD” or “B-RBD polypeptide” refers to the
receptor binding domain of Toxin B. A B-RBD polypeptide
described herein can be a naturally occurring protein of any
suitable species e.g. VPI 10463, 630 and R20291. In some
embodiments, a B-RBD polypeptide as described herein
includes an amino acid sequence set forth in SEQ ID NO: 4
(VPI 10463). In some other embodiments, a B-RBD poly-
peptide as described herein may be a naturally occurring
protein that is highly homologous to SEQ ID NO:4, for
example, sharing at least 85% sequence identity in the entire
length (e.g., at least 90%, at least 93%, at least 95%, or at
least 97%). Such B-RBD polypeptide can be readily iden-
tified from publically available gene database (e.g., Gen-
Bank) using SEQ ID NO: 4 as a query.

[0042] To determine the percent identity of two amino
acid sequences, the sequences are aligned for optimal com-
parison purposes (e.g., gaps can be introduced in the
sequence of a first amino acid sequence for optimal align-
ment with a second amino acid sequence). In calculating
percent identity, typically exact matches are counted. The
determination of percent homology or identity between two
sequences can be accomplished using a mathematical algo-
rithm known in the art, such as BLAST and Gapped BLAST
programs, the NBLAST and XBLAST programs, or the
ALIGN program.

[0043] It is understandable that a polypeptide may have a
limited number of changes or modifications that may be
made within a certain portion of the polypeptide irrelevant
to its activity or function and still result in a variant with an
acceptable level of equivalent or similar biological activity
or function. The term “acceptable level” can mean at least
20%, 50%, 60%, 70%, 80%, or 90% of the level of the
referenced protein as tested in a standard assay as known in
the art. Biologically functional variant polypeptides are thus
defined herein as those polypeptides in which certain amino
acid residues may be substituted. Polypeptides with different
substitutions may be made and used in accordance with the
invention. Modifications and changes may be made in the
structure of such polypeptides and still obtain a molecule
having similar or desirable characteristics. For example,
certain amino acids may be substituted for other amino acids
in the peptide/polypeptide structure without appreciable loss
of activity.

[0044] The polypeptide of the present invention may be
produced by chemical synthesis using techniques well
known in the chemistry of proteins such as solid phase
synthesis or synthesis in homogenous solution.

[0045] Typically, the polypeptide of the present invention
may be prepared using recombinant techniques. In this
regard, a recombinant nucleic acid comprising a nucleotide
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sequence encoding a polypeptide of the present invention
and host cells comprising such recombinant nucleic acid are
provided. The host cells may be cultured under suitable
conditions for expression of the polypeptide of interest.
Expression of the polypeptides may be constitutive such that
they are continually produced or inducible, requiring a
stimulus to initiate expression. In the case of inducible
expression, protein production can be initiated when desired
by, for example, addition of an inducer substance to the
culture medium, for example, isopropyl p-D-1-thiogalacto-
pyranoside (IPTG) or methanol. Polypeptide can be recov-
ered and purified from host cells by a number of techniques
known in the art, for example, chromatography e.g., HPLC
or affinity columns.

[0046] In some embodiments, the polypeptide of the pres-
ent invention can be said to be “isolated” or “purified” if it
is substantially free of cellular material or chemical precur-
sors or other chemicals that may be involved in the process
of peptide preparation. It is understood that the term “iso-
lated” or “purified” does not necessarily reflect the extent to
which the polypeptide has been “absolutely” isolated or
purified e.g. by removing all other substance s (e.g., impu-
rities or cellular components). In some cases, for example,
an isolated or purified polypeptide includes a preparation
containing the peptide having less than 50%, 40%, 30%,
20% or 10% (by weight) of other proteins (e.g. cellular
proteins), having less than 50%, 40%, 30%, 20% or 10% (by
volume) of culture medium, or having less than 50%, 40%,
30%, 20% or 10% (by weight) of chemical precursors or
other chemicals involved in synthesis procedures.

[0047] As used herein, the term “a lipo-A-RBD polypep-
tide” refers to an A-RBD polypeptide modified with a lipid
moiety (containing at least one preferably two or more lipid
molecules).

[0048] As used herein, the term “a lipo-B-RBD polypep-
tide” refers to a B-RBD polypeptide modified with a lipid
moiety (containing at least one preferably two or more lipid
molecules).

[0049] In some embodiments, a lipo-A-RBD polypeptide
or a lipo-B-RBD polypeptide as described herein contains a
lipid-box signal sequence at the N-terminal. This signal
peptide can be remodified during the lipidation process by E.
coli enzymes. Bacterial lipoproteins (BLPs) are character-
ized by the presence of a lipobox motif, which is located in
the C-terminal part of their leader peptide and contains a
conserved cysteine residue, which is the target for N-acyl-
S-diacylglyceryl-cysteinyl modification (Hantke & Braun,
1973). Modification of the precursor protein is mediated by
the consecutive activity of three enzymes: the phosphatidyl-
glycerol-preprolipoprotein  diacylglyceryl  transferase
responsible for adding a diacylglycerol residue to the thiol
group of the lipobox cysteine, the prolipoprotein signal
peptidase/signal peptidase I which subsequently cleaves the
lipidation signal sequence and the phospholipid-apolipopro-
tein N-acyltransferase which completes lipid modification
(Hantke & Braun, 1973; Rezwan, Grau, Tschumi, & Sander,
2007).

[0050] According to the present invention, an effective
amount of the active ingredient may be formulated with a
physiologically (or pharmaceutically) acceptable carrier into
a composition of an appropriate form for the purpose of
delivery or storage. The composition of the present inven-
tion particularly comprises about 0.1% by weight to about
100% by weight of the active ingredient, wherein the
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percentage by weight is calculated based on the weight of
the whole composition. In some embodiments, the compo-
sition of the present invention can be a pharmaceutical
composition or medicament for treatment or an immuno-
genic composition for generating anti-viral immunity.
[0051] As used herein, the term “acceptable” can mean
that the carrier is compatible with the active ingredient in the
composition, and preferably can stabilize said active ingre-
dient and is safe to the receiving individual. Said carrier may
be a diluent, vehicle, excipient, or matrix to the active
ingredient. Acceptable carriers may comprise buffers such as
phosphate, citrate, and other organic acids; antioxidants
including ascorbic acid and methionine; preservatives (such
as octadecyldimethylbenzyl ammonium chloride; hexam-
ethonium chloride; benzalkonium chloride, phenol, butyl or
benzyl alcohol; catechol; resorcinol; cyclohexanol; 3-pen-
tanol; and m-cresol); low molecular weight (less than about
10 residues) polypeptides; proteins, such as serum albumin
or gelatin; hydrophilic polymers such as polyvinylpyrroli-
done; amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; chelating agents such as
EDTA; sugars such as glucose, sucrose, mannitol, trehalose
or sorbitol; and/or surfactants such as polyoxyethylenesor-
bitans (e.g., TweenTM 20, 40, 60, 80 or 85), and other
sorbitans (e.g. Span.TM. 20, 40, 60, 80 or 85) or polyeth-
ylene glycol (PEG). The composition of the present inven-
tion can provide the effect of rapid, continued, or delayed
release of the active ingredient after administration to the
patient.

[0052] The compositions to be used as a pharmaceutical
composition for in vivo administration are typically sterile.
This may be accomplished by, for example, by filtration
through sterile filtration membranes. In some embodiments,
therapeutic compositions may be placed into a container
having a sterile access port, for example, an intravenous
solution bag or vial having a stopper pierceable by a
hypodermic injection needle.

[0053] In some embodiments, the immunogenic prepara-
tion of the present invention comprising a combination of a
lipo-A-RBD polypeptide and a lipo-B-RBD polypeptide can
further comprise an adjuvant. Typical examples of adjuvants
to enhance effectiveness of a vaccine composition include,
but are not limited to, aluminum salts, oil-in-water emulsion
formulations, saponin adjuvants, complete Freund’s adju-
vant (CFA) and incomplete Freund’s adjuvant (IFA).
[0054] In some embodiments, the preparation of the pres-
ent invention does not include a further component as an
adjuvant.

[0055] According to the present invention, a lipo-A-RBD
polypeptide and a lipo-B-RBD polypeptide are present at a
proper ratio 0o 0.1:1 to 1:0.1 (by weight) in the immunogenic
preparation of the present invention. In some embodiments,
the ratio is about 1:1 (by weight).

[0056] The preparation described herein may be in unit
dosage forms such as tablets, pills, capsules, powders,
granules, solutions or suspensions, or suppositories. The
preparation can be administered to a subject (e.g., a human)
in need of the treatment via a suitable route such as orally,
parenterally (e.g. intramuscularly, intravenously, subcutane-
ously, and intraperitoneally), nasally, rectally, transdermally
or inhalationally.

[0057] In particular, injectable preparation may contain
various carriers such as vegetable oils, dimethylactamide,
dimethyformamide, ethyl lactate, ethyl carbonate, isopropyl
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myristate, ethanol, and polyols (glycerol, propylene glycol,
liquid polyethylene glycol, and the like). Physiologically
acceptable excipients may include, for example, 5% dex-
trose, 0.9% saline, Ringer’s solution or other suitable excipi-
ents. In some embodiments, intramuscular preparations,
e.g., a sterile formulation of a suitable soluble salt form of
the antibody, can be dissolved and administered in a phar-
maceutical excipient such as Water-for-Injection, 0.9%
saline, or 5% glucose solution.

[0058] In some embodiments, the immunogenic prepara-
tion of the present invention can be provided as a particulate
system. The particulate system can be a microparticle, a
microcapsule, a microsphere, a nanocapsule, or similar
particle.

[0059] The present invention provides a method for gen-
erating immunity against CDI by administering to a subject
in need an effective amount of a preparation comprising a
lipo-A-RBD polypeptide and a lipo-B-RBD polypeptide as
described herein. The method of the present invention is
useful in prevention and treatment of CDI and associated
diseases.

[0060] Examples of diseases or conditions associated with
CDI include, without limitation, diarrhea, pseudomembra-
nous colitis, and toxic megacolon.

[0061] To practice the method disclosed herein, an effec-
tive amount of an immunogenic preparation described
herein can be administered to a subject (e.g., a human) in
need of the treatment via a suitable route. “An effective
amount” as used herein refers to the amount of each active
agent required to confer therapeutic effect on the subject,
either alone or in combination with one or more other active
agents. In some embodiments, the “effective amount” used
herein can be the amount of the lipopeptides sufficient to
generate or induce an immune response against a pathogen
(e.g. C. difficile) or an antigen (e.g., toxins A or B of C.
difficile) in the recipient thereof. The lipopolypeptides as
described herein can be administered to a subject in need
simultaneously or sequentially. The term “immune
response” may include, but is not limited to, a humoral
response and a cell mediated immune response e.g. CD** or
CD?* cell activation. In some embodiments, the “effective
amount” used herein can be the amount of an antibody to, for
example, sufficient to target to the corresponding pathogen
(e.g. C. difficile) and to treat associated diseases or condi-
tions. Effective amounts vary, as recognized by those skilled
in the art, depending on the particular condition being
treated, the severity of the condition, the individual patient
parameters including age, physical condition, size, gender
and weight, the duration of the treatment, the nature of
concurrent therapy (if any), the specific route of adminis-
tration and like factors within the knowledge and expertise
of the health practitioner. These factors are well known to
those of ordinary skill in the art and may be addressed with
no more than routine experimentation. In some embodi-
ments, a maximum dose of the individual components or
combinations thereof may be used, that is, the highest safe
dose according to sound medical judgment. It will be
understood by those of ordinary skill in the art that a patient
may insist upon a lower dose or tolerable dose for medical
reasons, psychological reasons or for virtually any other
reason.

[0062] The subject to be treated by the methods described
herein can be a mammal, more preferably a human. A human
subject who needs the treatment may be a human patient
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having, at risk for, or suspected of having a target disease/
disorder, such as C. difficile infection. A subject suspected of
having any of such target disease/disorder might show one
or more symptoms of the disease/disorder. A subject at risk
for the disease/disorder can be a subject having one or more
of the risk factors for that disease/disorder. A subject sus-
ceptible to CDI can be identified by methods known in the
art and administered a composition of the invention. The
dose of the composition depends, for example, on the
particular antigen, whether an adjuvant is co-administered,
and the type of adjuvant co-administered, the mode and
frequency of administration, as can be determined by one
skilled in the art. Administration is repeated as necessary, as
can be determined by one skilled in the art. For example, a
priming dose can be followed by two or three booster doses
at weekly intervals or every two weeks.

[0063] The present invention is further illustrated by the
following examples, which are provided for the purpose of
demonstration rather than limitation. Those of skill in the art
should, in light of the present disclosure, appreciate that
many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

Examples

[0064] To develop an effective recombinant subunit vac-
cine against CDI, in this invention, A-rRBD and B-rRBD
were lipidated (rlipo-A-RBD and rlipo-B-RBD) and
expressed in E. coli. The purified rlipo-A-RBD and rlipo-
B-RBD were further characterized immunologically and
found to be highly efficacious vaccine candidates against
CDAD and not require formulations with other adjuvants.

[0065] 1. Material and Methods
[0066] 1.1 Constructs for Producing rlipo-RBD
[0067] The plasmid containing rlipo-A-RBD was con-

structed based on the pET-22b (+) vector using NedI and
Xho T sites as previously described [32]. Using a similar
method, the plasmid containing rlipo-B-RBD was con-
structed as well. See FIG. 1. In brief, the 3'-end of either
A-rRBD or B-rRBD was fused with the sequence containing
a polyhistidine tag and Xhol restriction enzyme site [30].
The 5' terminus was fused to an E. coli. lipid-box signal
sequence by BamHI restriction enzyme site [32]. The 5'-end
of lipid leader sequence also contained an Ndel restriction
enzyme site. Finally, both A-rRBD and B-rRBD nucleotide
sequences possessing 5'-lipid leader sequence and 3' poly-
histidine sequence containing Ndel and Xhol sites, respec-
tively, were individually cloned into pET-22b(+) vector
(Novagen, Darmstadt, Germany) by the Ndel and Xhol
restriction enzyme sites. The pET-22b(+)_rlipo-A-RBD
construct or pET-22b(+)_rlipo-B-RBD construct was trans-
formed into E. coli C43 (DE3) (Imaxio; Saint-Beauzire,
France) for either rlipo-A-RBD or rlipo-B-RBD expres-
sions.

[0068] 1.2 Production of rlipo-RBD

[0069] The pET-22b(+)_rlipo-A-RBD construct or pET-
22b(+)_rlipo-B-RBD construct was transformed into E. coli
C43 (DE3) and the transformed bacterial cells were cultured
in LB Broth containing 100 pg/ml ampicillin (Imaxio;
Saint-Beauzire, France). Once ODy,,,,, of bacteria culture
achieved approximately 0.5, 1 mM isopropyl-f-D-thioga-
lacto-pyranoside (IPTG) was added into the culture medium
to incubate at 20° C. for 16 hours. Bacteria were harvested
by centrifugation and stored at —20° C. before lysis. Bacte-
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rial pellet was suspended in lysis buffer (50 mM Tris-Cl,
pHB.0 containing 500 mM NaCl) and disrupted physically
by French Press (Constant System, Daventry, UK) at 27
Kpsi. The cell lysate was pelleted and extracted twice with
50 mM Tris-Cl, pHS8.0 containing 0.5% Triton X-100. The
crude-extracted solution was purified by two step affinity
chromatograph. First, nickel resin was used to separate any
impurities. The eluent was dialyzed to remove imidazol and
applied to an immobilized metal affinity chromatography
(IMAC) (GE Healthcare, Uppsala, Sweden) charged with
copper ion for LPS removal. All purification steps were
performed at 4° C. and analyzed by 8% SDS-PAGE. Affinity
chromatography was performed according to manufactur-
er’s instruction. The residual endotoxin was determined by
LAL assay (Associates of Cape Cod, Inc., Cape Cod, Mass.).
The eluent was dialyzed in a 30 kDa cut-off dialysis bag
against phosphate buffered saline (PBS), pH 7.2 containing
15% glycerol, and stored at -80° C. In all experiments,
protein quantification was determined by BCA Protein
Assay Kit (Thermo Pierce). Samples separated in the gel
were transferred onto PVDF membrane (GE). PVDF mem-
brane was blocked with 5% nonfat dry milk (w/v) in PBS for
1 hour. To specifically identify rlipo-B-RBD, the membrane
was inoculated with anti-his tag (AbD Serotec; Kidlington,
UK) or anti-TcdB antibodies [31,32] in PBS containing 1%
nonfat dry milk (w/v) for 1 hour. To specifically identify
rlipo-A-RBD, the membrane was inoculated with anti-his
tag (AbD Serotec; Kidlington, UK) or anti-TcdA antibodies
[31,32] in PBS containing 1% nonfat dry milk (w/v) for 1
hour. After washing twice with PBST (PBS containing
0.05% Tween 20), HRP-conjugated secondary antibodies in
PBS containing 1% milk was added and incubated for 1
hour. Membrane was washed twice with PBST and devel-
oped using Luminata Crescendo substrate according to
manufacturer’s instruction (Millipore, Billerica, Mass.). The
lipid moiety of rlipo-RBD was also analyzed using mass
spectroscopy [32].

[0070] 1.3 Immunogenicity Studies in Animals

[0071] Groups of mice (6 BALB/c mice per group) were
vaccinated with three intramuscular injections of various
amounts of either (a) rlipo-A-RBD (1, 3 or 10 ug) or (b)
A-rRBD (3, 10 or 30 pg), (c) rlipo-B-RBD (1, 3 or 10 ug)
or (d) B-rRBD (3, 10 or 30 ng) every two weeks. Before
each immunization (week 0, week 2, week 4 and week 6),
mice were bled by tail vein to collect sera that were stored
at =20° C. before use in anti-RBD antibody titer determi-
nation using RBD-specific ELISA.

[0072] Groups of two NZW rabbits or six hamsters per
group were intramuscularly vaccinated with 10 pg of either
rlipo-A-RBD and/or rlipo-B-RBD formulated with and
without alum three times, 14 days apart. Before each immu-
nization (week 0, week 2, week 4 and week 6), animals were
bled via the central ear artery. Sera were collected and stored
at —20° C. for further analyses.

[0073] 1.4 Antigen-Specific Enzyme-Linked Immunosor-
bent Assay (ELISA)

[0074] ELISA plate wells were coated either with 100 ng
of A-rRBD, B-rRBD at 4° C. overnight, and then blocked
with 5% nonfat dry milk (w/v) in PBS. Mouse antisera
2-fold serially diluted with PBS containing 1% BSA (Cal-
biochem, Darmstadt, Germany) were added to the wells
followed by incubation at room temperature (RT) for 2
hours. After washing with 3xPBST, either anti-IgG isotypes
(Invitrogen, Carlsbad, Calif.) or anti-IgA (Invitrogen, Carls-
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bad, Calif.) HRP-conjugated IgG (KPL, Gaithersburg, Md.)
specific antibodies diluted in PBS containing 1% BSA were
added to the wells and incubated at RT for 1 hour. After
washing with 3xPBST, the plates were treated with TMB
peroxidase substrate (KPL) at room temperature in the dark
for 20 min. To determine anti-A-rRBD or anti-B-rRBD titer,
OD,50,, absorbance was measured using a spectrophotom-
eter (Spectra max M2, Molecular Devices, Sunnyvale,
Calif.).

[0075] 1.5 Neutralization Assay Against C. difficile Toxin
(Ted) Aor B
[0076] The anti-TcdA or anti-TcdB neutralization assay

was performed according to the protocol previously
described by Huang et al. [31]. Briefly, Vero cells (2x10* per
well) were seeded into 96-well plates containing VP-SFM
culture medium (Invitrogen, Carlsbad, Calif.) and 4 mM
glutamine at 37° C., and allowed to grow to confluent.
Mouse sera from mice immunized either with rlipo-A-RBD,
or rlipo-B-RBD, A-rRBD or B-rRBD were serially diluted
two-fold with fresh VP-SFM. 40 pg/mL of TcdA or TcdB
(The Native Antigen Company Ltd, Oxfordshire, UK) was
incubated at room temperature for 1 hour. The mixture
containing mouse sera and TcdA or TcdB was added to the
96-well plates containing Vero cells and incubated at 37° C.
for 24 hours. Anti-Tcd A neutralization titers were calculated
as the highest serum dilution which could protect 50% of
cells from rounding due to toxin cytotoxicity. Cellular
toxicity was recorded using a microscope equipped with a
camera.

[0077] 1.6 Preparation of Different Strain C. difficile
Spores
[0078] The protocol for preparation of C. difficile spores

was modified from the method previously reported by Lyras
et al., [34]. Briefly, C. difficile strains VPI10463, CD196,
630, RD20291 and M120 were individually streaked on 10
anaerobic blood agar plates and grown anaerobically at 37°
C. to induce sporulation at around the 5th or 6th day. The
cells were harvested with disposable loops and washed in 10
mL PBS, and heat-shocked at 56° C. for 30 min to kill
surviving vegetative cells. The spores were collected by
low-speed centrifugation and resuspended in DMEM, ali-
quoted and frozen at —80° C. The frozen spores were then
quantified before use by plating ten-fold serial dilutions of
the spores onto Taurocholatefructose-agar (TFA) plates
which were prepared with agar plus taurocholate-cefoxitin-
cycloserinefructose-agar (TCCFA) without cycloserine and
cefoxitin.

[0079] 1.7 Challenges Studies in Animals

[0080] Hamster challenge model was performed as fol-
lows. Groups of hamsters were vaccinated with three intra-
muscular injections of various test immunogens, optionally
formulated with either 300 pg of aluminum phosphate
(alum) or Pam3CSK4 (InvivoGen, San Diego, Calif.), every
two weeks. Before each immunization, hamster blood sera
were carefully collected by the heart puncture and stored at
-20° C. before use in anti-RBD antibody titer determination
using RBD-specific ELISA. After three immunizations as
described above, hamsters were given clindamycin orogas-
trically (30 mg/kg) to render them susceptible to C. difficile
infection (day 0). On day-5 post clindamycin treatment,
hamsters in each group were gastrically inoculated with 100
cell forming unit (CFU) of C. difficile spore, and monitored
twice daily for 5 days and then daily thereafter. Animal
bedding was changed and faecal pellets were collected every
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two days. Specimens were inoculated onto selective TCCFA
plates and incubated anaerobically at 37° C. to determine if
they were colonized with C. difficile. Faecal pellets were
collected every two days for 12 days, then weekly until the
study terminated (at least 14 days). Each hamster group was
assessed for C. difficile colonization and survival rate.
[0081] To further evaluate the roles of anti-toxin neutral-
izing antibodies in vivo, different strains of C. difficile spore
hamster challenge model was performed as described above.
Two groups of hamsters (n=6) were vaccinated 3 times with
PBS 2 weeks apart (one group is used for challenge as the
positive control and one group has no challenge as the
negative control) and another three separated groups of
hamsters were immunized with either 3x3 pg of (rlipo-A-
RBD (Al)+rlipo-B-RBD (B1)) or 3x10 pg of (rlipo-A-RBD
(Al)+rlipo-B-RBD (B1)) intramuscularly. A week after the
third immunization, blood samples collected from immu-
nized hamster were assayed for anti-TcdA neutralizing anti-
body titers.

[0082] 2. Results
[0083] 2.1 Preparation of rlipo-RBD
[0084] Lipidated (rlipo-A-RBD (A1) or rlipo-B-RBD

(B1)) were successfully expressed in E. coli C43 (DE3)
strain and purified using Ni-affinity chromatography. The
purified rlipo-A-RBD (Al) shows an expected molecular
weight closed to 100 kDa (>85% purity), and rlipo-B-RBD
(B1) shows an expected molecular weight closed to 75 kDa
(>90% purity) as confirmed by SDS-PAGE. Most of the F.
coli proteins and endotoxin (LPS) were successfully
removed by the second IMAC-affinity column and washing
with PBS containing 0.1% Triton-X100. The purity of eluted
rlipo-RBD was confirmed by SDS-PAGE and the western
blot analysis using a TedA- or TedB-specific monoclonal
antibody. In any event, at least 5 to 10 mg of highly purified
rlipo-RBD was easily obtained from 1 liter of bacteria
culture.

[0085] 2.2 Identification of Lipid Moiety of rlipo-RBD
[0086] The lipid moiety of rlipo-RBD was identified using
mass spectroscopy analysis [32]. The purified rlipo-RBD
was digested with trypsin and the tryptic fragments were
analyzed using MALDI-TOF. Typical groups of ion mass
peaks which exhibit the post-translational modification sig-
nature of recombinant lipoprotein, contain three peaks with
m/z values of 1452, 1466, and 1480. The mass differences
between these peaks are 14 amu and the pattern of isotopes
in each group is exactly identical to that previous report [32].
The circular dichroism (CD) secondary structure analysis of
both rlipo-A-RBD (A1) and rlipo-B-RBD (B1) were also
performed and found that rlipo-A-RBD (A1) had correctly
folded to form p-sheet structure similar to A-rRBD (>43%)
[30]. This result is consistent with other reports that RBD
forms stable folded B-solenoid secondary structures inde-
pendently of other functional domains in the TcdA [30,31].
The best condition for preserving rlipo-A-RBD (A1) was to
store the protein at 1 mg/mL in PBS containing 10% (v/v)
of glycerol at —80° C. rlipo-B-RBD (B1) was found to be
more stable than rlipo-A-RBD (A1) when it was stored at
-80° C.

[0087] 2.3 A Combination of rlipo-A-RBD and rlipo-B-
RBD Elicited Strong Immunogenicity and Neutralizing
Antibodies

[0088] 2.3.1 Immunogenicity Studies

[0089] Mice were immunized with a combination of rlipo-
A-RBD (Al) and rlipo-B-RBD (B1), and mouse antisera
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were collected and analyzed for the titers of antibodies
against RBD-A or RBD-B by ELISA, respectively. Analyses
of mouse antisera from each immunization using RBD-
specific ELISA revealed that three doses of 1 pug of rlipo-
A-RBD (A1) plus 1 pg of rlipo-B-RBD (B1), without alum,
already induced very strong anti-RBD IgG antibody
responses. In addition, antisera obtained from mice and
hamster vaccinated with 3 doses of 3 pg of rlipo-A-RBD
(A1) and 3 pg of rlipo-B-RBD (B1), and 3 doses of 10 pg
of rlipo-A-RBD (Al) and 10 pg of rlipo-B-RBD (B1),
without alum, was capable of inducing about 10° or higher
anti-RBD IgG titer; and when alum is added, the titer of the
resultant antisera was further promoted to reach to 10° or
higher, which is deemed to be valuable in anti-toxin neu-
tralization. Especially, a lower dose combination (3 pg of
rlipo-A-RBD (A1) and 3 pg of rlipo-B-RBD (B1)), without
alum, was capable to induce above 10° anti-RBD IgG titer,
which is comparable or better than a higher dose combina-
tion (10 pg of rlipo-A-RBD (A1) and 10 ng of B-rRBD (B2),
with or without alum (FIGS. 4 and 5). These results strongly
support a combination of rlipo-A-RBD (Al) and rlipo-B-
RBD (B1) effective in inducing synergistic immunogenic
effects against both RBD-A or RBD-B and potential as a
good vaccine candidate. See FIGS. 2-5.

[0090] 2.3.2 Anti-Toxin Neutralization Assay

[0091] To determine whether in various animals, a com-
bination of rlipo-A-RBD (A1) and rlipo-B-RBD (B1) can
generate antisera functionally neutralizing the cytotoxicity
of C. difficile TcdA and TedB, mouse, hamster and rabbit
antisera were tested in a Vero cell cytotoxicity assay as
described above. Table 1 shows the results.

[0092] In groups (1) and (2), antisera of animals immu-
nized with 3x10 pg of B-rRBD (B2) exhibits a very low
neutralizing antibody titer (1/16) and even if a extremely
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of alum, the antisera titer against toxin A was further
promoted to reach above 1/1024, but the antisera titer
against toxin B was still relatively low (1/512 or less) even
the dose of B-rRBD (B2, 30 pug) was 3-fold higher than that
of rlipo-A-RBD (Al, 10 pg). The results suggest that
B-rRBD (B2) can hardly induce functional antisera at a
desired titer even when an extremely higher dose of B-rRBD
(B2) was used and alum was further added.

[0093] In groups (5) and (6), it was unexpectedly found
that rlipo-B-RBD (B1) at a relatively lower dose, 3x1 pg or
3x3 g, was already capable of inducing functional antisera
against toxin B, achieving the titer being 1/512 or 1/1024 or
higher. Then, in groups (7)-(10), various combinations of
rlipo-B-RBD (B1) plus rlipo-A-RBD (Al), B1 at different
doses of 3 pug, 10 ug or 30 pg together with Al at 10 ug, were
tested in animals and confirmed that such combination were
capable of inducing functional antisera against both toxin B
and toxin A, achieving the titer being 1/512 or 1/1024 or
higher. In particular, in group (7), the results show that 10 pg
rlipo-A-RBD (A1) together with 3 ng of rlipo-B-RBD (B1)
only induced antisera against toxin A at the titer 1/512, while
when the same dose of rlipo-A-RBD (Al, 10 ng) was used
together with a higher dose of rlipo-B-RBD (B1, 10 ug), the
titer of the antisera against toxin A was promoted to reach to
1/1024 or higher. The results show that rlipo-B-RBD (B1)
promotes the immunogenicity of rlipo-A-RBD (Al). Fur-
ther, in groups (8) and (10), the same dose of rlipo-A-RBD
(Al, 10 pg) and rlipo-B-RBD (B1, 10 ng), without or
together with alum, show the antisera titer at a similar level.
It indicates that a combination of rlipo-A-RBD (Al) and
rlipo-B-RBD (B1) per se is sufficient to generate antisera
functionally neutralizing toxin A and toxin B, even in the
absence of alum.

Anti-toxin Neutralizing Antibody Responses (Titers)

Mouse Hamster Rabbit

Immunogens Dosage (ug) A B A B A B

(1)B2 3 x 10 pg 8 16 16 32 <8 16
(2) B2 3 x 30 pg 8 32 16 32 <8 16
(3) B2 + Al 3 x (30 pug + 10 pg) 512 64 512 128 512 128
4)B2+Al +alum 3 x (30 pg + 10 ug)  >1024 128  >1024 512 1024 512
(5) B1 3x1pg 16 512 32 1024 32 512
(6) B1 3x3pug 16 >1024 32 >1024 64 >1024
(7) B1 + Al 3 x (3 pug + 10 pg) 512 >1024  >1024 >1024 512 >1024
(8) B1 + Al 3 x (10 pug + 10 pg) 1024 >1024 >1024 >1024 1024 >1024
9) Bl + Al 3x (30 pug+10png)  >1024  >1024  >1024 >1024 >1024 >1024
(10) Bl + Al +alum 3 x (10 pg + 10 ug)  >1024  >1024 >1024 >1024 >1024 >1024
Toxoid A 3 x 10 pg 128 16 512 16 1024 32

* Al and B1 represent rlipo-A-RBD and 1lipo-B-RBD, while B2 represents B-rRBD.
** Antisera were found to be capable of preventing 50% of Vero cell death resulting from either TedA or TedB cytotoxicity

at the serial dilution.

high dose of B-rRBD (B2) (3x30 pg) was used, the titer was
still low (less than 1/32). The results suggest that B-rRBD
(B2) alone is ineffective to induce functional antisera. In
group (3), when B-rRBD (B2, 30 ug) is used with rlipo-A-
RBD (A1, 10 pg), the antisera titer against toxin A achieved
1/512, but the antisera titer against toxin B was still rela-
tively low (1/128 or less) even the dose of B-rRBD (B2, 30
ng) was 3-fold higher than that of rlipo-A-RBD (A1, 10 pg).
Similar results were observed even when alum was added;
in group (4), when the same combination, B-rRBD (B2, 30
ng) and rlipo-A-RBD (A1, 10 ng) was used in the presence

[0094] 2.4 A Combination of rlipo-A-RBD (A1) and rlipo-
B-RBD (B1) Showed Effective Protection Against C. dif-
ficile Spore Challenge in the Hamster Model

[0095] To further evaluate the roles of anti-toxin neutral-
izing antibodies in vivo, hamster challenge model by dif-
ferent strains of C. difficile spore was performed. The
hamsters were immunized with different samples, and two
weeks after the third immunization, the hamsters were
gastrically inoculated with >100 CFU (the dose can kill
>50% of challenged hamsters) of C. difficile. After 3 to 4
days, survival rate was determined.
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[0096] As shown in FIG. 6, most of hamsters died in the
groups challenged with VPI10463 strain, and individual
rlipo-A-RBD (A1) or individual rlipo-B-RBD (B1), even at
a higher dose (30 pg) in the present of alum, could not
provide a full protective effect from live spores challenge. In
the contrast, a combination of rlipo-A-RBD (A1) and rlipo-
B-RBD (B1) induced 80% or higher protective immune
responses, even at a relatively lower dose (3 pg), without
alum; especially, a combination of rlipo-A-RBD (A1) and
rlipo-B-RBD (B1) at the dose of 10 pg for each (Al 10
ng+B1 10 pg), in the absence of alum, exhibited 100%
protective effect. Such combination (Al 10 pg+B1 10 pg)
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was also confirmed effective to provide at least 80% pro-
tective effect in other strains such as 630 (a BI/NAP1/027
hyper-virulent strain), M120 and R20291 strains. See FIG.
7

[0097] 3. Summary

[0098] To sum up, our current vaccine formulation con-
taining a combination of rlipo-A-RBD (Al) and rlipo-B-
RBD (B1) elicits strong and consistent neutralizing antibody
responses and protection effects against C. difficile spore
challenge of various strains in the animal model, and thus
should be considered a strong vaccine candidate for CDI
vaccine development and future clinical trials.

SEQUENCE INFORMATION

SEQ ID NO: 1 (a nucleic acid sequence encoding a receptor-binding domain of

C. difficile toxin A, VPI10463)
ATGGACAACAAAACCTACTATTACGATGAAGATAGCAAACTGGTAAAAGGCCTGATCAACATCAACAATAGCCTGTTTTAC
TTCGACCCGATCGAGTTTAACCTGGT TACTGGTTGGCAAACCATCAACGGTAAGAAGTATTATTTTGATATCAATACGGGT
GCAGCCCTGACGTCCTACAAAATCATTAACGGCAAACATTTCTATTTCAATAACGACGGTGTTATGCAGCTGGGCGTATTC
AAAGGCCCAGATGGTTTTGAATATTTTGCGCCGGCGAACACCCAGAACAACAACATTGAAGGTCAAGCTATCGTTTACCAG
AGCAAATTCCTGACGCTGAACGGTAAAAAGTACTATTTCGACAACAACTCTAAAGCGGTTACCGGCTGGCGCATCATTAAC
AACGAGAAATACTACTTCAACCCGAACAATGCTATCGCAGCCGTGGGTCTGCAGGTGATTGATAACAACAAGTACTACTTT
AACCCGGACACCGCTATTATTTCTAAAGGTTGGCAGACCGTTAATGGTAGCCGTTATTACTTCGATACCGACACCGCTATC
GCTTTCAACGGTTATAAAACCATCGACGGCAAGCACTTTTATTTCGATTCTGATTGCGTTGTTAAAATCGGCGTGTTCTCC
ACTTCTAACGGTTTTGAATACTTCGCACCGGCAAACACCTACAATAACAATATCGAAGGCCAGGCGATTGTCTACCAGTCC
AAATTTCTGACCCTGAATGGCAAAAAATATTACTTCGACAACAATTCCAAAGCCGTCACCGGTTGGCAGACTATCGACTCT
AAGAAATATTATTTTAACACCAACACTGCGGAAGCAGCAACTGGTTGGCAGACGATTGACGGCAAGAAGTACTATTTTAAC
ACTAACACTGCGGAGGCAGCGACCGGCTGGCAGACCATTGATGGTAAAAAGTATTATTTCAACACTAACACCGCGATTGCA
TCTACCGGTTACACCATCATCAACGGCAAACACTTCTACTTCAACACTGACGGTATCATGCAAATTGGCGTTTTCARAGGT
CCGAACGGTTTCGAATACTTCGCCCCAGCCAACACGGACGCGAACAACATCGAAGGTCAGGCGATTCTGTACCAGAATGAG
TTCCTGACCCTGAACGGCAAGAAATACTATTTCGGTTCCGATTCCAAAGCTGTAACCGGCTGGCGTATCATCAACAACAAA
AAGTACTACTTCAATCCTAACAACGCAATCGCTGCGATTCACCTGTGTACTATCAACAACGACAAATACTATTTTTCTTAC
GACGGTATCCTGCAGAACGGCTATATCACTATCGAACGTAACAACTTCTATTTCGATGCTAACAACGAAAGCAAAATGGTG
ACGGGCGTGTTCAAAGGCCCGAACGGCTTCGAATAGTTTGCACCTGCAAACACCCACAACAACAACATTGAGGGT CAGGCG
ATCGTTTACCAGAATAAATTCCTGACCCTGAACGGTAAGAAATATTACTTCGATAACGACAGCAAAGCCGTTACCGGCTGG
CAAACCATTGATGGTAAGAAATACTACTTTAATCTGAACACCGCCGAAGCCGCTACTGGTTGGCAGACGATCGATGGCARAA
AAGTACTATTTCAACCTGAATACTGCGGAGGCGGCGACCGGTTGGCAGACCATTGACGGCAAAAAGTATTACTTCAACACG
AACACGTTCATCGCATCCACTGGTTACACCAGCATTAACGGTAAACACTTCTACTTTAACACGGATGGCATTATGCAAATT
GGTGTGTTTAAAGGTCCAAACGGTTTTGAATATTTCGCACCGGCTAACACGGACGCTAACAATATCGAAGGCCAGGCTATT
CTGTACCAAAACAAATTCCTGACTCTGAACGGCAAGAAATATTATTTTGGCTCTGATTCTAAAGCGGTTACGGGCCTGCGT
ACCATCGACGGTAAAAAATACTACTTCAACACCAACACCGCTGTCGCAGTAACTGGCTGGCAGACCATCAACGGTAAAAAG
TACTACTTCAATACCAACACCAGCATCGCTTCTACGGGTTATACTATCATCAGCGGCAAACACTTCTATTTCAACACCGAC
GGTATCATGCAGATCGGCGTTTTCAAAGGTCCGGACGGTTTCGAATACTTCGCTCCGGCGAATACCGACGCCAACAACATC
GAGGGCCAGGCTATCCGTTACCAGAACCGTTTTCTGTATCTGCACGACAATATCTATTACTTCGGTAACAACTCTAAAGCT
GCGACCGGCTGGGTTACGATTGACGGTAACCGCTACTACTTCGAACCGAACACCGCGATGGGTGCGAACGGTTACAAAACC
ATCGATAACAAAAACTTCTATTTCCGTAACGGCCTGCCACAGATCGGTGTTTTCAAGGGTTCTAATGGTTTTGAGTATTTT
GCGCCGGCGAACACTGACGCTAACAACATCGAAGGT CAGGCGATTCGTTATCAGAACCGTTTCCTGCATCTGCTGGGCAAG
ATTTATTACTTCGGCAACAACACCAAAGCGGTGACTGGCTGGCAAACTATTAATGGTAAAGTTTACTACTTTATGCCAGAC
ACTGCTATGGCTGCAGCTGGTGGCCTGTTCGAAATCGACGGCGTTATTTACTTCTTTGGCGTTGACGGCGTGAAAGCGCCG
GGTATTTATGGT

SEQ ID NO: 2 (a receptor-binding domain of C. difficile toxin A pep-

tide, VPI10463)
MDNKTYYYDEDSKLVKGLININNSLFYFDPIEFNLVTGWQTINGKKYYFDINTGAALTSYKI INGKHFYFNNDGVMQLGVF
KGPDGFEYFAPANTQNNNIEGQAIVYQSKFLTLNGKKYYFDNDSKAVTGWRI INNEKYYFNPNNAIAAVGLQVIDNNKYYF
NPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVESTSNGFEYFAPANTYNNNIEGQAIVYQS
KFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAIA
STGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYFGSDSKAVTGWRIINNK
KYYFNPNNAIAATHLCTINNDKYYFSYDGILONGYITIERNNFYFDANNESKMV TGVFKGPNGFEYFAPANTHNNNIEGQA
IVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNT
NTFIASTGYTSINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGSDSKAVTGLR
TIDGKKYYFNTNTAVAVTGWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANTDANNI
EGQAIRYQNRFLYLHDNIYYFGNNSKAATGWVTIDGNRYYFEPNTAMGANGYKT IDNKNFYFRNGLPQIGVFKGSNGFEYF
APANTDANNIEGQAIRYQONRFLHLLGKIYYFGNNSKAVTGWQT INGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVKAP
GIYG

SEQ ID NO: 3 (a nucleic acid sequence encoding a receptor-binding domain of

C. difficile toxin B peptide, VPI10463)
ATGATGGTTTCTGGCCTGATCTATATTAACGATTCTCTGTACTATTTCAAACCGCCGGTTAACAACCTGATCACCGGTTTC
GTAACTGTTGGCGACGATAAGTACTACTTTAATCCAATTAACGGTGGTGCGGCCAGCATTGGCGAAACTATCATCGACGAC
AAAAACTACTACTTCAATCAGTCCGGTGTTCTGCAGACCGGTGTATTCTCTACCGAAGATGGCTTCAAGTATTTTGCGCCG
GCTAACACCCTGGATGAAAACCTGGAAGGTGAAGCTATTGACTTTACCGGCAAACTGATCATTGACGAAAATATCTACTAC
TTCGACGATAACTACCGTGGTGCAGTAGAATGGAAAGAACTGGACGGTGAAATGCACTACTTCTCTCCGGAAACTGGTAAA
GCTTTTAAGGGCCTGAACCAGATCGGTGATTACAAATACTACTTCAACAGCGATGGTGTGATGCAAAAAGGTTTCGTGAGC
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SEQUENCE INFORMATION

ATCAATGATAACAAGCACTACTTTGACGATTCCGGCGTGATGAAAGTCGGCTATACTGAAATCGACGGTAAACACTTCTAC
TTTGCTGAAAACGGCGAAATGCAAATCGGCGTTTTCAATACTGAAGACGGCTTCAAATATTTCGCTCATCACAACGAAGAT
CTGGGTAACGAAGAAGGCGAGGAGATTTCCTACTCCGGCATTCTGAACTTCAACAACAAAATTTACTACTTTGATGATTCT
TTCACCGCCGTGGTTGGCTGGAAAGACCTGGAAGATGGTTCCARAATATTATTTCGATGAGGATACCGCTGAAGCGTACATT
GGTCTGTCTCTGATCAACGATGGCCAGTACTATTTTAACGACGACGGCATTATGCAGGTGGGCTTCGTTACCATTAACGAC
AAAGTTTTCTATTTTAGCGATTCCGGTATCATCGAAAGCGGCGTGCAGAACATCGATGATAACTACTTCTACATCGATGAC
AATGGTATCGTTCAGATCGGCGTATTCGATACCTCTGACGGTTATAAATACTTCGCCCCGGCGAACACCGTTAACGACAAC
ATTTATGGTCAGGCAGTCGAGTACTCCGGCCTGGTTCGTGTGGGTGAAGACGTATACTACTTCGGTGAAACGTACACCATC
GAGACGGGCTGGATCTACGACATGGAAAACGAATCTGACAAATATTACTTCAACCCGGAAACTAAARAAGGCGTGCAAAGGC
ATCAACCTGATCGATGACATCAAATACTATTTCGACGAAAAAGGCATCATGCGCACTGGTCTGATCAGCTTCGAAAACAAC
AACTATTATTTCAACGAGAATGGCGAGATGCAGTTCGGTTACATCAACATCGAAGACAAGATGTTCTACTTTGGTGAAGAC
GGTGTAATGCAGATTGGTGTTTTCAACACCCCTGACGGTTTTAAATATT TTGCACATCAGAACACTCTGGACGAGAACTTC
GAGGGTGAGTCTATCAACTATACCGGCTGGCTGGACCTGGATGAGAAACGTTACTACTTCACGGACGAATACATTGCGGCA
ACCGGTAGCGTGATCATTGATGGTGAAGAATACTATTTTGATCCGGACACGGCACAACTGGTCATCTCTGAA

SEQ ID NO: 4 (a receptor-binding domain of C. difficile toxin B pep-

tide, VPI10463)
MMVSGLIYINDSLYYFKPPVNNLITGFVTVGDDKYYFNPINGGAASIGETIIDDKNYYFNQSGVLQTGVFSTEDGFKYFAP
ANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETGKAFKGLNQIGDYKYYFNSDGVMQKGFVS
INDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFAHHNEDLGNEEGEEISYSGILNFNNKIYYFDDS
FTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTINDKVFYFSDSGIIESGVONIDDNYFYIDD
NGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKYYFNPETKKACKG
INLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGYINIEDKMFYFGEDGVMQIGVFNTPDGFKYFAHQNTLDENF
EGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISE

AMINO ACIDS SEQUENCE OF LIPIDATED TOXIN A-RBD (rLIPO-A-RBD)

SEQ ID NO: 5
CSQEAKQEVKEAVOAVESDVKDTAGSHMDNKTYYYDEDSKLVKGLININNSLEFYFDPIEFNLVTGWQTINGKKYYFDINTG
AALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTONNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWRIIN
NEKYYFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVNGSRYYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFES
TSNGFEYFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFN
TNTAEAATGWQTIDGKKYYFNTNTAIASTGYTIINGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAILYQNE
FLTLNGKKYYFGSDSKAVTGWRI INNKKYYFNPNNAIAATHLCTINNDKYYFSYDGILQONGYITIERNNFYFDANNESKMV
TGVFKGPNGFEYFAPANTHNNNI EGQAIVYQNKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAEAATGWQTIDGK
KYYFNLNTAEAATGWQTIDGKKYYFNTNTFIASTGY TS INGKHFYFNTDGIMQIGVFKGPNGFEYFAPANTDANNIEGQAT
LYONKFLTLNGKKYYFGSDSKAVTGLRTIDGKKYYFNTNTAVAVTGWQT INGKKYYFNTNTSIASTGYTIISGKHFYFNTD
GIMQIGVFKGPDGFEYFAPANTDANNIEGQAIRYONRFLYLHDNIYYFGNNSKAATGWVT IDGNRYYFEPNTAMGANGYKT
IDNKNFYFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNNSKAVTGWQTINGKVYYFMPD
TAMAAAGGLFEIDGVIYFFGVDGVKAPGIYGLE

(the underlined refers to a lipid-box signal sequence, SEQ ID NO: 7)

AMINO ACIDS SEQUENCE OF rLIPO-B-RBD SEQ ID NO: 6

CSQEAKQEVKEAVOAVESDVKDTAGSHMMVSGLIYINDSLYYFKP PVNNLITGFVTVGDDKYYFNPINGGAASIGETIID
DKNYYFNQSGVLQTGVFSTEDGFKYFAPANTLDENLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYFSPETG
KAFKGLNQIGDYKYYFNSDGVMQKGFVSINDNKHYFDDSGVMKVGYTEIDGKHFYFAENGEMQIGVEFNTEDGFKYFAHHNE
DLGNEESEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTIN
DKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDGYKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYT
IETGWIYDMENESDKYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMQFGY INIEDKMFYFGE
DGVMQIGVFNTPDGFKYFAHQNTLDENFEGESINYTGWLDLDEKRYYFTDEYIAATGSVIIDGEEYYFDPDTAQLVISELE

(the underlined refers to a lipid-box signal sequence,

SEQ ID NO: 7)
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1

<211> LENGTH: 2685

<212> TYPE: DNA

<213> ORGANISM: Clostridium difficile

<400> SEQUENCE: 1

atggacaaca aaacctacta ttacgatgaa gatagcaaac tggtaaaagy
atcaacaata gcctgtttta cttegaccceyg atcgagttta acctggttac
accatcaacyg gtaagaagta ttattttgat atcaatacgg gtgcagcecet
aaaatcatta acggcaaaca tttctatttce aataacgacyg gtgttatgea
ttcaaaggcee cagatggttt tgaatatttt gegecggega acacccagaa
gaaggtcaayg ctatcgttta ccagagcaaa ttcctgacge tgaacggtaa
ttegacaaca actctaaage ggttacegge tggcgcatca ttaacaacga
ttcaacccga acaatgctat cgcageegtyg ggtctgecagyg tgattgataa
tactttaacc cggacaccge tattatttct aaaggttgge agaccgttaa
tattactteg ataccgacac cgctateget ttcaacggtt ataaaaccat
cacttttatt tcgattctga ttgegttgtt aaaateggeyg tgttctecac
tttgaatact tcgecaccgge aaacacctac aataacaata tcgaaggeca
taccagtcca aatttectgac cctgaatggce aaaaaatatt acttcgacaa
geegtcaceyg gttggcagac tatcgactcet aagaaatatt attttaacac
gaagcagcaa ctggttggeca gacgattgac ggcaagaagt actattttaa
gecggaggeayg cgaccggetyg gcagaccatt gatggtaaaa agtattattt
accgegattyg catctaccgg ttacaccatce atcaacggca aacacttcta
gacggtatca tgcaaattgg cgttttcaaa ggtccgaacyg gtttcegaata
gccaacacygyg acgcgaacaa catcgaaggt caggcgattce tgtaccagaa
accctgaacyg gcaagaaata ctattteggt tccgattcca aagetgtaac
atcatcaaca acaaaaagta ctacttcaat cctaacaacyg caatcgetge
tgtactatca acaacgacaa atactatttt tcttacgacyg gtatcctgea
atcactatcg aacgtaacaa cttctatttce gatgctaaca acgaaagcaa
ggcgtgttca aaggcccgaa cggettcgaa tagtttgcac ctgcaaacac
aacattgagg gtcaggcgat cgtttaccag aataaattce tgaccctgaa
tattactteg ataacgacag caaagcegtt accggetgge aaaccattga
tactacttta atctgaacac cgccgaagcee gectactggtt ggecagacgat
aagtactatt tcaacctgaa tactgeggag geggcgacceyg gttggcagac
aaaaagtatt acttcaacac gaacacgttc atcgcatcca ctggttacac
ggtaaacact tctactttaa cacggatgge attatgcaaa ttggtgtgtt
aacggttttyg aatatttcge accggctaac acggacgcta acaatatcega
attctgtace aaaacaaatt cctgactetyg aacggcaaga aatattattt

tctaaagegg ttacgggect gegtaccate gacggtaaaa aatactactt

cctgatcaac

tggttggcaa

gacgtcctac

gctgggcgta

caacaacatt

aaagtactat

gaaatactac

caacaagtac

tggtagcegt

cgacggcaag

ttctaacggt

ggcgattgte

caattccaaa

caacactgceg

cactaacact

caacactaac

cttcaacact

cttegecceca

tgagttcctyg

cggctggcgt

gattcacctg

gaacggctat

aatggtgacyg

ccacaacaac

cggtaagaaa

tggtaagaaa

cgatggcaaa

cattgacgge

cagcattaac

taaaggtcca

aggccagget

tggctetgat

caacaccaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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accgctgteg cagtaactgg ctggcagacce atcaacggta aaaagtacta cttcaatacc 2040
aacaccagca tcgcttctac gggttatact atcatcagcg gcaaacactt ctatttcaac 2100
accgacggta tcatgcagat cggcgttttce aaaggtccegg acggtttcga atacttcecget 2160
ccggcgaata ccgacgccaa caacatcgag ggccaggcta tccgttacca gaaccgtttt 2220
ctgtatctgce acgacaatat ctattacttc ggtaacaact ctaaagctgc gaccggctgg 2280
gttacgattg acggtaaccg ctactacttc gaaccgaaca ccgcgatggg tgcgaacggt 2340
tacaaaacca tcgataacaa aaacttctat ttccgtaacg gecctgccaca gatcggtgtt 2400
ttcaagggtt ctaatggttt tgagtatttt gcgccggcega acactgacgce taacaacatc 2460
gaaggtcagg cgattcgtta tcagaaccgt ttcctgcatc tgctgggcaa gatttattac 2520
ttcggcaaca acaccaaagc ggtgactggce tggcaaacta ttaatggtaa agtttactac 2580
tttatgccag acactgctat ggctgcagct ggtggcctgt tcgaaatcga cggcgttatt 2640
tacttctttg gecgttgacgyg cgtgaaagcg ccgggtattt atggt 2685
<210> SEQ ID NO 2

<211> LENGTH: 895

<212> TYPE: PRT

<213> ORGANISM: Clostridium difficile

<400> SEQUENCE: 2

Met Asp Asn Lys Thr Tyr Tyr Tyr Asp Glu Asp Ser Lys Leu Val Lys
1 5 10 15

Gly Leu Ile Asn Ile Asn Asn Ser Leu Phe Tyr Phe Asp Pro Ile Glu
20 25 30

Phe Asn Leu Val Thr Gly Trp Gln Thr Ile Asn Gly Lys Lys Tyr Tyr
35 40 45

Phe Asp Ile Asn Thr Gly Ala Ala Leu Thr Ser Tyr Lys Ile Ile Asn
50 55 60

Gly Lys His Phe Tyr Phe Asn Asn Asp Gly Val Met Gln Leu Gly Val
Phe Lys Gly Pro Asp Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Gln
85 90 95

Asn Asn Asn Ile Glu Gly Gln Ala Ile Val Tyr Gln Ser Lys Phe Leu
100 105 110

Thr Leu Asn Gly Lys Lys Tyr Tyr Phe Asp Asn Asp Ser Lys Ala Val
115 120 125

Thr Gly Trp Arg Ile Ile Asn Asn Glu Lys Tyr Tyr Phe Asn Pro Asn
130 135 140

Asn Ala Ile Ala Ala Val Gly Leu Gln Val Ile Asp Asn Asn Lys Tyr
145 150 155 160

Tyr Phe Asn Pro Asp Thr Ala Ile Ile Ser Lys Gly Trp Gln Thr Val
165 170 175

Asn Gly Ser Arg Tyr Tyr Phe Asp Thr Asp Thr Ala Ile Ala Phe Asn
180 185 190

Gly Tyr Lys Thr Ile Asp Gly Lys His Phe Tyr Phe Asp Ser Asp Cys
195 200 205

Val Val Lys Ile Gly Val Phe Ser Thr Ser Asn Gly Phe Glu Tyr Phe
210 215 220

Ala Pro Ala Asn Thr Tyr Asn Asn Asn Ile Glu Gly Gln Ala Ile Val
225 230 235 240
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Tyr Gln Ser Lys Phe Leu Thr Leu Asn Gly Lys Lys Tyr Tyr Phe Asp
245 250 255

Asn Asn Ser Lys Ala Val Thr Gly Trp Gln Thr Ile Asp Ser Lys Lys
260 265 270

Tyr Tyr Phe Asn Thr Asn Thr Ala Glu Ala Ala Thr Gly Trp Gln Thr
275 280 285

Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Thr Asn Thr Ala Glu Ala Ala
290 295 300

Thr Gly Trp Gln Thr Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Thr Asn
305 310 315 320

Thr Ala Ile Ala Ser Thr Gly Tyr Thr Ile Ile Asn Gly Lys His Phe
325 330 335

Tyr Phe Asn Thr Asp Gly Ile Met Gln Ile Gly Val Phe Lys Gly Pro
340 345 350

Asn Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Asp Ala Asn Asn Ile
355 360 365

Glu Gly Gln Ala Ile Leu Tyr Gln Asn Glu Phe Leu Thr Leu Asn Gly
370 375 380

Lys Lys Tyr Tyr Phe Gly Ser Asp Ser Lys Ala Val Thr Gly Trp Arg
385 390 395 400

Ile Ile Asn Asn Lys Lys Tyr Tyr Phe Asn Pro Asn Asn Ala Ile Ala
405 410 415

Ala Ile His Leu Cys Thr Ile Asn Asn Asp Lys Tyr Tyr Phe Ser Tyr
420 425 430

Asp Gly Ile Leu Gln Asn Gly Tyr Ile Thr Ile Glu Arg Asn Asn Phe
435 440 445

Tyr Phe Asp Ala Asn Asn Glu Ser Lys Met Val Thr Gly Val Phe Lys
450 455 460

Gly Pro Asn Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr His Asn Asn
465 470 475 480

Asn Ile Glu Gly Gln Ala Ile Val Tyr Gln Asn Lys Phe Leu Thr Leu
485 490 495

Asn Gly Lys Lys Tyr Tyr Phe Asp Asn Asp Ser Lys Ala Val Thr Gly
500 505 510

Trp Gln Thr Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Leu Asn Thr Ala
515 520 525

Glu Ala Ala Thr Gly Trp Gln Thr Ile Asp Gly Lys Lys Tyr Tyr Phe
530 535 540

Asn Leu Asn Thr Ala Glu Ala Ala Thr Gly Trp Gln Thr Ile Asp Gly
545 550 555 560

Lys Lys Tyr Tyr Phe Asn Thr Asn Thr Phe Ile Ala Ser Thr Gly Tyr
565 570 575

Thr Ser Ile Asn Gly Lys His Phe Tyr Phe Asn Thr Asp Gly Ile Met
580 585 590

Gln Ile Gly Val Phe Lys Gly Pro Asn Gly Phe Glu Tyr Phe Ala Pro
595 600 605

Ala Asn Thr Asp Ala Asn Asn Ile Glu Gly Gln Ala Ile Leu Tyr Gln
610 615 620

Asn Lys Phe Leu Thr Leu Asn Gly Lys Lys Tyr Tyr Phe Gly Ser Asp
625 630 635 640
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Ser Lys Ala Val Thr Gly Leu Arg Thr Ile Asp Gly Lys Lys Tyr Tyr
645 650 655

Phe Asn Thr Asn Thr Ala Val Ala Val Thr Gly Trp Gln Thr Ile Asn
660 665 670

Gly Lys Lys Tyr Tyr Phe Asn Thr Asn Thr Ser Ile Ala Ser Thr Gly
675 680 685

Tyr Thr Ile Ile Ser Gly Lys His Phe Tyr Phe Asn Thr Asp Gly Ile
690 695 700

Met Gln Ile Gly Val Phe Lys Gly Pro Asp Gly Phe Glu Tyr Phe Ala
705 710 715 720

Pro Ala Asn Thr Asp Ala Asn Asn Ile Glu Gly Gln Ala Ile Arg Tyr
725 730 735

Gln Asn Arg Phe Leu Tyr Leu His Asp Asn Ile Tyr Tyr Phe Gly Asn
740 745 750

Asn Ser Lys Ala Ala Thr Gly Trp Val Thr Ile Asp Gly Asn Arg Tyr
755 760 765

Tyr Phe Glu Pro Asn Thr Ala Met Gly Ala Asn Gly Tyr Lys Thr Ile
770 775 780

Asp Asn Lys Asn Phe Tyr Phe Arg Asn Gly Leu Pro Gln Ile Gly Val
785 790 795 800

Phe Lys Gly Ser Asn Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Asp
805 810 815

Ala Asn Asn Ile Glu Gly Gln Ala Ile Arg Tyr Gln Asn Arg Phe Leu
820 825 830

His Leu Leu Gly Lys Ile Tyr Tyr Phe Gly Asn Asn Ser Lys Ala Val
835 840 845

Thr Gly Trp Gln Thr Ile Asn Gly Lys Val Tyr Tyr Phe Met Pro Asp
850 855 860

Thr Ala Met Ala Ala Ala Gly Gly Leu Phe Glu Ile Asp Gly Val Ile
865 870 875 880

Tyr Phe Phe Gly Val Asp Gly Val Lys Ala Pro Gly Ile Tyr Gly
885 890 895

<210> SEQ ID NO 3

<211> LENGTH: 1611

<212> TYPE: DNA

<213> ORGANISM: Clostridium difficile

<400> SEQUENCE: 3

atgatggttt ctggcctgat ctatattaac gattctetgt actatttcaa accgecggtt 60
aacaacctga tcaccggttt cgtaactgtt ggecgacgata agtactactt taatccaatt 120
aacggtggtyg cggccageat tggcgaaact atcatcgacg acaaaaacta ctacttcaat 180
cagtceggtyg ttetgecagac cggtgtatte tctaccgaag atggcttcaa gtattttgeg 240
ccggetaaca cectggatga aaacctggaa ggtgaagceta ttgactttac cggcaaactg 300
atcattgacg aaaatatcta ctacttcgac gataactacc gtggtgcagt agaatggaaa 360
gaactggacg gtgaaatgca ctacttctcet ccggaaactg gtaaagettt taagggectg 420
aaccagatcg gtgattacaa atactactte aacagcgatg gtgtgatgca aaaaggttte 480
gtgagcatca atgataacaa gcactacttt gacgattceg gegtgatgaa agtcggetat 540

actgaaatcg acggtaaaca cttctacttt gectgaaaacg gegaaatgca aatcggegtt 600
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ttcaatactg aagacggctt caaatatttc gctcatcaca acgaagatct gggtaacgaa 660
gaaggcgagg agatttccta ctccecggcatt ctgaacttca acaacaaaat ttactacttt 720
gatgattctt tcaccgcegt ggttggectgg aaagacctgg aagatggttc caaatattat 780
ttcgatgagg ataccgctga agcgtacatt ggtctgtcte tgatcaacga tggccagtac 840
tattttaacg acgacggcat tatgcaggtg ggcttcgtta ccattaacga caaagttttc 900
tattttageg attccggtat catcgaaagc ggcgtgcaga acatcgatga taactacttce 960

tacatcgatg acaatggtat cgttcagatc ggcgtattcg atacctctga cggttataaa 1020
tacttcgecce cggcgaacac cgttaacgac aacatttatg gtcaggcagt cgagtactcc 1080
ggcctggtte gtgtgggtga agacgtatac tacttcggtg aaacgtacac catcgagacyg 1140
ggctggatct acgacatgga aaacgaatct gacaaatatt acttcaaccc ggaaactaaa 1200
aaggcgtgca aaggcatcaa cctgatcgat gacatcaaat actatttcga cgaaaaaggc 1260
atcatgcgca ctggtctgat cagcttcgaa aacaacaact attatttcaa cgagaatggc 1320
gagatgcagt tcggttacat caacatcgaa gacaagatgt tctactttgg tgaagacggt 1380
gtaatgcaga ttggtgtttt caacacccct gacggtttta aatattttgc acatcagaac 1440
actctggacg agaacttcga gggtgagtct atcaactata ccggctgget ggacctggat 1500
gagaaacgtt actacttcac ggacgaatac attgcggcaa ccggtagcegt gatcattgat 1560
ggtgaagaat actattttga tccggacacg gcacaactgg tcatctctga a 1611
<210> SEQ ID NO 4

<211> LENGTH: 537

<212> TYPE: PRT

<213> ORGANISM: Clostridium difficile

<400> SEQUENCE: 4

Met Met Val Ser Gly Leu Ile Tyr Ile Asn Asp Ser Leu Tyr Tyr Phe
1 5 10 15

Lys Pro Pro Val Asn Asn Leu Ile Thr Gly Phe Val Thr Val Gly Asp
Asp Lys Tyr Tyr Phe Asn Pro Ile Asn Gly Gly Ala Ala Ser Ile Gly
35 40 45

Glu Thr Ile Ile Asp Asp Lys Asn Tyr Tyr Phe Asn Gln Ser Gly Val
50 55 60

Leu Gln Thr Gly Val Phe Ser Thr Glu Asp Gly Phe Lys Tyr Phe Ala
65 70 75 80

Pro Ala Asn Thr Leu Asp Glu Asn Leu Glu Gly Glu Ala Ile Asp Phe
85 90 95

Thr Gly Lys Leu Ile Ile Asp Glu Asn Ile Tyr Tyr Phe Asp Asp Asn
100 105 110

Tyr Arg Gly Ala Val Glu Trp Lys Glu Leu Asp Gly Glu Met His Tyr
115 120 125

Phe Ser Pro Glu Thr Gly Lys Ala Phe Lys Gly Leu Asn Gln Ile Gly
130 135 140

Asp Tyr Lys Tyr Tyr Phe Asn Ser Asp Gly Val Met Gln Lys Gly Phe
145 150 155 160

Val Ser Ile Asn Asp Asn Lys His Tyr Phe Asp Asp Ser Gly Val Met
165 170 175

Lys Val Gly Tyr Thr Glu Ile Asp Gly Lys His Phe Tyr Phe Ala Glu
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180 185 190

Asn Gly Glu Met Gln Ile Gly Val Phe Asn Thr Glu Asp Gly Phe Lys
195 200 205

Tyr Phe Ala His His Asn Glu Asp Leu Gly Asn Glu Glu Gly Glu Glu
210 215 220

Ile Ser Tyr Ser Gly Ile Leu Asn Phe Asn Asn Lys Ile Tyr Tyr Phe
225 230 235 240

Asp Asp Ser Phe Thr Ala Val Val Gly Trp Lys Asp Leu Glu Asp Gly
245 250 255

Ser Lys Tyr Tyr Phe Asp Glu Asp Thr Ala Glu Ala Tyr Ile Gly Leu
260 265 270

Ser Leu Ile Asn Asp Gly Gln Tyr Tyr Phe Asn Asp Asp Gly Ile Met
275 280 285

Gln Val Gly Phe Val Thr Ile Asn Asp Lys Val Phe Tyr Phe Ser Asp
290 295 300

Ser Gly Ile Ile Glu Ser Gly Val Gln Asn Ile Asp Asp Asn Tyr Phe
305 310 315 320

Tyr Ile Asp Asp Asn Gly Ile Val Gln Ile Gly Val Phe Asp Thr Ser
325 330 335

Asp Gly Tyr Lys Tyr Phe Ala Pro Ala Asn Thr Val Asn Asp Asn Ile
340 345 350

Tyr Gly Gln Ala Val Glu Tyr Ser Gly Leu Val Arg Val Gly Glu Asp
355 360 365

Val Tyr Tyr Phe Gly Glu Thr Tyr Thr Ile Glu Thr Gly Trp Ile Tyr
370 375 380

Asp Met Glu Asn Glu Ser Asp Lys Tyr Tyr Phe Asn Pro Glu Thr Lys
385 390 395 400

Lys Ala Cys Lys Gly Ile Asn Leu Ile Asp Asp Ile Lys Tyr Tyr Phe
405 410 415

Asp Glu Lys Gly Ile Met Arg Thr Gly Leu Ile Ser Phe Glu Asn Asn
420 425 430

Asn Tyr Tyr Phe Asn Glu Asn Gly Glu Met Gln Phe Gly Tyr Ile Asn
435 440 445

Ile Glu Asp Lys Met Phe Tyr Phe Gly Glu Asp Gly Val Met Gln Ile
450 455 460

Gly Val Phe Asn Thr Pro Asp Gly Phe Lys Tyr Phe Ala His Gln Asn
465 470 475 480

Thr Leu Asp Glu Asn Phe Glu Gly Glu Ser Ile Asn Tyr Thr Gly Trp
485 490 495

Leu Asp Leu Asp Glu Lys Arg Tyr Tyr Phe Thr Asp Glu Tyr Ile Ala
500 505 510

Ala Thr Gly Ser Val Ile Ile Asp Gly Glu Glu Tyr Tyr Phe Asp Pro
515 520 525

Asp Thr Ala Gln Leu Val Ile Ser Glu
530 535

<210> SEQ ID NO 5

<211> LENGTH: 924

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: AMINO ACIDS SEQUENCE OF LIPIDATED TOXIN A-RBD
(rLIPO-A-RBD)
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-continued

<400> SEQUENCE: 5

Cys Ser Gln Glu Ala Lys Gln Glu Val Lys Glu Ala Val Gln Ala Val
1 5 10 15

Glu Ser Asp Val Lys Asp Thr Ala Gly Ser His Met Asp Asn Lys Thr
20 25 30

Tyr Tyr Tyr Asp Glu Asp Ser Lys Leu Val Lys Gly Leu Ile Asn Ile
35 40 45

Asn Asn Ser Leu Phe Tyr Phe Asp Pro Ile Glu Phe Asn Leu Val Thr
50 55 60

Gly Trp Gln Thr Ile Asn Gly Lys Lys Tyr Tyr Phe Asp Ile Asn Thr
65 70 75 80

Gly Ala Ala Leu Thr Ser Tyr Lys Ile Ile Asn Gly Lys His Phe Tyr
85 90 95

Phe Asn Asn Asp Gly Val Met Gln Leu Gly Val Phe Lys Gly Pro Asp
100 105 110

Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Gln Asn Asn Asn Ile Glu
115 120 125

Gly Gln Ala Ile Val Tyr Gln Ser Lys Phe Leu Thr Leu Asn Gly Lys
130 135 140

Lys Tyr Tyr Phe Asp Asn Asn Ser Lys Ala Val Thr Gly Trp Arg Ile
145 150 155 160

Ile Asn Asn Glu Lys Tyr Tyr Phe Asn Pro Asn Asn Ala Ile Ala Ala
165 170 175

Val Gly Leu Gln Val Ile Asp Asn Asn Lys Tyr Tyr Phe Asn Pro Asp
180 185 190

Thr Ala Ile Ile Ser Lys Gly Trp Gln Thr Val Asn Gly Ser Arg Tyr
195 200 205

Tyr Phe Asp Thr Asp Thr Ala Ile Ala Phe Asn Gly Tyr Lys Thr Ile
210 215 220

Asp Gly Lys His Phe Tyr Phe Asp Ser Asp Cys Val Val Lys Ile Gly
225 230 235 240

Val Phe Ser Thr Ser Asn Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr
245 250 255

Tyr Asn Asn Asn Ile Glu Gly Gln Ala Ile Val Tyr Gln Ser Lys Phe
260 265 270

Leu Thr Leu Asn Gly Lys Lys Tyr Tyr Phe Asp Asn Asn Ser Lys Ala
275 280 285

Val Thr Gly Trp Gln Thr Ile Asp Ser Lys Lys Tyr Tyr Phe Asn Thr
290 295 300

Asn Thr Ala Glu Ala Ala Thr Gly Trp Gln Thr Ile Asp Gly Lys Lys
305 310 315 320

Tyr Tyr Phe Asn Thr Asn Thr Ala Glu Ala Ala Thr Gly Trp Gln Thr
325 330 335

Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Thr Asn Thr Ala Ile Ala Ser
340 345 350

Thr Gly Tyr Thr Ile Ile Asn Gly Lys His Phe Tyr Phe Asn Thr Asp
355 360 365

Gly Ile Met Gln Ile Gly Val Phe Lys Gly Pro Asn Gly Phe Glu Tyr
370 375 380

Phe Ala Pro Ala Asn Thr Asp Ala Asn Asn Ile Glu Gly Gln Ala Ile
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385 390 395 400

Leu Tyr Gln Asn Glu Phe Leu Thr Leu Asn Gly Lys Lys Tyr Tyr Phe
405 410 415

Gly Ser Asp Ser Lys Ala Val Thr Gly Trp Arg Ile Ile Asn Asn Lys
420 425 430

Lys Tyr Tyr Phe Asn Pro Asn Asn Ala Ile Ala Ala Ile His Leu Cys
435 440 445

Thr Ile Asn Asn Asp Lys Tyr Tyr Phe Ser Tyr Asp Gly Ile Leu Gln
450 455 460

Asn Gly Tyr Ile Thr Ile Glu Arg Asn Asn Phe Tyr Phe Asp Ala Asn
465 470 475 480

Asn Glu Ser Lys Met Val Thr Gly Val Phe Lys Gly Pro Asn Gly Phe
485 490 495

Glu Tyr Phe Ala Pro Ala Asn Thr His Asn Asn Asn Ile Glu Gly Gln
500 505 510

Ala Ile Val Tyr Gln Asn Lys Phe Leu Thr Leu Asn Gly Lys Lys Tyr
515 520 525

Tyr Phe Asp Asn Asp Ser Lys Ala Val Thr Gly Trp Gln Thr Ile Asp
530 535 540

Gly Lys Lys Tyr Tyr Phe Asn Leu Asn Thr Ala Glu Ala Ala Thr Gly
545 550 555 560

Trp Gln Thr Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Leu Asn Thr Ala
565 570 575

Glu Ala Ala Thr Gly Trp Gln Thr Ile Asp Gly Lys Lys Tyr Tyr Phe
580 585 590

Asn Thr Asn Thr Phe Ile Ala Ser Thr Gly Tyr Thr Ser Ile Asn Gly
595 600 605

Lys His Phe Tyr Phe Asn Thr Asp Gly Ile Met Gln Ile Gly Val Phe
610 615 620

Lys Gly Pro Asn Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Asp Ala
625 630 635 640

Asn Asn Ile Glu Gly Gln Ala Ile Leu Tyr Gln Asn Lys Phe Leu Thr
645 650 655

Leu Asn Gly Lys Lys Tyr Tyr Phe Gly Ser Asp Ser Lys Ala Val Thr
660 665 670

Gly Leu Arg Thr Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Thr Asn Thr
675 680 685

Ala Val Ala Val Thr Gly Trp Gln Thr Ile Asn Gly Lys Lys Tyr Tyr
690 695 700

Phe Asn Thr Asn Thr Ser Ile Ala Ser Thr Gly Tyr Thr Ile Ile Ser
705 710 715 720

Gly Lys His Phe Tyr Phe Asn Thr Asp Gly Ile Met Gln Ile Gly Val
725 730 735

Phe Lys Gly Pro Asp Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Asp
740 745 750

Ala Asn Asn Ile Glu Gly Gln Ala Ile Arg Tyr Gln Asn Arg Phe Leu
755 760 765

Tyr Leu His Asp Asn Ile Tyr Tyr Phe Gly Asn Asn Ser Lys Ala Ala
770 775 780

Thr Gly Trp Val Thr Ile Asp Gly Asn Arg Tyr Tyr Phe Glu Pro Asn
785 790 795 800
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Thr Ala Met Gly Ala Asn Gly Tyr Lys Thr Ile Asp Asn Lys Asn Phe
805 810 815

Tyr Phe Arg Asn Gly Leu Pro Gln Ile Gly Val Phe Lys Gly Ser Asn
820 825 830

Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Asp Ala Asn Asn Ile Glu
835 840 845

Gly Gln Ala Ile Arg Tyr Gln Asn Arg Phe Leu His Leu Leu Gly Lys
850 855 860

Ile Tyr Tyr Phe Gly Asn Asn Ser Lys Ala Val Thr Gly Trp Gln Thr
865 870 875 880

Ile Asn Gly Lys Val Tyr Tyr Phe Met Pro Asp Thr Ala Met Ala Ala
885 890 895

Ala Gly Gly Leu Phe Glu Ile Asp Gly Val Ile Tyr Phe Phe Gly Val
900 905 910

Asp Gly Val Lys Ala Pro Gly Ile Tyr Gly Leu Glu
915 920

<210> SEQ ID NO 6

<211> LENGTH: 566

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: AMINO ACIDS SEQUENCE OF LIPIDATED TOXIN B-RBD
(rLIPO-B-RBD)

<400> SEQUENCE: 6

Cys Ser Gln Glu Ala Lys Gln Glu Val Lys Glu Ala Val Gln Ala Val
1 5 10 15

Glu Ser Asp Val Lys Asp Thr Ala Gly Ser His Met Met Val Ser Gly
20 25 30

Leu Ile Tyr Ile Asn Asp Ser Leu Tyr Tyr Phe Lys Pro Pro Val Asn
35 40 45

Asn Leu Ile Thr Gly Phe Val Thr Val Gly Asp Asp Lys Tyr Tyr Phe
50 55 60

Asn Pro Ile Asn Gly Gly Ala Ala Ser Ile Gly Glu Thr Ile Ile Asp
65 70 75 80

Asp Lys Asn Tyr Tyr Phe Asn Gln Ser Gly Val Leu Gln Thr Gly Val
85 90 95

Phe Ser Thr Glu Asp Gly Phe Lys Tyr Phe Ala Pro Ala Asn Thr Leu
100 105 110

Asp Glu Asn Leu Glu Gly Glu Ala Ile Asp Phe Thr Gly Lys Leu Ile
115 120 125

Ile Asp Glu Asn Ile Tyr Tyr Phe Asp Asp Asn Tyr Arg Gly Ala Val
130 135 140

Glu Trp Lys Glu Leu Asp Gly Glu Met His Tyr Phe Ser Pro Glu Thr
145 150 155 160

Gly Lys Ala Phe Lys Gly Leu Asn Gln Ile Gly Asp Tyr Lys Tyr Tyr
165 170 175

Phe Asn Ser Asp Gly Val Met Gln Lys Gly Phe Val Ser Ile Asn Asp
180 185 190

Asn Lys His Tyr Phe Asp Asp Ser Gly Val Met Lys Val Gly Tyr Thr
195 200 205

Glu Ile Asp Gly Lys His Phe Tyr Phe Ala Glu Asn Gly Glu Met Gln
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210 215 220

Ile Gly Val Phe Asn Thr Glu Asp Gly Phe Lys Tyr Phe Ala His His
225 230 235 240

Asn Glu Asp Leu Gly Asn Glu Glu Ser Glu Glu Ile Ser Tyr Ser Gly
245 250 255

Ile Leu Asn Phe Asn Asn Lys Ile Tyr Tyr Phe Asp Asp Ser Phe Thr
260 265 270

Ala Val Val Gly Trp Lys Asp Leu Glu Asp Gly Ser Lys Tyr Tyr Phe
275 280 285

Asp Glu Asp Thr Ala Glu Ala Tyr Ile Gly Leu Ser Leu Ile Asn Asp
290 295 300

Gly Gln Tyr Tyr Phe Asn Asp Asp Gly Ile Met Gln Val Gly Phe Val
305 310 315 320

Thr Ile Asn Asp Lys Val Phe Tyr Phe Ser Asp Ser Gly Ile Ile Glu
325 330 335

Ser Gly Val Gln Asn Ile Asp Asp Asn Tyr Phe Tyr Ile Asp Asp Asn
340 345 350

Gly Ile Val Gln Ile Gly Val Phe Asp Thr Ser Asp Gly Tyr Lys Tyr
355 360 365

Phe Ala Pro Ala Asn Thr Val Asn Asp Asn Ile Tyr Gly Gln Ala Val
370 375 380

Glu Tyr Ser Gly Leu Val Arg Val Gly Glu Asp Val Tyr Tyr Phe Gly
385 390 395 400

Glu Thr Tyr Thr Ile Glu Thr Gly Trp Ile Tyr Asp Met Glu Asn Glu
405 410 415

Ser Asp Lys Tyr Tyr Phe Asn Pro Glu Thr Lys Lys Ala Cys Lys Gly
420 425 430

Ile Asn Leu Ile Asp Asp Ile Lys Tyr Tyr Phe Asp Glu Lys Gly Ile
435 440 445

Met Arg Thr Gly Leu Ile Ser Phe Glu Asn Asn Asn Tyr Tyr Phe Asn
450 455 460

Glu Asn Gly Glu Met Gln Phe Gly Tyr Ile Asn Ile Glu Asp Lys Met
465 470 475 480

Phe Tyr Phe Gly Glu Asp Gly Val Met Gln Ile Gly Val Phe Asn Thr
485 490 495

Pro Asp Gly Phe Lys Tyr Phe Ala His Gln Asn Thr Leu Asp Glu Asn
500 505 510

Phe Glu Gly Glu Ser Ile Asn Tyr Thr Gly Trp Leu Asp Leu Asp Glu
515 520 525

Lys Arg Tyr Tyr Phe Thr Asp Glu Tyr Ile Ala Ala Thr Gly Ser Val
530 535 540

Ile Ile Asp Gly Glu Glu Tyr Tyr Phe Asp Pro Asp Thr Ala Gln Leu
545 550 555 560

Val Ile Ser Glu Leu Glu
565

<210> SEQ ID NO 7

<211> LENGTH: 27

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: a lipid-box signal sequence
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<400> SEQUENCE: 7

Cys Ser Gln Glu Ala Lys Gln Glu Val Lys Glu Ala Val Gln Ala Val

1 5 10

Glu Ser Asp Val Lys Asp Thr Ala Gly Ser His
20 25

15

What is claimed is:

1. An immunogenic preparation against Clostridium dif-
ficile infection (CDI), comprising (i) a lipidated receptor-
binding domain of C. difficile toxin A (lipo-A-RBD) poly-
peptide and (ii) a lipidated receptor-binding domain of C.
difficile toxin B (lipo-B-RBD) polypeptide, in an amount
effective to induce protective immunity against CDI.

2. The immunogenic preparation of claim 1, wherein the
lipo-A-RBD polypeptide comprises a receptor-binding
domain of C. difficile toxin A (A-RBD) polypeptide modi-
fied with a first lipid moiety, and/or the lipo-B-RBD poly-
peptide comprises a receptor-binding domain of C. difficile
toxin B (B-RBD) polypeptide modified with a second lipid
moiety.

3. The immunogenic preparation of claim 2, wherein the
first lipid moiety and the second lipid moiety are different or
the same.

4. The immunogenic preparation of claim 2, wherein each
of the lipid moieties comprises one or more lipid molecules
selected from the group consisting of palmitoyl, stearoyl,
decanoyl, and any combination thereof.

5. The immunogenic preparation of any of claim 1,
wherein the A-RBD polypeptide comprises an amino acid
sequence at least 85% identical to SEQ ID No: 2, preferably
SEQ ID NO: 2.

6. The immunogenic preparation of any of claim 1,
wherein the B-RBD polypeptide comprises an amino acid
sequence at least 85% identical to SEQ ID No: 4, preferably
SEQ ID NO: 4.

7. The immunogenic preparation of any of claim 1, which
further comprises a pharmaceutically acceptable carrier.

8. The immunogenic preparation of any of claim 1, which
further comprise an adjuvant.

9. The immunogenic preparation of any of claim 1, which
does not include a further component as an adjuvant.

10. A method for generating protective immunity against
CDI in a subject in need, comprising administering to the
subject an effective amount of a preparation comprising (i)
a lipidated receptor-binding domain of C. difficile toxin A
(lipo-A-RBD) polypeptide and (ii) a lipidated receptor-
binding domain of C. difficile toxin B (lipo-B-RBD) poly-
peptide.

11. The method of claim 10, which is effective in treating
or preventing a disease or disorder associated with CDI.

12. The method of claim 11, wherein the disease or
disorder is selected from the group consisting of diarrhea,
pseudomembranous colitis, and toxic megacolon.
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