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CLAIMS: 

1. An isolated polypeptide comprising the amino acid sequence set forth in SEQ I 

NO: 4, wherein the methionine residue at position 1 is optionally not present and 

wherein the polypeptide comprises at least one amino acid side chain ch- 	many 

modified by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide) (EDC) an. N- 

Hydroxysuccinimide (NHS). 

2. An isolated polypeptide comprising the amino acid sequence se forth in SEQ ID 

NO: 6, wherein the methionine residue at position 1 is option. y not present, and 

wherein the polypeptide comprises an amino acid side ch. 	chemically modified 

by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide) (ED' ) and N- 

Hydroxysuccinimide (NHS). 

3. The isolated polypeptide according to claims 1 or 	, wherein at least one side 

chain of an aspartic acid residue of the polypeptide or at least one side chain of a 

glutamic acid residue of the polypeptide is 	emically modified by glycine. 

4. The isolated polypeptide according to . y of claims 1-3, wherein the polypeptide 

comprises: 

a) at least one crosslink be 	'een a side chain of an aspartic acid residue of 

the polypeptide and a 	de chain of a lysine residue of the polypeptide; 

and 

b) at least one cr. slink between a side chain of a glutamic acid residue of 

the polypeptide and a side chain of a lysine residue of the polypeptide. 

5. The isolated po peptide according to any of claims 1-4, wherein the polypeptide 

comprises a .eta-alanine moiety linked to a side chain of at least one lysine 

residue of 	e polypeptide. 

6. The i dated polypeptide according to claim 4, wherein the polypeptide comprises 

a • 	cine moiety linked to a side chain of an aspartic acid residue of the 

olypeptide or to a side chain of a glutamic acid residue of the polypeptide. 

7. An isolated polypeptide comprising the amino acid sequence set forth in SEQ ID 

NO: 4, wherein the methionine residue at position 1 is optionally not present, and 
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wherein a side chain of at least one lysine residue of the polypeptide is linked to 

a beta-alanine moiety. 

8.  An isolated polypeptide comprising the amino acid sequence set forth in S Q ID 

NO: 6, wherein the methionine residue at position 1 is optionally not pre ent, and 

wherein a side chain of at least one lysine residue of the polypeptide 's linked to 

a beta-alanine moiety. 

9.  The isolated polypeptide according to claims 7 or 8, wherein .'side chain of a 

second lysine residue of the polypeptide is linked to a side 	hain of an aspartic 

acid residue or to a side chain of a glutamic acid residu-. 

10.  The isolated polypeptide according to any of claims 	-9, wherein a side chain of 

an aspartic acid residue or a side chain of a glut. 	is acid residue of the 

polypeptide is linked to a glycine moiety. 

11.  The isolated polypeptide as in any of clai I s 1-10, wherein the polypeptide has 

an EC50  of at least about 100 pg/ml. 

12.  An immunogenic composition 	omprising an isolated polypeptide having the 

amino acid sequence set f. h in SEQ ID NO: 4, wherein the methionine residue 

at position 1 is optionall 	not present, and an isolated polypeptide having the 

amino acid sequence 	et forth in SEQ ID NO: 6, wherein the methionine residue 

at position 1 is optionally not present, and wherein the polypeptides have at least 

one amino acid .ide chain chemically modified by 1-ethyl-3-(3- 

dimethylami spropyl) carbodiimide) (EDC) and N-Hydroxysuccinimide (NHS). 

13.  The im 	nogenic composition according to claim 12, wherein the polypeptide 

comp ses at least one of any of: 

a) at least one beta-alanine moiety linked to a side chain of a lysine residue 

of the polypeptide; 

b) at least one crosslink between a side chain of a lysine residue of the 

polypeptide and a side chain of an aspartic acid residue; and 
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c) at least one crosslink between a side chain of a lysine residue of the 

polypeptide and a side chain of a glutamic acid residue. 

14. The immunogenic composition according to claim 12, wherein the polypep 'des 

have an EC50  of at least about 100 pg/ml. 

15. An immunogenic composition comprising an isolated polypeptide h 	ing the 

amino acid sequence set forth in SEQ ID NO: 4, wherein the me 	ionine residue 

at position 1 is optionally not present, and an isolated polypep de having the 

amino acid sequence set forth in SEQ ID NO: 6, wherein t - methionine residue 

at position 1 is optionally not present, and 

a) wherein a side chain of at least one lysine ret due of SEQ ID NO: 4 is 

linked to a beta-alanine moiety, and 

b) wherein a side chain of at least one ly: ine residue of SEQ ID NO: 6 is 

linked to a beta-alanine moiety. 

16. The immunogenic composition accoro 	g to claim 15, wherein a side chain of a 

second lysine residue of SEQ ID No: 4 is linked to a side chain of an aspartic 

acid residue or to a side chain of 	glutamic acid residue, and wherein a second 

lysine residue of SEQ ID NO:: is linked to a side chain of an aspartic acid 

residue or to a side chain o a glutamic acid residue. 

17. The immunogenic comoosition according to any of claims 12-16, wherein a side 

chain of an aspartic :cid residue or a side chain of a glutamic acid residue of the 

polypeptide havin2 the amino acid sequence set forth in SEQ ID NO: 4, wherein 

the methionine esidue at position 1 is optionally not present, is linked to a 

glycine moi- 

18. The im 	nogenic composition according to any of claims 12-16, wherein a side 

chain of an aspartic acid residue or a side chain of a glutamic acid residue of the 

po peptide having the amino acid sequence set forth in SEQ ID NO: 6, wherein 

e methionine residue at position 1 is optionally not present, is linked to a 

glycine moiety. 
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19. The immunogenic composition according to any of claims 12-18, wherein the 

polypeptide has an EC50 of at least about 100 pg/ml. 

20. An immunogenic composition comprising an isolated polypeptide having t -

amino acid sequence set forth in SEQ ID NO: 84 and an isolated polype•tide 

having the amino acid sequence set forth in SEQ ID NO: 86, wherei 	each 

polypeptide comprises 

a) at least one crosslink between a side chain of an aspa r is acid residue of 

the polypeptide and a side chain of a lysine resi. e of the polypeptide; 

b) at least one crosslink between a side chain of . • utamic acid residue of 

the polypeptide and a side chain of a lysir e residue of the polypeptide; 

c) a beta-alanine moiety linked to a side c :in of at least one lysine residue 

of the polypeptide; and 

d) a glycine moiety linked to a side ' ain of at least one aspartic acid residue 

of the polypeptide or to a s •e chain of at least one glutamic acid 

residue of the polypepti.e. 

21.An immunogenic composition co 	prising a mutant Clostridium difficile toxin A, which 
comprises a glucosyltransfera • domain having at least one mutation and a cysteine 
protease domain having at I- :st one mutation, relative to the corresponding wild-
type Clostridium difficile to n A. 

22.The composition accorr mg to claim 21, wherein the mutation is a non-conservative 
amino acid substituti. 	. 

23.The composition .ccording to claim 22, wherein the substitution comprises an 
alanine substit 	ion. 

24.The compo tion according to any of claims 21-23, wherein the wild-type Clostridium 
difficile to in A comprises a sequence having at least 95% identity to SEQ ID NO: 1. 

25.The c. 	position according to claim 24, wherein the wild-type Clostridium difficile 
toxi 	A comprises a sequence having at least 98% identity to SEQ ID NO: 1. 

26 	e composition according to claim 25, wherein the wild-type Clostridium difficile 
toxin A comprises SEQ ID NO: 1. 
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27.The composition according to any of claims 21-26, wherein the glucosyltransferase 
domain comprises at least two mutations. 

28.The composition according to claim 27, wherein the at least two mutations are 
present at amino acid positions 101, 269, 272, 285, 287, 269, 272, 460, 462 	41, or 
542, according to the numbering of SEQ ID NO: 1. 

29.The composition according to any of claims 21-26, wherein the glucos 	ransferase 
domain comprises SEQ ID NO: 29. 

30.The composition according to claim 29, wherein the glucosyltran 	erase domain 
comprises at least two non-conservative mutations present at - 	ino acid positions 
101, 269, 272, 285, 287, 269, 272, 460, 462, 541, or 542, or 	ny combination 
thereof, of SEQ ID NO: 29. 

31.The composition according to any of claims 21-26, wh- ein the cysteine protease 
domain comprises a mutation present at positions 706, 589, 655, 543, or any 
combinations thereof, according to the numbering •' SEQ ID NO: 1. 

32.The composition according to any of claims 21-'6, wherein the cysteine protease 
domain comprises SEQ ID NO: 32. 

33.The composition according to claim 32, w erein the cysteine protease domain 
comprises a non-conservative mutatio 	• esent at positions 1, 47, 113, 158, or any 
combinations thereof, of SEQ ID NO. 	2. 

34.The composition according to cla' 	21, wherein the mutant Clostridium difficile toxin 
A comprises SEQ ID NO: 4. 

35.The composition according • claim 21, wherein the mutant Clostridium difficile toxin 
A comprises SEQ ID NO: :4. 

36.The composition accor ing to claim 21, wherein the mutant Clostridium difficile toxin 
A comprises SEQ I i 	0: 7. 

37.The composition according to claim 21, wherein the mutant Clostridium difficile toxin 
A comprises S Q ID NO: 83. 

38.The composition according to any of claims 21-33, wherein at least one amino acid 
of the m 	ant Clostridium difficile toxin A is chemically crosslinked. 

39.The composition according to claim 38, wherein the amino acid is chemically 
cro 	linked by formaldehyde. 

40. 'he composition according to claim 38, wherein the amino acid is chemically 
crosslinked by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide. 
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41.The composition according to claim 38 or 40, wherein the amino acid is chemically 
crosslinked by N-hydroxysuccinimide. 

42.The composition according to any of claims 21-41, wherein the composition is 
recognized by an anti-toxin A neutralizing antibody or binding fragment thereo 

43.An immunogenic composition comprising a mutant Clostridium difficile toxi 	A, which 
comprises a glucosyltransferase domain comprising SEQ ID NO: 29 hav g an 
amino acid substitution at positions 285 and 287, and a cysteine prote- e domain 
comprising SEQ ID NO: 32 having an amino acid substitution at posi on 158, 
relative to the corresponding wild-type Clostridium difficile toxin A, 	herein at least 
one amino acid of the mutant Clostridium difficile toxin A is the 	cally crosslinked. 

44.An immunogenic composition comprising SEQ ID NO: 4 or S-C2 ID NO: 7, wherein 
at least one amino acid of SEQ ID NO: 4 or SEQ ID NO: 7 '. chemically crosslinked. 

45.The composition according to claim 43 or 44, wherein t - at least one amino acid is 
crosslinked by formaldehyde. 

46.The composition according to claim 43 or 44, wherein the at least one amino acid is 
crosslinked by 1-ethyl-3-(3-dimethylaminopropyl carbodiimide. 

47.The composition according to claim 43, 44, o 46, wherein the at least one amino 
acid is crosslinked by N-hydroxysuccinimid-•. 

48.The composition according to claim 43 •r 44, wherein the composition is recognized 
by an anti-toxin A neutralizing antibo• 	or binding fragment thereof. 

49.An immunogenic composition co 	•rising SEQ ID NO: 4. 

50.An immunogenic composition 	e mprising SEQ ID NO: 84. 

51.An immunogenic composit • 	comprising SEQ ID NO: 7. 

52.An immunogenic composition comprising SEQ ID NO: 83. 

53.The composition ac •rding to any of claims 49-52, wherein at least one amino acid 
is chemically cros 	inked. 

54.The composit • 	according to any of claims 21-51, wherein the composition exhibits 
decreased c 	otoxicity, relative to the corresponding wild-type Clostridium difficile 
toxin A. 

55.An isolated polypeptide comprising SEQ ID NO: 84. 

56.An ' olated polypeptide comprising SEQ ID NO: 86. 

57. • n isolated polypeptide comprising SEQ ID NO: 83. 
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58.An isolated polypeptide comprising SEQ ID NO: 85. 

	

59.An immunogenic composition comprising a mutant Clostridium difficile toxin B, w 	h 
comprises a glucosyltransferase domain having at least one mutation and a cys 	ne 
protease domain having at least one mutation, relative to the corresponding 	d- 
type Clostridium difficile toxin B. 

60.The composition according to claim 59, wherein the mutation is a non-c.nservative 
amino acid substitution. 

61.The composition according to claim 60, wherein the substitution co 	prises an 
alanine substitution. 

62.The composition according to any of claims 59-61, wherein t• e wild-type Clostridium 
difficile toxin B comprises a sequence having at least 95% 'dentity to SEQ ID NO: 2. 

63.The composition according to claim 62, wherein the wil o -type Clostridium difficile 
toxin B comprises a sequence having at least 98% i. - tity to SEQ ID NO: 2. 

64.The composition according to claim 63, wherein , e wild-type Clostridium difficile 
toxin B comprises SEQ ID NO: 2. 

65.The composition according to any of claims 	9-64, wherein the glucosyltransferase 
domain comprises at least two mutations 

66.The composition according to claim 6 , wherein the at least two mutations are 
present at amino acid positions 102 286, 288, 270, 273, 384, 461, 463, 520, or 543, 
according to the numbering of S 	0 ID NO: 2. 

67.The composition according to :ny of claims 59-64, wherein the glucosyltransferase 
domain comprises SEQ ID 	•0: 31. 

68.The composition accord' g to claim 67, wherein the glucosyltransferase domain 
comprises at least two 	on-conservative mutations present at amino acid positions 
102, 286, 288, 270, 	3, 384, 461, 463, 520, or 543 of SEQ ID NO: 31. 

69.The composition .ccording to any of claims 59-64, wherein the cysteine protease 
domain compr.es a mutation present at positions 698, 653, 587, 544, or any 
combination 	thereof, according to the numbering of SEQ ID NO: 2. 

70.The comoosition according to any of claims 59-64, wherein the cysteine protease 
domai 	comprises SEQ ID NO: 33. 

71.Th: composition according to claim 70, wherein the cysteine protease domain 
comprises a non-conservative mutation present at positions 1, 44, 110, 155, or any 
combinations thereof, of SEQ ID NO: 33. 
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72.The composition according to claim 59, wherein the mutant Clostridium difficile toxin 
B comprises SEQ ID NO: 6. 

73. The composition according to claim 59, wherein the mutant Clostridium difficile oxin 
B comprises SEQ ID NO: 86. 

74.The composition according to claim 59, wherein the mutant Clostridium d I cite toxin 
B comprises SEQ ID NO: 8. 

75.The composition according to claim 59, wherein the mutant Clostridi 	difficile toxin 
B comprises SEQ ID NO: 85. 

76.The composition according to any of claims 59-71, wherein at I ast one amino acid 
of the mutant Clostridium difficile toxin B is chemically crossl' ked. 

77.The composition according to claim 76, wherein the amino acid is chemically 
crosslinked by formaldehyde. 

78.The composition according to claim 76, wherein the .mino acid is chemically 
crosslinked by 1-ethyl-3-(3-dimethylaminopropyl) ,arbodiimide. 

79.The composition according to claims 76 or 78 	herein the at least one amino acid is 
crosslinked by N-hydroxysuccinimide. 

80.The composition according to any of cla r s 59-79, wherein the composition is 
recognized by an anti-toxin B neutraliz 	g antibody or binding fragment thereof. 

81.An immunogenic composition comp ising a mutant Clostridium difficile toxin B, which 
comprises a glucosyltransferase 'domain comprising SEQ ID NO: 31 having an 
amino acid substitution at posi '•ns 286 and 288, and a cysteine protease domain 
comprising SEQ ID NO: 33 	:lying an amino acid substitution at position 155, 
relative to the correspondi • wild-type Clostridium difficile toxin B, wherein at least 
one amino acid of the m 	ant Clostridium difficile toxin B is chemically crosslinked. 

82.An immunogenic co 	•osition comprising SEQ ID NO: 6 or SEQ ID NO:8, wherein at 
least one amino ac 	of SEQ ID NO: 6 or SEQ ID NO:8 is chemically crosslinked. 

83.The composition according to claim 81 or 82, wherein the at least one amino acid is 
crosslinked b, formaldehyde. 

84.The composition according to claim 81 or 82, wherein the at least one amino acid is 
crosslin 	d by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide. 

85.The 	omposition according to claim 81, 82, or 84, wherein the at least one amino 
ac 	is crosslinked by N-hydroxysuccinimide. 

86 	he composition according to claim 81 or 82, wherein the composition is recognized 
by an anti-toxin B neutralizing antibody or binding fragment thereof. 
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87.An immunogenic composition comprising SEQ ID NO: 6. 

88.An immunogenic composition comprising SEQ ID NO: 86. 

89.An immunogenic composition comprising SEQ ID NO: 8. 

90.An immunogenic composition comprising SEQ ID NO: 85. 

91.The composition according to any of claims 59-89, wherein the composition exhibits 
decreased cytotoxicity, relative to the corresponding wild-type Clostidium difficile 
toxin B. 

92.An immunogenic composition comprising SEQ ID NO: 4 and 	immunogenic 
composition comprising SEQ ID NO: 6, wherein at least one .mino acid of each of 
SEQ ID NOs: 4 and 6 is chemically crosslinked. 

93.An immunogenic composition comprising SEQ ID NO: :4 and an immunogenic 
composition comprising SEQ ID NO: 86, wherein at -ast one amino acid of each of 
SEQ ID NOs: 84 and 86 is chemically crosslinked 

94.The composition according to claim 92 or 93, 	erein the at least one amino acid is 
crosslinked by formaldehyde. 

95.The composition according to claim 92 o 93, wherein the at least one amino acid is 
crosslinked by 1-ethyl-3-(3-dimethyla 	opropyl) carbodiimide. 

96.The composition according to clai 	92, 93, or 95, wherein the at least one amino 
acid is crosslinked by N-hydroxy 	ccinimide. 

97.A recombinant cell or progen 	thereof, comprising SEQ ID NO: 11, SEQ ID NO: 12, 
SEQ ID NO: 13, SEQ ID No: 14, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, 
or SEQ ID NO: 47. 

98.A recombinant cell or •rogeny thereof, comprising a nucleic acid sequence that 
encodes SEQ ID Ne. 4, SEQ ID NO: 6, SEQ ID NO: 7, or SEQ ID NO: 8. 

99.A recombinant c- I or progeny thereof, comprising a nucleic acid sequence that 
encodes SEQ I NO: 84. 

100. A reco , • nant cell or progeny thereof, comprising a nucleic acid sequence that 
encodes .EQ ID NO: 86. 

101. A ecombinant cell or progeny thereof, comprising a nucleic acid sequence that 
en •des SEQ ID NO: 83. 

10 	A recombinant cell or progeny thereof, comprising a nucleic acid sequence that 
encodes SEQ ID NO: 85. 
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103. The recombinant cell of claim 97 or 98, wherein said cell is derived from a Gram 
positive bacterium cell. 

104. The recombinant cell of claims 97, 98, or 99, wherein the cell is derived fro 	a 
Clostridium difficile cell. 

105. The recombinant cell of any of claims 97- 104, wherein the cell lacks a,  
endogenous polynucleotide encoding a toxin. 

106. The cell according to any of claims 104, or 105 wherein the cell i 	derived from a 
Clostridium difficile cell selected from the group consisting of Clost idium difficile 
1351, Clostridium difficile 3232, Clostridium difficile 7322, Clostr' ium difficile 5036, 
Clostridium difficile 4811, and Clostridium difficile VPI 11186. 

107. The cell according to claim 106, wherein the cell is a Clostridium difficile VPI 
11186 cell. 

108. The cell according to claim 106, or 107, wherein . 	porulation gene of the 
Clostridium difficile cell is inactivated. 

109. The cell according to claim 108, wherein the 	porulation gene comprises an 
spo0A gene or an spollE gene. 

110. A method of producing a mutant Clostridium difficile toxin, comprising 

culturing a recombinant cell or progen 	hereof under suitable conditions to express 
a polynucleotide encoding a mutant r lostridium difficile toxin, wherein the cell 
comprises the polynucleotide encoding the mutant Clostridium difficile toxin, and 
wherein the mutant comprises a •lucosyltransferase domain having at least one 
mutation and a cysteine prote. e domain having at least one mutation, relative to 
the corresponding wild-type f lostridium difficile toxin. 

111. The method accordint to claim 110, wherein the cell lacks an endogenous 
polynucleotide encodin2 a toxin. 

112. The method according to claim 110, wherein the recombinant cell or progeny 
thereof comprise 	- cell according to any of claims 97-111. 

113. The methot according to claim 110, further comprising isolating the mutant 
Clostridium 	fficile toxin. 

114. The 	thod according to claim 113, further comprising contacting the isolated 
mutant 	lostridium difficile toxin with formaldehyde. 

115. e method according to claim 114, wherein the contacting occurs for at most 14 
s. 
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116. The method according to claim 115, wherein the contacting occurs for at most 
48 hours. 

117. The method according to claim 114, wherein the contacting occurs at about 
25°C. 

118. The method according to claim 113, further comprising contacting the i elated 
mutant Clostridium difficile toxin with ethyl- 3-(3-dimethylaminopropyl) carbooiimide. 

119. The method according to claim 118, wherein the contacting occur: for at most 
24 hours. 

120. The method according to claim 120, wherein the contacting 5  ccurs for at most 
4 hours. 

121. The method according to claim 118, wherein the contacting occurs at about 
25°C. 

122. The method according to claim 118, further come ising contacting the isolated 
mutant Clostridium difficile toxin with N-hydroxysucci 	ide. 

123. An immunogenic composition produced by 	e method according to any of 
claims 110- 122. 

124. An immunogenic composition compri ng SEQ ID NO: 4, wherein the 
methionine residue at position 1 is optiona 	not present, wherein at least one amino 
acid of SEQ ID NO: 4 is crosslinked by formaldehyde, 1-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide, N 	ydroxysuccinimide, or a combination of 1-
ethyl-3-(3-dimethylaminopropyl) ca • odiimide and N-hydroxysuccinimide for use in 
the production and recovery of a 	-utralizing antibody against a Clostridium difficile 
toxin A in a mammal. 

125. Use of an immunoge c composition comprising SEQ ID NO: 4, wherein the 
methionine residue at pos 	on 1 is optionally not present, wherein at least one amino 
acid of SEQ ID NO: 4 is 	rosslinked by formaldehyde, 1-ethyl-3-(3-
dimethylaminopropyl) • arbodiimide, N-hydroxysuccinimide, or a combination of 1-
ethyl-3-(3-dimethyla• inopropyl) carbodiimide and N-hydroxysuccinimide in the 
preparation of a n utralising antibody for the treatment of a Clostridium difficile toxin 
A in a mammal. 

126. An i 	unogenic composition comprising SEQ ID NO: 84, wherein at least 
one amino acid of SEQ ID NO: 84 is crosslinked by formaldehyde, 1-ethy1-3-(3-
dimethy : minopropyl) carbodiimide, N-hydroxysuccinimide, or a combination of 1-
ethyl- -(3-dimethylaminopropyl) carbodiimide and N-hydroxysuccinimide for use in 
the 2 roduction and recovery of a neutralizing antibody against a Clostridium difficile 
to in A in a mammal. 
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127. 	Use of an immunogenic composition comprising SEQ ID NO: 84, wherein at 
least one amino acid of SEQ ID NO: 84 is crosslinked by formaldehyde, 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide, N-hydroxysuccinimide, or a combination of 1-
ethy1-3-(3-dimethylaminopropyl) carbodiimide and N-hydroxysuccinimide in the 
preparation of a neutralising antibody for the treatment of a Clostridium difficile t. in 
A in a mammal. 

128. 	An immunogenic composition comprising SEQ ID NO: 6, wherein th 
methionine residue at position 1 is optionally not present, wherein at lea 	one amino 
acid of SEQ ID NO: 6 is crosslinked by formaldehyde, 1-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide, N-hydroxysuccinimide, or a co 	• 'nation of 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide and N-hydroxysucc'• imide for use in 
the production and recovery of a neutralizing antibody against - 	lostridium difficile 
toxin B in a mammal. 

129. 	Use of an immunogenic composition comprising S 0 ID NO: 6, wherein the 
methionine residue at position 1 is optionally not prese 	wherein at least one amino 
acid of SEQ ID NO: 6 is crosslinked by formaldehyde 	-ethyl-3-(3-
dimethylaminopropyl) carbodiimide, N-hydroxysucc' imide, or a combination of 1- 
ethyl-3-(3-dimethylaminopropyl) carbodiimide an. 	-hydroxysuccinimide in the 
preparation of a neutralising antibody for the tr. -tment of a Clostridium difficile toxin 
B in a mammal. 

130. 	An immunogenic composition corn /rising SEQ ID NO: 86, wherein at least 
one amino acid of SEQ ID NO: 86 is cr• slinked by formaldehyde, 1-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide, 	-hydroxysuccinimide, or a combination of 1- 
ethyl-3-(3-dimethylaminopropyl) ca •odiimide and N-hydroxysuccinimide for use in 
the production and recovery of a 	eutralizing antibody against a Clostridium difficile 
toxin B in a mammal. 

131. 	Use of an immunog - is composition comprising SEQ ID NO: 86, wherein at 
least one amino acid of S' Q ID NO: 86 is crosslinked by formaldehyde, 1-ethyl-3-(3- 
dimethylaminopropyl) 	rbodiimide, N-hydroxysuccinimide, or a combination of 1-
ethyl-3-(3-dimethyla ' nopropyl) carbodiimide and N-hydroxysuccinimide in the 
preparation of a nertralising antibody for the treatment of a Clostridium difficile toxin 
B in a mammal. 

132. 	An an 'Jody or antibody binding fragment thereof specific to an immunogenic 
compositor, said immunogenic composition comprising SEQ ID NO: 4 wherein the 
methionire residue at position 1 is optionally not present, or SEQ ID NO: 7 wherein 
the me 	ionine residue at position 1 is optionally not present. 

13 	The antibody or antibody binding fragment thereof according to claim 428132, 
erein at least one amino acid of SEQ ID NO: 4 wherein the methionine residue at 

position 1 is optionally not present, or SEQ ID NO: 7 wherein the methionine residue 
at position 1 is optionally not present, is crosslinked by formaldehyde, 1-ethyl-3-(3- 

223 



dimethylaminopropyl) carbodiimide, N-hydroxysuccinimide, or a combination of 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide and N-hydroxysuccinimide. 

134. An antibody or antibody binding fragment thereof comprising the amino acid 
sequences of the heavy chain complementarity determining regions (CDRs) set birth 
in SEQ ID NO: 41 (CDR H1), SEQ ID NO: 42 (CDR H2) and SEQ ID NO: 43 (C AR 

H3), and the amino acid sequences of the light chain CDRs as shown in SE• D NO: 
38 (CDR L1), SEQ ID NO: 39 (CDR L2) and SEQ ID NO: 40 (CDR L3). 

135. The antibody or antibody binding fragment thereof according to 	aims 132, 
133, or 134, wherein the antibody or antibody binding fragment there• comprises a 
heavy chain, which comprises the amino acid sequence shown in 	Q ID NO: 37, 
and a light chain, which comprises the amino acid sequence sho n in SEQ ID NO: 
36. 

136. A composition comprising a combination of two or m*re antibodies or 
antibody binding fragments thereof selected from any ac .rding to any of claims 
132- 135. 

137. An antibody or antibody binding fragment th- eof specific to an immunogenic 
composition, said immunogenic composition corn• ising SEQ ID NO: 6 wherein the 
methionine residue at position 1 is optionally no present, or SEQ ID NO: 8 wherein 
the methionine residue at position 1 is option- y not present. 

138. The antibody or antibody binding fragment thereof according to claim 137, 
wherein at least one amino acid of SEQ ■ NO: 6 wherein the methionine residue at 
position 1 is optionally not present, or 	EQ ID NO: 8 wherein the methionine residue 
at position 1 is optionally not prese 	is crosslinked by formaldehyde, 1-ethyl-3-(3-
dimethylaminopropyl) carbodiim's •, N-hydroxysuccinimide, or a combination of 1-
ethyl-3-(3-dimethylaminopropyl carbodiimide and N-hydroxysuccinimide. 

139. An antibody or antibody binding fragment thereof comprising the amino acid 
sequences of the heavy cr ain complementarity determining regions (CDRs) set forth 
in SEQ ID NO: 51 (CD - 	1), SEQ ID NO: 52 (CDR H2) and SEQ ID NO: 53 (CDR 
H3), and the amino a. d sequences of the light chain CDRs as shown in SEQ ID NO: 
57 (CDR L1), SEQ • NO: 58 (CDR L2) and SEQ ID NO: 59 (CDR L3). 

140. An antib. Ay or antibody binding fragment thereof comprising the amino acid 
sequences of 	e heavy chain complementarity determining regions (CDRs) set forth 
in SEQ ID 	•: 61 (CDR H1), SEQ ID NO: 62 (CDR H2) and SEQ ID NO: 63 (CDR 
H3), and 	e amino acid sequences of the light chain CDRs as shown in SEQ ID NO: 
68 (CD: L1), SEQ ID NO: 69 (CDR L2) and SEQ ID NO: 70 (CDR L3). 

141 	An antibody or antibody binding fragment thereof comprising the amino acid 
sequences of the heavy chain complementarity determining regions (CDRs) set forth 
in SEQ ID NO: 73 (CDR H1), SEQ ID NO: 74 (CDR H2) and SEQ ID NO: 75 (CDR 
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H3), and the amino acid sequences of the light chain CDRs as shown in SEQ ID NO: 
79 (CDR L1), SEQ ID NO: 80 (CDR L2) and SEQ ID NO: 81 (CDR L3). 

142. A composition comprising a combination of two or more antibodies or 
antibody binding fragments thereof selected from any of claims 137- 141. 

143. An immunogenic composition comprising SEQ ID NO: 4 wherein the 
methionine residue at position 1 is optionally not present, and an immunog 	lc 
composition comprising SEQ ID NO: 6 wherein the methionine residue a position 1 
is optionally not present, wherein at least one amino acid of each of S.0 ID NOs: 4 
and 6 is crosslinked by formaldehyde for use in the treatment of a C estridium difficile 
infection in a mammal. 

144. Use of an immunogenic composition comprising SEQ IP NO: 4 wherein the 
methionine residue at position 1 is optionally not present, a /4 an immunogenic 
composition comprising SEQ ID NO: 6 wherein the methi. ine residue at position 1 
is optionally not present, wherein at least one amino ac * of each of SEQ ID NOs: 4 
and 6 is crosslinked by formaldehyde in the manufact.re of a medicament for the 
treatment of a Clostridium difficile infection in a ma • mal. 

145. An immunogenic composition comprisin. 	EQ ID NO: 4 wherein the 
methionine residue at position 1 is optionally 	.t present, and an immunogenic 
composition comprising SEQ ID NO: 6 whe -in the methionine residue at position 1 
is optionally not present, wherein at least 3ne amino add of each of SEQ ID NO: 4 
and SEQ ID NO: 6 is crosslinked by 1-- 	y1-3-(3-dimethylaminopropyl) carbodiimide, 
N-hydroxysuccinimide, or a combinalin of 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide and N-hydroxysucciri f ide, for use in the treatment of a Clostridium 
difficile infection in a mammal. 

146. Use of an immunogeni. composition comprising SEQ ID NO: 4 wherein the 
methionine residue at posit'. 	1 is optionally not present, and an immunogenic 
composition comprising S r Q ID NO: 6 wherein the methionine residue at position 1 
is optionally not present 	herein at least one amino acid of each of SEQ ID NO: 4 
and SEQ ID NO: 6 is . osslinked by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide, 
N-hydroxysuccinimi P e, or a combination of 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide and ,4 -hydroxysuccinimide in the manufacture of a medicament for the 
treatment of a C ostridium difficile infection in a mammal. 

147. An i • munogenic composition comprising SEQ ID NO: 84, and an 
immunoge• is composition comprising SEQ ID NO: 86, wherein at least one amino 
acid of etch of SEQ ID NO: 84 and SEQ ID NO: 86 is crosslinked by 1-ethy1-3-(3- 
dimet 	aminopropyl) carbodiimide and N-hydroxysuccinimide for use in the 
trea 	ent of a Clostridium difficile infection in a mammal. 

1,8. 	Use of an immunogenic composition comprising SEQ ID NO: 84, and an 
mmunogenic composition comprising SEQ ID NO: 86, wherein at least one amino 
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acid of each of SEQ ID NO: 84 and SEQ ID NO: 86 is crosslinked by 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide and N-hydroxysuccinimide in the manufacture of 
a medicament for the treatment of a Clostridium difficile infection in a mammal. 

149. An immunogenic composition comprising SEQ ID NO: 4 wherein the 
methionine residue at position 1 is optionally not present, and an immunogenic 
composition comprising SEQ ID NO: 6 wherein the methionine residue at po 	ion 1 
is optionally not present, wherein at least one amino acid of each of SEQ I % NO: 4 
and SEQ ID NO: 6 is crosslinked by formaldehyde, for use in the inductio 	of an 
immune response to Clostridium difficile in a mammal. 

150. Use of an immunogenic composition comprising SEQ ID NO 4 wherein the 
methionine residue at position 1 is optionally not present, and an 	munogenic 
composition comprising SEQ ID NO: 6 wherein the methionine esidue at position 1 
is optionally not present, wherein at least one amino acid of z -ch of SEQ ID NO: 4 
and SEQ ID NO: 6 is crosslinked by formaldehyde in the 	: nufacture of medicament 
for the induction of an immune response to Clostridium •' idle in a mammal. 

151. An immunogenic composition comprising SE@ ID NO: 4 wherein the 
methionine residue at position 1 is optionally not present, and an immunogenic 
composition comprising SEQ ID NO: 6 wherein t e methionine residue at position 1 
is optionally not present, wherein at least one 	ino acid of each of SEQ ID NO: 4 
and SEQ ID NO: 6 is crosslinked by 1-ethyl- -(3-dimethylaminopropyl) carbodiimide, 
N-hydroxysuccinimide, or a combination o 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide and N-hydroxysuccinimide 	or use in the induction of an immune 
response to Clostridium difficile in a m mmal. 

152. Use of an immunogenic co ' position comprising SEQ ID NO: 4 wherein the 
methionine residue at position 1 	optionally not present, and an immunogenic 
composition comprising SEQ I u NO: 6 wherein the methionine residue at position 1 
is optionally not present, wh 	ein at least one amino acid of each of SEQ ID NO: 4 
and SEQ ID NO: 6 is cros- inked by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide, 
N-hydroxysuccinimide, 	a combination of 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide and N-h • roxysuccinimide in the manufacture of a medicament for the 
induction of an imm ine response to Clostridium difficile in a mammal. 

153. An imm 	ogenic composition comprising SEQ ID NO: 84, and an 
immunogenic omposition comprising SEQ ID NO: 86, wherein at least one amino 
acid of eac of SEQ ID NO: 84 and SEQ ID NO: 86 is crosslinked by 1-ethy1-3-(3-
dimethyla ,  inopropyl) carbodiimide and N-hydroxysuccinimide, for use in the 
inductio 	of an immune response to Clostridium difficile in a mammal. 

154 	Use of an immunogenic composition comprising SEQ ID NO: 84, and an 
i 	unogenic composition comprising SEQ ID NO: 86, wherein at least one amino 

cid of each of SEQ ID NO: 84 and SEQ ID NO: 86 is crosslinked by 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide and N-hydroxysuccinimide, in the manufacture of 
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a medicament for the induction of an immune response to Clostridium difficile in a 
mammal. 

155. Use according to any of claims 143-154, wherein the mammal is a mammal 
in need thereof. 

156. Use according to any of claims 143-154, wherein the mammal has a 
recurring Clostridium difficile infection. 

157. The composition according to any of claims 143-154, wherein th 
composition is to be administered parenterally. 

158. Use according to any of claims 143-154, wherein the neutr 	ising antibody is 
to be administered parenterally. 

159. Use according to any of claims 143-154, wherein the 	omposition further 
comprises an adjuvant. 

160. Use according to claim 159, wherein the adjuv. t comprises aluminum. 

161. Use according to claim 159, wherein the ad* vant comprises aluminum 
hydroxide gel and a CpG oligonucleotide. 

162. Use according to claim 159, wherein t e adjuvant comprises ISCOMATRIX®. 

163. Use according to claim 159, where' 	the adjuvant comprises QS-21. 
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CLAIMS 

1. A composition comprising (a) a first polypeptide, which 
comprises the amino acid sequence set forth in SEQ ID NO: 
4, wherein the methionine residue at position 1 of SEQ ID 
NO: 4 is not present, wherein a side chain of a lysine residue 
of the first polypeptide is crosslinked to a beta-alanine moiety, 
and wherein the first polypeptide further comprises a 
crosslink between a side chain of an aspartic acid residue of 
the first polypeptide and a glycine moiety, and a crosslink 
between a side chain of a glutamic acid residue of the first 
polypeptide and a glycine moiety; and (b) a second polypep-
tide, which comprises the amino acid sequence set forth in 
SEQ ID NO: 6, wherein the methionine residue at position 1 
of SEQ ID NO: 6 is not present, wherein a side chain of a 
lysine residue of the second polypeptide is crosslinked to a 
beta-alanine moiety, and wherein the second polypeptide fur-
ther comprises a crosslink between a side chain of an aspartic 
acid residue of the second polypeptide and a glycine moiety, 
and a crosslink between a side chain of a glutamic acid resi- 
due of the second polypeptide and a glycine moiety. 

2. The composition according to claim 1, wherein the sec- 
ond polypeptide further comprises a dehydroalanine moiety. 

3. The composition according to claim 1, wherein the com-
position is immunogenic. 

4. The composition according to claim 1, wherein the com-
position comprises an immunologically effective amount of 
the first polypeptide and an immunologically effective 
amount of the second polypeptide. 

5. The composition according to claim 1, wherein the com-
position is lyophilized. 

212 



6. The composition according to claim 1, wherein the com- 
position further comprises an adjuvant. 

7. The composition according to claim 1, wherein the com- 
position further comprises aluminum hydroxide. 

8. The composition according to claim 1, wherein the com- 
position does not further comprise an adjuvant. 

9. The composition according to claim 1, wherein the com- 
position further comprises trehalose. 

10. The composition according to claim 1, wherein the 
composition further comprises polysorbate-80. 

11. A composition comprising (a) a first polypeptide, 
which comprises the amino acid sequence set forth in SEQ ID 
NO: 4, wherein the methionine residue at position 1 of SEQ 
ID NO: 4 is not present, wherein a side chain of a first lysine 
residue of the first polypeptide is crosslinked to a beta-alanine 
moiety, and wherein a second lysine residue of the first 
polypeptide is crosslinked to an aspartic acid residue or to a 
glutamic acid residue of the first polypeptide; and (b) a second 
polypeptide, which comprises the amino acid sequence set 
forth in SEQ ID NO: 6, wherein the methionine residue at 
position 1 of SEQ ID NO: 6 is not present, wherein a side 
chain of a lysine residue of the second polypeptide is 
crosslinked to a beta-alanine moiety, and wherein a second 
lysine residue of the second polypeptide is crosslinked to an 
aspartic acid residue or to a glutamic acid residue of the 
second polypeptide. 

12. The composition according to claim 11, wherein the 
second polypeptide further comprises a dehydroalanine moi- 
ety. 

13. The composition according to claim 11, wherein the 
composition is immunogenic. 

14. The composition according to claim 11, wherein the 
composition comprises an immunologically effective amount 
of the first polypeptide and an immunologically effective 
amount of the second polypeptide. 
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15. The composition according to claim 11, wherein 
composition is lyophilized. 
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16. The composition according to claim 11, wherein 
composition further comprises an adjuvant. 

17. The composition according to claim 11, wherein 
composition further comprises aluminum hydroxide. 

18. The composition according to claim 11, wherein 
composition does not further comprise an adjuvant. 

19. The composition according to claim 11, whcrcin 
composition further comprises trehalose. 

20. The composition according to claim 11, wherein 
composition further comprises polysorbate-80. 
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